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REPORT ITU-R M.742-4"
PUBLIC LAND MOBILE TELEPHONE SYSTEMS

(Questions ITU-R 37/8 and ITU-R 39/8)
(1978-1982-1986-1990-1995)

1 Introduction

Public land mobile telephone systems are defined as land mobile systems for public correspondence via radio stations
connected to the public switched telephone network (PSTN).

Part A of this Report deals with the genera principles of public land mobile telephone systems (both conventional and
cellular) and, in particular, with system parameters and technical characteristics which are important for international

operation. The basic concept of the cellular techniquesis outlined in Report ITU-R M.740.

Part B of this Report considers the implementation of international systems.

The major characteristics of some existing or imminent public land mobile telephone systems are given in Part C of this
Report, together with brief descriptive material on the status of these systems and other unique aspects of their design.

1

PART A

GENERAL PRINCIPLES OF PUBLIC LAND MOBILE TELEPHONE SYSTEMS

Operational aspects

The following general operational aspects should apply:

automatic setting up and charging of calls to and from the mobile station;

for internation& systems, the ability to set up calls beeen themobile stations and gnfixed telephone
subscriber or any other mobile telephone subscriber within the system;

costs should be charged in amanner consistenvith charging principles in the publiovgched telephone
network;

the introduction of the system should not necessitate any significant changes in the fixed telephone networks;

blocking probability should be kept within limits similar to that of thePSTN services at all stages of
development;

continuows contrd of call qualiy should bemaintained,with autanatic hand-over beteen base stations if
needed.

Any specific system must have at least two well-defined interfaces:

the radio interface between the land-based system and the mobiles it serves; and
the wire-line interface to the public switched telephone network.

Other internal interfaces may also be defined such as:

the billing system;

the interface between controllers for the handling of roamers;

the methodology for communicating between base sites and controllers; and
the man-machine interface foraational purposes including maintenance.

*

This Report should be brought to the attention of the Telecommunication Standardization Bureau.
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2 Interworking with the PSTN

ITU-T Recommendation Q.70 specifies the necessary interworking requirements between the PSTN and the mobile
network.

3 Numbering plan and routing

A difficult problem in a fully automated mobile service is to select a numbering plan for the mobile subscribers which is
compatible with the established fixed network. A numbering plan based on the conventions built up in the land network
may impose severe limitations on mobile routing especially since the subscriber number in a mobile system no longer is
referred to the location of the subscriber.

One solution isto allocate a special access number to the mobile service, in which case al dialing to the mobile network
is handled free from the routing routines of the telephone service.

Since national numbering plans vary in their capability to manage long numbers and to allocate codes to special services,
an international numbering plan needs to be established. ITU-T Recommendations E.212 and E.213 deal with this
subject.

4 Roaming

To be able to automatically set up calls between the mobile stations and any fixed telephone subscriber regardless of
country, a fully automatic roaming facility is necessary. The mobile system has to be informed of the location of the
mobile subscriber as he moves from one location to another.

Further studies are required before adequate technical and operational roaming procedures can be defined. For this reason
Recommendation I TU-R M.624 has been written.

Roaming also requires compatibility in frequency bands, channel spacing, and operational signalling protocols and codes.

5 Charging
The principle for charging in mobile networks varies in different national networks.

The question of charging therefore needs to be studied by the ITU-T to achieve international agreement.

6 Radio-frequency considerations
Current systems use the 450 MHz band, the 800-900 MHz band, and other bands according to existing possibilities.

Conventional trunked systems can use only a small number of channels, but cellular systems are only efficient when a
larger alocation (e.g. 300 channels) is available since the allocation must be divided into sub-sets in order to implement
the cellular plan. Further studies may be necessary before the choice of aradio-frequency band for an international public
mobile telephone service can be made.

7 Signalling

The system functions which are required in an automatic public mobile telephone system require a fairly complicated
signalling system. The mobility of the subscribers creates a need for information transfer of akind that has no equivalence
in the fixed telephone network. This applies both to the updating procedure, performed when the mobile station enters a
new location area, and to the hand-over procedure when acall in progress is switched from one base station to another.
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Signalling errors in the radio channel may result in loss of control and the inability to establish a traffic channel between
mobile and base stations. The reliability with which atraffic channel may be obtained should be adequately high, since:

- radiochannes correspondo lines in the publicasitched telephone nebrk, and the signalling and supervision
reliability should be as good as in that network;

- to fail to establish anthaintain a traffic channeheans that the bastatin loses contrd of the mobile station.
The probability of failure therefore should be made as small as possible;

- billing accuracy is of high importance.

