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1. GENERAL

Thi s AT&T practi ce describes the operation and maj or cha racte r istics of the
AUTOPLEX System 100 (Sys te m 100).

Th is practice is a genera l reissue. New subjects add ed to thi s docum ent include:

• Addendum Issue 1 supplement

• Cellu lar Networking (lAE9.03 Fea tur e)

• In ter- MTSO (Inter-System) Data Link

• In ter -MTSO (Inter-System) Voice Trunk s

• In ter-MTSO Handoff

• System Features .

A glossary of term s and a list ing of abbreviations and acronyms are pr ovided In

Section 13 of this pr actice.

The purpose of th is practice is to provide an overa ll und erstanding of the System 100.
System 100 pro vides customers with a dependable, good conversationa l quali ty, mobile
telephone sys te m th at has a large subscr iber capacity due to it s cellula r design .

2 . SYSTEM 100 OVERVIEW

2.1 Cellular Telecommunications System

System 100 is a cellular te lecommunications system that prov ides a wide range of
network serv ices to ind ividuals and ind ividua l customer groups. Standa rd service provides
voice communication between subscr iber uni ts and also between subsc r iber uni ts and land
line teleph ones.

Each mobile unit is register ed in a particular geogra phical region, called th e CGSA
(Cellular Geographic Ser vice Area ) within which th e radi o cha nnels of the sys tem operate .
Throughout the CGSA, in strateg ic posit ions, are fixed facili ti es containi ng ra dio and control
equipment ca lled cell sites. Each cell site provides a radi o link to any mobi le unit wit hin the
cell site's transmitting range. Elect ronic switc hing is perform ed for the System 100 by a
modifi ed 1A ESS switch ca lled th e MTSO (Mobile Telephone Switching Office), Fig. 1.

The MTSOs, cell sites, subscr iber units, cell site voice trunks, and cell site data link s
make up the primary system in the CGSA. The pr imary system is a term used to
distinguish th ese hardware elements from suppor t faciliti es wit hin the CGSA. One or more
class 5 switching offices, call ed NIP (Network Interface Poin ts), are inter connected to the
primary sys te m by voice trunk facilit ies. An NIP allows th e mobile customer access to th e
DDD (Direct Distance Dial ing ) network. When operator assistance is req uired, the call can
be routed through a local cellula r operator position (Fig. 1).
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The maximum number of cell sites connected to one MTSO is approximately 226. Each
cell site is connected to its MTSO by one or two cell site data links and up to a maximum of
96 cell site voice trunks. These data links and voice trunks are leased from local operating
companies . Cell sites and subscriber units are connected to each other by a radio link that
includes voice and setup cha nnels (Fig. 1).

Current and future service demands require an efficient use of available radio
spectrum. The System 100 achieves this by reusing radio channels. This is done by
structuring the CGSA into a honeycomb of hexagonal shaped cell sites. Patterns, depending
on phase of growth, are made with the hex shapes and each cell site is assigned different
channel sets. By repeating the pattern in an CGSA, it is then possible for many customers
to occupy the same frequency at the same time. Co-channel interference is maintained at
acceptable levels by planning sufficient distance between cell sites that have th e same
channel sets.

Growth is possible for an CGSA in both area and capacity. Area growth is satisfi ed by
the geographical expansion of the CGSA through additions of cells beyond the existing
coverage boundary. Capacity increase is handled by a process called cell splitting, whereby
cells are added wit hin the CGSA by subdividing existing cells into smaller cells by raising
the handoff threshold, thus red ucing the area of coverage in each new cell.
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2.2 Switching Hierarchy

The pri mary system of the Syste m 100 occupies a position below class 5 in the
switching hierarchy (Fig. 2). DNs (Directory Numbers ) for subscr iber uni ts are assigned
from within the local excha nges (net work interface points) assoc ia ted wit h th e System 100.
The interconnection of th e MTSO and network interface points is similar to that used with a
PBX. The MTSO also mak es use of th e exist ing capabilit ies in the network interface points.

2.3 Control Center

The ACC (System 100 Cont rol Center) is an optiona l fac ility that has 24-hour
responsibili ty to moni tor and main tain one or more CGSAs. The design of an ACC is based
on a No. 2 Switching Control Cente r tha t provides display, control, and alerting functions to
remotely operate a MTSO. Tasks of t he ACC include survei lla nce, analysis, testing, repair,
and recovery of software and hardware in all MTSOs and cell sites. Thi s cente r is also
respon sible for th e administration and dispatching of th e work forc e and the t racking of
installation and growth act ivit ies in the CGSAs.

Each MTSO is interfaced to the ACC by the AMAS (System 100 Mainte na nce and
Administration System ) and three dedicated communication cha nnels (Fig. 3). These
cha nnels are as follows:

• Mainten an ce

• APS (Attached Processor System)

• E2A Telemet ry.

The AMAS feature is an on-line OSS (Operational Support Syst em ) software packag e at th e
ACC. For more information on the AMAS and interface cha nnels, refer to AT&T Practi ces
231-200-020 and 231-290-601.

Copyright " 1986 AT&T
All Righ ts Reser ved

Page 4



ISS 3, AT&T 231-200-005

• •
• •

TRAFFIC
SERVICE
POSITION

SYSTEM

INTERTOLL TRUNKS
• •
• •
• •

TRAFFIC
SERVICE
POSITION

SYSTEM

TSPS TRUNK\ I I
,....-....1..\t_---l..--L,I__-----l.--------L.-'---~---__l..--L,I__--___,

TOLL
SWITCHING

OFFICE

DIRECTORY
ASSISTANCE

LOCAL
(CLASS 5)

NIP

~TOLL
CONNECTING
TRUNKS

~ TANDEM
TOLL
TRUNKS,....-_"'--....1-_--,

TANDEM
SWITCHING

OFFICE

LOCAL TRUNKS

CELLULAR
SYSTEM

DIRECTORY
ASSISTANCE

LOCAL
(CLASS 5)

NIP

\
VOICE
TRUNK
FACILITIES

Fig. 2 - Switching Hierarchy Block Diagram

Copyright e 1986 AT&T
All Rights Reser ved

Page 5



AT& T 231-200-005
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Fig. 3 - ACC/MTSO Channel Interface

3. SYSTEM 100 OPERATION

3.1 Call Processing

Call pr ocessing for System 100 includes network routing and call sequence.

3.1.1 Network Routing

3.1.1 .1 Intra-MTSO

Mobile-originated calls into the land telephone network are outpulsed from the MTSO
usin g MF (multi freq uency) signa ling. The MTSO selects and seizes the outgo ing trunk to the
NIP. It begins outpulsing the called digits afte r the NIP sends a start pulse or wink sig nal.
The wink is a momentary battery reversal on the t run k. Answe r and disconnect supervision
signals are returned from the NIP to the MTSO allowing charging records to be mad e.

.'

On land-to-mobile calls, t he NIP outpulses the called mobile te lephone number to the
MTSO also usin g MF. The MTSO returns answe r and disconn ect supervision signals back to
the NIP.
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The MTSO routes call s within th e primary sys tem in to the wire -line network . The
simplest call routing is th e mobil e-to-mobile call in th e sa me CGSA (Cellula r Geographic
Service Area) [Fig. 4 (a) ]. The MTSO receives the dialed digits fr om the calling mobile,
det ermines tha t th e called number is anot her mobile, and completes the connection to that
called mobile. None of the NIPs are involved.

On direct-dialed, mobil e-to-land calls [Fig. 4(b)], t he MTSO routes th e call into the land
te lephone network through one of th e network interface points. Rout ing ta bles stored in th e
MTSO provide the ass ociat ion between th e called number and the proper network interface
poin t to be used. For standard calls, the directory num ber of the calling mobil e does not
influence the routing. Exceptions to this would be operator assistance, emerge ncy serv ice,
and repair service.

Land subscr ibers can directl y dial calls to mobil es. Since mobile directory number s are
assigned fr om those available in local excha nges, t here is a cor res pondence between each
mobile and a particular network interface poin t. The land te lephone netw ork dir ects calls to
the net work interface poin t serving the excha nge of th e called num ber with out knowing th e
ca ll is to a mobile. Upon receiving such a call, the network interface point connects the call
to a direct trunk to the MTSO which, in turn, completes the conn ection to the mobile. The
network routing for a land-to-mobile call is similar to th e mobile-to-land call [Fig . 4(b)].

Oper ato r-assist ed and service calls (e.g., repair service) can also be dialed fr om a
mobil e. The MTSO does not have direct t runks to oper ator or service bureau positions.
Instead it makes use of those services already ava ila ble in the network interface points. On
mobile-to-Iand /mobile operator ass isted [Fig. 4(c)] calls, t he MTSO rout es th e call to a
network interface point which conn ects th e call to operator and serv ice positi on t runks.

3.1.1.2 Inter-M TSO

CN (Cellular Net working) feature is required when network ing between two or mor e
MTSOs. Fig. 4(d) through (e) shows two MTSOs network ed, each in ter connected wit h inter­
MTSO data link s and voice t runks. For addit iona l inform ation on CN, refer to AT&T
Practi ce 231-290-619.
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3.1.2 Call Sequence

The sequence within the System 100 primary system is determined by which one of th e
following call configurations is init iated:

• Mobile-completed calls

• Mobile-originated calls

• Handoff (Intra-Cell, In ter-Cell In tra-MTSO)

• Handoff (Inter-Cell Inter-MTSO)

• Disconnect.

3.1.2.1 Mobile-Completed Calls

Mobile-completed call sequence and each associated channel path configuration includes
six major steps [Fig. 5 (a) through (OJ . A call sequence summary of the primary system
elements for mobile-completed calls is given in Tabl e A.

1. Paging [Fig. 5(a) j: From the calling party's network interface point, th e
call is routed by standa rd wire-line net work routing pr ocedures to th e home
MTSO (also known as th e Cont rol Point MTSO) of the mobile uni t. The
MTSO collects the digits, converts th em to the MIN (Mobile Ident ificat ion
Number), performs standard checks on th e DN (Directory Number ), and
checks busy/idle status of mobile unit. The MTSO th en sends audible ringing
to the calling party, and instructs th e paging cell sites to page the mobil e unit
over the forward setup channels (sometimes call ed paging channels).

2. Cell Site Selection [F ig. 5(b) j: The mobile unit, after recognizing it s page
and using pa rameters derived from an overhead word message, sca ns th e
setup channels used for access in the CGSA and selects the st rongest signa l.
The selected channel will probably be associated with a nearby cell site
(usua lly the nearest cell site).

3. Page Response [Fig. 5(c) j: The mobile uni t replies to the cell site it
selected over the reverse setup channel (somet imes called access channel).
The selected cell site then reports the page response to th e MTSO over its
dedicated cell site data link. If the cell site is equipped with directional
antenna, the cell site will perform a directional locate; then, send information
to the MTSO regarding which antenna face the call is to be serviced along
with page response .

4. Channel Designation [F ig. 5 (d H The MTSO selects an idle voice channel
(and associated cell site t runk) to the cell site that handled the page respon se
and informs the cell site of it s choice over the appropr iate data lin k. The
serving cell site, in turn, inform s the mobile of it s chan nel designation over
the forward setup channel. The mobile tunes to the channel designated and
detects the SAT (Supervisory Audio Tone ) that is continuously transmitted
from the cell site. The mobi le unit, acting as a transponder, th en transmits
the same SAT over the des igna ted voice cha nnel to the cell site. The cell sit e
inter prets the returned SAT as successful voice cha nnel communication.

Copyright e 1986 AT&T
All Rights Reser ved

Page 10



ISS 3, AT& T 231-200-005

5. Alerting [Fig. 5(ej ] On recognizing th e returned SAT, th e serving cell site
transmits an alert order data message over th e voice channel to the mobile
unit which, in turn, signals the customer th at th ey ha ve an incoming call.
When th e mobile unit receives the alert ord er, it transmits ST (Signaling
Tone) to the serving cell site . The cell site interprets th e ST as successful
ale rting.

6. Talking [F ig . 5 (f )): When th e customer an swer s, th e cell site recognizes
removal of ST by the mobile unit and send s an answer message to th e MTSO
over th e cell site data link. The MTSO removes the audible r inging cir cuit
and establishes the talking conne ction so th at convers atio n can begin .
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TABLE A

CALL SEQUENCE FOR MOBILE-COMPLETED CALLS

SEQU ENCE M i SO CELL SITE MOBIL E UN IT

1 - Tra ns m its setup channel da t a -
on forward se t up cha nne l.

2 - - Scans an d locks-on for -
ward setu p cha nne l,

:l Rece ives incoming ca ll a nd per- - -

form s t ran sl at ion s a nd checks .

4 P rovid es a udible I'ing to ca ll ing - -
pa rt v.

5 Se nds paging message to paging -

ee ll sites.

Ii - Reformat s pag ing message. -

7 - Se nds paging message to mo - -

hil l' un it V Ia forw ard set up
channe l.

8 - - Detect s pa ge.

!l - - Sca ns and locks -on re-
verse setu p cha nne l.

10 - - Sei zes setu p cha nne l.

11 - - Acquires sy nch.

12 - - Se nds svrv ic« req ues t.

l :l - Reformats se rv ice requ est. -

14 - Performs directi on al locati on .' -

15 - Sends se rv ice requ est an d pri- -

ori ty list to MTSO.

If; Select s voice cha nne l. - -

17 Sends cha nnel des ignati on rnes- - -
sa ge to ee l] s ite .

18 - Reforma ts cha nne l designa t ion -

message.

,
Applie s to d ir ec ti on a l cell sit e a nte nna only,
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TABLE A IContd)

CAU SEQUENCE FOR MOBILE-COMPLETED CAUS

SEQUENCE MTSO CEU SITE MOBilE UNIT

19 - Send s channel designation -
message to mobile unit via for -
ward setup channel.

20 - - Tun es to voice cha nnel.

21 - - Transmits SAT.

22 - Detect s SAT. -

23 - Send s alert orde r. -

24 - Send s a ler t orde r to mobil e unit -
via blank-and-burst on vo rce

channel.

25 - - Aler ts user.

26 - - Sends 10-kH z ST.

27 - Detects lO-kH z ST. -

28 - - User a nswers .

29 - - Stops se nding lO-kHz ST.

30 - Detects a bse nce of lO-kH z ST. -

31 - Sends answer message to -
MTSO.

32 Receives answer message. - -

33 Remo ves audible ring and com- - -
plet es connect ion.
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3.1.2.2 Mobile-Originated Calls

Mobile-originated ca ll sequence and each channel path configuration includes six major
steps [Fig . 6 (a) through (f) ]. A call sequence summary of th e pr imary sys te m elements for
mobil e-origin ated calls is given in Table B.

1. Preorigination [Fig. 6(a)]: Using preo r igination dialing procedures, the
customer ente rs th e dialed digits into th e mobile unit memory, and depresses
the SEND key to ini tiate the call.

2. Cell Site Selection [Fig. 6(b»): The mobile unit seizes a rever se setup
channel, usually of the nearest cell site, a process similar to that descri bed
previously for the mobile-completed call.

3. Origination [Fig. 6(c» ): The stored digits, along wit h the MIN and serial
number (if requested) are t ransmitted over the reverse setup cha nnel selected
by th e mobile. The selected cell site associated wit h this setup cha nnel
receives this information and rela ys it to the MTSO over its cell site data
link. If th e cell site is equipped with directiona l antenna , the cell site action
is simila r to that ·described pr eviously for Page Response during the mobile­
completed call.

4. Channel Designations [Fig. 6(d» ): The MTSO determin es rout ing and
charg ing informa t ion at this time by analyzing the dia led digits. If t he MIN,
ser ia l number, or dialed digi ts are invalid, the ca ll is terminated by th e
MTSO. As with the mobile-completed call, t he MTSO now des igna tes a voice
cha nnel and establishes voice communication wit h the mobile through th e cell
site .

5. Digit Outpulsing [Fig. 6(e»): When the cell site detects the returned SAT,
it t ran smits a voice cha nnel confirmation message to the MTSO. The MTSO
then completes th e call through the wire-line network using standard digit
outpulsing techniques.

6. Talking [Fig. 6(f»): When outp ulsing is complete d, th e MTSO establishes a
talking connection. Communicat ion between customers can now begin when
th e called party answers.
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TABLE B

CALL SEQUENCE FOR MOBILE-ORIGINATED CALLS

SEQUENCE MTSO CELL SITE MOBILE UNIT

1 - Transmits se t up channe l data -
on forward setup cha nne l.

2 - - Sca ns and locks-on for-
ward se t up cha n ne l.

3 - - Use r in iti a t es ca ll.

4 - - Sca ns a nd locks-on re-
ve rse set up ehan ne l.

5 - - Se izes se tu p channel .

6 - - Acq uires sy nc h .

7 - - Sen ds service req uest.

S - Reformats se rv ice requ es t. -

9 - Pe rfo r ms di rect ion al loca ti on .* -

10 - Send s se rv ice request a nd pri- -

orit y lis t to MTSO.

I I Se lec ts voice eha n ne l. - -

12 Sends cha nne l designation mes- - -
saue to ce ll s ite .

I :{ - Ref ormats channe l de signation -
message.

14 - Sends ch an nel designa t ion -
message to mobi le unit via for-
wa rd set u p channel.

15 - - Tu nes to voice cha nne l.

H j - - Trans m its SA T .

17 - Det ects SA T. -

18 - Sen ds voice cha nne l com fi r ma- -

t io n message to MTSO.

I !l Detect s off-hook. - -

20 Comp letes ca ll t h rou~h net- - -
wor k.

* Ap plies to directiona l cel l site a nte n na on ly .
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3.1 .2.3 Handoff (Intra-Cell, Inter-Cell Intra-MTSO)

Handoff call sequence and each channel path configuration includes three major steps
[Fig. 7 (a) through (c)].

1. New Ch ann e l P reparation [F ig . 7 (a) ]: The serving cell site, working with
its Group 1 and Group 2 Neighbor lists, combines locating information from
surrounding cell sites with its own and assembles a handoff list of cell
site/antenna faces on which to service the call. The handoff list is then
transmitted to the MTSO by the serving cell site. The MTSO analyzes the
data and decides that a han doff to a new voice cha nnel is to be attempted.
The MTSO selects an idle voice channel (and an associated cell site trunk)
based on the priority in the handoff list. It then sends a message to the cell
site assoc iated wit h the new voice channel. That cell site (for an inter-cell or
intra-cell handoff) turns on the selected voice channel and transmits SAT.

2. Mobile Handoff Command [F ig . 7(b)]: The MTSO sends a message to the
serving cell site containing the new voice cha nnel identity. The serving cell
site, in turn, transmits this informat ion to the mobile unit over the forward
voice channel by a blank-and-burst data message.

3. Channel/Path Reconfiguration [F ig. 7(c) ]: The mobile unit transm its a
br ief burst of ST, turns off its transmitter, tunes to the new voice channel,
and transmits the received SAT. The original serving cell site, on recognizing
the ST burst, sends a handoff confirmation message to the MTSO. The MTSO
reconfigures its switching network, connecting the other party with the
appropriate cell site trunk to the new voice channel. The cell site with the
new channel (even for an intra-cell handoff) upon recognizing the returned
SAT over the new cha nnel, sends a voice channel confirmation message to the
MTSO. The MTSO interprets this message as a successful handoff.
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MOB I LE UN IT

MOBILE UNIT
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(e) CHANNEL/PATH RECONFIGURAT ION

Fig . 7 - Intra-Cell, Inter-Cell Intra-MTSO Handoff Sequence

3 .1.2.4 Handoff (Inter-Cell Inter-MTSO)

The inter-MTSO handoff is required for the Cellu la r Netwo rking feature (lAE9.03).
The cap ability of th e inter-MTSO handoff allows uninterrupted serv ice to mobile units
crossing CGSA boundaries of two or more networked systems (ab utting systems). It involves
handing off a call fr om a cell and cell site trunk in a networked MTSO over an inter-MTSO
trunk bet ween two MTSOs.

3.1 .2.5 Disconnect

The call sequ ence and each channel path configuration for mobil e-initiated [Fig. 8(a)
through (c)] and system-initi a ted [Fig. 9(a ) through (c)] disco nnect includes three maj or
steps each.
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a. The mobile-initiated disconnect actions occurring when the mobile party goes
on-hook are:

1. Release [F ig . 8(a» ): The mob ile unit transmits ST and turns off its
t rans mitter. The ST is received by t he cell site, whic h times t he ST
and determines that a re lease has occurred.

2. Cell Site Transmitter Shutdown [F ig. 8 (b» ): In response to the
release message the cell site will shutdown its own transmitter
associated with the call. It then sends a release message to the MTSO
over the cell site data link.

3. Idle [Fig . 8(c) ]: As the final action in the call, the MTSO idles all
switching office resources with the call and sends any necessary
discon nect signa ls t hrough t he wire-line network. All equipment used
on t his ca ll may now be used on subsequent calls .

b. The system-init iated disconn ect actions occur r ing when t he land pa rty goes
on-hook are:

1. Release [F ig . 9(a» ): The MTSO receives a disconnect message from
the wire-line network. The MTSO se nds a release order message to the
serving cell site. The cell site transmits this order to the mobile unit
over the voice channel. The mobile confi rms receipt of the message by
invoking t he same release sequence as with a mobile- initi a ted
disconn ect.

2. Cell Site Transmitter Shutdown [Fig. 9(b»): The response of the
cell site to t he mobile uni t s ST is the same as t he mobile-ini ti a ted
disconnect .

3. Idle [F ig . 9(c)]: In response to t he re lease message from t he cell site
t he MTSO idles all switching office resources associated with the call.

3.1 .3 Dynamic Power Control

The dynamic power contro l is a feature available wit h the l AE SA generic, and is used
by a cell sit e to adj us t RF signal power levels during active calls . There are directe d and
autonomous dynamic powe r controls. Dir ected is whe re the cell site di rects t he mobile un it s
served by that cell si te to adjust voice t rans mitting power levels. Autonomous is whe re t he
cell site adjusts its own voice t rans mitting power levels.

In both ty pes of control, t he power levels are adj usted while a ca ll is in progress. These
adjustments are in re sponse to changing voice signal stre ngths at the mobile unit and cell
site. When received signal levels are inadequate, t rans mitter levels are increased.
Conversely, when received signals are more t han adequate, t rans mitter levels are reduced.
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Fig. 8 - Disconnect Sequence (Mobile Initiated)
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MOB ILE UNIT

MOB ILE UNIT

MOBILE UNIT

MTSO

(e ) IDLE

(h ) CELL

VOICE

OATA

Fig. 9 - Disconnect Sequence (Syste m Initiated)

3.2 MTSO Control

The controlling element for call processing in th e primary sys te m is th e MTSO. The
MTSO exercises cont rol by providing:

• Switched in terconnection with th e land te lephone network and mobile su bscri bers

• Switched connect ions between mobil e subscr ibers served by the MTSO

• Administration of the radio voice channel usage

• Coordination of voice channel ha ndoff

• Recording of the charge information

• Custom service to mobi le users.

The MTSO has a set of informative recorded announcements and tones which are used
to provide indi cations abou t ca ll failures to the originating party. For exa mple, traffic-busy
condi tions are indicated by a reorder tone. Tones given to mobile users may come fr om
eit her th e MTSO tone sources or the mobile unit itself. The MTSO cont rols the ap plication
of the tones. For failures encounte red before a mobile has success fully tuned to a voice
channel, the MTSO sends a data message (cont aining tone) through th e cell sit e to the
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mobile uni t. If the failure occurs afte r successful voice cha nnel assign ment, the MTSO
connects th e cell site t ru nk to the app ropr iate tone source or announcement.

The MTSO record s all cha rge -re lated data for the System 100 on it s AMA (Automatic
Message Accounting) tape. In cont rast to conventiona l wire -line switching offices, the MTSO
records a billing entry for all calls to and fr om a mobil e. An ent ry is made on all calls that
successfully tune to a rad io voice cha nnel.

For mobile-ori gin ated call s, t he data that is recorded includes the convent iona l called
and calling nu mbers, answer t ime, and disconn ect t ime. Th is data is also record ed at the
network interface point that the MTSO connected to on a particular or igina tion. Thi s
portion of th e record deal s wit h the message unit and toll cha rges assoc iated with the wire­
line network. Also recorded in the AMA entry is the radio voice cha nnel seizure and release
ti mes an d th e ini ti al cell-site iden ti fication. These items pertain to the usage of th e System
100 radio facilit ies.

For mobile-t erminated ca lls, t he office in which th e call or iginated creates a billing
record coveri ng the usage of the lan d telephone network. The MTSO records the radio usage
data (t he voice cha nnel seizure and release t imes, initi al cell site, and mobile identification
number ).

3 .3 System Coordination

The techniques used by the System 100 to coordinate call processing are:

• Sign aling and superv ision

• Locat ing and handoff

• Paging and access

• Channel set assignment

• Sca nning by mobile uni t

• Seizur e collision avoidance.

3.3.1 Signaling and Supervision

3.3 .1.1 Radio Link

Signaling may take place on bot h the setup and voice channels. On the setup channel,
sig nali ng is compl ete ly digital (a t a rate of 10 kb/ s). On th e voice cha nnel, supervisory ton es
and burst-type digital messages are tra nsm itted.

Setu p Channel: On the setup channels, each message word conta ins not only message
information but a lso parity bits for error detect ion and cor recti on. Each word is repeated
five t imes because of the pote ntial for er rors produced by th e radio environment. At the
rece iving end, each word is read in a 2-stage process: first, each bit is determined by a 3-
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out-of-f majority voting selection scheme; second, decoding takes place to determine the
received message. Words are coded so that the logic unit can detect and correct bit errors.
On the setup channel, there are synchronizing and control bits, I-word page messages, 2­
word messages, overhead messages, and order messages.

The signals transmitted over the forward setup channel (cell site to mobile unit)
include: page, initial voice channel designation, order, and overhead messages. The overhead
message contains information pertaining to the system identity (area call sign), setup
channels to be scanned, etc. The signals transmitted over the reverse setup channel (mobile
unit to cell site) include: page response, origination messages, and order confirmation
messages (messages to indicate that the order is received and executed).

Voice Channel: Mobile telephone supervision includes the task of ensur ing that
adequate RF signal strength is maintained during a call. The System 100 uses a combination
of a discontinuous blank-and-burst type, digital, wideband, data stream at 10 kb/s for
signaling and a continuous out-of-band modulation for supervisory purposes. These are
known respectively as ST and SAT. Both tones are transmitted over voice channels.

1. Signaling Tone: The ST is a 10-kHz signal transmitted in the mobile-to-cell site
direction. It is sent when the user is:

• Receiving a call (alerted)

• Being handed off (cell site-to-cell site)

• Disconnecting

• Flashing for mid-call services.

2. Supervisory Audio Tone (Not Audible to Mobile User): Three SATs are used
at frequencies of 5970, 6000, and 6030 Hz. Only one of these is used by any given cell
site. A cell site will continuously transmit it s SAT by voice radio to a mobile unit
involved in a call. Upon receiving the SAT, the correct mobile unit will transmit the
same SAT back over the voice channel. The serving cell site will react only to its own
SAT being returned and will consider other SATs as interference. Cell sites with
identical channel set assignments will use different SATs. The SAT is also used to
distinguish a given mobile unit from other mobile units using the same channel set
served at other cell sites, which may, on rare occasions, capture the channel. For
more information regarding multiple SATs, see AT&T Practice 231-290-627.

The signals transmitted over the forward voice channel are command and handoff
messages. The reverse voice channel is used to send order confirmation messages and dialed
digits for custom features.

3.3.1.2 Land-Line Link

Cell Site Data Link: Signaling over the land facilities between the cell site and the
MTSO is less prone to error than the radio link. Here, the BX.25 message protocol is used
and messages are sent only once at a 9.6-kb /s rate. To increase reliability, the MTSO will
retry a message if a response to a command is not received. The cell-site logic serves as a
data buffer between the MTSO and the mobile unit, because of the differing data rates and
formats between the land and radio links. For more information, refer to Section 7 on the
cell site data link and the input/output system.
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Cell Site Voice Trunk: No signaling or supe rv is ion takes place over the cell site
voice trunks. Th ey are used exclus ively for voice communication.

3.3 .1 .3 Inter-MTSO Link

In 1AE9.03 and la ter, di rect data and voice connections are requi red between MTSOs in
a cellular network.

Inter-MTSO Data Link: Data connections consists of two 9.6-kb / s data link s; one
active and the other in the standby mode . For each System 100, t he inter-MTSO (inter­
system) data links are te rminated on t he lO P (Input/Output Processor ) ports of t he APS
(Attached Processor System) and are under t he contro l of t he APS software .

Inter-MTSO Voice Trunk: The inter-MTSO voice trunks use SD-1A236-05 trunk
circuits to provide 2-wa y, 4-wire facility, E&M, with MF signaling. Most signaling is done
over the inter-MTSO data link rather than over the inter-MTSO trunk. Glare protection is
not requir ed. For more information on inter-MTSO trunk and data link, see AT&T Practice
231-290-619.