The reliability of control channels can beproved ly (for exanple) diversity, error-contrdé coding messag exchange
protocols and simulcast (see Reports ITU-R M.903 and 1022 and Question 6TI8R

Attempts to seize a channehay fail due to sinultaneous requests/liwo or more mobile stationsThe problen can be
reducedby a polling technique but in a high-capacig system it is more efficient tomark the bug/idle status of the
channel [Fluhr and Porter, 197@kasaka, 1978].

8 Reduction of ineffective air-time

In all public radiotelephoneystems, including cellular, a significant dglaesulting fron dialling, svitching andringing
time occurs beteen the initiation of a call and the start of the conversatiome®ellular gstems store the dialled digits
in themobile unit prior to transission (called'pre-origination dialling)) which significanty reduce the ineffective air-
time.

The traffic capacit can be increasedybassigning traffic radio channels gnivhen both partie are read/ to speak
[Tridgell, 1977], or  queueing calls on a first-ow-first-served basis until thenaterializ and afree traffic channel
becomes available.

REFERENCES
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TRIDGELL, R.H. [March, 1977 Proposalsfor increasing the user capacibf the British Post Office public
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PART B

CONSIDERATIONS FOR THE DEVELOPMENT OF INTERNATIONAL SYSTEMS

1 General

This part identifies considerations that are appropriate for the denetbpf internation& public land mobile telephone
systamns and services thamtay be adopted yomany countries aroundhe world. Systams that provide common services
amongst a few nearby countries have been implemented.

2 Implementation of international systems

To allow for the implementation of internation systems, it would be ideal to select ammon band of frequenciesith
common worldwide servie ard technical standard#\s the develoment of these agregents could take a longnte, it
may be necessgrto choosanethods involving intem stageswvhich immediate) take advantage of s@ of the benefits
of internationd compatibility. Sudh implementatiors may be possible l the addition of agreed naweband orwideband
systemgMurtonen, 1985].
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Narrow-band systems may be added with channels directly adjacent to those of existing systems, or in the case of some
existing systems, by interleaving the channels of both systems. In both cases there would be systematic expansion of new
channelsinto existing system channel assignments as over time older systems are retired.

Similarly, wideband systems (spread spectrum, TDMA, etc.) may be added using new or cleared spectrum adjacent to the
channels of existing systems. Expansion of new systems is possible when the older systems are retired.

Additionally, it may be possible to overlay some spread-spectrum systems onto existing assignments and to
simultaneously operate both the new and the existing systems; however the overlay of spread-spectrum systems requires
further study, especialy in the case of a heavy concentration of users of these systems.

3 Factors needed international agreement

- Channel allocations and spacing;

- class of emission;

- modulation characteristics;

- transmitter and receiver standards;

- signal processing techniquesglsias companding;

— use of diversity reception;

- signalling and supervision methods and protocols.

REFERENCES

MURTONEN, M.T. [May, 1985]Local and international considerations — cellular radio.f(®acord, Microelectronics
Conference and Exhibition (Miconex '85), Winnipeg, Canada.

PART C

SYSTEMS BEING INSTALLED OR PLANNED IN THE NEAR FUTURE

1 High-capacity cellular public mobile telephone services

1.1 Introduction

High-capaciy cellular systams have been developed in the United States, in Canada, in the United ikjnigdthe
Nordic countries in Japan, in the Federal Republic of Garny and in Itay to provide a high-quaiit natiorwide-
compatible radiotelephone service.

Systams are now in operationor being installed in the United States and Canatiere 666 channels split intavd sub-
bands and allocated twad systans per ciy, have been set asidehese consist of a wang nunber of cells depending
on the area to be servethe gstan capaciy can be expanded imed the anticipatel subscribe demand which are
expected to benore than 10000 in larger citiesAnnex 1 providesnore detailson the gener& characteristic®f these
systems.

Two natiorwide systems (TACS), similar to thos in North America but based on channels spaced at 25 rather than
30kHz have been developed in the United Kinggandwere brought intausein Januay, 1985. Eachystem will offer
coverageo atleast90% of United Kingdom inhabitants  1990. In Novenber, 1985, the total mber d subscribers on

the wo gystems exceeded 3B000. Annex5 providesmore details on the general characteristics of tystas.
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The Japanese system MCS-L 1 now provides nationwide service to more than about 70% of all Japanese cities, using nine
mobile telephone switching centres connected to the common channel inter-office signalling network. The numbers of
subscribers in the Tokyo metropolitan and Osaka areas are expected to reach the MCS-L 1's maximum capacity in the near
future. To meet demands, such as handling capacity increase, lower rates and upgraded services, the new 900 MHz band
high capacity land mobile communications system (MCS-L2) has been introduced. The system handling capacity is
expanded to about 100 000 subscribers in the large cities, by improving spectra efficiency to about three times the
present system. Annex 2 provides more details on the general characteristics of the systems.

The Nordic mobile telephone system (NMT-450) was put into operation in the participating countries, Denmark, Finland,
Norway and Sweden during the end of 1981 and the beginning of 1982 with country-wide continuous coverage and full
roaming capability. During the last year, cell splitting has been introduced in the big cities in order to cover the traffic
demand. Cells as small as 1.0 km radius are used. In October, 1985, the number of subscribers exceeded 200 000
corresponding to 0.9% of the population. During 1986, this system will be expanded to Iceland with full roaming
capability between all the countries. The system will be expanded into the 900 MHz band in late 1986 and is designed for
2 000 channels including the utilization of interleaving. At start-up, 799 channels were used (NMT-900). Annex 3
provides more details on the general characteristics of the system.

In Belgium, the Netherlands and Luxembourg, a cellular system providing international roaming is in operation. This
system is an NMT-450 system with modifications such as 20 kHz channel spacing and the use of a syllabic compandor.

The C450 network in the Federal Republic of Germany was brought into service in 1985. It provides a complete coverage
of the Federal Republic of Germany. The ultimate subscriber capacity is estimated to be at least 200 000. Specific
features are: off-air call set-up and queueing operation. Annex 4 provides more details on the general characteristics of
the system.

The Italian second-generation mobile telephone system operating in the 450 MHz frequency band was brought into
service in the Rome and Milan areas beginning in September, 1985. It is expected to provide a complete coverage of the
Italian territory by 1988. Annex 6 provides more details on the general characteristics of the system.

12 System features

The following system features are common to all described systems unless stated:

- cellular structure in both base-tasbile andmobile-to-base directionsith frequeng reu andinter-cel hand-
over (switching call-in progress);

- automatic, two-way, direct-dial operation;
- full duplex communications;

- voice channel supervision via continuous tone (NArtierican and United Kingdo Systems, NMT system,
Italian system), or digital control channel (C450, MCS-L2 system);

- automatic roaming;

- dedicated control channels used for call set-up (Ndntierican ad United Kingdom system, Japanessystem,
C450 system, Italian system);

- pre-seizure dialling;
- cell splitting during system growth.

1.3 Conclusions

Celluler radiotelephoneystems using the paraeters and features described above have been installed or are planned for
the nea future There is a large demand for a landnobile radiotelephone service mary parts of theworld, and it is
considered that systems with the above characteristics are capable of meeting that demand.
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2 Hybrid systems combining public mobile telephone system and dispatching type networks

21 In 1985 France opened a system with the main characteristics described below:

211 General characteristics
- Dispatch type operation for half-duplex private network application offering the following links:
— base-to-mobile or fleet (or sub-fleet);
— mobile-to-base;
— mobile-to-mobile or fleet (or sub-fleet);
— access for certain mobiles to the PSTN;
- duplex public radiotelephone operation; a unique number is used to call the mobile wherever it is located;

- cellular structue covering awide geographical aresith autanatic roaning usingmedium-sized cells (15 to 20
km radius); cell splitting possible during system growth;

- digital data transmission is under study;
- the system provides for priority subscribers;
- hand-over is under study.