3.3.2 Locating and Handoff

Locating and handoff functions serve to keep the signal st rengt h fr om a mobile unit at
an adeq uate level during a call. Whi le a ca ll is in progress, t he system samples signa l levels
being received at t he cell site servi ng the ca ll. If t he signal becomes inadequate, t he MTSO
decides which voice channel the ca ll should be switched to. When a new channel is found, a
digital command is sent over the voice channel to the mobile for it to change frequenci es.
The mobile will then tune to a new voice channel. The new voice channel may be fr om the
original cell site , or from a new cell site. Whi le the mobil e unit is changing channels, the
MTSO switches the other party to the trunk associated with t he new channel.

An inter-MTSO han doff is done after the loca t ion proc ess det ermines that a new cell
has an adequate ly strong signal from the mobile. It involves handing off a ca ll from a cell
and cell site trunk in one MTSO to a cell and cell site t runk in a networked MTSO over an
in ter-MTSO t runk between MTSOs.

3 .3 .3 Paging and Access

Pagin g is t he process of determining if a mobile uni t is avai lable to recei ve a given
incoming cal l. Th e MTSO sends paging messages, whi ch contai n the MINs of mobile units
receiving ca lls , to all paging cell site s. Th ese paging cell sites will t hen trans mit t he paging
messages through out the CGSA. All acti ve mobil e units scan t he forw ard setup (also ca lled
paging) cha nnel and respond if th eir own MIN is received. If an attempt is incorrect or
incompl ete, t he MTSO sends a reorder or intercept messag e to t he ca ller.
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Access is th e process by which a mobil e unit ma kes a request for serv ice. Access
functi ons perfo rmed by a mobile unit involve:

a. Informing the system of the mobile pr esence in response to a page

b. Supplying the system wit h the mobile's ident ificat ion number and dialed
digi ts for a mobile call or igination

c. Wai ting for a pr oper cha nnel designat ion.

3.3 .4 Channel Set Assignment

The System 100 control plan divides th e allocated frequency bands as: 835.020 to
844.980 MHz for mobile to cell site, and 880.020 to 889.980 MHz for cell site to mobil e. Each
frequency band is divid ed into 30-kHz channels having an FM (Frequency Modulation ) peak
deviation of 12 kHz to minimize adjacent channel interference. The 30-kH z channels are
combined, one from each direction, into 333 duplex channels. The se dupl ex channels are
assigned channel numbers and grouped into 21-channel sets. One dupl ex channel from each
set is designated as a setup channel with th e remainder used as voice cha nnels (Ta ble C).
The setup channels are identical in frequency nationwide for signaling and control func tions.

Setup channels are called forward or reverse depending on direction of transmiss ion. A
setup channel is used in the for ward dir ect ion by the cell site to t rans mit inform ation to the
mobil e unit s. The rever se direction of a setup channel is used by mobile units to t ransmit
information to cell sites.

3.3 .5 Scanning by Mobile Uni t

When a mobil e unit is turned on, it scans the setup channels and tunes to th e strongest
one. It then synchronizes with the data st ream being sent by th e sys te m. The mobil e unit
will rescan periodically to ensure that it is using the strongest setup channel.

Scanning is performed by an active mobile unit, automatically, or it can be triggered by
any of the following events:

a. The user turns the mobile unit on

b. The system sends a rescan order

c. The logic in the mobile unit loses lock or synchronization.

3.3 .6 Seizure Collision Avoidance

Seizure is th e successful attempt of a mobil e uni t to access a setup cha nnel. Since all
mobile units compete for the same setup channels, the system must pr event a simultaneous
seizure collision by two or mor e mobil e units.
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To prevent a seizure collision, System 100 uses busy-idle bits. These bits are
inter spersed within th e data streams of bot h the forward and rever se setu p cha nnels. When
a mobile unit is ready to tran smi t, it will check the busy-idle bit. If it is idle, the mobile
unit t ransmits a data signal and looks for an idle-to-busy transit ion. Th is indicates that the
system has responded.

3.4 Cellular Configurations

Normally, a CGSA will grow gr adu all y from a low t ra ff ic start-up to its matu re phase.
Some systems, in their mature phase, may be serving hundreds of thousa nds of mobile user s
in a large, den se CGSA. During it s evolution, the cell size, cell site, setup cha nnels, etc ., are
configured differently becau se of th e parti cular needs in each stage. However , during
transition, changes to th e existing equipment, channel assignment, cell sites, etc ., are kept at
a minimum to ensure a smooth growth pattern.

3.4.1 Co-Channel Cell Layout

Careful determination of co-cha nnel cell locat ion, that is, those cells that should use th e
same channel set, is made to reduce radio interference.

The CGSA is sect ionalized into hexagonal shapes to start the co-cha nnel layo ut. One
cell is chosen as a reference and lab eled A. Chains of hexagons are drawn from the reference
cell, one from each side , and terminate in a co-channel cell. These co-channel cells are also
labeled A (Fig. 10). This describes a 7-cell reuse pattern.

To continue the cellular layout, anot her cell close to the refer ence is chose n, and
labeled, such as B. The six chains eman ating from this cell also te rminate in B co-cha nnel
cells (Fig. 10). Thi s procedure is rep eated un til a sufficie nt number of cells have been labeled.

The cells form natural clusters around the reference cell and around each of its co­
channel cells. The exact shape of the cluster is not unique; all that is required is th at it
contain exactly one cell with each label.

The number of cells per cluster determines how many channel sets must be formed out
of the total allocated spectrum. The rat io of D (the distance between th e centers of th e
nearest neighboring co-channel cells) to R (the cell radius) is called the co-channel reuse
rat io (D/ R) (Fig. 11). The number of cells per cluster is governed by co-channel interference
considerations. As the number of cells per cluster increases, the relative separation distance
between co-channel cells will increase.
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Fig. 10 - Determination of Co-Channel Cells With 7 Cell Reuse Patterns
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NOTE:
1. Seven-cel l repeat pat te rn; D/R • 4.6

(seven channel se t s : A- G) each channel
set is used twice (subscri pt 1,2) for
example channel set a i s used i n cells
Al &A2 . Th is pat tern i s used in a
growth conf igura tion

Fig. 11 - Co-Channel Reuse Ratio (DjR)

3 .4.2 Start-Up

When a System 100 is first planned and installed in a new service area, the sys tem
desig n goal is to have a start-up configuration to serve the CGSA at mini mum init ial cost .
This implies usi ng a minimum number of cell sites (i.e., using the la rgest size cell which still
can pro vide adequate coverage) in most cases. In most metropolitan areas, a typical CGSA
will range from 600- to 3000-square miles. For a start-up cell, th e typical cell radius may
range from 8 to 10 miles. Wit h these wide range of areas, practically all init ial
configurations will have fewer tha n 20 cells, with most having fewer than 10.
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In a start-up configuration, omnidirectional antennas and cent ra lly located cell sites
are used for each cell (F ig. 12). The cell radius is det ermined by th e terrain and
environment of the particular CGSA of interest. The system design pr efer s to use start-up
cells of uniform size in one CGSA. The total number of cells required must be sufficient to
cover the enti re CGSA. At this stage, paging and access func ti ons share the same channels;
hand-off, signaling fun ctions, etc ., operate in the manner as described before. In the start ­
up conf iguration, th e D/R is typ ically about six in order to reduce co-channel interference.
The cha nnel sets will be reused in a 12-cell pattern (Fig. 13), instead of the 7-cell reuse
pattern which is typically used for growth config urations. Using omnidirect iona l antennas
for t he start -up configuration increases t runking efficiency and reduces initial cost, but
usage of this type of antenna exhibits slightly poor er interfer ence reje ction. In a start-up
configuration, in terference prob lems are not ser ious because cha nnels are not re used
extens ively.

.......

IDEAL COVERAGE
BOUNDARY OF
OMNIDIRECTIONAL
ANTENNA

•

-.--- ........

........ - ----

•

....... • CELL SITES

ONE OMNIDIRECTIONAL ANTENNA
FOR EACH CELL SITE

Fig. 12 - Cells Served by Omnidirectional Antennas
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Fig. 13 - Cell Reuse Pattern for Star t-Up Configuration

3.4.3 Growth

A growth configuration is a pa ttern developed by using growth schemes after the
capacity offered by the start-up configura tio n is saturated. The beginning of this phase is
indicated by heavy t raffic demand and increased blocking prob abili ty when there are no
additional channels avail abl e in th e start-up configura tion. The demand for growth can be
met by th e cell attachment technique when th e demand is to serve new geographical areas
outside the existing CGSA; or by the cell-sp litting technique when the demand is to serve
more te lephone traffic wit hi n the exist ing serv ice area. Cell spl itting can be accomplished at
each affected cell site by replacing th e omnidirect ional antenn a wit h three 120-degree
directional antennas (when high co-channel interference makes th em necessary) and by
reducing th e cell size. By using the directional an tennas, th e compl ete coverage of each cell
is provided by three different antennas at the centrally located cell site (Fig. 14). The use of
directional an tennas creates cells whose idealized boundary forms a regular hexagon as in
the omnidirectional case . At each cell site, three channel sets can be assigned and each
directional antenna will use its own assigned channel set to serve t raffic in its respecti ve
sector .

When the first cell split is required, the transiti on from start-up to growth
configurations begin s. The growth plan requires that, in addi ti on to the use of directional
antennas, the cell ra dius be reduced by half (Fig. 15). However , existing cells do not cha nge
radius until all possible growth sites are in plac e. The detail of locating new cell sites in the
cell- spli tting process is illustrated in Fig. 16. New cell sites are added midway between two
existing cell sites. The original site will rema in a site for a new cell. For all subse quent cell
splits, th e cell radius is reduced to one-half of th e previous cell radius.
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Using directional ante nnas in this arrangement reduces co-cha nnel interfer ence.
Therefore, the channel reuse ra tio is reduced fr om 6 for a start-up configura t ion to a 4.6 for
a gro wth configurat ion, and 7-cell reuse pattern is allowed. Thi s configuration of fewer cells
permits more fr equency reuse and increases the spect ral efficie ncy of the system.

In a reali sti c gr owth pattern, t ra ff ic demand may be heavy only in a few cells in part
of th e CGSA. In th ese instan ces, it would not be necessary to ini ti ate a cell-split procedure
throughout the whole CGSA, because it would add man y unn ecessary cell site s and
equipment. Cell split t ing may ini ti all y involve only th e few cells that encounte r th e heaviest
traffic in th e CGSA. After such a cell split , t he resulting pattern contains larger cells
overl aid by a gr id of smaller cells (Fig. 17). In this configuration, for ward setup cha nnels
will remain at the original omnidirectional sites; but access function s will be equipped at all
new and old cell sites. The total coverage of paging cha nnels remains th e sa me, cover ing th e
whole CGSA; but there will be mor e access channels, one to each cell site. As cell split
advanc es, all channels will eventua lly be used in smaller cells; and larger cells will cease to
exist as servers of traffic.

Using cells as small as 1 mile in radius, th e CGSA will be cap abl e of serving in th e
ord er of 50,000 CCS (Hundred Call Seconds) per busy-hour. Using curre nt est imates for
average customer calling characteristics, this implies a limiting capacity of severa l hundred
thousand users in a CGSA with the existing spectrum allo cation. At thi s poin t in growth,
the system will be capable of using several hundred cell sites. The maj ority of these sites
would form a grid defining cells with a radius of approximately 1 mile.
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Fig. 14 - Cell Served by Directional Antennas
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~ OMNIOIRECTIONAL
ANTENNA

CELL SITE

~ DIRECTIONAL ANTENNAS

--- CELL BOUNDARY

\ 120· DIRECTIONAL
I ANTENNA BEAM

CELL SITE

CELL
BOUNOARY

Fig. 15 - Cell Split (Start-Up to Growth Configurations)
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o

o ORIGINAL CELL SITE
ORIGINAL CELLS (RADIUS R)

• NEW CELL SITE AT P1IDWAY BETWEEN
ORIGINAL SITES

NEW CELLS (RADIUS 1/2 R)

Fig. 16 - Location of Cell Sites in Cell-Splitting Process
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() OMNIDIRECTIONAL ANTENNA
FOR START-UP CEL LS

~ DIRECTIONAL ANTENNAS FOR
NEW CELLS

Fig. 17 - Cell Site Antenna Arrangement After Cell Splitting

3 .5 Network Integration

3.5 .1 Numbering Plan

Ea ch mobil e unit is assigned a standard 10-digit DN of th e form NPA-NX X-XXXX and
is register ed in it s home CGSA. The NIPs , with which the MTSO interconn ects, reser ve
blocks of line numbers associated with the 3-digit NIP code in the DNs. Wher e th er e is
mor e than one NPA (Numbering Plan Area ) in th e CGSA, differ en t NIP codes may be
assigned in each NPA. In thi s way, the system can page and identify each home mobile unit
by using only th e last seven digits of it s DN.

3 .5.2 Dialing Arrangements

The System 100 dialing arrangements for ca lls to and from th e mobile units are
described in the following paragraphs.
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3.5.2.1 Calls to a Mobile Unit

When a mobile unit is in its home CGSA, a call to th e mobile uni t is placed by dialing
its number using the local dialing conventions. The call will then be routed through local or
toll network to the NIP where that number is assigned. The NIP then transmits th e
telephone number of the called mobile unit to the control point MTSO (t he fir st MTSO to
receive the incoming call) .

When the called mobile unit is not located in its home CGSA, th e mobil e unit is called
a roamer. Beginning with Cellular Networking (IAE9.03), a roamer can be a Network
Roamer or a Non-Network Roamer. (A Non-Network Roamer is sometimes called a
"foreign" roamer). To complete a call to a roamer, there are several different possibilities.
These include:

• Calling the home directory number (cellular network paging and termination in a
networked MTSO).

• Calling the temporary local directory number via single-stage dialing in a specific
networked MTSO.

• Calling the roamer access number plus the home directory number via 2-stage dialing
in a specific networked MTSO.

In the second or third case , the mobile customer must inform all potential callers of the
special roamer access number or temporary local directory number at the location where th e
mobile customer intends to stay.

A land-line user equipped with touch-tone dialing may directly dial th e roamer access
number or temporary local directory number assigned at the foreign CGSA. If the land-line
user dials the roamer access number, then upon receipt of a second dial tone, th e land-line
user dials the Ifl-digit directory number of the roamer.

A land-line user, equipped with a rotary dial or a coin phone, may dial th e standard
directory number assigned at the foreign CGSA. The attendant will assist the land-line user
by requesting the lO-digit number of the mobile unit and completing the call. If th e roamer
access number is required, the MTSO will expect to see the roamer access number pulses via
MF rather than touch-tone dialing tones.

3 .5.2.2 Calls From a Mobile Unit

Mobile call originations can be made from :

• The home MTSO (by a Home Mobile)

• An MTSO that is directly networked to the subscriber's home MTSO (by a Non­
Network Roamer)

• An MTSO that is not directly networked to the subscr iber 's home MTSO (by a Non­
Network Roamer).
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A call from a mobile unit is dialed exactly as in land-line serv ice. If t he called number
has the same NPA as the mobile unit, the NPA code is not dialed. The mobile un it, in a
sense , car r ies its NPA whereve r it goes. For exam ple, the user of a Chicago-based mobile
unit never has to dial area code 312, no matter wher e the call is or iginated. On the other
hand, area code 212 mus t be dialed to complete calls to New Yor k City even when the mobile
uni t is in that city . The necessity of any addit iona l digits to be added wit h the call from a
mobile unit is determined by the MTSO pretranslation software. Any add itional digits are
automaticall y added by the pretranslati on software . The trans lations at an MTSO can also
be arranged so that the user must send a 1 or 0 pr efix wit h the dia led te lephone number.
Thi s dia ling pr ocedure is consistent with AT&T long range plan ning to permit
inte rc ha ngeable NPA and central office codes .

When a call is placed fr om a mobile unit , t he call may be routed into the nationwide
telephone netw ork by one of several means at the opt ion of the serving company. It may be
routed via:

a. The NIP which is nearest to the called number.

b. The NIP which is assigned the mobile uni t standard DN.

3 .5 .3 Network Interface Point, Inter -MTSC, and Cell Site Voice Trunks

The land-lin e voice path , connecting a mobile unit to the DDD network , includes
network in terface point voice trunks and cell site voice trunks. If two or more MTSOs are
involved, inter-MTSO trunks are required. Since System 100 gains access to the exist ing
DDD network at the class 5 level in the switching hier archy, the voice trunks betw een an
NIP and mobi le uni t meet the transmi ssion requirements for a local loop and 500-ty pe
teleph one set.

Four-wire t ransmission facili ti es are used for network interface point, in ter -MTSO and
cell site voice t runks. The voice trunks are reduced down to a 2-wire facilit y at the MTSO
ap pea rance. The cell site and inter-MTSO voice trunk operates at a t ra nsmiss ion loss of 0
dB and the network interface point tru nk operates at no grea ter than 3-dB loss. Noise and
attenuation distortion req uire ments app licable for PBX tie trunks as given in AT&T Pract ice
851-300-100 are similar for System 100 voice t runks.

Inward and outward call s are t ransm itted over 2-way voice t runks. The net work
in terface point voice t runks use MF signa ling and re turn ed answer supervision. The cell site
and inter- MTSO voice t runks are similar to network interface point voice t runks but a re only
used for voice communica tio n. Most signaling bet ween th e MTSO and cell sites take place
over dedicated full dup lex data links. Most signaling between two or more MTSOs take place
over inter-MTSO (inte r-s ystem) data links.

All voice trunks from a cell site , inter-MTSO , and/ or netw ork interface point terminate
in th e MTSO switc hing network 2-way trunk circuit (SD-1A236-05). Each cell site voice
trunk is dedicated (directly conn ected) to one particular voice radio at a cell site (Fig. 18).
Loop-aroun d t ru nk circu its are used for mobile-to-mobile calls within the same CGSA. All
voice tru nks have entries on the tru nk group supplementary record (ESS 1216 form ) that are
usefu l when anal yzing trouble. For ma inte nance infor mation on System 100 voice t runks,
refer to Section 11 of thi s practice.
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Fig. 18 - System 100 Voice Trunks
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4 . SYSTEM FEATURES

N ote: Please contact your AT&T Account Executi ve if you ha ve questions
regarding feature licensing information.

4 .1 Cellular Networking

CN (Cellu la r Networking) is a feature t hat permits an AUTOPLEX System 100 MTSO
(Mobile Telephone Switching Office ) to be interconnect ed (networked) with other
AUTOPLEX System 100 MTSOs and AUTOPLEX System 10 MTSOs for t he purpose of
providing Abutting System Service. CN provides improved continuity of roamer serv ice
acros s the boundaries of two or more CGSAs (Cellular Geographica l Service Ar eas).

Th e Abutt ing System Service allows the following specifi c netw ork capabilit ies:

• In ter-MTSO handoff which involves a handoff via an in ter -MTSO trunk between two
MTSOs.

• Inter- MTSO handback which involves a han doff t hat remo ves an inter-MTSO trun k
from the call path.

• Per-di rector y number paging in mul tiple abutting MTSOs.

• Full suppo rt of immediate ca ll forw arding, condit iona l call forwa rd ing, don't answe r,
and condit ional ca ll forwarding busy line features in abutting MTSOs. Thi s includ es
remote act ivation of t hese features from any networked MTSO.

• Full fraud prevention for inter-MTSO terminations to roam ers in abutting MTSOs.
Th is includ es posi ti ve matching of t he direct or y number/ seri al num ber pair as sto red
by t he home MTSO.

• Posi ti ve ser ia l nu mber check (not associated with directory number ) for roam er
originat ions in abutting MTSOs.

• Improved Roam er II fraud pr evention whic h invo lves permitting a ser ia l number to be
ente red directl y agains t a TLDN (Temporary Local Directory Numbe r ).

• Compatibility with AUTOPLEX System 10 (includes mul tiple digital cellula r switches ).

A System 100 may be networked with up to 15 other System 100s in diff ere nt CGSAs.
If t he network includ es a System 10, each digit al cellular switc h counts as one of t he 15
possibl e switc hes in th e network. It is al so possible for a System 100 to netw ork with
a not he r System 100 or System 10 that is networked wit h ot he r MTSOs wit hout being part of
the oth er MTSO's network. Thi s is t he concept of overl apping network s.

The CN feature is available with 1AE 9.03 wit h cor responding Attached Processor
Syste m and Cell Site Gene r ics. For add iti onal informati on regardin g t he CN featu re, refer
to AT&T Practi ces 231-290-619 and 231-252-000.
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4.2 Speed Calling

Note: Speed calling is not supported by 1AE9.03 generic.

SC (Speed Calling) allows mobile users to have an abbreviated code assigned to
frequently called numbers. This permits the dialing of selected numbers using fewer digits
than normally required.

The I-digit SC feature allows mobile customers to place call s from a list, of up to eight
fr equently called numbers, by dialing a I-digit SC code. The SC code range is 2 through 9.

An SC list is kept in the MTSO memory for each customer ha ving this feature. To
make or change an entry on an SC list from a mobile unit, the user dials a special change SC
list access code (74), an SC code (2 through 9), and th e new number (7 or 11 digits) to be
placed on the list. The SC list is also changeable from the MTSO via recent change.

4.3 Roamer I

Roamer I service is available beginning with the 1AE7 generic program. A mobile unit
located in a foreign CGSA is called a roamer. The roamer feature provides th e capability to
process calls to or from roaming mobile units. A land-line customer with touch-tone dialing
must dial a special roamer access number. Upon receipt of a second dial ton e, the 10-digit
DN of the roamer is then dialed. A land-line customer equipped with rotary dial or a coin
phone user must be processed through an attendant to complete th e call. For more
information on Roamer I, refer to AT&T Practice 231-290-615.

Roamer I service is available with 1AE9.03 generic program for either Network or
Non-Network Roamers located in a foreign CGSA if the MTSOs involved hav e an agreement
in force to exchange mobile serial numbers and billing data.

4.4 Roamer II

Roamer II service is available beginning with the lAESA generic program. Roamer I
service is provided with Roam er II service. With Roamer II the roamer has the option of
requesting a DN from the host system in which mobile unit is roaming. This DN, referred
to as a TLDN, is assigned for a specified period of time to the roamer. A land-line customer
can then reach the roamer directly by dialing only the TLDN. A mobil e unit that has been
assigned a TLDN may also receive custom calling serv ices; such as, call forw arding, 3-way
calling, call waiting, and priority calling. For more information regarding Roamer II , refer
to AT&T Practice 231-290-616.

Roam er II ser vice is available with 1AE9.03 generi c program for either Network or
Non-N etwork Roamers located in a foreign CGSA.
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4.4 .1 Call Delivery

Call del ivery is a serv ice that may be requested with Roam er II serv ice. This ser vice
a llows the roam ers home CGSA to forward calls to the TLDN at the host system. Call
delivery can be provided only if the roamer ha s call for wardin g in the home system.

4.5 Call Waiting

Call waiting service is avai la ble beginning wit h the 1AE8A gener ic program. Th is
service allows a mobile user to dete ct an incomin g call when a ca ll is already in prog ress.
The mobile user can then answer the new call, alte rnately converse wit h either party while
the other party is held, and at an y ti me disconnect one of the part ies and cont inue ta lking to
the remain ing party. For mor e informatio n on call wait ing service, refer to AT&T Pract ice
231-290-610.

4 .6 Call Forwarding

Call forwarding service is avai lab le begi nning wit h th e 1AE8A generic program. The
mobile user may request eit her imm ediate or condit iona l call forward ing. Immediate call
forwarding redirect s an incoming call imm ediately, and atte mpts to signa l th e mobile unit
by a short alert. Condit iona l ca ll forwarding red irects an incoming call if the mobile unit is
busy, does not respond to paging, or does not answe r wit hin a specified time (about 15
seconds ).

A mobile user may activate call forwarding at any t ime by dia ling an access code and
the desired number from th e mobil e unit. · The access code depend s on whet her the
forward ing should be imm ediate or conditional. Another access code is ava ilable that will
disable th e call forwa rding service. For more information on imm ediate and / or conditional
call forwardi ng service, refe r to AT&T Practices 231-290-607 and 231-290-608, respecti vely.

4.6 .1 Priority Calling

Priori ty calling is ava ilab le with call forwardi ng. This serv ice a llows the mobile unit to
be alerted even thoug h ca ll forward ing is active. An add iti onal DN is assigned to the mobile
un it which pro vides cut -t hrough when incoming call s are forwarded for the mobile's regular
assigned DN.

4 .7 Three-Way Calling

Th ree-way ca lling service is ava ilab le with th e 1AE8A generic program. This service
a llows a mobile use r, during a call, to dial and consult wit h a thir d party while the second
pa rty is held, and then either drop the third party and return to the second, or include both
in a 3-way call. If a 3-way call is set up, the user may at an y time drop th e third party and
cont inue with the second or end the call by releasing. The mobile user cannot dr op out of a
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3-way call and leave th e other parties connected. For more informat ion on 3-way calling
service, refer to AT&T Practice 231-290-609.

4 .8 Roamer Serial Number Registration

The RSNR (Roamer Serial Number Registration ) custom feature is available beginning
with 1AE7A.09 generic program. This feature uses the FSN (Fraudulent Serial Number) list
as a list of allowed roamer serial numbers instead of using the FSN as a list of known
fraudulent roamers. The set card required for the RSNR is FF008 and is set to 1 for an
MTSO with this feature.

4.9 Roamer Serial Number Announcement

The Roamer Serial Number Announcement custom feature is avail abl e beginning with
1AE7A.10 generic program. This feature allows a cellular service pro vider to pro vide an
announcement instead of an intercept tone to a roamer who has been deni ed access to the
system. Pseudo route index 4FPRI141 is required for thi s feature.

4.10 Message Service

The MS (Message Ser vice) custom feature is availa ble beginning wit h 1AE8A.02 generic
program. This fea ture allows a mobile subscr iber to ha ve calls condit iona lly forwa rded to a
message storage sys te m where the calling party can leave messages for the subscr iber. The
set card required for MS is FFOlO and is set to 1 for this feature. For addit iona l
information, see AT&T Practice 231-290-622.

4.11 Limited Service Area

The LSA (Limited Service Area) feature is available beginning with lAE8.05 generic
program. This feature allows the service pro vider to pro vide a reduced rate to a customer
for calls placed within a def ined local service area. The local service area is only a part of
the CGSA to which the system normally provides service. When the custom er uses cell sites
outside the defined local service area, a high er rate is charged for th e call s. The set card
required for LSA is FF012 and is set to 1 for this feature. For addi tional informati on, see
AT&T Practice 231-290-624.

4.12 Project Accounting Service

The PAS (Project Accounting Service) custom fea ture is ava ilab le beginning wit h
lAE8A.05 gen eric program. Thi s feature allow s a mobile subscr iber to add an identi fying
account number to an AMA (Automat ic Message Accoun ting) record for a mobi le or igina t ing
or a mobile terminating call. The account number app ears on the mobile subscr iber's
telephone bill. The set card required for PAS is FF01 3 and is set to 1 for this MTSO feature.
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For addit iona l information, see AT&T Practice 231-290-623.

4 .13 Expanded Roamer Serial Number List

The ERSNL (Expa nded Roam er Ser ial Number List ) custom feature is ava ilab le
beginning wit h 1AE8A.06 gener ic program. The ERSNL is sometimes called the " Enl arged
Fraudulen t Seri al Number List." The ERS NL can have up to 512,000 ser ial number entries.
The MTSO has the opt ion of specifyi ng a valid (pos it ive list ) or a fra udulent (negative list ) of
subscr iber unit ser ial number s. An MTSO may have ERSNL or RSNL (Roamer Ser ial
Number List), but not both. For addit ional information, see AT&T Practices 231-290-619 and
231-252-000.

4 .14 Mobile Unit Intercept Tone

The MUIT (Mobile Unit In tercept Tone) custom fea ture is provided on a per MTSO
basis and is ava ilable beginning wit h lAE8A.05 gener ic program. Th is custom feature
allows users to determine wheth er or not they will be cha rge d for mobile call or igina tions.
The set card required for th e MUIT is FF020 and is set to 1 for an MTSO wit h this feature.

When a mobil e call or igination cannot be complete d and a voice channel has not been
ass igned, the MTSO sends an MUIT comma nd to the mobile unit over the setup cha nnel.
The mobile unit generates a two-frequency to ne to the user , and no AMA record is mad e.

When a mobile call origination cannot be complete d and a voice cha nnel ass ignment
has been made, the MTSO sends a reord er tone to the mobile unit over the voice cha nnel. In
this case an AMA record ent ry is mad e. An except ion to this is when a voice cha nnel
ass ignment is not received within 5 seconds of a service request. The mobile uni t would th en
tim e out and generate it s own reord er tone with no AMA record made.

Ther e are no recen t change impl ementati on pr ocedures for the MUIT cus tom fea ture.