Annex 7 provides more details on the general characteristics of the system.
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TABLE 1
General system specifications
North American systems Japanese system Japanese system NMT-450 NMT-900 C450 system United Kingdom Italian French system
Feature MCS-L1 MCS-L2 system system system - TACS 450 MHz RADICOM
AMPS Narrow-band system 2000
N-
Class of emission Voice 40KOG3E Voice 17K4F9W Voice 16KOG3E Voice 8K50G3E Voice 16KOG3E Voice 16K0G3E Voice 14K0G3E Voice 32K0G3E 16K0G3E Voice 11K0OG3E
Control Control Control Control Signalling Signalling Control Control
40K0G1D 40KOF1D 16KOF1D 8K50F1D 16K0G2D 16K0G2D 14KOF1D 32KO0F1D
Transmit frequency bands (MHZz) [(202.7 - 2075
— base stations 869-894 869--894 870 - 885 870 - 885 463 - 467.5 935 - 960 461.3 - 465.74 935 - 950 460 - 465 BZO? 5- 2155
— mobile stations 824-849 824-849 925 - 940 925 - 940 453 - 457.5 890 - 915 451.3 - 455.74 890 - 905 450 - 455 248 - 4279
[194.7 -1995
%215.5— 2235
H1148-417.9
Duplex separation (MHz) 45 45 55 55 10 45 10 45 10 8 10
Channel spacing (kHz) 30 10 25 12.5 25 12.5 20 (10) 25 25 125 125
Total number of duplex channels 832 (416 in each of 2 499 600 1200 180 1999 222 600 (300 in each of 196 1024 256
two sub-bands, two sub-bands,
including 21 including 21
signalling channels signalling channels
Maximum base station ERP (W) 100(1) 100(1) 50 20 50 100 100 (adaptive 100 25/2.5 25to 70
control)
Nominal mobile station transmitter 3 3 5 1 15 15 (+3 dB antenna| 7 - class 1 mobile 10/1 11
power (W) gain adaptive
control)
Typical cell radius (km) 2-20 2-20 3 (urban areaf?) 10 | 3 (urban areaf?) 10 1-40 0.5-20 2-30 2-20 5-20 20
(suburban aredR) | (suburban aredp)
Voice signals
— type of modulation PM PM PM PM PM PM PM PM PM (FM, if the band PM
inverter is used)
— peak deviation (kHz) +12 +5 5 +2.5 5 +5 (including 4 +9.5 +5 +2.5
+1.5 average supervisory signal)
2:1 syllabic
— processing 2:1 syllabic 2:1 syllabic 2:1 syllabic 2:1 syllabic - compandor (CCITT 2:1 syllabic 2:1 syllabic 2:1 syllabic compandor| Syllabic compandor]
compandor compandor compandor compandor Rec. G.162) compandor compandor (CCITT Rec. G.162) base to mobile
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Control signal

— type of modulation

— peak deviation (kHz) FSK FSK FSK FSK FFSK FFSK FSK FSK FSK FFSK
— code form +8 +8 +4.5 +2.0 +3.5 +3.5 £2.5 6.4 +4 +1.7
— transmission bit ratgkbit/s) Manchester Manchester Manchester Manchester NRZ NRZ NRZ Manchester | Multifrequency NRZ
— effective information 10 10 0.3 2.4 1.2 1.2 5.28 8 (two of seven)?3) 1.2
transmission ratébit/s) 1.3-1.64 About 0.46 About 0.46 1.82 0.22-0.96 About 0.1 0.46
(depends on message type)
Control signal for in-service 0.27-1.2 Voice channel 0.12-0.18
— type of modulation signalling sub-
— peak deaviation (kHz) audible FSK
— code form 100 bit/sec +0.6
— transmission bit ratébit/s) Manchester Manchester
— effective information 200 bit/sec
transmission ratékbit/s) NRZ sub-audible 0.1
(depends on message type) supervisory
signalling 0.04
Error protection coding Shortened (63:51) Reverse control|  Shortened Shortened Type B1 burst | Type Bl burst | (15:7) BCH Shortened Hagelbarger
Control signal BCH repeated® | channel BCH | (63:51) BCH; | (63:51) BCH; | error-correcting| €rror-correcting (63:51) code (6:19)
— base-to-mobile (48,36;5) shortened convolutional convolgtlonal BCH repeated)
— mobile-to-base : (23:12) BCH (40:28) BCH code coae
(40:28) BCH Forward control _ _ Haaelbaraer _
Control signal for in-service (48:36) BCH channel BCH (43'31_) BCH (40:28) BCH (Hagelbarger) (Hag ger) (40:28) BCH
_ (6351:5) (43:31) (40:36) BCH
— base-to-mobile e BCH-access; | (23:12) BCH
— mobile-to-base (23:12) (23:12) BCH
BCH-paging
' Min11Q Min 110 in. in. Min. 40 per Min11Q .
Error detection M!lsgaoef 200 bits M!lsgaoef 200 bits Min. 3 Min. 3 150 bitF; Viax g P 200bits
Error correction Min 5 O _ Min 5 0O _ 1 error 1 error for 2.4 kbis Min. 6 with 19 Min. 6 with 19 Min. 20 per Min. 5 per 200 Min. 6
M ax 835per 200 bits M ax 835per 200 bits 2 error for 0.1 kb/s bit guard space bit guard space 150 bits bits
Message protection Recycled control | 5 repeat/majority Recycled control Recyled control Frame Frame Adaptive | Recycled control Autocorrelation | Frame repetition
signal vote signal signal acceptance acceptance message signal control of the
transmissions: transmissions; | transmission; procedure procedure repetition in | transmissions; | encoded message
repeated control simultaneous | simultaneous | dependingon | dependingon | case of error | repeated control with repetition,
signal transmissions | transmissions message message signal depending on
transmissions with from the base | from the base category category transmissions | message type, In
bit-by-bit majority stations in a stations in a with bit-by-bit case of error
voting control zone control zone majority voting
€ Exceptions may be allowed, depending on circumstances.
2 A control zone covers about 10 cells.
(©) The modulation rate is 50 ms/character.