4 .15 Roamer Access to Business Office

The RABO (Roamer Access to Business Office) custom feature provided on a per MTSO
basis and is ava ila ble beginning wit h 1AE8.05 gener ic progr am. Th is feature a llows a cellular
serv ice provider to route calls from unregistered roam er s di rect ly to the cellular provider 's
busin ess office. The set card required for RABO is FF019 and is set to 1 for this MTSO
feature.
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4.16 Direct Connection to Interexchange Carriers

The Direct Connection to Interexchange Carriers feature permits a mobile customer to
originate a call that uses the services of ICs (interLATA carriers) and INCs (international
carriers). The re are two CI (Carr ier Interconnect ) arrangements: the R2CI (Release 2 CI)
and R3CI (Release 3 CI). The R2CI is via class 5 zone offices and R3CI is via direct connect.

The R2CI is a custom feature, is provided on a per MTSO basis, and is avai la ble
beginning with lAE8A generic prog ram. The R3CI is a custom feature that is available
beginning with l AE9 gener ic prog ram. For add it ional info rmation, see AT&T Practice 231­
290-628.

4.17 Look Ahead Trunk Hunt

The LATH (Look Ahea d Trunk Hunt ) custom feature is provided on a per MTSO bas is
and is avail able begin ning with 1AE8A.08 generic progr am. This custom feature determines
the avai labi lity of an outgoing t runk or tone/announcement service circuit before a mobile
originated ca ll is brought up to a voice channel. If an idle resour ce is not found , th e call is
inter cepted on a setup channel. The set card required for the LATH is FF030 and is set to 1
for this MTSO feature.

4 .18 Rout ing Serv ice for Emergency Calls

The RSEC (Routing Ser vice for Emergency Calls ) custom feature is provided on a per
MTSO basis and is availa ble beginning with l AE8A.08 generic program. Thi s custom
feature routes 911 calls from a mobile to the PSA P (Public Service Access Point) that is
nearest to the current locat ion of the mobi le. Whe n the 911 is dia led, the call is routed to a
DN based on the cell site number an d the logical antenna face that is serving the call. The
set card requir ed for the RSE C is FF029 and is set to 1 for t his MTSO feature. For
addit ional information, see AT&T Practice 231-290-629.

4 .19 Electronic Industries Association Roamer Dialing

The TDRD (I O-Digit Roam er Dialing) custom feature, al so known as the EI A
(Electronic Industri es Association ) Standard Dialing Plan , is pr ovided on a per MTSO basis
and is available beginning wit h 1AE8.08 gener ic progr am . The curre nt roamer dialing
procedure enables subscr iber units to dial 7 digit s. Th is custom feature would change the
dialing procedure to require a roam er to dial 10 dig its (NPA -NXX-XXXX). Set card required
for TDRD is FF028 and is set to 1 for this MTSO feature .
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4 .20 Dynamic Channel Allocation

The Dynamic Cha nnel Allocation custom feature is prov ided on a per MTSO basis and
is ava ila ble beginning wit h 1AE9.05 generic progr am. The DCA (Dynamic Cha nnel
Allocation) increases the effect ive use of the spectrum by allowing radio cha nnels that
inte rfere with one another to be equ ipped at mul tiple cell sites. The availability of such a
cha nnel at one cell is condit iona l with it not being in use at an interferi ng cell. For
addit iona l infor mation, see AT&T Pract ice 231-290-630.

4 .21 Plant Measurement End-of-Month Summary

The PMES (Plant Measurement End-of Month Summa ry) opt iona l feature is provided
on a per MTSO basis and is ava ilab le beginning with 1AE9.04 generic program. The current
PM (Plant Measurement) 02 end -of-month repor t is generated on the 23rd day of each
month. Th is feature will change the end-of-month summary generation date to the first day
of each month . Set card required for PMES is FF033 and is set to 1 for this MTSO feature .

4 .22 Expanded Roamer Service List

The ERSL (Expanded Roamer Service List) optiona l feature is pr ovided on a per MTSO
basis and is ava ilab le begi nning wit h 1AE9.03 generic pr ogram. The curre nt RSL (Roamer
Serv ice List ) can have up to 300 NPA or NPA-NXX entries. This opt ional feature will
permit the MTSO to increase th e list from 300 to 2,000 NPA or NPA -NXX ent r ies. Set card
required for ERSL is FF032 and is set to 1 for this MTSO feature.

5. MOBILE UNIT

The mobile uni t (F ig. 19) consists of a control unit , a transceiver, and the mobile
ante nna .

5.1 Control Unit

The contro l unit provides the mobile subscriber interface to the System 100. A typical
cont rol unit is illustrated by Fig. 20. Table D identifies th e cont rols and indicators used by
the subscr iber . The contro l unit pro vides the requ ired physical interface betw een user and
the te lephone network. The cont ro l uni t includes a handset to pr ovide the acoust ical
interface, a pus hbutton keypad to ente r commands into the telephone netwo rk, and audio
and visual indicator s to provide custo mer alerting.

A 32-digit dia ling capability is available with the lAE8A generi c program. Th is
capab ility allows the mobile unit user to ente r and send up to 32 digits for the 10XXX
dia ling wit h car r ier in terconn ect for in tern ational calls . It also allows lOXXX of
international DDD numbers as destinations for call for warding.
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5.2 Transceiver

The typical transceiver uni t shown in Fig. 21 contains the duplex radio rece iving and
t ra nsmitting circuits and the logic circu itry wit hin one assembly housing. See Tab le E for a
description of the transceiver controls and connections. This unit is normally mounted
within the trun k or luggage compartment of sedan or station wagon -type vehicles, behi nd or
under the seat of pickups and t rucks, and wherever convenient and adeq uately protected in
vans. The logic circuitry wit hin the transceiver unit provides control for all mobile unit call
processing funct ions and is actively fun ct ioning even duri ng the on-hook state as long as
power is app lied to the uni t.

5 .3 Antenna (Mobile)

The mobile uni t transceiver employs one antenna. The ante nna is vertically pola r ized
and can be mounted on the roof or rear deck of the vehicle (Fig. 19). The antenna serves as
the receiver and/or tran smitting ante nna.

REAR DECK
DR TRUNK
LID MOUNT
ANTENNA

NOTE:
1. Control unit i s

connected to
t ransceiver wi t h
a shielded cable

--- COAXIAL CABLE

---------- MUL TIPLE CONDUCTOR CABLE

Fig. 19 - Typical Mobile Unit Equipment Placements and Connections
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1 - POWER ON INOICATOR
2 - IN USE INDICATOR
3 - ROAM INDICATOR

5 4 - NO SERVICE INDICATOR
:In IUCOCC 5 - DIALED NUMBER DISPLAYI_U IIUUUU

6 - STORE KEY
7 - RECALL KEY

6 B - KEYPAD
20 9 - SEND KEY

10 - CLEAR KEY

IT] 7 11 - END KEY

OJ rn 12 - HANDSET
13 - LATCHABC DEF
14 - MOBILE UNIT ON19 m rn rn 15 - SPEAKER
16 - HANDSET VOLUME CONTROL

GHI JKL MHO B 17 - SPEAKER VOLUME CONTROL

[I] rn rn 1B - ALERT (RINGER)18 VOLUME CONTROL
PRS TUV WXY 19 - LOCK KEY

~ [Q] [!] 20 - .HORN KEY
9OPER

NOTE:1017
l. See Table 0 for funct ion

11 of controls and indicators

OFF ON

CEJ

Fig . 20 - Typica l Control Unit
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TABLE D

TYPICAL CONTROL UNIT CONTROLS AND INDICATORS

NAME TYPE FUNCTION

Power On Indicator Lamp (gr een) Whe n lighted, control unit is on.

In Use Indicator Lamp (green) Is lighted for duration of ca ll.

Roam Indica tor Lam p (amber) When lighted, the mobile un it is within radio trans-
mission ran ge of a fore ign CGSA .

No Service Indicator Lamp (amber) When ligh ted, the mobile uni t is out of radio transrn is-
sion range of an CGSA an d ca nnot place or receive ca lls.

Dia led Num ber Disp lay Ten digit (LED) Displays l O-digits of dia led telephone numher . More
tha n 10-digits may be entered.

Sto re (Sto) Key Pushbutton When pressed , a llows up to te n telephon e numbers to
be stored in memory for future use.

Recall (Rcl) Key Pushbutton When pr essed, a llows each of ten possibl e te lep hone
num bers, sto red in memory, to be reca lled to dia led
number display for review or dia ling.

Keypad Pushbu tton Used to ente r teleph one num bers into control unit be-
fore in it iating ca ll. Keypad is ligh ted when cont rol
unit is on.

Send (S ) Key Pushbutton When pressed, ini t ia tes rad io transmi ssion pro ce-
du res for te lep hone numb er in dialed num ber disp lay .
Also may be used to answer ca lls wit hout liftin g hand-
set (lis te n only) and switc hhook flas hing.

Clea r (CL) Key Pushbu tton When pressed, clears dialed number disp lay .

End (E) Key Pushbutton When pr essed, places mobile un it in an on-hook sta te.
This key may be used in place of returni ng hand set to
handset cradle.

Handset - Can rem ain in cradle during ca ll placemen t and re-
ceiving pr ocedur es. Must be removed from cradle to
spea k fr om mobile un it.

Latch Thumb Latch Secures handset to its cradle.

Mohile Unit DN - The specific lO-digit DN of th a t mobile unit.

Speaker - Gives audib le confirma t ion of keystrokes, a llows user
to listen to record ed announcemen ts, confirms ca lled
pa rty has answe red (without picki ng up ha ndset un ti l
they have answer ed), etc .
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TABLE D (Contd)

TYPICAL CONTROL UNIT CONTROLS AND INDICATORS

NAME TYPE FUNCTION

Han dset Volume Cont rol Thumbwheel Adjusts volume of receive aud io fro m han dset ea r-
piece.

Speaker Volume Th um bwheel Adj usts volume of receive audi o from extern a l
spea ker.

Alert (Ringer) Volume Adj usts volume of a lerti ng signal (ringing on in corn-
Cont ro l - ing call).

Lock Key Pushbutton Pressing t his key for 1/2 second places the mobile un it
in a locked sta te. Thi s state preve nt s calls from being
placed from th e mobile un it and ca n be removed by
ente r ing a unique 3-digit code.

Horn Key Pushbutton Pressing this key causes horn to be activated dur ing
an incoming call.
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POWER
CONNECTOR

NOTE:
1. See Table E for function of

controls and connectors

Fig. 21 - Typical Transceiver
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TABLE E

TYPICAL TRANSCEIVER UNIT CONTROLS AND CONNECTORS

NAME TYPE FUNCTION

~

Antenna Connector Coaxial Provides input/output port for mobil e unit an-
te nna .

Lock Key Lock Inhi bits unauthorized entry into transcei ver unit.

Moun ting Bracket - Mounts and secures t ransceiver uni t in place. (Us u-
ally a metal tray underneath t he tran sceiver uni t ).

Control Unit Connector Multiple Pin (Male) Accepts female connecto r of mai n cab le fr om con-
trol unit.

Power Connector Multiple Pin (Male) Accepts fem al e connector of power cable from mo-
bile units power source.

6 . CELL SITE

Th e cell site provides t he link between mobile unit s and the MTSO. It conve rts t he
radio signals in to t he proper signal form for t rans miss ion over t he radio link and/or t he
land-l ine link. Figure 22 illustra tes the in ternal fun ct ions of a fully redund ant, fully
au tomated testing capability cell site . A comprehensive descripti on of t he cell site, identified
as MOD (Model) 1 is avai lable in AT&T Practi ce 401-200-100. A second cell site vers ion
iden ti fied as MOD 2 is also availa ble, in a basic configura t ion wit h opt iona l equipment for
fut ure growth. A description of t he cell site is avai lab le in AT&T Practi ce 401-200-102. For
t he purpose of t he document, t he text will dep ict t he MOD 1 cell site .

The cell site uses analog and dig ital circuitry which employs a sma ll number of
functional components, many of which are controlled by microcomputer-based contro llers .
Intern al control of t he cell site resides in a CSC (Cell Site Controller). More informat ion on
the CSC is given und er Cell Site Data Link in Section 7.
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Fig. 22 - Cell Site Functional Block Diagram (Sheet 1 of 2)
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Fig. 22 - Cell Site Functional Block Diagram (Sheet 2 of 2)
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6 .1 Equipment

Cell sites are equipped with setup radio groups 0 and 1 which ha ve both transmitters
and receivers. Some cell sites, in addition to hav ing groups 0 and 1, will also be equipped
with setup radio groups 2 and/or 3 which have transmitters only. Setup radio gro ups 2 and
3 are used to transmit the paging messages throughout the CGSA. The cell sites equipped
with groups 2 and/or 3 are called paging cell si tes. Setup radio group 0 is not normally
active and serves as an on-line spare for the other three groups.

All cell sites are equipped with locating radios 0 and 1 which have recei vers only.
Locating radios (or receivers) are used to make signal strength measurements on the voice
channels. The results are used to determine if a mobi le unit should be assigned to a
pa rticular voice channel for a call. One of the two radios is normally active and the ot her
serves as an on-line spare but both radi os may be active at any given t ime.

At the inception of the System 100 in any locality, the cell sites will use transmitter
and receiver antennas whose patterns are omnidirectional in the horizontal plane. The
phrase omnidirectional cell site refers to a site equipped with omnidirectional voice-channel
antennas. Most of the first cell sites will be equipped for the paging and access functions.
They will have high-power transmission capabilities to cover large areas for paging and
access (8- or 10-mile radius for example). As the system grow s by the cell splitting process,
the origina l cell sites will retai n the pagi ng function transmission radius and have a
reduction in transmission radius for the access funct ion. The pagi ng cell sites will have, for
exa mple, an 8-mile radiu s for paging and a 2-mile radius for access . New cell site locati ons
will normall y be equipped for the access function only .

In mature systems, cell sites will have three faces ; that is, each voice channel in a cell
site will be transmitted and received over one of three 120-degree sector directional
antennas, rather than over an omnidirectional antenna. These directional antennas will be
oriented, so that extensions of the edges of the antenna's front lobes form the sides of the
hexagona l cells.

Omnidirectiona l transmit antennas are used for all cell site setup channels, and eit her
omnidi rectional and/or directiona l antennas are used for cell site voice channels.

In comparison with an omnidirectional transmitting antenna, a directional antenna can
deliver the same signal level in the region that it serves while causing substantially less
interference within co-channel cells . Similarly, a directional receiving antenna substantially
attenuates interference received from mobile units at bearings not spanned by the front lobe.

A typical physical layout of cell site equipment is shown in Fig . 23. Cell site equipment
may be housed in an existing facility having suff icient space or in a dedicated building (site
constructed). A spare parts cabi net and workbenc h are provided to support maintenance
tasks. The cell site equipment is divided into three majo r equipment areas:

• Control and radio

• Antenna (cell )

• Power and environme ntal.
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6.1 .1 Control and Radio Equipment

The control frame and radio frame are each mad e up of two standa rd l A ESS switc h
type bays measuring 7 feet high, 26 inches wide, and 18 inches deep. See Fig. 24 for th e
arrangement of panels in the control fram e. See Fig. 25 for th e ar rangement of pan els in the
radio fr ame.

6.1.1.1 Control Frame

The cont rol frame consists of th e controller bay an d the control ra dio bay . The
controller bay contains the CSC, the logic uni t, and the de-to-de converter units for both
bays. The control radio bay may contain up to four setup radios, two locating radios, eight
RF switches for directional (alpha, beta, gamma) or omni receive antenna select ion, and test
interface circuits. The outputs from th e transmitters of the four setup t ransceivers are
hybrid-combined to feed a single an tenn a.

6 .1 .1 .2 Radio Frame

The radio frame consists of th e transceiver bay and the am plifie r-comb iner bay. One
radio frame can accommodate up to 16 radio voice radi os. As many as six radi o fr ames can
be installed at a cell site, so that a single cell site can accommodate up to 96 voice radios
(also call ed voice channels). Both bays are of a modular design , and the quant it y of
equipment is dependent on the number of voice radios to be implemented. The t ra nsce iver
bay contains th e plug-in voice radios, associated control uni ts, and voice data interface
equipment. The equipment per frame is divided into two fun ctional groups (0 and 1) of eight
voice radios (0-7) per group. The amplifier-combiner bay contains a ceramic combiner (RF
multiplexer) and the power amplifier s for th e tran smitter s. A dual 8-cha nnel or a 16­
cha nnel combiner is ava ilab le. The output from each combi ner is fed to a separate
tran smi tting antenna.

6.1 .2 Antenna (Ce ll)

Cell site antenna equipment consists of filter-divider cabinets, a splitter pa nel, an air­
pr essurization system, antennas and masts with pla tform s. One filter-di vider cabinet is
required for an omnidirectional sys te m of up to 64 voice radios, and 2 cabinets are requi red
for an omnidirectiona l system of more than 64 voice radios and for all directional systems.
Ther e is one voice t ransm it antenna ass igned to each radio frame which can contain up to 16
voice radios.
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1 - Controller Bay-Logic
Interconnection Panel

2 - Controller Bay-Module
Control Unit

3 - Controller Bay-Logic
Fuse Panel

4 - Controller Bay-Logic
Unit

5 - Controller Bay-Responder
Panel

6 - Controller Bay-Converter
Panel

7 - Contro l Rad io Bay-Power
Filter Panel

8 - Control Rad io Bay-RF
Test Un it

9 - Cont rol Rad io Bay-RF
Fuse Panel

10 - Control Radio Bay-Re ference
Frequency Generator Panel

11 - Contro l Rad io Bay-Moni tor
Panel

12 - Control Radio Bay-Receiver
Swi tch Div ide r Panel

13 - Control Radio Bay-Transcei ver
Panel

14 - Control Radio Bay-Amplifier
Mounting Panel

15 - Control Radio Bay-Amplifier
Fan Panel

16 - Control Radio Bay-Setup
Combiner Panel

17 - Control Radio Bay-RF
Interconnection Panel

Fig. 24 - Control Frame
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Fig. 25 - Radio Frame
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- Transcei ver Bay - Transcei ver
Int erconnecti on Panel

2 - Transceiver Bay - Transce i ver
Jack Panel

3 - Transce iver Bay - Transceiver
Panel Group 0

4 - Transceiver Bay - Transcei ver
Power Distribut ion Panel
Group 0

5 - Transce iver Bay - RF Contro l
Panel Group 0 and 1

6 - Transce iver Bay - Transcei ver
Power Dis tr ibu tion Panel
Group 1

7 - Transceiver Bay - Transceiver
Panel Group 1

8 - Transce iver Bay - Transceiver
Power Filter Panel

9 - Amplifier Comb iner Bay - Amplifier
Power Fil ter Panel

10 - Ampl if ie r Comb iner Bay - Amp l i f ier
Fuse Panel

11 - Amplif i er Comb i ner Bay - Ampl if ier
Mount ing Group I, Panel 0

12 - Amp l if ier Comb ine r Bay - Ampl if ier
Fan Panel 0 , Group 1

13 - Amplif ier Comb iner Bay - Amplifier
Moun ting Panel I, Group 1

14 - Amp l if ier Comb iner Bay - Amplifier
Fan Panel I , Group 1

15 - Amp l if i er Comb iner Bay - RF
Mult ip le xer Panel 16 or Dua l 8
Channe l

16 - Amplif ier Comb iner Bay - Amp l if ier
Moun t ing Panel I , Group 0

17 - Amplifier Combiner Bay - Amplifier
Fan Panel I, Group 0

18 - Amplifier Combiner Bay - Amplifier
Mounting Panel 0, Group 0

19 - Amplifier Comb iner Bay - Amplifier
Fan Panel 0 , Group 0
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Diver sity recept ion is used on all chan nels at the cell site (diversity reception is not
used at the mobile uni t ). RF (Radio Frequency) distribution to and fr om t he cell site
antenna(s) is provided by separate receive and t ransmit circuits within the filter divider
cabinet(s). Transmit circuits within the filter divider cabinet contain transmit band filters
and di rectional couplers for coupling a portion of the RF applied to the antenna back to the
cell site for testing. Receive circuits contain receive band filters, preamplifiers, power
dividers, and directiona l couplers for injecting test signals. The splitter panel contains
circuits for distributing and select ing RF paths during a test. The air pressurization system
inclu des equipment that keeps the RF cables pressurized and dry.

6.1 .2 .1 Antenna Mast/Platform

Two typical antenna masts with platfor ms are shown in Fig. 26. The mast is normally
150-feet high for omnidirectiona l cell sites and 100-feet hig h for directiona l cell sites. Other
lengths, from 40 to 130 feet, are also available. An existing structure such as a microwave or
downtown central office building may be used in place of the mast. A triangular platform is
located at the top of the mast. The three faces (sides), clockwise, are called alpha, beta, and
gamma. Each face is approximately 10-feet long.

The antenna mast and platform are designed to minimize physical deflection. The two
major sources of deflections are the wind and uneven solar heating of th e steel mast. In
general, the antenna hardware is designed to maintain system specifications under extreme
temperature changes and winds up to 100 miles per hour.

The RF transmission line to the antennas uses semi-rigid air-filled coaxial cables to
keep the RF losses low. The cab les are routed inside the mast through a suspended conduit
cluster. The conduit allows for cab le system growth and ease of rep lacement if requi red .
The interior mounting provides protection to the cables and significantly improves the visual
appearance.

6.1 .2.2 Omnidirectional Configuration

A maximum equipped omnidirectional cell site antenna (Fig. 26) includes:

• Six omni voice transmit antennas

• One omni setup transmit antenna

• Two omni rece ive antennas.

The omni transmitting and receiving antennas are end -supported and electricall y center-fed
to minimize antenna pattern squint-angle change over the frequency band. They are
approximately 13 feet in length, including the mounting, and are placed in a 2-1/2 inch
diameter fiberglass housing.
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Omni voice transmit (6 maximum TO-T5) antennas are mounted above th e platform.
The omni setup antenna is also mounted above the platform on one of it s far corners. There
is one omni setup antenna for every cell site. The omni recei ve antennas (two per cell site)
are mounted below the platform. These two receive antennas feed all cell site voice radios,
setup radios, and locate radios.

6 .1.2 .3 Directional Configuration

A maximum equipped directional cell site antenna (Fig. 26) includes:

• Six directional voice transmit antennas

• Six directional voice and locate receive antennas

• One omni setup transmit antenna

• Two omni receive antennas.

Directiona l voice transmit (Tx) and directional voice/locate receive (Rx) antennas are
mounted beh ind a contoured radome on the faces of the platform . The azim uth al ignme nt of
the directional antenna faces are the same for every cell site in the CGSA. There are two
directional receive antennas (for diversity) and one or two directional transmit antennas per
face. The directional receive antennas feed locate and voice radios. The omni setup and two
omni receive antennas are mounted above and below the platform like the omnidirectional
conf iguration. In the directiona l config uration, the omni receive antennas only feed the
setup radios.

6.1.3 Power and Environmental Equipment

All cell site operating de voltages required by the control and radio equipment are
generated by de-to-de converters from a +24 V de supply pro vided by either a 150B power
pla nt or a 1150A battery plant. The 1150A battery plant has limited capacity and is
pri marily used in existing building facilit ies which cannot support the floor weight load
req uirements of a 150B power plant. The de-to-de converters, located on the control frame,
supply all de voltages required by the control frame and radio frame, with the exception of
+24 V de supplied by the power plant. Commercial ac power input to the cell site is 208/120
volts, 3-phase, 4-wire, 60 Hz. Emergency power is provided by an auxiliary generator in case
of commercial ac power outage.

Cell site envi ronmental equipment consists of an air-conditioning/heating system and
air humidifying/dehumidifying equipment. Air filtration is provided by the use of a
standard ai r-conditioning/heati ng filter element. Ambient temperature within the cell site is
mai ntained in the range of +50 to +85 degrees Fahrenh eit. Relative humidity is maintained
in a range of 20 to 55 percent.
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OMNI
RECEIVE
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TRANSMIT
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TYPICAL DIRECTIONAL
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(MAXIMUM CONFIGURATION)
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Fig. 26 - Cell Site Antenna Configurations
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7 . MOBILE TELEPHONE SWITCHING OFFICE

The central coordinating element for th e System 100 is the MTSO. It provides mobile
customers with services that are similar to those avai lab le for land telephones. Basic mobi le
service includes direct dialed mobi le-to-mobile, mobil e-to- Iand, and land-to-mobile calling. A
MTSO serves a la rge geographic coverage area and all mobile calls are switched through it.
Generally, a coverage area contains many local offices over which the land sub scriber s are
distributed.

The MTSO is a modified 1A ESS switch. The modifications include:

• Expanded lOP (input/output processors)

• No LLN (line link network s)

• Additiona l lamp keys on the control and display pa nels of the maintenance control
center

• Additional software packages to control and/or process mobile telephone call s.

The MTSO equipment interconnections are illustrated in Fig. 27.

The MTSO connects to one or mor e network interface points over standard voice trunk
transmission fac ilities. Directory number s for mobi le te lephones are assigned from wit hin
the local excha nges that are served by those network inter face points. Thi s arrangement is
sim ilar to that used with a PBX, and ma kes use of existing capabilities in local ESS
switches. The functions performed by the MTSO include:

• Interfacing the System 100 to the public switched telephone network

• All System 100 switching functions

• Overseeing system operations including maintenance, call processing, and ini tialization

• Data collection, input / output functions, and maintenance personnel

• Maintena nce of the System 100 software data base

• Respo nsibi lity for the overall in tegr ity of the system.

Copyright > 1986 AT&T
All Rig hts Reserved

Page 64



ISS 3, AT&T 231-200-005

INTER-MTSO
AND/OR
NETWORK
INTERFACE
POINT AND
CELL SITES

CELL
SITES
AND/OR
lOT s

TO ACC
AND/OR
ECP/APS

MOB ILE VOICE TRU NKS
TELEPHONE SWITCHING /SWITCHING NETWORK ,-
OFFICE /

JUNCTOR f-- TRUNK LINK ~ TRUNK Ii .JGROUPING NE TWORK SERVICE
FRAME ~ CIRCUITS

f--

NETWORK CONTROL

MONITOR
~ TO ACC ~ ANO 7

7
CONTROL PUB SCAN

l...- f-

MASTER

~~f
MAS TER SCANNER

r9 CONTROL OISTR
CENT ER

REMOTE
OFFICE

TEST LINE I
CENTRAL I-

PULSE
OISTRIBUTOR

INPUT /
~ OU TPUT f4-

TERMINALS PUB 1A PROCESSOR

PROCESSOR
~ PERIPHERAL

MAINTENANCE INTERFACE EXPANOEO
AND

I
INPUT/OUTPUT

ADMINISTRATI VE PUB PROCESSOR
CONTROL INPUT/OUTPUT I -rPROCESSOR ,-

PS BUS PROGRAM I
DATA

STORE SET ~
CENTRAL /CONTROL -,

CS BUS
CALL STORE I DATA LINKS /

~

t AUXILIARY UNIT BUS DATA LINKS,

~ ~ ,
~

AUXILIARY API HATTACHED I INPUT / ~
DATA FRAME I-t- PROCESSOR I OUTPUT

SYSTEM SYSTEM I PROCESSOR

Fig. 27 - MTSO Equipment Interconnections Block Diagram
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In addi tion to controlling the switchin g equipment needed to in ter connect wit h the land
te lephone network, the central processor of the MTSO controls ma ny of the actions of the
cell sites and, through the cell sit es, controls many of the actions of the mobile units. Whil e
both the cell site and the mobile uni t possess a certain amount of auto nomy, the system is
presen tly designed with the view toward cent ralized decision making and call processing by
the MTSO. This design is for purposes of reliabi lity, ma intainability. and economy. The
MTSO is linked wit h each cell si te by a group of voice t runks, one trunk for each radio
channel installed in the cell site, and two dedicated cell site data link s. The cell site logic
circuit s serve to: (1) buffer and format th e data signa ls bet ween the MTSO and the mobile
units, and (2) control the land-based radios.

The hardware in the MTSO is mounted in fram es. The fram es used in an MTSO are
either sing le-, double-, or triple-bay frames. Most bays are 2 feet 2 inch es wide except for
some single bay frames where a bay is 3 feet 3 inches wide. All frames are 7 feet tall. Most
lA processor frames are 18 inches deep, while the rest of the system fram es are 12 inch es
deep .

7 .1 Basic System Techniques

Some basic system techniques used in the System 100 are:

• Stored program control

• Functional concentration

• Time-shared control

• Optional feature loading

• Modular design

• Plug-in equipment units

• Duplication

• Automatic fau lt location and system reconfiguration .

Stored Program Co ntrol: The functions performed by the system stored program
control are specified by programs consisting of appropriate combinations of pr ecisely defined
instructions. Examples of such program instructions are:

1. Obser ve the state of a specified group of trunks

2. Add two specified quanti ti es

3. Observe the sign of a specified quanti ty

4. Decide accordingly which of two al ternatives to execute .

The program instructions, suitably encoded, are stored in memory uni ts fro m which t hey are
transmi tted to the contro l unit for interpretation and execution. Thu s, th e operation of th e
system can be al ter ed consi derably by pr ogram cha nges wit hout circuit modificat ions.
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Functional Concentration: The system equ ipment is concentrated in a small
number of high ly eff icient uni ts, each spec ia lized in some broad system function: such as,
cont rol, inpu t , outpu t , memory, etc . The resul t is a simple overall System 100 equipment
organization.

Time-Shared Control: A single control uni t directs the operation of all ot her system
uni ts in accordance wit h program instructions. Usi ng electronic devices, th e cont rol unit can
operate at speeds much faster tha n the rate at which events associated with a single call
occurs . Conseq uently, the control equ ipment is time-shared for all the call s accommodated
by t he system. Time-sh ared cont rol is accompl ish ed by subdividing th e task requir ed to
process a call into sma ll segments and by interweaving the segm ents with those associated
with ot her calls . In addit ion, certain operat ions can be perfo rm ed concur rently on behalf of
a number of calls.

Modular Design: System uni ts are pro vided in modular blocks for economy and
convenience in offi ce growth.

Plug-In Equipment Units: A major por tion of the syst em un its are plug-in units.
Faulty uni ts can be replaced quickly and conveniently.

Duplication: To insure uninterrupted customer service, equipment whose failure
would affect a large number of customers is duplicated. For exa mple, the equipment
contains duplicated CCs (Central Controls). Both units oper ate side by side on th e same
input information, but only one uni t is given an active status. If a malfunction occurs in the
active unit, t he dupli cate unit is switched to active status wit h no loss in customer serv ice.
Also, th e equipment contains two spare PSs (Program Stores) used to replace an acti ve PS
should a mal fun ction occur.

Automatic Fault Location: System 100 automaticall y performs a la rge portion of its
own checking for system troubles. Within the lA processor, this check is accomplished by
comparing the outputs of duplicate units. In the peripher al community, this checking is
performed by scanning of maintenance points. When a trouble is detected, sys te m tests
should indicate which unit is at fault, and fault recovery programs should remove it from
active status. Further testing aids the maintenance personnel in determining exactly what
caused the malfunction.

7.2 1A Processor

The lA processor includes the following:

• Duplicated CC

• PS and CS

• ADS (Auxiliary Data System)

• lA memory spectrum
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• Dedicated lOP frame

• PPI (Processor Peripher al In ter face) frame

• AP I (Attached Processor Interface) frame.

7.2.1 Central Control

There are two ees (CeO and eel ) provided in each 1A processor sys tem. The ee
performs the info rmation pr ocessing tasks that enable the 1A processor to operate and
maintain the System 100. The ee reads, decodes, an d executes the cont ro l prog ra m with a
basic machin e cycle of 700 nanoseconds. Frequently, there is data associated with an
instruction. Thi s da ta, which is stored in th e CS, is read and processed by the CC as directed
by the instruction. An instruction which includes a memory access requires 1400
nanosecond s. Normally, the duplicated ees operate in step; that is, both ecs perform the
same operation at the same time. However, one ee is design ated act ive while th e ot her is
designated standby. Matching circuits are provided in each ee to insure that they execute
the sa me instructions, t ransmit and receive the same data, and make the same decisions. If
either e e should fail , th e system automatically removes the failing uni t from serv ice and
continues operation in a nonmatching mode.

To perform this information processing, the ee must communicate with the other units
in the System 100. The four primary buses that enable this communication are:

• PS bus

• e s bus

• AUB (Auxiliary Unit Bus)

• PUB (Pe r ipheral Unit Bus).

The PS and e s buse s provide the communications path to the ee for all PSs and CSs,
respectively. The AUB pro vides the communications pa th to th e ee for both th e APS and
ADS. The PUB pro vides the communicat ions pa th s for the lOP s, PPI, and the switching
network (Fig. 27).

When eit her data or instructi ons are t ransferred from the ee to units of the 1A
processor, th e units are enab led via the coded enab le meth od. With coded enable, a sync
pulse followed by an address is sent to every uni t on a bus. Only the un it whose internal
address matches the one sen t over the bus will process th e information. When th e
processing is complete, an ASW (all-seems-well) signa l is sent by th e addressed unit to
indicate th e successful completion of th e operation.

Data or instruction t ra nsfers between the e e and th e switching system are performed
via t he PUB. Units of the switching network are enabled by the CPD (Cent ral Pulse
Distributor ) enabling. The ePD un it wit hin the switc hing network pro vides this enabling.
Upon receiving an ord er from ee, the CPD pulses the ena ble line associated with the desired
unit . The ce then places data on the PUB and only th e uni t receiving th e CPD enable pulse
is abl e to accept and act on this data. When the unit receives an enable pulse from the e PD,
it return s a ver ify signa l to th e ee. The ver ify sig nal is used by t he ee to dete rmin e if the
cor rect unit was enabled.
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7.2 .2 Call Store/Prog ram Store

The phys ical CS and PS memo ry units are equipped in pure communities of 64K
semiconducto r or 256K semiconducto r sto res . Both of these stores have MOS (Metal Oxide
Semico nducto r ) RAM (Ran dom Access Memory). Eac h store unit periodically does its own
refr esh operation.

Call Store: The es is a read-wri te memory. DCS and DCS are identical physically,
but are used in the processor differ ently. Since the De Ss han dle trans ient call pr ocessing
information, they are full y duplicated. DCSs are used to sto re PS fa ult recogni ti on
programs, trans lation information, and portions of the parameter information. A backup
copy of th e DCS information is kept on disk memory in th e APS.

If a DCS is faulty, it is removed fr om serv ice; and its dupli cate operates in a simplex
mode. If a DeS is faul ty, it is removed from serv ice and will be replaced by a CS fr om the
DCSs. Thi s would leave the replacement duplicate CS operating in a simplex mode.

P rog r am Store: The PS is a read-wri te memory. PSs are used to store the gene r ic
program (also called the resident pr ogram ), a por ti on of parameters, and utili ty programs.
The ut ility prog rams a re typica lly kept in the APS and are loaded into a PS when needed.

All infor mation stored in a phys ica l PS is kept on disk memory in the APS (also called
backu p). This elimi nates the need for dup licate PS memory units as with the DCS.
However, in order to mai ntain conti nuous reliabl e operation, two add itional PS memory
units (ca lled rover stores) are prov ided to replace any faul ty PS. If a faulty PS is detected,
it is removed from service and replaced by a rover sto re. The same information stored in
the fa ulty PS is read into the rover sto re replacement from backup.

During norma l operation, the two rover stores keep duplicate copies of on-line PSs that
store base level and other cr it ical pr ogr am instructions. In the event one of th ese on-line PS
unit s is faul ty, a replacement rover store does not need to be loaded from backup.

7 .2 .2.1 256K Call Store/Program Store Semiconductor Memory Unit

The 256K CS/ PS memory uni ts are moun ted in two bay frames. The fr am e has a
combination of CS and PS memory units. One 256K CS/ PS memory unit equa ls one CS or
one PS. Each uni t includes a power section and 12 circui t packs on which memory, logic,
power contro l, and bus interface fun ctions are located. Each 256K es/ ps memo ry uni t has a
storage capac ity of 262,144 (decima l) 26-bi t words (24 data bits and 2 pa rity bits). For more
informa tion on the 256K e s/ps memory uni t, refer to AT&T Pract ices 254-201-014 and 254­
201-015.
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7.2 .3 Au xiliary Data System

The ADS (Auxiliary Data System) is a versat ile, medium speed, data handling system.
ADS utilizes magnetic tape for data storage and retrieval functions. The ADS is used for:

• SR (System Reinitialization)

• AMA (Automatic Message Accounting) or CAMA (Centralized Automatic Message
Accounting)

• Program updates

• System memory dumps

• General data handling.

Two communities ma ke up the ADS. Eac h commu nity includes two DUSs (Data Unit
Selectors) and from 2 to 16 pairs of DUC (Data Unit Controllers) and DUs (Data Units)
(each pa ir is made up of one DUC and one DU). The purpose of the DUS is to interface the
DUC and DU pairs to the central control over the auxiliary unit bus .

The DUS is located in the API frame. The DU may be either a tape transport or data
link. When the DU is a tape transport, the associated DUC is a TUC (Tape Unit Controller).
The TUC and tape transport are both physically located in a tape unit frame J5A002A.
When the DU is a data link, the associated DUC is a DLC (Data Link Controller). For more
information on the ADS, refer to AT&T Practices 254-201-000 and 254-201-001.

7 .2 .4 Processor Peripheral Interface Frame

The pri mary functions of the PP I (P rocessor Peripheral Interface) frame are to
inter face the CC wit h the perip heral community and the C&D (Control and Display) panel of
the MCC (Maintenance Control Center) wit h the rest of the system. The PP I provides these
interfaces via the PUB. The PPI also provides the logic required to control and monitor the
lamps, keys, and displays of the C&D.

The remaining functions of the PPI are to provide the logic required for testing the CC
access to the PUB, and monitoring for the 1A processor power frame . Test ing of the CC
access to the PUB is provided by loop-around circuitry within the PPI frame. Maintenance
programs ru n by the CC send test messages out over the PUB. The loop-around circuitry
traps these messages and sends them back to the CC over the PUB. The maintenance
programs then compare the original message with the one received from the loop-around
circuits to deter mine if a fault exists on the PUB.
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Power switches, located at each fra me of the l A processor, contain lamps and switches
t hat permit main tenance personnel to observe power status and to make requests for a
change in power status. Circuit ry wit hin the PPI moni tor s these switches and repor ts any
requests to CC. Thi s circuit ry also monito rs the power switch to dete rm ine if any power
failures have occurred. Monito red condit ions wit hin the power switch a re:

• Request to place equipment out-of-se rv ice

• Request power off

• Request power on

• Power fault.

This circuit ry also pro vides th e CC with th e ability to control the power switc h. Thi s control
allows th e CC to light the appropriate lamps on the power switch and to initiate a test of th e
power monitor circu it on the associated frame.

7 .2 .5 Input/Output Processor Frame

The purpose of the lOP (Input Output Processor ) fr am e is to provide an in terface
between the l A pr ocessor CC and the following:

• lOTs (In put Output Terminals) which are pro vided as part of the l A pr ocessor using
sys te ms

• DSs (Data Sets) as required to interface wit h distan t cell site locations

• Compute r-s upported maintenan ce, monitoring, and management-r elated sys tems.

An lOP fr am e may be full y or partially equipped. A fully equipped lOP fr am e contain s
two lOP bus uni ts, one filter unit, and two lOP s. A full y equipped lOP contains one lOP
logic unit and a lA or 3B lOP. gro wth unit. A full y equipped lOP fr am e containin g lA lOP
growth units is illu strated by Fig. 28. A full y equipped lOP fr am e conta ining 3B lOP gro wth
units is illu strated by Fig. 29. It is possible for a full y equipped lOP fr am e to contain lA
and 3B lOP growth units. The lOPs may also be prov ided with no growth units.

7.2.5.1 lOP Frame Equipped With 1A lOP Growth Units

This type of lOP frame may consist of one or two lOP s, design ated A or B. The fully
equipped lOP consists of one lOP logic unit and one lA lOP grow th unit, each of which may
be equipped with one microprocessor community (F ig. 30). A micropr ocessor community
consi sts of one IOMP (Input Output Microprocessor ), 0 or 1, and up to 8 LIUs (Line Interface
Units), number ed 0 through 7. A full y equipped micropr ocessor community can
accommodate betw een 8 and 24 lOTs or DSs on eight separate 10 cha nnels. The number of
lOTs or DSs which may be accommodated by a microprocessor community is depend ent on
LIU equipage. A microprocessor ma y be equipped with any combination of three available
LIUs. Each particular type of LIU is equipped with either 1, 2, or 3 10 ports. Full y
equipped, th e lOP can accommodate up to 48 lOTs or DSs on 16 channels. A full y equipped
lOP frame can accommodate up to 96 lOTs or DSs on 32 10 cha nnels.
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The IOP input/output channels may be run at da ta rates of 0.11, 1.2, 1.8, 2.4, 4.8, or 9.6
kb/ s, ha lf or full duplex. The data rate of an IO channel is determined by data stored in th e
l A processor memory. The max imum data rate of an 10 cha nnel is depe ndent on the da ta
rates of other 10 cha nnels in the sa me community. A community may have a total data rate
of 19.2 kb/ s. The cha nnels of a microprocessor community do not have to operate at th e
sa me data rate. Any of the eight channels of a micropr ocessor community can operate at
any ap plicable data rate au tonomous to the data rate of an y ot her channel in the
community, as long as the combi ned data rate of the commun it y does not exceed 19.2 kb/s.

7.2.5.2 lOP Frame Equipped With 38 lOP Growth Units

Thi s IOP frame ma y consist of one or two IOP s, designated A or B. The fully equipped
IOP consists of one IOP logic unit and one 3B IOP growth unit. The IOP logic unit includes
th e IOMP 0 in the fr am e. The 3B IOP growt h unit consists of one fan out board and one or
two PC (Per ipheral Controller) communit ies (Fig. 31). The fanou t board is IOMP 1 in th e
frame. Each PC community may be equ ipped with up to four PCs. A full y equipped PC
community can accommodate up to four 10 devices on four separate 10 cha nnels. Therefore,
a fully equipped 3B lOP growth uni t can accommodate eight IO devices on eight sepa rate
cha nnels. Thi s full y equ ipped IOP can accommodate between 16 and 32 IO devices on 16
separate 10 channels. The number of lOTs or DSs which may be accommodated by th e
microprocessor community in the logic unit is dependent on LID equipage. A full y equipped
lOP fr ame can accommodate up to 64 10 devices on 32 separa te 10 channels.

A peripheral controller 10 channel can transmit or receive data at rates of 9.6 or 56
kb/ s. The data rates of an IO channel are determined by data stored in CC. The data rate
of a peripheral controller 10 cha nnel is independent of the data rate of any other per ipheral
controller IO channel. The ma ximum data ra te of a ,PC community is 224 kb/ s, ha lf or full
duplex.
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NOTES :
I . J5A006DB (SD·5A052·02) , and J5A006CE

(SD-5A049·01) Un its Are arranged for
use with asynchronous or isochronous
terminal devices .

2. The lA 10P growth uni t (J5A006CE) or
3B 10P growth Unit (J ICI30AB) ma y be
job engineered into any frame .

FRONT VIEW

Fig. 28 - lOP Frame Layout (Eq uipped With lOP Growth Units )
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7 .2.6 Attached Processor Interface Frame

The purpose of the API (Attached Processor Interface) frame is to inter face the 1A
processor central contro l with the ADS and APS over the auxi liary unit bus . The API frame
includes components from the ADS (data unit selector) and APS (API unit) . The AP I frame
is physically pa rt of the 1A processor and is used in pairs.

Each AP I frame is a single-bay frame, 7 feet high and 3 feet 3 inches wide. The
equipage of an API frame for an MTSO is one data unit selector J5A004AZ-1, and one API
unit J5A012AA-1 (the AP I fr ame is designed to hold up to three API units). For more
information on the AP I frame, refer to AT&T Practices 254-201-002 and 254-201-003.

7.3 Attached Processor System

The APS (Attached Processor System) is a self-maintaining disk storage system. It is
used by the 1A processor as backup for the PS and portions of CS. The maximum storage
capacity of the APS is 160 or 340 megabytes of memory.

The APS hardware includes an AT&T 3B20D2 computer and a dup licated API unit.
The AT&T 3B20D2 comp uter is mounted in a 7-foot high, 2-foot 2-inch wide by 24- and 18­
inch deep frame. The API unit transfers data between the 1A processor and t he AT&T
3B20D2 computer over the AUE. Each API unit is mounted in separate API frames of the
1A processor. For more information on the general system application of the APS, refer to
AT&T Practice 231-301-005.

7.3 .1 Attached Processor System Data Link

Beginning with 1AE9.03 Generic Program, a pair of 4-wire 9.6 kbaud dedicated data
links are required between each abutting MTSO in the Cellu lar Network. Each of the two
links connects AT&T 3B20 computer to another 3B20 computer (MTSO to MTSO).

If line conditioning is required, an 829A data auxiliary set is required for each APS
data link. For more informat ion on the APS data link app lication, refer to AT&T Practice
231-290-619.

7.3.2 Attached Processor System Input /Output Processor

An APS lOP (Attached Processor System Input/Output Processor) growth unit will be
req uired when the spare slots are exha usted in the existing lOP . There are normall y seven
spare slots in the existing APS lOP.
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7.4 Input /Output System

The 10 syste m (Fig. 32) provides wire-line paths for signaling and supervision between
th e MTSO, cell sites, and lOT devices. The transmission path fr om the CCs goes through an
lOP frame and th en to lOTs and /or cell sites. When the t ransmiss ion path is more tha n
200-cab le feet long, a da ta set is normally used.

Each lOP fr ame is stamped with an lOP num ber at the bottom of the frame. Each
physical lOP unit within the fr ame is stamped wit h an lOP number on its power switch.
The lOP processor generic program identifi es the indi vidual components of an lOP fra me
with te rminology previously used in the old 10 fram e. The term IOUS (Input/Output Unit
Selector) refers to th e DMAC (Direct Memory Access Cont roller ) in the lOP fr ame. The
term IOMP (Input/Output Microprocessor) refers to fan out boards and /or microprocessor s in
the lOP frame. The term IOUC (Input/Output Unit Cont roller) refers to LIUs (Line
In terface Units) and PCs (Peripheral Controllers ).

The maximum number of lOP frames in an MTSO is 32 (0 through 31). The maximum
number of lOPs is 64 (0 through 63). As wit h all 1A ESS switc hes, the MTSO may be
equipped wit h up to four lOP frames (0 t hrough 3) that interface the 1A processor to various
lOT applications. An MTSO ha s additional lOP frames (star t ing with lOP fr ame 4 and up
through a maximum of lOP frame 31) for cell site data link application. These addit iona l
frames are call ed expanded lOP frames and, they interface the 1A processor to th e cell sites .
If needed, lOP frames 1 through 3 may also be used for cell site data link application;
however, lOP frame 0 is always dedicated for lOT appli cations.

For lOP polling purposes t he lOP fr ames are divided into eight groups (0 throug h 7)
wit h four lOP frames per gro up. Each group may be equipped wit h up to eight IOUSs. The
lOP applications, frame grouping, and uni t member number ing for a maximum off ice
configuration is illustrated in Fig. 33.
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Fig. 33 - lOP Frame Grouping by Application fo r a Ma ximum Equ ipped MTSO

Copyr ight " 1986 AT&T
All Rights Reser ved

Page 80



ISS 3, AT&T 231 -200-005

7.5 Cell Site Data Link

I The cell site data link is a dedicated wire-line supervision and signaling path, for
transmitting data messages between an MTSO and a cell site. Both data links (0 and 1), to a
cell site, operate in a full duplex mode. One cell site data link is used for call processing
messages. The other is used for maintenance and administrative mess ages. If one link is
out-of-service, the two message streams are sent over the remaining link. For reliability,
data link 0 connects to one expanded lOP frame while data link 1 connects to a separate
expanded lOP frame (Fig. 33).

The cell site data link is divided into three basic sections. These are the 1A lOP
hardware at the MTSO, a portion of the CSC with t he DLI (Data Link Interface) hardware
at the cell site, and t he t ransmission facilit ies connecting both ends (F ig. 34). The CSC was
discussed previously un der CELL SITE in Section 6.

The 1A lOP hardware at the MTSO, for one data link, includes a DMAC, a fanout
boa rd, and a PC. The PC is the lowest level in the lOP hardware hierarchy. Each PC is a
TN82 circuit pack that contains a microprocessor controlling one lOP channel or cell site
data link. Directly above the PC, in the hierarchy, is the fanout board. There can be a
maximu m of eight PCs attached to each fanout board. The failure of a fanout board also
means the loss of all the attached PCs . The DMAC controls the fanou t board. The failure of
a DMAC means t he loss of the attached fanout board.

The portion of a CSC that is considered to be part of a cell site da ta link is located on
circuit pack TN272 of each MCV. It is helpful to think of the data link in this manner, since
t he data link diagnostics test this part of the MCV when requested to diagnose the cell site
end of the data link. The DLI hardware at a cell site includes circuit pack TN161 for one
data link. The transmission facilities, connecting a cell site to the MTSO, include th e
dedicated lines and a data set.

Each MCV of t he CSC contains a control switch that allows ma intenance personnel, at
a cell site loca t ion, to manuall y request frame fun cti ons. Each request is ack nowledged by a
lamp on the MCV. The maintena nce te rminal a t t he MTSO prints the configuration message
and diagnostic data resul t ing from a maintena nce request. These requests are:

• ROS (Request Out-of-Service)

• Conditional remove

• Conditional restore.

In the event of a data link failure, communication can continue between the MTSO and
cell site by reconfiguring the appropriate lOP. Anytime something happens in one data link
section, it will affect the other two sections. For example, if the lOP is not operational, then
t he link will not support message traffic even though the other two sections may be
operational.
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The cell site data link hardware components are referred to by different names for
terminal 10 messages. These are: IOUS for DMAC, IOMP 1 for fanout board, IOUC for PC,
and MCU for CSC.

Note: Although two IOMPs are controlled by each IOUS (per lOP), the cell site
data links are only attached to IOMP 1 through the PCs. The PCs are designed to
handle the high speed cell site data links. The IOMP 0, with its attached LIUs, is
used for terminal channels and similar low speed data links. The LIU is referred to
as an 10UC for terminal 10 messages.

For maintenance information on the cell site data link, refer to Section 11 of this practice.
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7.6 Maintenance and Administrative Control

The maintenance and administrative control consists of equipment used by
maintenance personnel in mai ntaining an ESS switch. Maintenanc e and administ ra t ive
control also contains the hardware that allows the MTSO to reli eve incoming traffic
congestion caused by outside switching centers. The followi ng equipment is included in the
ma intenance and administrative control:

• Maintenance Control Center

• Trunk and line test panel

• Manual t runk test position

• Termin als

• ROTL (Remote Office Test Line).

7 .6 .1 Maintenance Control Center

The MCC serves as the pr imary interface between the MTSO and the maintenance
personn el. The MCC consists of a lA processor C&D (Control and Disp lay) fram e, a
maintenance te rminal including a cathode- ray ty pe display te rmina l, and a TLTP (Trun k and
Line Test Pan el). The MCC equ ipment is a functional gro up and does not define a physical
locati on. For exa mple, an ADS tape uni t may be located next to the C&D fram e. The tape
unit is not fun ctionall y part of the MCC but is located next to the C&D for the convenience
of maintenan ce personn el.

7.6 .1.1 Control and Display Panels

The C&D panels serve as a direct communications link between mai nte na nce personne l
and the system. The controls enable ma nua l recove ry of the system by direct control of
system operation and configuration when auto matic recove ry fa ils . The indicators and
displays prov ide system status and perfor ma nce informat ion. As a functional unit, the C&D
panels are connected to System 100 through the PPJ frame . The PPJ contains the C&D logic
for the lamps, keys, and disp lays.

The C&D includes the following pa nel.

• lA processor display an d override pan el

• lA processor A-level program request and system display panel

• lA ESS switch sys te m status pan el.

The lA processor display an d request pan els are common to all ESS switch applications of
th e l A processor; however , th e lA ESS switch system statu s pan el has additiona l
capa bilit ies that are unique to System 100.
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The lamp/keys associated with th e additional displ ay and request fun ctions include:

• CELL SITE

• PROGRAM CONTROL OFF-NORM

• AUTOPLEX CONTROLS IN EFFECT

• TTY MESSAGE INHIBITED.

The proper MCC lamp/key ligh ts when:

1. Hardware fail s in one or mor e cell sites or cell site da ta link s, which mayor
may not affect call processing

2. A program control fun ction is active

3. One or mor e cell sites are traffic overl oad ed

4. Cell site messages ha ve been inhibited by th e MTSO.

The PROGRAM CONTROL OFF-NORM and TTY MESSAGE INHIBITED lamp/keys
presently exist in the lA ESS switc h sys tem status panel. The CELL SITE and AUTOPLEX
CONTROLS IN EFFECT lamp/keys are new to the lA ESS sys te m switch status pan el. All
of th ese lamp/keys include manual request fun ctions to give additiona l information of
equipment status and performance. When any of these lamp/keys is in a lighted condition,
it may be depressed (request mad e) to produce a terminal output message contai ning th e
reason th e lamp is on.

The CELL SITE lamp/key display fun ctions include primary and secondary lighted
condit ions. The primary condi tion, which is indicated when th e lamp/key is ligh ted red,
means that a pr oblem is inhibiting call processing at one or mor e cell si tes . The secondary
condition, which is indi cated when the lamp/key is ligh ted amber, mean s that a problem has
caused a degraded call processing condition at one or more cell sites. Manual removal of
equipment will not cause these lamp/keys to be lighted.

The PROGRAM CONTROL OFF-NORM lamp/key is an indi cator of active abnormal
program controls or a normal program control that is not fun ct ional in th e MTSO and/ or
one or more cell sites. The lamp/key is lighted red for either of th ese condit ions and
extinguishes when th e condition passes. The se program cont ro ls will inhibit:

• Interrupts

• Functional tests

• Routin e diagnostics

• Processor forced act ive

• Monitor

• Pump-up

• Audits.
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The AUTOPLEX CONTROLS IN EFFECT lamp/key is lighted amber when an overload
control is active. These a re:

1. MTSO call limiting control

2. Maintenanc e personnel manuall y invoke forward setup channel control

3. One or mor e cell sites invoke overload control.

When this lamp/key is depressed, a te rminal output message is pri nted giving the status of
all three overload contro ls. The lamp will exti nguish when the over load condition passes.

The TTY MESSAGE INHIBITED lamp/ key is lighted red when cell sit e messages have
been suppressed in the MTSO. Thi s condit ion will also cause the PROGRAM CONTROL
OFF-NORM lamp/ key to be lighted.

7.6.1.2 Trunk and Line Test Panel

The TLTP (Trunk and Line Test Panel) provides the system with a facility to manually
remove from service and to test t runks and service circuits for System 100. The TLTP is also
used to perform a number of miscellaneous transmission tests.

7 .6 .2 Automatic Message Accounting

The AMA (Automat ic Message Accounting) feature is included with all MTSOs. Its
function is to automatically record billing data on calls. Software programs accumulate,
format, and transfer the billi ng data from call store to magnetic tape of the ADS. Thi s tape
is manually removed on a periodic basis and sh ipped to an RAO (Revenue Accounting Office)
for processi ng. For more information on the AMA feature, refer to AT&T Practice
231-290-620 or 231-290-618 (CN AMA).

7.6.3 Manual Trunk Test Position

The MTTP (Manual Trunk Test Position ) is used to test System 100 2-wir e t runks.
Between two MTTP is an AMT (Auxiliary Manual Test ) frame. The AMT fra me mounts
t ra nsmiss ion test sets as well as a terminal. The ter mina l can be opti onall y a send/ receive
cha nnel. This conf iguration enables qui ck and convenien t trunk t rans miss ion testing, level
measurements, and maintenance state control at the MTTP. The MTTP and AMT can be
located up to 1500 cable feet from the switchin g off ice.
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7.6.4 Inputj Output Terminals

The lOTs (Input/Output Terminals) provide main tenance perso nnel wit h the capability
to communicate wit h System 100. Communication between the main tenan ce personnel and
th e CC is over t ransmiss ion pa ths. These paths are call ed IOCs (Input/Out put Cha nnels).
An IOC consists of an IOU (Input/Output Unit), an IOUC, and fr om one to three lOTs.
Sever al CS memory areas serve as storage for terminal messages. Some of th e cha nnels are
specifica lly used for a medium-speed (1200 baud) transmi ssion rate which requires the use of

@

a DATASPEED 40 terminal as an lOT. Oth er cha nnels require a slow-speed (110 baud )
t rans mission rate which requires the use of a Model 43 te rmina l as an lOT. A few of the
channels can be used for either slow- or medium-speed t ransmiss ion rates. Table F shows
the differ ent IOCs and their rates. For mor e information on the differ ent IOC types, refer
to AT&T Practi ce 966-120-100.

7 .6.5 Remote Office Test Line

The ROTL (Remote Office Test Line) is a feature wit h hardware in the MTSO and
software contained in th e generi c program base. This feature pr ovides the capability of
performing trunk transm iss ion tests. The interface betw een the local maintenance terminal
and th e ROTL is pro vided by hardware call ed the PCI (P rogram Controlled In terrogator ).
The PCI allows for locall y ini ti ated auto matic t runk transmiss ion tests usin g ROTL. The
testing location is ty pically the MTSO or ACC. These tests are initi a ted via the main tenan ce
channel, TLTP panel, or the MTTP fr am e.
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TABLE F

INPUTj OUTPUT CHANNEL (IOCs) for MTSO

CHANNEL FUNCTION MNEMONIC CHANNEL SPEED TERMINAL TYPE

Local main tenance LOC Medium DATASPEED 40

Remote maintenance REM Medium DATASPE ED 40

Recen t change se rv ice RCS Slow or Medium DATASPEED 40
order or Model 43 KSR

Administrative dial TRI Medium DATASPEED 40

service

Supplementary dial TR2 Medium DATASPEED 40

service

Supplementary remote SRM Medium DATASPEED 40

maintenance

ACC maintenance ACI Medium DATASPEED 40

Supplementary ACC AC2 Medium DATASPEED 40

maintenance

BeltJine maintenance BLT Slow

Calli ng lin e CLT Slow or Medium DATASPEED 40

identification or Model 43 KSR

Plant service cente r PSC Slow or Med ium DATASPEED 40
or Model 43 KSR

Network management NMG Slow or Medium DATASPEED 40
or Model 43 KSR

First t r unk STI Slow Model 43 KSR
mainten an ce

Seco nd t r unk ST2 Slow Model 43 KSR

main tenance

Third t r unk ST3 Slow Model 43 KSR
maintenance

Fourth t ru nk ST4 Slow Model 43 KSR
ma inte nance
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7.7 Monitor and Control

In order for the 1A processor to perform the call processi ng and main tenance testing
fun ctions required to operate an MTSO, t he 1A pr ocessor must communicate with the
switching net work. It is the job of the peripheral monitor and control uni ts to pro vide the
2-way communication link required by the 1A processor . These unit s consist of:

• Scanners

• SDs (Signa l Distributors)

• CPDs (Central Pul se Distributors).

7.7.1 Scanners

Sca nne rs are cur rent sens ing devices which furnish input information to the CC
(Central Cont rol). Scanner s are used to moni tor custom er t runks for on-hook and off -hook
conditio ns. Scanners also monitor other circuit s at discrete t ime intervals as directed by the
system. The sca nners are pro vided in 512- or 1024-poin t modules which are phys ically
located on network and trunk fr am es. Master scanners are pro vided for diagnostic and
miscellaneous sca nning fun ctions.

Each point in the system to be scanned is connected to a curre nt-sens ing device called a
ferrod sensor. The ferrod consists of a ferrite rod enclosed by a pai r of cont rol windings . A
single-turn interrogate winding and a single-turn readout winding are threaded through two
holes in th e center of th e ferrod. The cont rol windings are connected in ser ies with th e
circuit to be sensed or supervised. A scanner can select and interrogate any gro up of 16
ferrods specified by inform ation received fr om the CC. Each of the 16 ferrods interrogated
will cause a pulse or no pulse output referred to as a 1 or a readout, respecti vely. Wheth er
th e readout is a logic 1 or a depends on the state of the sca nne d circuit. For exa mple, if a
customer tru nk is being obse rved, the on-hook (open) condit ion results in a 1; the off-hook
(closed) condition is a O. In response to signa ls from the CC, a sca nne r pr oduces a 16-bi t
output word that is transmitted to th e CC for interpretati on.

The following types of scanners are used in the MTSO:

• Unive rsal tru nk sca nners

• Miniaturi zed uni versal trunk sca nners

• Master sca nners

• Combined miscell an eous trunk (master) sca nners .

The sca nners differ ma inly in function and types of ferrods used; however, t he control and
operation of all sca nners are esse nt ia lly the same. The total numb er of scan points required
in a 2-wire MTSO is about one and one-half t imes th e num ber of office t runks.

The master sca nne r supplements the trunk and junctor scanners to collect addit iona l
inform ation at ma ny poin ts in an MTSO. The master sca nner also supplies the sca n point
for miscellaneous trunk fr am e circuits. Thi s sca nner consists of 1024-point fer rod sensor
matrix and du plicated control matrix.
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7.7 .2 Signal Distributors

The SDs are used to select and control equipment within the MTSO for which operat ion
at electronic speeds is not required. The SDs prov ide t he CC with a means for select ing and
operat ing magnetic latching relays in trunk and service circuits , junctor circuits, and certain
control circuits. Thus, SDs are th e buffer s bet ween microsecond CC requests an d t he
millisecond relay response.

An SSD (Suppleme ntary Signal Distributor) unit located on a miscellaneous trunk
frame is available for use when the SD point arrangement of th e junctor and uni versal trunk
frames is insufficient. This SSD unit pro vides a complete SD for circuits located on
miscellaneous trunk frames.

7.7 .3 Central Pulse Distributors

The CPDs (Central Pulse Distributors) are used to provide CC with access to many
points within the system req uiring action signals.

Upon recei ving an order from the CC, a CPD selects and pulses one of th e outputs
specified by the address from the CC. Outputs from the CPD ma y be either unipolar (pulses
of only one polarity) or bipolar (pu lses of either polarity). Unipo lar pulses are mainly used
to enable peripheral units (scanners, SDs, network frame controllers ). The verification pulse
that results is returned to the CPD, decoded , and then sent to the CC. Bipolar pulses, sent to
peripheral and other units, can be used to change the state of flip-flops or to operate a logic
circuit. Circuits receiving a bipolar output pulse do not return a verify pulse to the CPD.

7.8 Switching Network

The MTSO switching network (F ig. 35) incl udes the following:

• TLNs (Trunk Link Networks)

• Junctors

• Trunks

• Associated network control equipment

• Junctor grouping frames.

7 .8.1 General

The MTSO switching network is used to establish metallic paths for voice t ransmissio n
and signaling. The network connects trunks to trunks, and trunks to var ious service circuits .
The service circ uits consist of to nes, signa l t rans mitters, signal receiv ers, ringi ng circuits,
an d maintenance circuits. The network consists of a number of trunk switching circuits, and
junctor switching circuits interconnected through the JGF (J unctor Grouping Frame ). The
number of TLNs used is determined by the volume of traffic assigned to th e office. Each
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path shown in Fig. 35 represents two wires, tip and ri ng. When a MTSO is ordered as a new
off ice, it will consist of a 1A pr ocessor and a remreed switc hing network . The remreed
switch is the basic switching element of the TLN.

7.8.2 Trunk Link Network

The remreed TLN frame provides four stages of switching through the switching
network, an d cons ists of TSCs (Tr unk Switch Circuits) and J SCs (J unctor Switc h Circuits).
Trunks and service circuits are terminated on th e TSC.

Trunk-to-junctor ratios of 1:1 or 1.5:1 (Table G) may be arranged by pr oviding a 1024
TLN. A 1:1 trunk-to-junctor ratio is pro vided with a 2048 TLN. A 1:1 trunk- to-junctor ratio
(2048 TLN ) represents eight TSCs and eight JS Cs. Only one trunk-to-junctor ratio can be
used in a single MTSO. The selection of a specific ratio is traffic dependent and may be
changed to meet the needs of office gr owth. The 1024 TLN (1.5:1 t ru nk-to- junctor ratio)
represen ts six TSCs and four JS Cs. The remreed 1024 TLN occupies one 2-bay fr am e wit h a
to tal widt h of 6 feet 6 inches. The remreed TLN is used for 1:1 and 1.5:1 trunk concentration
ratios. The four separate TSCs and J SCs on the 1024 remreed TLN share the PUB receiver s
and the diagnosti c bus connections for each bay.

The re mreed TLNs are only avai lab le equipped wit h a full comp leme nt of JSCs. The
TSCs may be pro vided on a fr acti onal network basis with remreed ha rdware.

7.8.3 Junctor Grouping Frame

In ter connection between a TLN and ot her TLNs is pr ovided by the J GF . The J GF is
shown in Fig. 36. The j uncto r pattern for a particular off ice depends on its size and type of
traffic.
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TABLE G

TRUNK LINE NETWORK SIZES

RATIO OF MAX NO. OF MAX NO. OF MAX NO. OF MAX NO. OF MAX NO. OF
TRUNK TERMINALS TSCs TERMINALS JUNCTORS TlNs PER TRUNKS

TO JUNCTORS PER TlN PER TlN PER TlN OFFICE PER OFFICE

1 to 1 4 1024 4 16 16,384

1.5 to 1 6 1024 4 16 24,567

1 to 1 8 2048 8 16 32,768
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7 .9 Distribution Frames

In addition to the units and frames already mentioned, other frames are used which
perform noncontrol functions. These frames are primarily distribution frames and are used
to in terconnect two groups of leads in a unique pattern according to the office ass ignment .
The interconnecting pattern can be easi ly rearranged when assignments are changed. The
additional noncontrol frames are:

• MDF (Main Distributing Frame) and Protector Frame

• TDF (Trunk Distributing Frame)

• IDF (Intermediate Distributing Frame).

7.9.1 Main Distributing Frame and Protector Frame

All outside cables from cell sites and NIPs (Network In terface Points) are terminated
at the protector frame on protectors that prevent damage to office equ ipment from ligh tn ing
and power crosses on selected special circuits when required. Cables from the protectors are
connected to alternate columns of terminal blocks at the main distributing frame and are
distr ibuted vertica lly. The hori zontal side of the MDF contains the TLN frame appeara nces
for all incoming and all outgoi ng trunks.

7 .9 .2 Trunk Distributing Frame

The TDF interconnects all incoming and outgoing trunks and service circuits and the
TLN appearances. The TLN appearances are connected to alternate columns of termina l
blocks and the trunk circuits and service circuits are connected to the remaining columns.

7 .9.3 Intermediate Distributing Frame

The IDF (Intermediate Distributing Frame) interconnects the main distributing frame
and incoming and outgoing trunk circuits. In appearance, the intermediate distributing
frame is the same as the trunk distributing fram e. Cable pairs from the main distributing
frame are connected to alternate columns of terminal blocks while cable pairs from the
trunk circuits are connected to the remaining columns.

7 .9 .4 Power Distribution Frame and Power Plant Frame

Area bus centers and power distribution fuse boards are located near the MTSO
equipment and serve as distribution points for the various voltages.

The power distribution system for the MTSO follows standard plant practices. The
normal ac power source for the entire office is commercial ac. If commercial ac is lost,
engine-driven alternators supply reserve ac power to replace commercial ac. Primary de
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power is normally supplied by battery plan t recti fier s that convert commerc ial/reserve ac to
primary de power. When commercial/rese rve ac is disrupted, reserve batteri es take over for
the rectifiers and supply primary de power to t he MTSO. The de voltages ot her than
primary de required by t he off ice are provided by de-to -de conver te rs that convert prima ry
de to the various de voltages. Some critical offi ce loads require uninterrupted (protected) ac
power whi ch is supplied by a dc-to-ac inverter when commercial ac is lost . Othe r ac load s
t hat are essent ia l to t he offic e, but can tolerate short in terrupti on of ac power wit hout
degrading service, are supplied commercial/reserve (essentia l) ac power. Th ose loads that
are not essen ti al to the off ice are supplied fr om only commercia l ac power.

The normal primary sources for the entire syste m is 208 volts, 240 volts, or 480 volts,
60-Hz , 3-phase commercial ac power. If comme rcial ac power is lost, the gas -turbine or
diesel alternator reserve power system supplies reserve 480 volts, 60-Hz, 3-phase primary ac
power. Emergency 208/120 volts ac power can al so be provided by the 504B power plant
whi ch supplies single or 3-phase ac volt age from the 48-volt offic e battery during a
commercial power fa ilure. Primary de power for the syste m is +24 volts and -48 volts
supplied by the lIlA power plants or 326A and 326B power plants. Negative or positive 130
volts is supplied by the 610B or 660C conver te r plants and delivered to fuse pan els on a
miscellaneous frame in the switchroom for distribution to the load s.

7.9.5 Power Conversion and Distribution Frame

The PCDF (Power Conversion and Distribution Frame) is a 3-bay frame and provides
de power for the 1A processor frames in the 1A processor complex. The PCDF also provides
a status and alarm interface between the plant power distribution faciliti es, power
conve rte rs in the PCDF, and the 1A processor . Th e PCDF receives -48 volts power from the
plant power distribution sys te m. The outputs of the PCDF are -48 volts and +24 volts for
distribution to t he 1A processor.

7.10 Trunk and Service Circuits

Trunk circuit s in the MTSO are used mainly to provide transmission and superv ision
(te lephone on-hook or off -hook). All other fun ctions of conventional t runks, such as pul sing,
charging, timing, etc., a re del egated either directly to the program cont rol or to t he serv ice
circuits which, in turn, are under program cont rol. Service circuits include tone circui ts,
ringing circuit s, circui ts for transmitting and receiving information, and other simila r
circuits. Service circuits are connected through the netw ork to trunks as required . These
circuits perform functions which can be handled more economically by providing a few
special circ uit s than by providing addit ional equipment in each trunk to accommodate the
same function.

7. 10. 1 Miscellaneous Trunk Frame

The MT (Miscellanous Trunk) frame is a single-bay frame, 2 feet 2 inches wide. The
frame has 36 two -inch mounting plate spaces used for mounting trunk and service circuits.
Th e MT frame mounts t he trunk and service circuits which do not fit the uni versal pa ttern
required for mounting on the UT (Universal Trunk)/MUT (Minia turized Universal Trunk)
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fram e. Circuits on the MT fr am e are cabled via unit terminal str ips to th eir ass ociated
master scanner, signa l distr ibutor, and distr ibuting frame termina t ions.

The MT fr am e does not contain a scanner or signa l distributo r. The MT fr am e is also
used to moun t other equipment , such as, an SSD, and a terminal.

7 . 10.2 Combined Miscellaneous Trunk Frame

The CMT (Combined Miscellaneous Trunk) fr am e is a double-bay fra me (3 feet 3 inches
wide) t hat provides housing for the control circuits and up to 256 circu it board mounte d
miscella neous t runk circuits.

The CMT frame can be pro vided with up to two SSDs and a mast er scanner. Eac h SSD
supplies 960 poin ts capa ble of operating eit her full-size or min iature magneti c la tching
relays. The master sca nner supp lies 1024 sca n points.

The plug-in miscellaneous t runks are plugged into the TIC (Trunk Inter conn ections
Circuit). The TI C is designed for a specific gr oup or type of miscellaneous t runk and is
mounted in th e CMT frame. Ea ch TIC hous es circui t boards containing mini aturized ferrods
for scanner fun ct ions and circuit boards containing triacs (solid-s ta te switc hes) for signal
distributor fun ctions. A CMT fram e can pro vide housing for 16 TICs. Each TIC can pr ovide
housing for 16 miscellaneous trunk circuits, plug-in triac ma trix circuit boards, and plug-in
scanner matrix circuit boards.

The miscellaneous trunks are organized into nine groups of trunk circuits. Each group
requir es a TIC that accepts only trunk circuits from that pa rticu lar group. A TIC can accept
any trunk circuit in the group it is des igned for, but cannot accept t ru nk circuits fro m any
ot her group.

7.10.3 Miniaturized Universal Trunk Frame

The MDT (Miniatur ized Universal Trunk ) frame consists of a pair of 2-foot 2-inch bays
arranged in a home-mate configuration that provides plug-in housin g for 256 circuit board
mounted uni ver sal trunk uni ts. Each t runk uni t may contain one or two trunk circ uits. The
MUT fr am e also provides power, fi lte rs, and fusi ng for the trunk units. Contained in the
MDT fr am e are two 1024-point tr iac signa l distributors, a 1024-point scan ner, and peripheral
bus units.

The sca nner in the MDT supe rvises only tru nk and service circuits mounted in the
MDT fram e. The home fr am e has cont roller 0 for 1024-point sca nner and the mate frame
has cont roller 1 for th e 1024-point scanner . The associated matrix is split in half with 512
poin ts on t he home fr am e and 512 points on the mate fr am e.

Ther e is a pair of SD contro ller s in the home frame an d another pa ir In t he ma te
fr ame. Therefore, both the home and mate frames have a 1024-poin t SD.
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7.11 Ringing and Tone Frame

The ringing and tone frame is available with three different capacities: 0.5 amp, 1.5
amp, and 6 amp. These frames are the 806H, 812A, and 808A ringing and tone frames,
respectively. There are two versions of each frame: the ac-dc ringing and tone power plant
and the superimposed ringing and tone power plant. These ac-dc ringing and tone power
plant versions provide the following to nes:

• Audible ringing tone

• Touch-tone dialing

• High tone

• Busy verification tone

• Sim ulated audible ringing tone

• Preempt tone

• Precedence audible ri nging tone.

Similar frames of 0.5-amp capacity on two bays, 1.5-amp capacity ac-dc on four bays, and 6­
amp capacity superi mposed on five bays are ava ilable.

7.12 13A Announcement System

The 13A announcement system is a completely electronic announcement system that
uses the 29A magnetic bubb le memory to sto re digiti zed speech. The 13A announcement
system is a multichannel system capable of having between one and eight channels. Each
channel can supply one prepared announcement. Circuitry for an announcement message is
located on circuit packs called message modules. There are three types of message modules:
a 12-second FML (Fixed Message Length), a 3- to 12-second VML (Variable Message Length),
and a 3- to 24-second VML. Each message module can pro vide an announcement of up to
500-trunk circuits simultaneously. The message modules uses the 29A bubble memory
packages to store the prepared announcements. During the recording of an announcement,
the analog speech is converted to an equivalent digital signal. Adaptive delta modulation is
used to make the conversion by usi ng encoding and decoding circuitry. Once the conversion
is made, the digit ized speech is sto red.

Recording an announcement into the 13A announcement system is accomplished by the
use of a han dset or cassette tape recorder. Once a message is recorded, the stored
information will remain stored even if power is removed from a modul e.
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8. EQUIPMENT CHARACTERISTICS

In order to provide reliable, continuous service all common system units are duplicated.
Thi s du plicati on minimizes the possibi lity of an interrupti on of service to customers .

8.1 MTSO Duplication

Both the interconn ecti ng lead s and the buses are duplicated to ensure cont inuous
service. The CC is able to communicate over either one of these buses or inte rconnections.
Duplic ated uni ts in the MTSO may communicate with the CC over eit her bus or
interconnectin g lead . Duplicated units are designated as standby and active. The acti ve bus
is defined as the bus th e active CC uses for receiving and sending inform ation. An acti ve
store block is one which is transmitting information on an active bus. Similar defini ti ons
appl y to ot her duplicated units. The redundancy of equipment provides a way for th e sys te m
to easily switc h out a nonoperating uni t and switc h to a uni t which will operate pr operly.

The following units are duplicated in the MTSO (Fig. 37):

• Central cont ro ls

• Program sto res

• Call stores

• Central pulse distributors

• Data uni t selecto rs

• Attached processor sys tem

• Switchin g cont rollers

• Signal distributor controllers

• Scanner controllers

• Ringing and tone plants.
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8.2 Cell Site Duplication

The cell site and data link equipment that is duplicated is listed in Table H. Also listed
is equipment that is not duplicated or simplex.

8.3 Equipment Elements

Most System 100 functions are performed by the following types of apparatus:

• Remreed switches for network switching

• Ferrod sensors for scanning

• Magnetic la tching wire-spring re lays

• Semiconductor devices.

8 .3.1 Remreed Switches

The remreed switch is the basic switching device used in TLNs and is similar to the
ferreed switch in many respects. Only one type of the basic switch is used to accommodate
both the network tip and ring conductor paths and the no test ver t ical path functions. Grid
apparatus units are packaged in two connectorized configurations: the lOA junctor grid unit
and the llA trunk grid unit. The llA trunk grid unit contains two stages of 8-by-3 switches
connected in a 64-by-64 configuration. The lOA junctor grid unit contains the same 64-by-64
configuration and, in addition, is arranged with test access switches to each output terminal.

The remreed switch is arranged with two windings so that part of each winding is both
above and below the shunt plate. Sealed contact operation (close) occur s only by current
pulses in both windings simultaneously (coincidence). A single current pulse through either
winding causes switch contact release. The remreed sealed contact differs from the ferreed
sea led contact in that the remanent magnet material is located in the reeds inside the sealed
contact. The rem reed switch also does not require continuous current to ma intain an
operated or rel eased state. Remreed switches are not operated or rel eased while current is
applied to the contacts.
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TABLE H

CELL SITE AND OATA LINK EQUIPMENT QUANTITIES

UNIT OR FRAME QUANTITY COMMENTS

Cell Site Data Link 2 Each Data Link Includes One PC, FO BOARD, DMAC,
DLI, OS at Each End, and Por tions of a CSC

Cell Site Controller 2 Also Called MCU and/or Cell Processor

Cell Site Voice Trunk 96 Max

Setup Radio Group 4 Max 0-3

Locating Radio 2 0,1

Voice Radio Group 12 Max 8 Radios Max Per Group

Test Generator Group 1 Simpl ex

Measurement lnst 1 Sim plex

Cell Alarms 32 Max

RF Switch 1 Simplex

SAT OSC 96 Max One Per Voice Channel

REF GEN 2

Receive Antenna 2 For OMNI Only Cell Site

Receive Antenna 8 Max For Directional Cell Site

Transmit Antenna 7 Max One or Two Per- Radio Frame

Radio Fram e 6 Max 0-5

Cont rol Frame 1 Simplex

8.3 .2 Ferrod Sensor

The ferrod sensor used in sca nners prov ides magnetic coupli ng between th e interrogate
and readout windings by current applied to the control winding. This current, or the absence
of current, is established by the state of the circ uit to be sensed. An example is sens ing of an
on-hook or off-hook condition of a trunk. The on-hook condit ion causes a binary 1 output,
and the off-hook condition causes a binary 0 output.

Four types of ferrods are used in the System 100 and vary only III sens it ivity. The
more sensitive types are used to sense distantly located conditions.
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8.3 .3 Magnetic Latching Relays

Magneti c latching wire -spr ing relays app ear similar to conventiona l wire -spri ng relays.
The main cha racte ris t ic of magnetic la tching rela ys is th e reman ent core materi al which
retains enough residu al magneti sm to hold th ese relays operated afte r the operat ing curre nt
is disconn ected . Actual operation is accomplished by a negative pulse and released by a
positive pulse. No cur rent is required to maintain an operate or release state.

The magnet ic latchin g rel ays are oper ated and released by th e SDs and pro vide th e
final closing of a metallic path in th e associated cir cuit. The relay generates a pulse when
th e path is closed. This pul se is detected by the signal distributor controller and serves as
verificat ion of th e closure. The same type of verification occurs when t he relay is released.

8.3 .4 Semiconductor Devices

Semiconductor devices mounted on plug-in circui t packs are used for most of the logic
and controls. Semicondu ctor devices make possible the operating speed and re liability
required by the sys tem. The circuit pack provides th e rapid replacement of defective
circuitry and restoration of th e uni t to ser vice.

9 . MTSO SOFTWARE

The software that controls the System 100 is stored in the MTSO and is comprised of a
gener ic pr ogr am and data structures . The da ta struct ures consist of pa rameter and
t rans lat ion data.

9.1 Generic Program

The MTSO ge ne r ic program IS a general purpose switc hing system control program
that is install ed in every MTSO as opposed to each off ice having a n individua lly tailored
program. The prima ry reason for this is tha t all of the suppo rt effor t requi red to maintain
the pr ogram , implement new features, et c., would become complete ly unm an ageabl e if it
were to be required on a per-off ice basis.

The MTSO generic pr ogr am includes:

a. Base

1. Core

2. Base Features

b. Opti onal Feature Packages.

The core is part of the base program that is always required. The core includes
routines to pr ovide normal te lephone serv ice. It also includes essential main tenan ce and
administ rative fun ctions.
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Base features a re incorporated with th e core as part of th e base program. These
features are developed as FP s (Feature Pa ckages). They are normall y pro vided within th e
generi c program as a relocatable FP.

Optional FPs are features that must be indi viduall y selecte d by each cellular pr ovider.
These FPs are not incl uded in the base progr am. Selected combinations of FP s are offered
as optional feature groups.

Most optional FPs are separately loadable; that is, if they are not requested, program
store memory is not allocated for them.

9.2 Parameter Data

The parameter data is the engineered part of th e data st ruct ure which defines, for each
MTSO, the services offered to customers. It also cont ains th e information about what
equipment exists in the MTSO and what call store memory allocations have been made.

The only time that it is necessary to make any changes to the parameter data is when
a hardware or software modification of the MTSO occur s. The hardware modifications are
typically growth situations where equipment frames are being added. The soft ware
modifications are usually the result of a rei ssue of th e gener ic program made to improve
some segment of the code, incorporate new capabili ti es in to th e program, and to correct
program errors which have been detected. The type of System 100 information contained in
parameters is five fundamental types:

• Eq uipment items

• Software (usually t raffic dependent)

• Certain MS and CPD assignments

• Office options

• Translations-parameters compatibility.

The lOP member number translator (lOMTRANS) data in th e System 100 for th e fir st
eight lOPs will not be changed and will be stored in parameters. The IOMTRANS da ta for
the additional lOPs will be stored in translations.

9.3 Translation Data

The translation data contains the specific det ail s about each trunk, service circu it, and
their equipment units in th e MTSO. For the mobile unit, the information includes th e
services to which the customer subscribes and the type of mobile equipment used by th e
customer. The trunk and service circuit translation data includes which trunks are
associated in each trunk group, etc . The translation data also contains th e da ta which is
used to translate office codes and to determine routing and charging information as to th e
disposition of irregular calls, such as partially dialed numbers.
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The tran slation data is subjec t to continuing cha nges, since new customers are being
added dail y and old customers are changing vehicles or cha nging the services to which th ey
subscr ibe. The trunk t rans lat ions are similar ly being changed to keep eff icient t runk group
sizes, modify routing, and to cha nge charg ing information when te lephone rates cha nge.

In ord er to affect these cha nges , the generic program pr ovides the ability to inpu t the
required modifi cations to th e translation data. Since thi s is a cont inuing pr ocess, it becomes
the respon sibility of th e cellular provider to manage the trans la tio n data.

10. SYSTEM 100 SOFTWARE ORGANI ZATION

The soft ware for th e System 100 is st ructured to:

• Accommodate a large number of calls

• Provide sufficient flexibility for MTSO, cell site, and traffic growth

• Add serv ice features

• Provide automat ic detection and diagnoses of trouble conditions and to restore memory
to cell site(s) in trouble

• Provide trunk/data link switching for calls, as mobile units move t hroughout th e CGSA

• Provide improved continuity of roam er service across th e bound ari es of two or mor e
CGSAs by using abutting syste m serv ice.

The Sys te m 100 soft ware orga nizat ion is illu strated in Fig. 38. The software packages
include:

• 1A ESS switch gener ic base at th e MTSO

• MTSO subsys te ms unique to Syste m 100

• Data link cont rol and message switching

• APS generi c

• Cell site gener ic.
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10.1 1A ESS Switch Generic Base at the MTSO

The MTSO uses the core of a 1A ESS switc h (l AE7, 1AE8A. or 1AE9.03) generic base
wit h System 100 subsystems added in the sa me manner as base features are. Opt ional
feature packages are not included.

The core of the 1A ESS switch base program can be divided into a number of major
fun cti ons. These functions are ass ociated wit h pr ogr am s design ed to perform a parti cular
sys tem operation. The genera l categor ies of nonm aintenan ce prog rams include:

a. Input/output programs which specia lize in collecting a particula r type of inpu t
informa t ion to be pr ocessed (for example, call or igination) or in transmitting to
peripheral equipment such information that has resul ted from processing.

b. Call processing programs which specializ e in the processing of information
associated with a parti cular ty pe of call or phase of a call.

c. Service routine programs which spec ialize in process ing functions not
exclus ively related to one ty pe of call or a phase of a call. These routines are
called upon, when needed , by the var ious call processin g programs and are
referred to as clients of the service rou tin e program. As an exa mple: any
pro gram can reque st a translation service routine to determine th e mobile
iden t ificat ion number corresponding to a given directory number.

d. An ECMP (Executive Control Main Program ) which sched ules the tasks of the
input/ output and call processing prog rams.

The organization of th e base is also related wit h the organization of the information
stored in th e temporary memory of the duplicated CS (Call Store ). In general, each program
fun cti ons wit h one or more dupli cated CS areas. The conte nts of these areas are modifi ed to
reflect the occurrence of events or the resu lts of processing. Infor mat ion recorde d by one
progr am may later be used by th e sa me prog ram and/or by ot hers.

Each duplicated CS area consists of one or more words. The size and layout of the area
var ies from case to case. A duplicated CS word may be used complete ly to store some item
of information or may be divided into parts of one or more bits. Each word or part of a
word has a preci se ly defined assignment. A whole word may be used, for example, to sto re
the identity of the TLN te rm inal connected to the customer MF receiver used for a
pa rticular incomi ng call. Groups of four bits may be used to store th e var ious digits dia led
by an originating customer. A single bit may be used to indicate whet her a test has passed
or fail ed.

The organization of the 1A ESS switch generic prog ram is strongly infl uenced by the
fact that the system must operate in real time; that is, t he MTSO must respo nd promptly to
actions that occur at ti mes not unde r the control of the system. A single tim e-sha red high­
speed CC (Centra l Contro l) must keep up wit h the flow of info rmation from subscribers and
from other MTSOs or zone offi ces. Conse quently, the establishm ent of a hierarchy of
priori ti es is necessary. Some sys te m functi ons are of a nondeferrable nature and must be
performed under t ightly contro lled schedules. Oth er fun ct ions are of a defer ra ble na ture and
occasiona lly can be delayed wit hout significant adver se effects . For example, moni toring
or iginations is a defer ra ble type funct ion; and when postponed for a nu mber of mill iseconds,
there is no noticeabl e effect on service. Detecting incomin g MF signa ls is a nondeferrabl e
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type function; and if postponed for even 5 milliseconds, signals may be missed, thus
mutilating digits.

The CC sca ns each trunk and junctor sca nner every 100 milliseconds. Should the MTSO
traffic become heavy, scans related to deferrable type functions are moved out.

Nondeferrable type operation is carried out on schedule by a clock interrupt or a
mai ntenance interrupt. Program execution is immediately interrupted and a transfer made
to another progr am associated wit h the source of the inter rupt sig nal. When the inter rupt
program has comp leted its functions, the program that was interrupted resumes operation as
though no interrupt had occurred.

10.2 MTSO Subsystems Unique to System 100

10.2.1 Attached Processor System Generic

A copy of the APS (Attached Processor System) generic program is maintained in the
MTSO with the 1A ESS switch generic base.

10.2 .2 Cell Site Generic Copy

A copy of a cell site generic program is maintained in the MTSO with the 1A ESS
switch generic base. This copy is sometimes referred to as the MTSO copy (Fig. 38). For
mor e information on each subsystem in a cell site generic program, refer to Cell Site Generic
in Section 10.

10.2.3 Multi-Cell Generic

The MTSO has the capability to simultaneously support many cell sites operating with
different versions of the cell site generic (called multi-cell generic). The multi-cell generic
helps maintenance personnel to coordinate changes which involve hardware and software
components that are dependent on one another. A cell site operating with hardware changes
and a cell site operating wit hout similar changes can be supported at the same t ime by a
common MTSO. This is also true for software changes that are to be made. The multi-cell
generic is useful as a backup for cell site updates and generic retrofits because old versions
are immediately available from the 3B file of APS .
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When any version of the cell site generic is read into PS (Program Store) it becomes
the resident ver sion. This sam e version is automatically load ed into th e l A and 3B files of
APS . The 3B file always maintains every additional cell site generic version, including the
current resident ver sion in PS and lA file of APS.

After a request for download, all or part of th e resident cell site generic version is
loaded into a cell RAM. If the resident ver sion is not for th e par ticular cell site, th e
requi red vers ion is first paged from the 3B file to replace the resident vers ion in PS and lA
file before down load. The paged version now becomes th e current residen t cell site generic
in PS. The 3B file of APS still ma intains a copy of the replaced vers ion.

10.2.4 Call Processing

The System 100 call processing uses finite state support software design language. Thi s
is mai ntained by the STCR (State Table Controller) program. A feature selector is used to
determine th e type of call or feature involved with the dialed digits in a call.

For each type of call or feature there is a coordinator which cont rols feature
processing. As additional features are added to the System 100, new feature coordinators
can be add ed. The feature coordinators operate functional coordinators which control the
function s making up calls or features.

The functions for standard calls are setting up the ca ll, supervising t he talking state,
and disconnecting th e call. Where th e functions performed are the sa me, func tional
coordinators can be used by more than one feature coordinator .

Mobile uni t originated calls are passed from an origination message hopper unloader to
th e MORINT (Mobile Originated Call Interface). The MORINT sends th e ca ll to th e MORG
(Mobile Originated Call Processor ). The MORG an alyzes th e dial ed digits and brings th e
mobil e uni t up to a voice cha nnel. It t hen calls th e feature selecto r which determines th e
feature coordinator to be used.

Calls on incoming trunks to th e MTSO are processed by th e standa rd lA ESS switch
call processing programs in th e generic base. Software is pro vided in th e ICAL (Incoming
Call Digit Ana lysis) pr ogram that sepa rates calls to mobil e uni ts from other ca lls. The
ICAL th en ca lls an inte rface routine which calls th e mobil e terminated call coordinator.

10 .2 .5 Overload Control

The MTSO overload control softw are is included in the call processing subsys te m. The
System 100 overload control sys tem identifies overload conditio ns and ini tia tes appropr iate
cont rol st rategies. Standard lA ESS switch mechanism s are used for hardware and
soft wa re register overflows in th e MTSO. For real-time overl oads th e strategies are to delay
and/or eliminate work.
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10.2.6 MTSe Maintenance

The System 100 maintenance subs ystem interface to the lA ESS switch generic base
MAC (Maintenance Control) subsystem of the MTSO is kept to a minimum. The System 100
maintenance packages execute under control of the subsystems to which they interface.
However, if a maintenance function requires execute times greater than 3 milliseconds, a
generic base MACP (Maintenance Control Program) lA processor job or ECMP base level
subsystem is used. One example is a base level request to download a cell site.

The System 100 maintena nce software packages, at the MTSO, include the DLMS (Data
Link Maintenance Subsystem), speech path maintenance subsystems, and the terminal
maintenance subsystem.

The DLMS routines coordinate maintenance of the cell site data links based on data
link status information. This status information is obtained from the PFLR (Processor F­
Level Recovery) subsystem and/or LEAR (Link Error Analysis and Recovery) subsystem.
The PFLR is part of the lA generic base, at the MTSO, and it keeps status information on
lOP components of the data links. The LEAR is a software subsystem at the cell site, and it
also maintains data link status information. The LEAR responds to errors which occur on
the data link and reports to the DLMS. The LEA R's status is sometimes referred to as the
data link status.

The speech path maintenance subsystem for the System 100 includes changes In

existing lA ESS switch programming.

The terminal mai ntenance subsystem also includes changes in the existing l A ESS
programs along with additional new programs. These new programs are responsible for
processing 10 messages and dia l-up terminal channel.

The MTSO maintenance subsystem does not provide verification of functions performed
in a cell site. Error checking for valid messages and protocol checks are included in each
message sent to a cell site. The cell site return s an acknowledgment to any action requested
by the MTSO.

10.2 .7 MTSe Integrity

The MTSO integrity subsystem software is functionally divided into three areas:

• System initialization

• System integr ity monitor

• Audits.
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10.2.8 System Initialization

The initializ ati on software at the MTSO uses the standard lA ESS switc h recovery
ph ases. There are four phases of initiali zation num bered 1, 4, 5, and 6.

Ph ase 1 executes dema nd audits in a correcting mode and runs 1 to 2 seconds in
du rati on. Phase 4 executes hardware an d software init iali zation but saves all stable calls
(tra nsie nt calls are lost ). Ph ase 5 executes the equivalent of a phase 4 but in certain states
will pum p main memory from disk sto rage. Ph ases 4 and 5 run approximately 25 seconds in
du rati on. Phase 6 executes a total sys tem initialization and all calls are dropped. Thi s
phase runs approximately 32 seconds in duration.

The requests to clea r t ransie nt and/or stable calls are auto matically sent by the MTSO
to the cell sites after phase 4, 5, or 6 has run. The MTSO will download generic data to the
cell site(s) after a phase 6 has run and the MTSO is cycling on base level. The download
operation can be manuall y allowed or inhibited at the MCC by the DIR ECT DATA
INSERT -9 lamp/key. When this key is depressed the MTSO is allowed to download to th e
cell sites.

Ini ti ali zation of the cell site data link hardware is performed when the lOP hardware
is ini ti alized. Thi s is accomplished by inte rfac ing with the PFLR subsystem.

In iti ali zation of a cell site by manual means is prov ided thro ugh an office termina l
channel. A key on the MCC control and disp lay panels prov ides the ability to request
download to all cells . The te rminal input message formats used for ma nual cell site
initialization are:

• INIT:CELL a:TC! (transie nt clea r)

• INIT:CELL a:SC! (stable clear)

• INIT:CELL a:BOOT! (download).

The TC message results in a transient clear at a specified cell site. The SC message
results in a total initialization and dropping of all calls at a cell site. The BOOT message
resul ts in down load ing of program text and total initialization of a cell site. The SC and/or
BOOT messages can be used when the cell site is in an unknown state.

10.2 .9 System Integrity Monitor

The MTSO integrity moni tor observes the overall sanity of the cell sites. It makes use
of several key system indicators to determine the condition of the overall system. These
include data link t rouble, cell site phases, and cr it ica l cell site alarms.

Thi s integrity mon itor also maintain s a reco rd of the indicators men tioned in the
previous paragraph. When thres holds are exceeded, an auto matic recovery action will be
ini t ia ted. Recovery actions include dema nd aud its and levels of system ini ti ali zation. The
in tegri ty monitor also provides an esca lation strategy for these recover y actions.
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10.2.10 Audits

Operational audits at the MTSO make use of the maintenance control pr ogram 1A ESS
switch audit schedules for audits (MACA). The audit input SA-AUDIT message and th e
output SA01, SA02, and SA03 messages follow the 1A ESS switch standard. The operation al
audits add ed to the 1A ESS switch for th e System 100 include call processing, ma intenance,
and message communication.

The call process ing audits will verify the mobile call regi st er, mobil e ori gination call
regis ter, outstanding page list, page message area , and mobil e busy/idle bits.

The maintenance audits for cell si te voice trunks will ver ify th e cell site trunk status
word, test resource word, and the common call and ma intenance data sent over the tru nks.
The cell site data links are audited to verify the channel status block, roMP activi ty mask
table, and the rouc acti vity mask word. The te rminal software package is au dite d to ver ify
the channel to cell site and cell site to channel table. The initialization and downl oad
operations are audited to verify the cell site initialization regi ster and cell site download
control table.

The message communication audit will ver ify th e mobile message registers for the busy
and idle lists.

10.2 .11 Administrative

The System 100 administrative software performs two fun ctions: (1) collection of
measurement data which includes hourly traffic mea surements (on a cell site basis), radio
signal strength, trunk group occupancy, and voice channel selecti on activ ity event recording
(handoff data), and (2) overhead word administration.

10.2 .12 Hourly Traffic Measurements

In addition to the standard 1A t raffic measuremen ts, at the MTSO, t raffic
measurements pertaining to mobile telephone service are kept at the cell sites. Once per
hour they are collected by the MTSO and output on th e t raffic te rminal.

10.2.13 Radio Signal Strength

Period ica lly the radio signal strength data is collected and formatted at the cell sites.
These measurements are for a specified set of voice and cont ro l channels . The terminal
input program for the network administration channel, at the MTSO, recognizes requ ests for
signal strength measurements. For each request a function coordinator will be used to send
a message to the cell site to activate the measurements. The fun ction coordinator notifies
the cell site to terminate the measurements when a specified time is over. The
measurements, in the form of histograms, are output by the cell si te on th e appr opriate
output channel.
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10.2.14 Trunk Group Occupancy and Voice Channel Selection Recording

The cell site trunk gro up occupancy is measured by a Iu-second scan . This
measurement produces a terminal message containing the number of trunks that are
customer busy and maintenance busy for any trunk group selected for the measurement.
For anyone measurement time period there is a maximum of nin e trunk groups measured.

Voice channel select ion activity event recording is used to closely monitor activity in
any given cell site. As an event occurs, the call processing program determines if this
measurement of the event has been turned on. If so, it prints the required data on the
traffic channel along with th e time.

10.2 .15 Overhead Word Administration

Every cell site broadcasts overhead words over each forward setup cha nnel (sometimes
called forward control channel) to the mobile units. This data pro vides sys te m identification
and operating paramet er s to the mobile unit(s) . The overhead words are bro adcast once
ever y second . Several optional words are sent with the overhead word s if sys te m parameters
warrant.

10.2 .16 MTSO Data Base

The data base at the MTSO is composed of translation data. The addit iona l tran slation
data for System 100 maintenan ce are:

• Cell site translation block

• Dial-up telephone number for a specific cell site

• Translate lOUC to cell site member and cell site data link inte rface number

• Tran slate cell site member number and cell site data lin k to lOUC

• Tran slate voice radio to trunk.

10.3 Data Link Control and Message Swit ching

The MCS (Message Communication Subsystem ) software, also called the message
switc h, send s and rece ives cell site data link messages between th e MTSO and cell sites. The
MTSO ha s MCS (MCS-M) soft ware and each cell si te has MCS (MCS-C) software . Both
MCSs will report any data link trouble th ey det ect while doing th eir job. The MCS-M
reports data link trouble to th e DLMS. The MCS-C reports da ta lin k t rou ble to the LEAR.
The MCS also performs queuing and buffering of data link messages. The queuing is done
on a pri ority basis. The MCS administers the cell site data links in a load sharing
configuration. Cell site data link messages are classifi ed as operational and maintenance.
Operational or call processing related messages are classifi ed as high priori ty. Maintenance
messages are given low priority.
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High-priority messages are sent over lin k 0 and low priority over link 1. However , both
priority messages may be sent over a single link. If only one link is in service, the MCS
insures that low-priority messages are not lost or dela yed too long from being tran smitted
under high load conditions. The MCS also allows a link to be removed and restored und er
manual control without losing messages by a " soft switch" fun ction.

All maintenance data link messages sent to the MTSO from cell sites are unloaded at
the MTSO into a mai ntenance hopper. The messages are then dispensed to a specific data
link message handler. Maintenance messages are also sent to and received from cell si tes
that are in a growth state (call processing not active). However, at least one data link
between the MTSO and a growth cell site must be in-ser vice. No call pr ocessing message s
are sent from the MTSO to a growth cell site .

Maintenance messages are transmitted over the data link III specific message
classifications:

• Client requested message

• Nonrecovery configuration message

• Recovery message

• Terminal messages.

10.4 Cell Site Generic Subsystems

The cell site generic is a combination of sub systems. These subsystems are illu strated
by Fig. 38. Most of the cell site generic is in RAM of the CSC. A copy of every thing in RAM
is maintained in the MTSO. Portions or all of the MTSO's copy is download ed to the cell site
RAM for initialization or recovery. For more information on the MTSO copy, refer to MTSO
Subsystems Unique to Sys tem 100 in Section 10. Download and Recovery is located in
Section 11.

10.4.1 Operating System for Distributed Switching

Cell site software operates under cont rol of the OS/DS (Operating System for
Distributed Switching). The OS/DS is pr ovided by a modified 5ESSDI switch in terface
module. This operating system schedules terminal and system processes for execut ion,
provides timing, and provides the communication interface betw een processes within a cell
site.

Terminal processes are software created upon request and destroyed upon completion.
System processes are soft ware created upon cell site initiali zation and remain permanent.
Each process consists of a program, PCB (Process Control Block), and a stack area.

As an operating system the OS/DS provides System 100 with memory management
(PCBs, stacks), process communication, priority execution of processes and timing fun ctions.
The soft ware compon ents of an OS/DS message include:
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• Receiving process identifier

• Sending process identifier

• OS message type

• Priority of OS message

• Length of te xt region

• The message of the text region it self.

The OS/DS transmits messages to a specified process on a fir st- in, first-out basis.
However, a process priority ma y be specified in any ord er by use of a primitive command.
All OS/DS processes are pro vided with a default priority. A process may execut e at a higher
priority if specified in the message which activates the pr ocess. Timing functions are also
prov ided in the OS/DS by the use of a primitive command.

10.4.2 Cell Site Call Processing

The call processing software at the cell site includes four funct ions:

• Call sequencing

• Locating

• Overhead word administration

• Data collect ion.

Call seque ncing is perfo rmed by the CCP (Call Control Process). Ther e is a CCP for
each voice radio in each cell site.

Locat ion measurements and ana lysis of a call is done by call pr ocessing at the cell site.
For higher order loca tion measurements, OS messages are sent to the appropr iate
neighboring cells. After the neighbor cells have measured the signal strength of a ca ll, they
return th e res ults to th e requesting cell.

An overhead word message is sent out peri odicall y on each forward setup cha nnel.
Thi s message contains bot h system and cell site inform at ion that t he mobile uni t uses for
the call processing. The ad ministration of the overhead word includes the updating and
t ransmiss ion of the message.

The data collect ion function performed by cell site soft ware is an exact extension of th e
MTSO administrative software.

10.4.3 Cell Site Maintenance

Most maintenanc e software at a cell site executes und er control of OS/DS. The
maintenance software is written in the C language with th e except ion of some syste m
integrity and recovery software which is in 8086 assembly language. The C language makes
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use of a stack area for saving registers and variables when control is passed from one
function to the next. Maintenance software assures the integrity of the stack area which
maintains the integrity of the cell site.

Cell site maintenance software employs the use of three software stack areas:

• OS/DS

• System

• Recovery.

These stack areas correspond to the level of execution of processes in the OS/DS. The
OS/DS stack area is used during the execution of a process in the operating system. The
system stack area is used during the execution of a program on operational interrupt level.
The recovery stack area is used during recovery processing of resets and interrupts. Each
reset or interrupt will initialize the recovery stack area to the top. The recovery software is
responsible for initializing the OS/DS stack area and the system stack area as a result of a
recovery action.

The reset and interrupt recovery software makes use of a hardware reset error counter
to provide an escalation strategy if a reset or interrupt recovery fails to complete normally.
When a reset or interrupt recovery completes, the reset counter will be zeroed. If the
recovery action fails to complete, the counter will be incremented under hardware control.
The recovery software can modify the recovery action based on the value of the reset
counter.

Another software component of the System 100 cell site maintenance subsystem is the
MRA (Maintenance Request Administrator). The MRA makes hardware configuration
changes and respective EST (Equipment Status Table) changes. The MRA administers all
maintenance requests received either from manual or automatic maintenance software.

10.4 .4 Cell Site Integrity

The cell site integrity subsystem is functionally divided into the areas of:

• Initialization

• Integrity monitor

• Overload control

• Audits.

10.4 .5 Initializa tion

Cell site initialization is performed under control of cell site integrity software.
Several types of initialization are defined by the integrity subsystem:

• Single structure initialization via demand audits in an initialization mode
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• Single process purge

• Transient clear

• Stable clear-total initialization of cell site hardware and software

• Download and stable clear of a cell site.

Each initialization can be trigger ed by internal cell site recovery actions.

The integr ity software will init ial ize t he cell site when unwind ing fr om resets and
interrupts. Thi s include s using stacks and aborting any active OS/ DS proces s. A single
proce ss purge, transient clear or stable clear is used by cell integri ty afte r a reset or
interrupt recovery when control cannot be returned to point of interrupt.

10 .4 .6 Integrity Monitor

The integri ty moni tor software assures that cell site program s are not cycling in
invalid loops. The cell site integrity monitor subsys te m is an extensio n of the MTSO
integrity moni tor soft ware, mentioned in pr evious paragraphs.

10 .4. 7 Overload Control

The cell site overload control software is included in th e cell site integrity subsystem.
The overl oad control insures a minimum acceptable rate of service for low pri ority pr ocesses
during peak traffi c load s. The over load control runs periodically to detect over load state
t rans it ions and to ap ply control over call processing work.

10.4.8 Audits

The cell site audits perform two basic functions: (1) th e detecti on of invalid conditions,
and (2) ini ti aliz ati on of software structures or hardware. In valid condi tions would include
data inconsistency and lost resources.

Specific audits are provided for each functi onal software st ructure at a cell site . For
example, there are audi ts for: call register s, OS/DS pr ocess cont rol block memory, etc . Thi s
allows system integri ty to associate a failing audi t and the structu re that is in er ror.

Cell site audits that detect er rors initialize th e structure or hardware and send a
message to the MTSO indicat ing the er ror . These audit messages sent to the MTSO will
result in a terminal output message. The printout ma y be inhibited or allowed by th e INH
or ALW AUDPRINT input te rminal message.

The OS/DS audits ver ify the process control block, timer control block, stack cont rol
block, and message control block.
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Call control process audits for cell site call processing verify its task control register
and counters used to determine voice channel availability. Common control is audited to
verify the 200-ms and 3-second timing lists, the POB (Peripheral Order Buffer) queues, and
POB free list. Peripheral control is audited to verify scan control tables, reverse messages,
setup radio, location radio, and voice radio. Overhead word administration is audited to
verify its task control register.

The maintenance audits verify the MRA EST, routine maintenance scheduler run
status and terminal process counter, setup radio logical to physical translation, and MRA
terminal process counter.

The message communication audit verifies the large and small buffer pool index tables.
Also audited is the large and small message buffers.

10.4.9 Cell Site Periphera l Control

The peripheral control software provides a structured software interface for cell site
peripheral communication. The peripheral control subsystem executes these functions:

• Low signal level processing

• Input/output request service

• Message routing

• Sequencing peripheral units through a series of steps.

10.4. 10 Cell Site Diagnostics

Hardware in the cell site is diagnosed totally by the diagnostic subsystem resident in
each cell site. Diagnostic execution can be initiated from :

• Terminal message requests

• Requested as part of an IOUS IOUC restore request from the MTSO

• Routine requests from cell site subsystems

• Fault recovery requests from a cell site

• All forms of diagnostic requests result in an OS/DS message sent to the MRA
subsystem. The MRA then makes a request to the diagnostic supervisor to run the
diagnostic. All outputs generated from the diagnostic are sent to the data link
communication process. After the diagnostic is completed or stopped, the diagnostic
supervisor returns control to the MRA. The MRA is responsible for post-diagnostic
configuration.

Each cell site diagnostic consists of a list of phases and contains at least a phase 1. All
other phases are optional and can be numbered nonsequentially.

Each phase of a diagnostic has an abort routine. This abort routine is responsible for
cleaning up conditions set up at the beginning and restored at the end of a phase.
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A diagnostic exists for each configurable element at a cell site. Each of these
diagnostics is organized into phases that test individual replaceable circuit boards. These
diagnostics can be executed either by ma nua l request or automatic software routines and
will diagnose the cell site:

• Data link interface

• Cell site controller

• Setup radio

• Voice radio

• Locating radio

• Alarm interface

• Common radio equipment

• Measuring instruments

• Test generator

• Reference frequency gene rator.

Interactive manual diagnostics of cell site hardware are also available. These
diagnostics provide:

• Phase looping

• Segment looping (3 loop)

• Pause at specified segment

• Step specified number of segments

• Synchronization.

The interactive diagnostic capabilities are executed by the diagnostic supervisor. All of
these diagnostics are acknowledged by an output terminal message upon completion. The
interactive diagnostic mode inhibits failing diagnostic printout data other than the first
fai lure unless the RAW parameter is used.

10.4.11 Cell Site Data Base

The data base software at a cell site is composed of t ranslat ion data. Four types of cell
site translation data are:

• Hardware equipage data (rf generator, measuring instruments, frequencies, SATs, etc .)

• Location data (neighbor lists, thresholds, etc .)

• Status data (digital color code, transmitting levels for setup radios, signal strength
indicators, etc.)

• AUTOPLEX System miscellaneous information (data common to all cells ).

The master copy of this translation data resides in the MTSO. During cell site
initialization the translation data is sent to the cell site by th e MTSO. When the master
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copy is modified, the cor responding cell site data is updated. The da ta base in the cell site is
wri te-protected. Only initialization and recent chan ge update programs are able to wr ite to
th e pro tected memory.

11. MAINTENANCE

11.1 Maintenance Philosophy

System 100 obtains a high degree of sys tem reliabili ty through automated and manual
ESS switch-type maintenance. The maintenance philosophy follows standard 1A ESS switch
practi ces for the MTSO and new additional maintenance considerat ions for the mobil e uni ts,
cell sites, cell site data links, and cell site voice trunks.

Routine and trouble-clearing maintenan ce can be auto matic (softw are pr ogr am ) and/or
manually performed. Routine maintenanc e is defined as th ose act iviti es performed at
regul ar intervals and designed to identi fy, as soon as possible, potential failure condit ions
and/or equipment failures. The goal of routine maintenan ce is to consiste nt ly maintain
normal system operation. Manual routines/tests are defined by the equipment test list .
Trouble clearing is defined by th ose maintenance activit ies designed to locate and
cor rect/replace faulty equipment .

The System 100 maintenance philosophy is govern ed by th e fact that a substantial
por t ion of the common control hardware sha red by all user s is located remotely fr om the
switching offi ce. When it is necessary for manual on-site ma in tenan ce, per sonnel are
dispatched from th e System 100 maintenan ce work center .

Maintenance pro vision s for System 100 include:

• Remote (secure) dialup for cell site maintenan ce.

• Maintenance circuits and programs that pro vide for th e det ecti on and diagnosis of
failures automaticall y or by manual requests.

• A System 100 overl oad control system that pr ovides the means to detect, cont rol, and
a lleviate var ious system traffic overload condi tions.

• An MCC that pro vides a cent ralized control point for communicating, controlling,
testing, and recording requirements of the sys te m.

• An office ala rm sys te m that pr ovides for both sys te m-detec ted and locall y-detected
failures.

The maintenance plan for System 100 is suppor ted by:

• Reli abl e circuits using long-life components and liber al margin s between component
ratings and actual opera ting condit ions.

• Rapidly replaceabl e circuits by th e use of plug-in uni ts.

• Dupl icati on of equip ment throughout th e system except where a fai lure would affect
only a small number of subscr ibers .
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• High-speed facilities to switch duplicated equipment in or out of service and to combine
system units in various configurations.

• Various types of redundancy (parity bits, one-out-of-N codes, etc. ) in the information
transmitted between units in order to detect errors.

System 100 maintenance tasks (automatic/manual) include:

• Recent changes

• Initialization of cell site(s) or cell site equipment

• Acceptance

• Audits

• Updating of programs

• Battery plant inspection testing radio frequency and power supply

• Functional tests

• Clearing failing diagnostics

• Clearing alarm condition

• Reconfiguration of cell site(s)/data link(s)

• Recovery.

11.1 .1 MTSO Coordinated Maintenance

The MTSO coordinates a number of hardware and software facilities that provide
maintenance personnel with primary system information and control capabilities in the
areas of:

• Surveillance

• Reconfiguration

• Integrity

• Diagnostics

• Traffic overload

• Recovery

• Testing.

Routine and corrective maintenance may be controlled/monitored from an optional
ACC. The ACC maintains the primary system by interfacing th e MTSO via the AMAS
software package at the ACC. See Section 2 of this practice on the ACC.
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11.1 .1.1 MTSO Overload Control

The primary objective of overload control is to maintain effici ent call processing and
stabili ty, provide minimum, graceful service degradation, and maximiz e throughput.

The over load control system at the MTSO consi sts of monitors that detect traffic
over load condit ions and cont rols that regulate the calls admitted during an overload . An
over load condit ion exists when the call handling capacity of System 100 is exceeded for a
sustained period of time.

The MTSO overload control feature will:

• Use existing lA ESS switch over load control program parameters to lim it th e rate at
which new originations and incoming calls are processed

• Give call originations priority over incoming calls

• Defer none ssential tasks during MTSO minor real -t ime overload

• Limi t mobile originations from a cell site during MTSO major real-time overload

• Allow ma nua l invoking of over load controls on the forward setup channels

• Maintain status of CELL OVERLOAD lamp/ key on th e system status pan el in th e MCC

• Provide terminal 10 messages of lamp/key status and indi vidual cell site overl oad
status.

The terminal messages are prov ided for repor t ing MTSO and cell site over load status
infor mat ion, an d to manually invoke forward setup channel over load controls. The CELL
OVERLOAD status lamp/key will be lighted when MTSO call limit ing cont rol, manual
invoked forward setup channel control, and/or one or more cell site s invoking overload
control is active.

11.1 .2 Cell Site Maintenance

Since a remote cell site is an operational extension of the MTSO switc hing periphery, it
requires the same high-quality maintenance considerations as if it were in the switching
office. The cell sites contain, as much as possible, au tomatic stand alone maintenan ce
functions which are independent of MTSO control.

Cell site maintenance involves both routine and correcti ve maintenance act ivit ies. Cell
site trouble clearing is based upon soft ware diagnostic tests run from th e MTSO.
Interpretation of diagnostic test results is described in th e AUTOPLEX System 100 Trouble
Locating Manual (AUTOPLEX-TLM).

The cell sites auto nomously perfo r m certain error-detection, correction, and quarantine
functions . Erro r checking for valid messages and BX.25 protocol checks are used for each
message sent to a cell site from the MTSO. The cell site returns to th e MTSO an
acknowledgment of any act ion requested.
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Manual maintenance performed at cell site locati ons can be confir med by main tenance
personn el, while still a t the cell site, via por table dial up at each cell site.

11.1 .2 .1 Cell Site Overload Control

The cell site over load cont ro l feature will:

• Respond to MTSO real -time overload by invoking a fixed mobile or iginat ion call limit

• Respond to manual requests of overload controls of th e for ward setup channels

• Defer nonessen tial work during cell si te real-time over load

• Prevent excessive call pr ocessing handling of exte rn al location requests by limiting
location messages

• Periodicall y update over load status recorded by th e MTSO.

11.1 .3 Cell Site Data Link Maintenance

The MTSO cont rols main tenance of the cell site data link (Fig. 28) Via t he DLMS
softw are . The DLMS is interfaced wit h the standard 1A ESS switc h IOP software for actions
taken on th e data links. If an IOP is taken OOS, th e DLMS will take th e ass ocia ted data
link OOS. And, if th e data link is to be taken OOS, th e DLMS will request th e IOP to be
rem oved from ser vice which, in turn, will take the data link OOS.

11.1 .3 .1 Data Link Diagnostics

The data link diagnostics cons ist of two parts: (1) the PC tests which are part of the
IOP diagnostics and, (2) the da ta link tests. The PC diagnostics test the TN 82 circuit pack
which is located at the MTSO. The data link dia gnostic will tes t th e TN 161 circuit pack
located at th e cell site. The data link diagnostic test also includes testing th e transmission
faciliti es connect ing the cell site and MTSO (Fig. 28).

Requesting a condit ional restore of the data link fir st causes the IOP diagnostic tes ts to
be run. If t he IOP diagnostic passed, the data link diagn ostic tests are run. If eit her th e
IOP or data link diagno stic fails, t he data link will be left OOS.

Requesting a diagnostic causes only the specified IOUC or data link tests to be run ,
depending on the diagno sti c that was requested.

If t he IOP diagnostic fail s, a " troubl e analysis" bit is set in the System 100 cha nnel
status tables so that faul t recovery and routin e exercise progra ms do not attempt to place
the uni t back into serv ice. Manual action by maintenance personnel is requ ired to restore
the unit to service.

A fail ing data link diagnosti c does not cause an y t rouble ana lysis bit to get set in the
cha nnel status table. Thi s allows the faul t recovery programs to attempt a restoral of the
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data link to ser vice In the event of a dupl ex failure . The reasons for this maintenance
philosophy are:

a. The data link diagnostic includes a data transmission test of th e facilities. It is
quite possible for a facil ity problem to be of a transient nature. For example,
there could be a momentary loss of carrier sig nal.

b. There is no well defined dividing line betwe en the CSC and the DLI in the cell.
For example, the CSC contains programmable controllers which are used to
implement the BX.25 message protocol. These cont rollers are needed to perform
an y da ta transmission tests. If an attempt was mad e to make a dividing line,
the data link diagnostic would be less than complete.

11.1 .3 .2 Data Link State Administration

There is status information about the var ious pa rts of the cell site data link kept in
several places. First, th e PC has its own hardware status register in which it maintains
var ious information abou t it s operational status. Thi s register is referred to as the CSR
(Cha nnel Status Register). The lA PFLR programs have status information for each part of
the IOP hardware in the cell site data link. This status information kept by the PFLR is
referred to as th e IOUS status, IOMP status, and IOUC status. The PFLR statu s has only
two states, in-service or OOS, whic h is a direct reflect ion of th e state of the data link
ha rdware. The PFLR also keeps other ma intenance information about each unit. The MCS­
M keeps status information abo ut the current operational state of the PC in order to
determine if the PC can accept more work . The internal DLMS data link states are:

• Unequipped

• Acti ve

• Restore

• Remove

• Disconnect

• Out-of-service.

The unequipped state mea ns that th e physical hardware does not exist or is in a
growth state. The active state means th at the link is in serv ice and can be used by MCS-M
for sending and receiving data link messages. The restore state mean s th at the link is in th e
pr ocess of being rest ored to serv ice by software. Th is is a transient state and requ ires the
MCS-M to hold up message traffic destined for the link so that message sequencing can be
maintained during the process of returning message t raffic, that has pr eviously been
rerouted to the mate link, back to th e specified link. Thi s state is only valid if the mate link
is in th e active state. The remove state means that the link is in t he pr ocess of being
removed from service. This is also a t ra nsi ent sta te which requir es th e MCS-M to hold up
message traffic destined for th e link so that message sequencing can be maintained during
th e process of taking the link OOS and rerouting its traffic to th e mate link. Again, this is
only a valid state when the ma te link is marked acti ve. The disconn ect state means tha t th e
link ha s been restored but communicat ion with the cell ha s not been established as defin ed
by the link pro tocol. A data link in this state requires the MCS-M to rer oute all message
traffic to the mate link. The OOS state means the data link is not ava ilable for operationa l
use. This state also requires the MCS-M to reroute messages to th e mate link .
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The LEAR subsystem, at the cell site, also maintains th e data link status. The LEAR
has a sim ilar set of states as DLMS. The MCS-C, at the cell site , takes th e same actions
based on the LEAR status as the MCS-M does based on the DLMS status when sending data
link messages.

11.1 .3.3 Data Link Removals

Removing a cell site data link from serv ice, either manually or by automa t ic software
rout ine, will remove equipme nt from serv ice in the MTSO IOP hardware and t he CSC wit h
DLI hardware at the cell site . There are three types of data link removal s.

Con d it io n a l (Soft) Removal: Thi s is the removing of an act ive link fr om serv ice
without losing messages, duplicating messages, or receiving messages out of sequ ence.
A conditio nal remo val will be denied when the removal of a data link results in a
dupl ex data link failure. This type of fa ilure removes th e ent ire cell site fr om service.

Unconditional (Hard) Removal: Thi s is the removing of an act ive link from
serv ice without regard to the loss of message traffic on th e data link or the disruption
of cell site diagnosti c activitie s on th e data link.

Conditional Removal: Th is is an atte mpt to remove an al ready OOS data link.
Thi s type of removal request is made in order to dela y MACP from sending any
requests down an OOS data link. The OOS data link may have a diagno stic or
exercise program execut ing at the cell site and an interruption would cause a fa ilure.
The conditio na l removal request, in this case , delays MACP and allows time for the
programs to be abo rted instead of fa iling. The MTSO will print th e abort output
message.

Any manual request or software routine diagnostic to remove a data link from serv ice
will be t reated as a soft remo val by the system. Eit her of these two types of requests will be
honored only if it will not cause the cell sit e to be removed from serv ice.

11.1.3.4 Data Link Restorals

A cell site da ta link is restored to serv ice in a three phase sequence.

1. Hardware Initialization Phase: The fir st phase causes th e PC to be
in it ial ized by the PFLR subsystem and the cell site data link hardware used by
the LEA R subsystem.

2. The BX.25 Protocol Initialization Phase: The second phase is performed
by the PC and hardware at th e cell site end of th e data link. After th e BX.25
message protocol is used and the PC has established communicat ion wit h the
cell site , the PC sends a serv ice request to the cell site to indicate a success ful
protocol in it ial izati on.

3. Software Initialization Phase: The last phase is tr igge red by th e successful
completion of phase 2. The MCS-M then calls on DLMS to begin ini ti alizing t he
operat iona l software assoc iated with the cell site data link and t ransfer
message t raffic to the data link.
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11.1 .4 Cell Site Voice Trunk Maintenance

The System 100 voice transmission faci lities (speech path ) include equipment located
both at the MTSO and at t he cell site. It is necessary to coordinate maintenance activities
that are initiated and carried out at both locations. Software programs at the MTSO
maintain overall control of the maintenance of the voice facilities.

Existing lA ESS switch t runk maintenance procedures are used for the cell site voice
trunks. These maintenance procedures will detect faults and sectionalize each fault to one of
three portions of the overall speech path:

1. The land facility,

2. The baseband module, or

3. The radio transceiver equipment.

Cell site trunks and/or voice radios are tested by diagnostics for operation and
verification of the entire voice facility integrity. These diagnostics are executed
automatically, as a result of error analysis, or manually from the terminal or the trunk test
panel. The diagnostic phases for cell site trunks are:

• PH 1: Baseband module

• PH 2: Transceiver

• PH 3: RF power amplifier

• PH 4: Receive antenna

• PH 5: Transmit antenna

• PH 6: Voice channel functional test

• PH 7: MTSO trunk circuit relay test

• PH 8: Continuity test (for land facility voice channels only)

• PH 9: Continuity test (for lan d faci lity and baseband module of voice cha nnel)

• PH 10: Continuity test (end-to-end which includes voice channel, baseband module, and
transceiver).

Diagnostic phases 1 through 6 are controlled by software In the cell site while phases 7
through 10 are controlled by MTSO software.

Voice radio diagnostics may be requested manually by maintenance personnel at the
MTSO and may be used to isola te fa ults in t he comp lete voice path. Th e cell site controlled
portion of these diagnostics are also requested by automatic error analysis at the cell site
when errors are detected du ring cell site call processing.
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Comprehensive transmission tests are ava ilable, using the MTSO PCI and ROTL. For
voice trunk oper ational tests from the MTSO to th e cell site and network interface point,
refer to AT&T TOP 231-050-007 (Manual Trunk Test Position ) and AT&T TOP 231-050-009
(Trunk and Line Test Pan el). For maintenance of th e 2-way t runk circuit in the MTSO, refer
to AT&T TOP 231-251-000.

11 .1.4.1 Voice Trunk State Admin istration

Over all coordination of the states (both maintenan ce and traffic) of cell site voice
trunks is main tain ed in the MTSO. Th is state administration agrees wit h the existing 1A
ESS switch main tenan ce pr ocedures.

Standard TML (Trunk Maintenance List) pr ocessing pr ocedures are used to diagnose
the trunk faciliti es whenever call processin g failures in the MTSO indicate a specific trunk.
Ther e are add it ional procedures, however, for cell site error analys is that request cell site
radi o equ ipment be diagnosed and/or removed fr om service. The cell site can request control
of a specific trunk. When t his request is received, the MTSO places the trunk in a
maintenance state as soon as it goes traffic idle. In some cases, it will be necessary for the
t runk to be forced idle if it does not go idle wit hin an acceptabl e time interval.

When radio equipment diagnost ics fail at the cell site, a message is sent to the MTSO,
request ing that the t ru nk be removed from service . These requests are of two ty pes: (1) A
nor mal or cond itio na l removal request resu lt s when a routine diagnostic fai ls. The tru nk is
removed (locked out) only if OOS limi ts are not exceeded, and (2) When PEA R (Peripheral
Error Analysis and Recovery) has determined that a trunk is faul ty, a request is made to
unconditionall y remove th e trunk, independ ent of OOS limits.

11 .1.4.2 Routine Diagnostics

The voice radio portion of th e voice path diagn osti c, execute d at the cell site, runs
approximately every 24 hours. In th e rou tine mode, th e voice radio diagnost ic is not link ed
with th e end-to-e nd diagnostic, which is scheduled at the MTSO.

11 .1 .5 Network Interface Point Trunk Maintenance

The MTSO is responsibl e for the main tenance of the t runks connect ing to the class 5
NIP s (Network Interface Poin ts). Standa rd manual and automatic t runk diagnosti c
procedu res are used, with the NIP providing all required test lines . The CAROT (Centralized
Auto matic Repor tin g On Trunks), however, is not available for transmission testi ng of these
trunks. Auto matic t ransmission testing is implemented in the MTSO.
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11.1 .6 Inter-MTSO Data Link Maintenance

Procedures helpful for inter-MTSO data link maintenance are lis ted as follows . These
procedures are performed at the APS.

• Isolate inter-MTSO data link fa ilure (control or tributary End )

• Clear diagnostic failure in inter-MTSO data link

• Remove inter-MTSO da ta link from service

• Restore inter-MTSO data link to service

• Test control or tributary data set in modem test mode.

For more information on inter-MTSO data link maintenance, refer to AT&T Practice 231­
252-000.

11.1.7 Inter-MTSO Trunk Maintenance

Since call address information is normally passed over the inter-MTSO data links, voice
transmission maintenance depends mor e heavily on au tomati c t runk testing involving
responders, and th e scheduled trunk diagnostics. In addition, manual testing of inter-MTSO
trunks may be performed the same as any interoffice trunk using the MTT (Manual Tr unk
Test) position. The following items must be considered.

• The trunks have an EML (Estimated Measured Loss) of 0 dBm.

• The trunks may be equipped with 20kHz demodulators if Private Voice and Data is
being offered.

• Glare protection is not required.

11.2 Fault Recognition Program

Fault detection, notification, and verification in the System 100 are complex due to the
nature of radio systems and specifically to the remo te cell sites (i.e., the radio hardware is
remote). In order to maintain such a complex system man y stimuli are used in identifying
the following faults.

• Call failures

• Alarms

• FT (Functional Test ) failu res

• Diagnostic aborts

• Error counts (at a cell site)

• Software error reports

• Hardware generated error reports.
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Fig. 39 illustrates how the MTSO coordi nates system maintenance by using cell site trouble
stimuli is a feedback control loop.

When a malfunction is detected, call processing is momentarily interrupted by the CC
interrupt sequencer which transfers the program control to an appropr iate fault recognition
program. The occurrence of a malfunction is detected mainly by mean s of circuits that
perform matching, parity checking, or by scan points which monitor circuit conditions. The
fault recognition program performs three functions:

• Determines which system unit failed and removes the unit from service.

• Reestablishes an operational configuration of the system.

• Requests an appropriate diagnostic program initiation at some later time and returns
control to the call processing programs.
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11.3 Diagnostic Program

A diagnostic program provides a systematic sequence of tests for localizing a fault to a
small number of plug-in circuit packs or other types of replaceable units. The diagnostic
program oper ation does not interrupt normal telephone serv ice, because the diagnostic
actions are segmente d and interl eaved with the processing of calls . In turn, the diagnostic
results are printed out on the main tenance cha nnel. With the aid of a t rouble-locat ing
manual, these printed resul ts are t rans lated by maintenan ce per sonn el into the location and
ty pe of uni t that requires replacement.

Loop-around facili ti es are pr ovided on both the cell site data link s and cell site trunks.
The diagnosti c rou tines make ext ensi ve use of the looped facili ti es to perform both voice and
data transmi ssion quality tests. Many of the cell si te hardware components cont ain self­
testing circuits. The diagnostics use th e self-testing circuits pr ima rily to aid in
segmentation of the circuits and fault identification. Fixed voltage and fr equency sources
for met er s and A through D converters are examples of th e self-testing circuits in a cell site .
The diagnostic s periodicall y ver ify the operation of these circuits to ensure that these
circuits will not incorrectly indicate a fa iled un it .

11.4 Exercise Program

The exercise program is a low-pr iority scheduled routine which includes trunk-to-trunk
test calls , noise te sts, and network map ver ifications.

11.5 Audit Program

The audit program is a form of exercise program which provides cont inuous checks for
er rors in stored data, and reini ti al izing data found in error. Audits detect software and
hardware condit ions that would othe rwise go undet ected. They are not intend ed to detect
faults. They det ect stable hardware and soft ware conditions th at are invalid.

The MTSO uses the standa rd 1A ESS switch MACA (Maintenance Control Progr am for
Audits) with add itional aud its for System 100. Eac h cell site has audits for its own various
functiona l software subsystems. Refer to System 100 software organization part of t his
practice for a description of the particula r audits of the MTSO and cell site.

Demand audits may be requested of a cell site via input terminal messages. The
demand audit all ows for all, single, or a set of audits. All requests for audits are
acknowledged by an output terminal message to the MTSO when the au dit is complete d. The
termina l output messages contain the number of erro rs detected by the demand audit . All
audits requested in the demand mode inhibits the norm al audit output if an er ror is
detected. The PROGRAM OFF NORMAL lamp on the MTSO MCC is updated for each
request , and should be lighted du ring the time an audit is inh ibited.
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Routine audi ts in each cell site are automatically executed every few minutes by th e
cell sites integrity subsystem. These routine audits are also executed during peak traffic
periods.

11.6 Recovery

Cell site recovery is an in tegral part of the maintenance scheme. Recovery action may
be directed by the cell site integrity subsystem, located at the cell site, or by the CLSI (Cell
Site Init ializat ion) program which is located at the MTSO. When a cell site malfunctions,
cell site integrity subsystem directs the recovery action by performing low level
ini ti aliz at ion. If t he CLSI prog ram determines that the cell site cannot recover itself, t hen
the CLSI directs the cell site to perform high level init ialization.

The cell site integri ty subsystem ini ti al izes hardware and/or software processes (MRA,
RMS, PEAR, etc .) at appropriate recove ry levels. Recovery action is divided into low and
high level ini ti alizat ion which may involve a download operation. The initia lization levels
and related action by the integrity subsystem is illustrated by Table I.

Hi story tables are used to provide a second and third try at differ ent recovery
strategies. History tables have a delaying type effect on the integrity sub system due to the
high probability of transient errors common to radio sys tems. Therefore, th e cell in tegrity
subsystem will delay or retard action against th e transient type of er ro rs generated by
adverse weather conditions, etc .

The cell integri ty subsystem recei ves data input from fault analysis. It also keeps a
reset level counter and utilizes an escalation table which specifies th e sugge sted actions to
recover the cell site(s). The suggested error response is determined by indexing th e
escalation table via the reset level counter. When the reset level counter ha s determined a
recove ry attempt is necessary, the appropriate cell site ini ti alizati on level is invoked.

All ini tialization levels may be invoked auto mat ica lly. Most levels can be invoked
ma nua lly. The INIT:CELL input message is the norm al meth od to manuall y req uest a
software phase level. Software phase level SPP and up may be manually requested. A last
resort to manually initia lize a cell site is via the CFR:CELL input message. Th is input
message allows man ual cell site hardware configuration and is not normally used. The
CFR:CELL message forces specific cell site units active, whic h invokes a hardware level of
initialization. Auto matic ini ti al ization is invoked by the cell sites integr it y subsystem
detecti ng a faulty hardware or software condition.
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The source types (originations) that invoke cell site initializat ion levels are:

• MTSO (automatic MTSO initialization phases 4, 5, or 6)

• Terminal input message

• CELL (or iginated by cell site recovery program )

• CLSI (or iginated by cell site initialization program at the MTSO)

• AUTO LINK RST (automat ic data link restoral )

• MANUAL LINK RST (manua l link restoral)

• INH CP/ ALW CP REQ (manual inhibit or allow call processing terminal input request
- either case invokes TC cell site software phase).

All cell site recovery action is indicated by terminal output messages. For any high
level (CLSI directed) initialization, an MTSO report message is printed (REPT:CELL
PHASE). These messages identify th e software phase level and source type for initialization
performed. In this case, when the cell sit e phase level starts and completes, the REPT: CELL
PHASE START and REPT:CELL PHASE COMPL messages are printed respecti vely. When
the cell site returns to normal operation and remains so for a specified period of time, a
REPT: CELL RCOVERY SUMMARY message is printed. If t he source type was CELL or
CLSI for high level initi aliz ation, the PHASE START message is followed by a gro up of cell
site postmortem messages. For low level (cell site recovery progra m directed) ini tializati on,
the cell si te responds by ha ving the postmortem message group printed. The REPT:CELL
PHASE messages are not printed for low level initializations.

Copyright v 1986 AT&T
All Rights Reser ved

Page 133



~
Q

lC
~

Co)

".

l.i
:--.g
= '<.,::0 _ .
..... ~

:r::l rr­
::r- ....
1n 6

::0;;
'" 00CIl O'l

'"., :--
<: --3
~Ro

--3

TABLE I

CELL SITE RECOVERY INITIALIZATION LEVELS

HARDWARE RESET ACTION TAKEN BY CELL SITE CELL SITE POSTM ORTEM CELL SITE

COUNTER LEVEL SOFTWARE PHASE LEVEL RECOVERY PROGRAM MESSAG E GROUPS (NOTE) FAULT COMMENTS

LOW LEVEL INITIALIZATION

0 Return to Point of Maintenance inter rupt or CSC HW Hardware Returning interrupt.
Interr upt (RPl) software defensive chec k STA CK TRA CE

(no calls lost).
STIMULUS Software Return assert.
STA CK TRA CE
STA CK FRAME: (l or 2)*

1 through 7 Single Process Purge A single process is initial - STIMULUS Software Assert which causes
(SPP) ized and repeats if neces- STA CK TRA CE SPP.

sary. An excess ive amount PROCES S PURGE
of SPPs resu lts in an esca- STA CK FRAME (lor 2)*
lation of th e recovery ac- DATA DUMP of PCB (l or 2)*
tion to the TC ph ase level
(normally no ca lls lost). CSC HW Hardware Mainten an ce interrupt

STA CK TRA CE which ca uses SPP (pa r-
PRO CESS PURGE tial incr em ents of hard-
STACK FRAME (1 or 2)* ware reset counte r level ).
DATA DUMP of PCB (l or 2)*

CSC HW Hardware I-lardwa re reset which
STACK TRA CE causes SPP (full incr e-
PRO CESS PURGE ments of hardware reset
STACK FRAME (1 or 2)* counte r level ) Thi s may
DATA DUMP of PCB (1 or 2)* have been st imulated by

software recovery action.
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TABLE I (Contd )

CELL SITE RECOVERY INITIALIZAliON LEVELS

HARDWAR E RESET ACTIO N TAKEN BY CEll SITE CEll SITE POSTMORTEM CEll SITE

CO UN TER LEVel SOFTW ARE PHASE l EVel RECOVERY PROGRAM M ESSAG E GR O UPS (NO TE) FAULT COMMENTS

HIGH l EVel INITIALIZATIO N

8 a nd !l Transient Clea r (TC ) All pr ocesses are reinit.ia l- CSC HW Ha rdware Any stimulus which
ized (stable ca lls rem ain STACK TRA CI<: ca use s high level ini ti ali-
- t ransient ca lls lost ). STA CK FRAME (1 or 2)* zation.

RCOVRY SUMMARY
10 and 11 Stable Clea r (SC) All pro cesses a re reinitial-

ized (all ca lls lost ).

12 and 13 Stable Clea r and All pro cesses a re rc init ia l-
Boot (SC & BT) ized. All RAM data and

tex t (instructions)
memory is downloaded
from MTSO to cell s ite (a ll
ca lls lost).

14 and 15 Stable Clea r and All pro cesses are rein itial-
Boot and Ignore Er- ized. All RAM data and
rors (SC & BT & 11<: ) text (instructi ons)

memory IS download ed
fr om MTSO to cell s ite .
Error s (i.e., hash sums)
during down load are ig-
nor ed by cell site (a ll call s
los t ).

N o te: Each keyword in a postmortem message group is pr eceded by REPT or DUMP in t he output message. This first message of each
group is th e lead message and is th e only message alarmed in th e terminal printout.

* Th is type of postmortem message consists of two sepa ra te output messages a nd on e will a lways print with t he message group. Th e
ot her message wi ll print depending on th e er ror source and in hibit/allow sta te of cell site (via term inal input message).
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11.7 Functional Tests

Functional tests are run automatically, by internal cell site maintenance soft ware, to
determine the operating condition of on-line setup and locating radios. There are three
types of FTs:

• Forward setup

• Reverse setup

• Locating.

Functional tests simulate the transmitting and receiving of messages betw een the cell
site setup/locating radios and a mobile unit . The tests include originati ng and terminating
simulated calls to the RF test unit in the control frame, locating the RF test unit, and
establishing aud io continuity. During these tests, the RF test unit is connected to the cell
site antenna system through the use of directional couplers so that the majority of radio
freq uency equipment is inclu ded within the test loop. Failures or high error rates in the
tests are cons idered reliabl e indicators of cell site equipment problems.

Functional tests are interleaved with normal call traffic every 15 minutes for setup
radios and approximately every 15 minutes for locating receivers. When an FT fai ls, a
primary or secondary REPT:CELL PEAR ERROR output message is printed at t he MTCE
terminal. A primary FT failure indicates a radio at fault, and a secondary FT failure
indicates cell site antenna trouble (Fig. 40). The MTSO pro vides maintenance personnel with
the capability to inhibit or allow FTs via input te rminal messages. For more information
an d how to analyze FT fai lures, refer to AT&T Practice 231-200-020 and AT&T TOP 231-250­
010.
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CELL SITE
NUMBER

RADIO
TYPE AND
NUMBER

SECONDARY FT FAILURE
OF SETUP RADIO (NOTE 1)

A 4~ REPT : CELL 1 PEAR ERROR, SU ~ FT FT2SU
~~3 ~~~ ~~~ ~~2 ~16 ~~2 1~~ 113 114 ~~~ ~4~ 241 ~~7 ~~~ 126 ~~1 377 377
377 377 1~~ ~~6 ~~ 1 ~~~ 1~~ ~~6 136 ~~~ 3~~ 121 164 ~~5 16~ 121 32~ 227
~~3 ~~1 32~ 226 31 1 ~~~ 1 4~ 1 4~

IOOMAMPS .AC+1~6

##2~8

NOTE :
1. FT1LC

FTlSU
FT2LC

FT2SU

Primary FT fa ilure indicates locat ion rad io
Primary FT failure indicates setup radio
Secondary FT failure of location radio
i ndi cat es receive antenna
Secondary FT failure of setup radio
indicates transmit antenna

Fig. 40 - Example of Secondary FT Failure Output Message

11.8 Software Changes

Cha nges to System 100 gener ic include: (1) overwrit es for the MTSO standard 1A ESS
switch generic , and (2) cell updates for the cell site generi c. The overwrite capability is for
cha nging the 1A ESS switch generic of the MTSO and follows standard mai ntena nce
procedures. Cell update pr ocedures are used to retrofit or modify the cell site generic and
include cell gener ic updates, cell pr ogram updates and poss ible hardware and/or fir mware
upda tes. The cell site generic specification is J-41653. Each cell site gener ic, issue, or
program update cha nge may requ ir e cha nges on bot h J-41653 and J- 6A002B-2. Ea ch 1A ESS
switch gener ic, point issue, or BWM (SCANS) cha nge may require changes on both J-41653
and J -6A002B-2.

Changes to System 100 t rans lat ions include RC (Recent Change)/ Verify. The
RC/Verify capability is used to change or iden tify any translations cur rent ly in the MTSO
data base and follows standard 1A ESS switch pro cedures. When recen t cha nge procedures
modify cell site t ranslation data, the RC/ verify subrouti ne will automatically contact the cell
sit e t rans lation update subroutine at the cell site . The cell site trans lation update, when
contacted, will request the MTSO to send th at cell site translators th at have been cha nged.

Cha nges to System 100 param eter data include the standa rd 1A ESS switch parameter
overw rite and update procedures for MTSO software cha nges . Ther e is no cell site software
data that is specifically called parameters. The data containing th e limi ts of a cell site are
built into each cell site t rans lat ions.
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For more information on System 100 software changes, refer to:

• AT&T Practice 231-200-020 (Maintenance Considerations)

• AT&T Practice 231-201-008 (Cell Site Generic and Translation Updates)

• AT&T Practi ce 231-218-401 (System 100 RC/ Verify Message Formats and Associated
Implementation Procedures )

• AT&T Practice 231-411-010 (RC Mapping)

• AT&T TOP 231-250-010 (Cell Site Main tenan ce, Ini ti al ization, and Recovery)

• AT&T TOP 231-468-011 (System Recovery and System Operations With APS ).

11.9 Download

Download is an operation of sending all or part of the cell generic (not including cell
translators) from the MTSO copy to a cell site RAM (Random Access Memory) area. A
download is classified as either full or pa rtial. A full download includes th e entire cell
gener ic and is requested automatically by the cell site or manuall y by the INIT:CELL
a:BOOT[IE]! te rminal input message. A pa rtial download includes portions of th e cell
generic and is only requested automatically by the cell site.

Download is included as part of seve ral initialization phase levels and is used during a
recovery attempt. The cell site integr ity subsystem coordi nates the recover y action for
either automatic or manual source requests of initialization. The integrity subsystem resides
in the CSC (Cell Site Controller) ROM (Read Only Memory). If th e integri ty subsyste m
determines a download is required, it calls one of its subroutines to request download. The
routi ne that accomplishes this is bootstrap (somet imes called boot ). Bootstrap sends th e
download request to a subrouti ne in the MTSO called pumpup. After the req uest fr om
bootstrap is recei ved, pumpup down loads part or all of the MTSO copy over both data link s
simultaneously and into the RAM of the duplicated CSC. If one of the data links is
unavailable, pumpup is forced to download over the remaining ma te link.

A partial down load is requested when the integrity subsystem determines that
checksums of 50 or less memory blocks in the cell generic are bad. A partial download may
or may not occur at cell initialization levels SC (Stable Clear) and above. A full download is
requested by a manual input message or when th e integrity subsys te m det ermines th at
checksums of more than 50 memory blocks are bad and/or escalates th e initialization level
du ri ng recovery action to the SC plus BOOT and above . Fu ll download only occur s at levels
SC plus BOOT and above. A partial download ma y be reque sted by bootstrap after a full
downlo ad . Any SC phase level including a download operat ion will ha ve the download occur
first and then the SC initialization. During the SC, the int egr ity subsystem calls the cell
trans lation initialization subrout ine (which is located in cell generic). Thi s translation
routine sends a request to the MTSO for the cell translators to be sent to the RAM area.

A full download is not only used for recovery, but is al so used to initialize a new cell
site being add ed to the CGSA (Cellular Geographic Ser vice Area ) and /or generi c update
procedures on an operating cell site . The terminal output message REPT:CELL PHASE
START is printed when initialization action is star ted. A REPT: CELL [FULL or PARTIAL]
BOOT STARTED message is printed if and when downl oad is pa rt of the initialization. A
success ful download is indi cated by a REPT:CELL [FULL or PARTI AL] BOOT FI NISHED
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message. Aft er the ini ti aliz ation sequence is compl eted by the integrity subsyste m a
REPT:CELL PHASE COMPL is printed.

12. EQUIPMENT ADDITIONS (M TSO GROWTH )

Office growth is necessary whenever an MTSO must add equipment or equipment
fr am es to increase call handling capacity.

In th e MTSO, fr am es can be add ed to an opera t ing sys tem using relati vely few wir ed
connections. Pa ra meter and t ranslation changes instead of wired logic modifications provide
most of the infor mation required by the lA ESS switch for an added frame.

When new equipment or equipment frames are add ed to an MTSO, they must be added
wit hout an inter ruption in existing service . Cont inuous service is poss ible, primarily due to
the duplicate design of th e MTSO which permits numerous operating configurati ons among
the duplicated sys tem units. Another aspect of th e MTSO that all ows growth to be
accomplished in a smooth and orderly sequence is the way param eter and t rans lation data
defines th e equipment. After the added equipment is wir ed into th e sys te m, selected
parameter and translation updates can be performed to allow th e system diagnostic and
fau lt recogn ition programs to test the equ ipme nt. Testing occur s without interference to call
processing, and call proce ssing programs are unaware of the add ed equipment due to the
parameter and translation updates that ha ve not yet been accomplished.

Major objectives dur ing MTSO growth are to minimize th e possibi lity of interruption of
or impairment to customer service, to minimize changes required in normal operating
procedures of the System 100 company, and to permit allowable margins and overlap of
installation effort to provide efficient job schedules and use of the work force . These
objectives can best be implemented by pro viding a safe and well defined environment in
which growth frames can be tested without interference to the operating system. The
intervals where simplex operation (no t:uplication) of equipment is required are minimized.
Installation procedures are sequenced to allow growth frames to be integrated into the
sys tem in small steps that can be easi ly ver ified. Several safe stopping points are provided
in the growth procedures to allow for unforeseen difficulties that may arise. The procedures
are kept simple and explicit and use computer generated data where applicabl e.

System eva luation tests must be perfo rmed prior to and after office growth to ensure
that the MTSO is in excellent operating condition. These tests consist of testing the
eme rge ncy action portion of the MCC to ens ure that the system can operate without trouble
in all possible conf igurations of the CCs, CSs, and PSs. Also, the system tests ver ify that
power can be removed and restored to either one of the duplicate buses or equipment units
wit hout equipment troubles or adverse system action. An optional test is to execute a
manual phase of reinitialization to make su re this fu nction is operational.

Restrict ions which must be considered in any office growth are imposed by, de power
requirements, frame interdependencies (point assignments), frame line-up pattern, special
wire length limitations, and other similar items. The de power problem is easily solved, but
ot her restrictions create tasks which are differen t and uni que. Eac h task raises pro blems
which must be solved indi vidually.
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Besides the addition of growth fram es, th ere are oth er cha nges which must be
accomplished. Translation changes may be performed before the sys te m test ing interval,
ju st pr ior to diagnostic testing, or after testing to complete growth and merge added
equipment into service. Parameter changes may be performed ju st pri or to testing or after
testing. J unctor red istribution is req uired when networks are add ed or when junctor
occupancy changes.

If t here are a number of frames to be installed, they must be add ed to the exist ing
mac hi ne in a particular sequence. Ther e are also certain procedures which are followed for
all frames and other procedures whic h are executed for only a given class of frames.

13. GLOSSARY

13.1 Terms

The following is a glossary defining some te rms used in the System 100.

Abutting MTSOs. All MTSOs (1-15) in a network which exchange pages and set up calls
using the CN (Cellular Networking) feature. The network to which abutting MTSOs
belong mayor may not physicall y abut.

Abutting S ystem Service. The service provided to CN subscribers t hat allows for
continuous mobile phone service across CGSA boundaries without interruption. this
is accomplished by the networking of two or more abutt ing MTSOs.

Address. A combination of bits that identifies a location in a storage device or equipment
unit.

Access Ch a n n e l. A setup channel used by a sub scriber uni t to access a system to obtain
service. (See reverse setup channel.)

Adjacent Channel Interference. Radio interfere nce caused by the channels on either side
of the desired channel in th e fr eque ncy band.

An a lo g Color Code. An SAT (Superv isory Audio Tone) t ransmitted by a cell site on a
voice channel and t ransmitted back by a subscriber unit for th e purpose of det ecting
the capture of a subscriber unit by an interfering cell site and/ or th e capture of a
cell site by an interfering subscriber unit.

Barker Sequence. A bit pattern useful for word synchronization.

Blank and Burst. A mea ns of signa ling over a voice cha nnel, wher eby th e voice is blanked
briefly and a burst of data is sent. The data may be sent in th e land-to-mobile or
mobile-to-land direction.

Boot s t rap. A software subsyste m, in a cell site ROM, th at work s han d-in-hand with th e
pumpup sub system at the MTSO. The bootstrap subsyste m, when required, requests
a full or partial download, organizes the cell generic afte r being downloaded fr om
th e MTSO, and completes th e download oper ation . (See Download ter m.)
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Busy-Idle Bit s . The portion of the data stream tran smitted by a cell sit e on a forward
setup channe l tha t is used to indicate the cur re nt busy -idle stat us of th e
corresponding reverse setup channel.

BX.25 Protocol. Thi s protocol is the AT&T adaptation of the standard form at on protocol
X.25 formed by the Consu ltive Committee on Intern at ional Telegraph and
Telephone. The X.25 is an international committee agreemen t on rul es govern ing
the format and timing of software messages to control data movements and correct
errors.

Ca p t u r e . Refers to the phenomenon of FM capture, whereby a signal only a little stronger
t han another signal dominates the wea ker sig na l after demodulation .

Carrier-Only. Unmodulated carrier.

Cell . A geographical region withi n which calls a re expected to be served by a particular cell
site.

Cell Site. An installation containing the radio and control equipment necessary to complete
t he talking path to t he mobile unit.

Cell Site Co n t r o ll e r . A module control unit located at a cell site that provides basic
control of the cell's internal fun ct ions. Por ti ons of t he TN-272 circ uit pack (one of
t he many types making up t he CSC) are considered to be part of the data link
hardware.

Cell Site Data Link. A dedicated wire-line supervision and signaling path for
transmitting data messages between an MTSO and a cell site . The components of
the cell site data lin k include the lA lOP hardware at the MTSO, the data link
interface and portions of CSC hardware at the cell site, and the transmission
fa cili ti es connecting both ends.

Cell Site Face. A specific sector covered by a directional antenna pattern at a cell site.

Ce ll Site Voice Trunk. Provides a voice wire-line communication path from t he MTSO to
the cell site. Each trunk is physically connect ed fr om th e MTSO switching network
to a voice radio at a cell site. (Also called speech pa th.)

Cell Splitting. The process whereby cells are subdivided in to sma ller cells by adding cell
site s, in order to handle increased traffic demand or provide ad equ ate coverage.

Ch a n nel. Refers to a pair of fr equ encies used for mobil e communication. One is used for
cell site-to-mobile t ransmiss ion while the other is used for mobil e-to-cell site
transmi ssion .

Ch a n nel Assign men t. The process of specifying which voice cha nnel(s ) IS to be used at
each cell si te in a CGSA, and a channel(s) so assign ed.

Chan ne l D e signa tion. The pr ocess of instructing a subscriber unit to tune to a selected
channel.

Chan nel R eus e. The simultaneous use of a single voice cha nnel for mul tiple conversat ions
by different cell sites in the same CGSA.
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Channel Reuse Pattern. Pattern In which assignment of channels are repeated in a
CGSA.

Channel Set. A group of cha nne ls which will gener all y be assig ned collectively to a cell
site .

Co -Channel Interference. Radi o interference between channels of the same fr equency.
(As between different cell si tes in a channel reuse pattern .)

Control Channel. A synonym for setup cha nnel.

Control Point MTSO. The first MTSO to receive an incoming call from the DDD or
provide an outgoing call to the PSTN (Public Switc h Telephone Network ), or loop­
around trunk becomes the control poin t for the call duration. Also the contro l poin t
MTSO will provide the three-port conference switc h used for setting up th ree-way
and call wai t ing calls. In other word s, it is the MTSO through which the voice
trunk fr om the NIP (Network In terface Point ) for the or iginal call is present. A
master MTSO is a Control Point (e.g., t he first MTSO in a ca ll that involves two or
mor e MTSOs). It should be noted that th e concept of the Control Point MTSO is
fixed for th e entire call. The role of master and slave MTSO varies as handoff or
handback or both takes place.

D /R Ratio. The ratio of the distan ce, D, between co-channel cell centers and the cell radius,
R.

Data Link Interface. An interface, at a cell site , between the transmiss ion fac ilities and
the cell si te controller.

Data Set. Equipment for performing the conver sion of sig nals between data processors or
terminals (usua lly digital ) into signa ls suitable for t ransmiss ion over data link s, and
for contro l of th e connection.

Decode. To trans la te information into a form recogni zable by the unit receiving the
informati on.

Digital Color Code. A digital signa l transmitted by a cell site over a forward setup
channel and included in a seizure pr ecursor by the subscriber uni t that is used to
detect the capture of the rever se setup channel by an inter fering mobile unit.

Direct Distance Dialing. The compl etion of long distance calls by custo mer dialing from
the originating location.

Direct Memory Access Controller. Provides supervisory and control processing
interface for data exchanged betw een th e l A pr ocessor and th e inpu t/ outpu t
microprocessor communit ies.

Directional Antenna. A radio antenna designed to t rans mit and receive a radio signa l
mor e strongly in some azimuthal directions tha n oth ers.

Directory Number. A dial abl e number that pro vides a unique lO-digit address In t he
PSTN (Public Switched Telephone Network).

Diversity. The abi lity to improve the quality of the signa l on a fad ing cha nnel by uti lizing
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th e outputs of several decorrelated branches of the communicat ion path.

Download. An operation that moves full or parti al cell site gener ic da ta from MTSO
memory to cell site RAM using functions call ed pumpup and bootstrap . Thi s is done
whil e other system operat ions are being perform ed. Download is required to
ini tially load pr ograms into a cell RAM, reloading cell RAM when it is lost or
mutilated, or when a cell is added to a CGSA.

Duplicated Call Store. Memory units containing transient information pertaining to call
processing.

Enable Pulse. A pulse that permits a uni t or cir cuit to become operat ive.

Encode. To code information into a form suitable for transmi ssion from one unit to
an other.

Error. A malfunction, the symptoms of which cannot be reproduced under pr ogram control.
(See Fault term. )

Fading (Rayleigh Fading). Fluctuations in RF signal level due to multipath prop agation
interference effects. (Rayleigh refers to a specific model for th e resulting signal
strength .)

Fanout Board. A buffer, located wit hin an lOP fr am e, that serves as an interface between
the direct memory access controller and PC of a 3B growth unit.

Fault. A malfunction, the symptoms of which can be reproduced und er progr am cont rol.
(See Error term. )

Flash Request. A message sent on a voice channel fr om a subscr iber unit to a cell site
indi cating that a user desires to invoke special pr ocessing.

File Store System. Disk memory st orage system th at maintain s th e nonresident generic
pr ogr am and backup information for all PSs and unduplicated CSs.

Foreign Mobile Service Area. A CGSA oth er th an the ass igned home CGSA of a
sub scriber unit.

Forward Blank-and-Burst. Sending blank-and-burst (see blank-and-burst definition )
data from land to mobil e.

Forward Setup Channel. A setup channel used fr om a cell site to a subscr iber uni t. (See
Paging Channel term. )

Forward Voice Channel. A voice cha nnel used fr om a cell site to a subscriber uni t .

Functional Test. A test that determines fun cti onal operation of on-line setup and/ or
location radio s at a cell site . Maintenan ce per sonnel can inhibi t or allow a
fun ctional test via main tenance terminal input messages INH or ALW.

Group 1 Neighbor List. Those cell sites listed (not a handoff list) in a cell site that are
the most likely candida tes for a handoff attempt.
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Group 2 Neighbor List. Those cell sites listed (not a handoff list) in a cell site tha t are
like ly candida tes (but less likel y than Group 1 neighbors) for a handoff attempt.

Handoff. Th e act of transfer r ing a subsc r iber unit from one voice cha nnel to anot he r .

Handoff List. A prior ity list of avai lable cell site antenna faces for a ha ndoff attempt.
This list is formed by the serving cell site after it checks its own locating
informat ion along with it s Group 1 and, if necessary, Group 2 neighbor list s. The
lis t is then t rans mit te d to t he MTSO.

Home Mobile Unit. A subscribe r uni t which operates In t he mob ile service area fr om
which serv ice is subscr ibed.

Home Mobile Service Area. The Mobile Serv ice Area fr om which the mobil e uni t
subscr ibes serv ice.

Initialization. A system recovery phase of software , hardware, and/or download operation
that takes an existing state (possibly unk nown) and sets it to a desired sta te.

Inter-cell Handoff. A handoff betwe en an tenna faces of differ en t cell sites.

Intra-cell Handoff. A handoff between antenna faces of the sa me cell site.

Interruption. Refers to audio in terrupt ion on the voice cha nnel, such as, du ri ng handoff or
when the user sends a flash request .

Land-Originated Call. See Mobile-Terminated Call term.

Line Interface Unit. An input/outpu t un it contro lle r, located wit hi n an inp ut/output
pro cessor, that interfaces an input/output microprocessor and input/outpu t te rm inal
data link s. The LID (Line Interface Unit) is a circ uit board that is available with 1,
2, or 3 input/ outpu t ports. Thi s type of input / output un it cont roller is use d in t he
1A growth unit, and does not contain a microprocessor.

Locating Radio. A comma nd tunabl e radio, at a cell site , used exclus ively for receiving
subscr iber uni t sig na ls over a voice cha nne l. The received subsc r iber un it signal is
used by ot he r cell site equipment to mak e signal strength measurements that
provide subscr iber unit location info rmation.

Master and Slave MTSO. When the serving MTSO ini ti a tes t he in ter-MTSO handoff or
handback to t he abutting MTSO using t he CN (Cellula r Networking ) feature, th e
two MTSOs assume a ma ster-slave re lations hip for t he purpose of t he handoff or
handback. The se rv ing MTSO is t he ma ster and t he abutting MTSO is t he slave.
Also, this application applies to in ter-MTSO call te rmination. The role of t he
ma ster and slave MTSO varies as handoff or handback or both tak es place.

Memory Circuit. A circuit whi ch, having been put in some state by an input signa l, will
remain in t hat state after removal of t he input.

Mobile Identification Number. A 34-bit number which is a bina ry represen tati on of th e
10-digit MIN (Mobile Identifica tion Number) ass igned to a subscr iber unit.

Mobile-Originated Call. A call or iginating from a subscr iber uni t.
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Mobile-Terminated Call. A call complete d to a subsc riber unit (also refer red to as lan d­
or iginated call) .

Mobile Telephone Switching Office. A modified 1A ESS switc h which serves as th e
coordinating element for th e primary system in th e System 100.

Mobile Unit. The full complement of equipment interfacing a user wit h a cellular system.

Module Control Unit. See Cell Site Controller te rm .

Multipath. A transm issio n mediu m In which the signal travels several paths
simultaneously.

Multiple Seizure. An instance of two or more subsc r iber uni ts simultaneously seizing a
setup channel.

No Service. The condition a subscriber uni t is in when passing through a noncoverage area
and therefore cannot originate or receive calls .

Nonresident Program. Por tion of gener ic prog ra m that is maintained In APS and
br ough t to the PS only when needed.

Number Assignment Module. A field progr ammable plug-in module that includes uni que
information for indi vidual subscr iber uni t identificati on.

Omnidirectional Antenna. A radio ante nna that transmits and receives energy equa lly
well in all azimut hal directi ons.

Operational Support System. The OSS (Operational Support System) are Computer
based systems that assist operation centers with their tasks; e.g., keeping t rack of
system status, analysis of trouble repo rts, growth data, et c.

Paging. The process in which the MTSO, via cell sites, sends a data stream over paging
cha nnels throughout a mobile serv ice area informing subscribers uni ts when they
are receiving calls from the network .

Paging Cell Site. A cell site that performs the paging functio n in addition to the access
function. They can be equipped wit h setup radio groups 2 and 3 which have
trans mit capabili ty only.

Paging Channel. A forward setup channel which is used to pag e sub scribers units and
send orde rs . (See Forward Setup Channel te rm. )

Parameter Information. In format ion contained in th e call store pertain ing to office
equipment and cer tai n hardware and soft ware options.

Parity Bit. A bit attached to a word to make the total number of ones, including the pa r ity
bit, odd or even.

Parity Check. A check on the valid ity of a binary word by det ermining whe th er the
number of ones in the word is odd or even.

Peripheral Controller. An inp ut/output unit controller, located wit hin an inpu t/output
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proces sor, that interfaces the input/output microprocessor 1 (fa nout board ) with a
cell site data link. The PC (Per ipheral Controller) is a circuit board that has 2 IO
ports, with each port prov iding a different data transmission rate. This type of
inpu t / outpu t uni t contro ller is used in the 3B growth unit , .and each PC contains a
microprocessor in order to handle high speed sync hronous data link app lications.

Portable Mobile Unit. A subscriber unit which is not constrained to operate exclusively
from a vehicular installation.

Primary System. The maj or hardware components, located within the CGSA, which
include MTSOs, cell sites, subscriber units, cell site voice t runks, and the cell site
data links.

Program. An organized set of instructi ons used to control system functions .

Program Store. A memo ry unit that stores the resident generic program.

Protocol. Regulations and codes controlling formatting and t iming of messages.

Public Switched Telephone Network. The t raffic network that prov ides pub lic
te lephone serv ice.

Pumpup, A software subsystem, at th e MTSO, that works hand-in-hand with th e bootstrap
subsystem at a cell site. After a request from bootstrap, the pumpup subsyste m will
download cell site generic data from the MTSO PS memory to a cell site RAM
(Random Access Memory ). (See Download te rm. )

Queue. A wai ting list of jobs that need to be done.

Radio Link. Radio t ra nsmissio n path between cell site and subscriber unit. The
compo nents are the setup cha nnel and voice cha nnel.

Read. To retrieve information from a memory device .

Real Time. Act ual t ime occurre nce of an event. A real time control system is one in which
info rmation related to a phys ical process is converted by the control equipment
quick ly enough so that the outputs obtained are useful in controlling th at process.

Redundancy. The use of additional equipment and facilities to continue service when
t rouble occurs .

Registration. The steps by which a subscriber un it identifies itself to a cell site as being
active in the system at the time the message is sent.

Release Request. A message sent from a subscr iber uni t to a cell site indicati ng that the
user desires to disconn ect th e call.

Reorder Tone. A low tone interrupted at 120 ipm which indicates that the local switching
paths to the called office or equipment serving the called customer are busy or that
no toll circ uit is available.

Resident Program. That portion of the generic program that is maintai ned continuously
in the program store.
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Reverse Blank-and-Burst. Sending blank-and-burst (see blank-and-burst definition )
data fro m mobi le-to -land.

Reverse Control Ch a n n e l. The control channel used from a subscr iber unit to a cell site.

Reverse Setup Channel. The setup cha nne l used from a subscr iber unit to a cell site.
(See Access Channel term.)

Reverse Voice Channel. The voice channel used from a subscriber uni t to a cell site.

Roamer. A subscriber uni t which operates in a mobile service area ot her than the one fro m
which serv ice is subscribed.

Scan of Channels. The procedure by whic h a subscriber unit examines the signal strength
of each forward setup cha nnel and selects th e cha nnel with the strongest signa l.

Seizure. In itialization of a cell site's reverse setup channel data receiver; also a subscriber
unit' s t ransmiss ion of the init iali zat ion pattern .

Seizure Precursor. Pattern of bit synchronization, word sync hronization, and digital color
code bits sent by a subscr iber unit on a rever se setup channel to prepare the cell site
to rece ive a message.

Self-Location. The process by which idle subsc riber units, by selecting the strongest setup
channel, tend thereby to select a cell site serving the cell they occupy.

Serial Number. A perman ently ass igned equipment ident ificati on num ber install ed in a
subsc r iber unit at the t ime of man ufacture and transmitted to a cell site, during call
processing, for identification purposes.

Setup Channel. A cha nnel used for the transmiss ion of digital control information fr om a
cell site to a subscriber uni t or fro m a subscriber unit to a cell site. (Also called
control channel.)

Signaling Tone. A lO-kil oher tz tone t ransmitted by a mobile unit on a voice cha nnel to
conf irm orders, sig nal flash req uests, and sig na l re lease requests.

Speech Path. See Cell Site Voice Trunk term.

Subroutine. A sequence of programmed instructions to perform a particular fu nctio n
which may be common to several software programs.

Subscriber Unit. A generic na me for a full compliment of equipment interfacing a
subsc r iber with a cellula r system. Thi s equipment can be mobi le or portable. A
unit is considered by a serving MTSO as eit her a home mobile or a roamer.

Supervisory Audio Tone. One of three tones in the 6-kilohertz regio n that are
transmitted by a cell site and returne d by a subscriber unit. (See Analog Color
Code term for SAT usage.)

S ystem Code. A digital identification signal transmitted on a setup channel which is used
to detec t the capt ure by a cell site of a subscr iber uni t operating in a foreign mobile
service area.
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System Identif ic ation. A digi tal iden t ification associated with a cellula r mobile serv ice
area; each equipped area is assigned a unique number.

S ystem Operator. The entity that makes available access to th e cellular network.

Temporary Memory. A read and write memo ry which contains informat ion that can be
cha nged by the internal circuitry of the system.

Time-Shared Circuit. A common circuit whose services are used by a number of circuits
during separate time intervals.

Transceiver. A transmitter-receiver paired radio capa ble of transmitting and receiving
simultaneously.

Translation. A software operation used to obtain additiona l information, via translators,
of a known piece of information.

Translations. Static information contain ed in the unduplicated CS pertainin g to the
individual lines or trunks. It is made up of ab out 75 to 150 tran slators, and may be
used , for instance, to convert a directory number into an equipment loca tion, to
deri ve the class of service, etc .

Translator. A portion of the translations where information is obtained for a part icular
t ranslation. A translator includes a group of soft ware tables which contain data for
the type of translation being performed.

Transmission Facilities. An element of physical telep hone plant that form s a direct
telecommunication pa th between stations and/or switching systems. Examples
would be a mul ti pair cabl e, a coaxial cable system, or a microwave radi o system.

Trouble. A faul t or er ror that causes a deviation from normal sys tem operation.

U ndupli ca te d Call Store. Memory uni ts used to contain office data, both paramet er data
and translation data.

Unipolar Pulses. A pulse of one polarit y only, either positive or negative.

Vehicular Mobile U nit. A subscriber uni t operating from a vehicle with an exte r ior
antenna system.

Voice Channel. A radio frequency channel on which a voice conversation occur s and on
which brief digital messages may be sent from a cell site to a subscr iber unit or
from a subscriber unit to a cell site.

Voice Channel Selection. The process by which one of the cha nnels ass igned to a cell site
face is chosen for a particula r call.

Word. A set of characters associated to express system informa tion. (The term word may
be prefixed by an adjective describing the nature of the characters, such as a binary
word. )

Write. To insert information into a memory device.
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Network Interface Point. A class 5 switching office that provides an interface point
between System 100 and PSTN.

13.2 Abbreviations and Acronyms

The followin g is a definit ion of abbrevia tion s and acro nyms used in this AT&T practi ce.

ACC System 100 Control Center

;; ADMS System 100 Data Management System
-

ADS Auxiliary Data System

AFA C System 100 Facility Administration Center

AIOD Auto matic Identi fied Outward Dialing

ALIT Auto matic Line In sulat ion Test

AMA Automatic Message Accoun ting

AMAS System 100 Main tenance and Administration System

AMT Auxiliary Manu al Test

AMWC System 100 Maintenance Work Center

APEC System 100 Planning and Engin eering Center

API Attached Processor In terface

APS Attached Processor System

ASW All-See ms-Well

AU Auxilia ry Unit

AUB Auxiliary Unit Bus

CAROT Cent ralized Automatic Reporting On Trunks

CB Code Blocking

CC Central Control

CCP Call Control Process

CCS Hundred Call Seconds

C&D Cont rol And Displ ay

CGSA Cellula r Geographic Service Area

CI Car rie r In ter connect

CMT Combined Miscellan eous Trunk

CPD Central Pulse Distributor

CS Call Store

CSC Cell Site Cont roller
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CSR

DCA

DCS

DDD

DLCS

DLI

DLMS

DMA

DMAC

DN

D/R

DS

DSCH

DUC

DUS

ECMP

EIA

ERSL

ERSNL

EST

FM

FML

FP

FSN

FT

IC

ICAL

ID

1M

INC

10

IOC

IOMP

IOMTRANS

lOP
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Channel Status Register

Dynamic Channel Alloca tion

Duplicated Call Store

Direct Distance Dialing

Data Link Communication Subsystem

Data Link Interface

Data Link Maintenance Subsystem

Direct Memory Access

Direct Memory Access Controller

Directory Number

Distance to Radius

Data Set

Dual Serial Channel

Data Unit Controller

Data Unit Selectory

Executive Control Main Program

Electronic Industries Association

Expanded Roamer Service List

Expanded Roamer Serial Number List

Equipment Status Table

Frequency Modulation

Fixed Message Length

Feature Package

Fraudulent Serial Number

Functional Test

Inter-LATA Carrier

Incoming Call Digit Analysis Program

Iden tification

Interface Module

International Carrier

Input/Output

Input/Output Channels

Input/Output Microprocessor

Input/Output Processor Member Number Translator

Input/Output Processor
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lOT Input/Output Terminal

IOU Input/Output Unit

IOUC Input/Output Unit Controller

IOUS Input/Output Unit Selector

JGF Junctor Grouping Frame

JSC Junctor Switch Circuit
t: LATH Look Ahead Trunk Hunt

LEAR Data Link Error Analysis and Recovery

LIU Line Interface Unit

LOC Local Maintenance Channel

LSA Limited Service Area

LTD Local Test Desk

MACA Maintenance Control Program for Audits

MACP Maintenance Control Program

MCC Maintenance Control Center

MCU Module Control Unit

MCS Message Communication Subsystem

MDF Main Distributing Frame

MS Message Service

MHD Moving Head Disk

MIN Mobile Identification Number (NPA-NXX-XXXX)

MOD Model

MORG Mobile Originated Call Processor

MORINT Mobile Originated Call Interface

MOS Metal Oxide Semiconductor

MRA Maintenance Request Administrator

MT Miscellaneous Trunk

MTCE Maintenance
i MTSO Mobile Telephone Switching Office

MTT Manual Trunk Test

MUTT Mobile Unit Intercept Toner
MUT Miniaturized Universal Trunk

NIP Network Interface Point

NPA Numbering Plan Area

OSS Out-of-Service

Copyr ight v 1986 AT&T
All Rights Reserved

Page 151



AT& T 231-200-005

OS/DS

OSS

PAS

PBX

PC

PCB

PCI

PEAR

PFLR

PM

PMES

POB

PPI

PS

PUB

RABO

RAM

ROTL

RSEC

RSL

RSNL

RSNR

SAT

SC

SCCS

SD

SP

SSD

ST

STT

STCR

TDF

TDRD

TGC

TIC
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Operating System for Distributed Switching

Operational Support System

Project Accounting Service

Private Branch Exchange

Peripheral Controller

Process Control Block

Program Controlled Interrogator

Peripheral Error Analysis and Recovery

Processor F-Level Recovery

Plant Measurement

Plant Measurement End-of-Month Summary

Peripheral Order Bus

Processor Peripheral Interface

Program Store

Peripheral Unit Bus

Roamer Access to Business Office

Random Access Memory

Remote Office Test Line

Routing Service for Emergency Calls

Roamer Service List

Roamer Serial Number List

Roamer Serial Number Registration

Supervisory Audio Tone

Speed Calling

Switching Control Center System

Signal Distributor

Signal Processor

Supplementary Signal Distributor

Signaling Tone

Supplementary Trunk Test

State Table Controller

Trunk Distributing Frame

lO-Digit Roamer Dialing

Trunk Group Control

Trunk Interconnections Circuit
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TLM Trouble Locating Manual

TLN Trunk Link Network

TLT Trunk and Line Test

TML Trunk Maintenance List

TNN Trunk Network Number

TSC Trunk Switch Circuit

TSPS Traffic Service Position System

TTY Teletypewriter

TRC Tape Unit Controller

UCS Unduplicated Call Store

UT Universal Trunk

VML Variable Message Length

ZO Zone Office
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