(4) Repeated 5 to 11 times, depending on message type, with bit-by-bit majonty. Wotaddition, to achievdecorrelation, two message streams are interleaved on the common paging channel.
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ANNEX 1

North American system

PART 1

GENERAL DESCRIPTION

Operational and system characteristics

Purpose

The land mobile telephone system is designed to permit an automatic exchange of traffic with the public switched
telephone network (PSTN) and offers a service, from the user’s point-of-view, similar to that of land-line calls: high voice
quality, high reliability, low blocking, and relatively low cost.

12

13

Céllular properties
Growth from large cells at start-up to small cells at maturity, with a mix of several sizes, is permitted.
Hand-off is allowed, up to at least one call per minute.

For spectrun efficiency (channé reuse) small values for the number of channel sets are used: appropriate to
the multipath (Raleigh) fading ypical of urbanmobile channels, the terrain variabjlitthe antenm patterns
selected and the RF qugliesired A locd medianC/I target of 17 dBat the 90th percentile is suggested. (If
the standard deviation is 8 dB, this is equivalent tmetlian ofC/l of 27 dB, at lhe nominal baundary of the
cell.) Other quality objectives are of course permissible.

Signal processing

The widest deviation and receiver predetection badth appropriate to the cellular contdghich pemits
separation of the spectrum into channels by both frequency division and spatial separation) are used.

Voice processing using a 2:1 mpressor/expandor isnployed to enhare the perceivedquality of the
received signal.

The coding of digithsignalling uses burst-error detection and correction.

Designfor a peakto-r.m.s. ratio ¢ betveen 6 dB and 20 dBor the demodulatal voice signd at the receive is
possible; that is, a range of quality comparable to land-line service should be accommodated.

Service protection

A transmitted serial number prohibits the use of stolen units or use by unauthorized callers.
The introduction of means to ensure privacy of ommication is not precluded by the design.
Means for preventing intelligible crosstalk is included in the system design.

The successful eopletion of the entire call takes place driemg 99% of the calls on which aninitial two-way
connection was established between calling and called parties.

Services offered

Voice message telephone service with automatic calling to and from the PSTN.

Data services.

Vehicular-mounted equipment.

Hand-held equipment.

Other enhancements consistent withoiteoservices: call forwarding, repertory dialling, message waiting, etc.
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2 Signalling formats and codes

See Part 2.

3 RF equipment

31 The RF equipment allows full duplex operation.

3.2 Frequency tolerance: base station - 1 part in 106; mobile - 2.5 partsin 106.

33 RF power limit: 100 W ERP; more when adjacent systems are not expected.

34 Power tolerance: +2 dB.

3.5 Mobiles ae tuneable to each of the allocated channels.

3.6 Receiver sensitiwt -116 dBn from a 50Q source applied to the antennamarals shouldprodue a 12 dB
SINAD (C-message weighting).

3.7 Diversity: optional at mobile; also optional, but highly recommended, at base station.

3.8 Antennaheight 30 to 45 m, higherwhen adjacentystems are not expected to interfere. With careful design,

according to local practice, greater heights may be used.

4 Land-based control equipment

4.1 Connection to the PSTN is accommodated on a fully automatic basis.

4.2 Mobile-to-land, land-to-mobile, and mobile-to-mobile calls are permitted.

4.3 Hand-off of mobiles is a feature of the system plan (see § 1.2).

4.4 Supervisiorof the radio channgis sufficiently robust so that accurate billingring can be expected (accurate
to 5 s); billing to the proper number takes place with more than 0.9999 probability.

4.5 The system can provide for automatic roaming within an administration's territory.

4.6 The system is designed for blocking objectives similar to the PSTN.

BIBLIOGRAPHY
BELL SYSTEM TECHNICAL JOURNAL [January, 1979] Advanced mobile phone ser88€J, Vol. 58,1.
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PART 2

COMPATIBILITY SPECIFICATION FOR CELLULAR CODES, FORMATS, AND PROTOCOLS"

1 M odulation interface

11 Voice

- 2:1 syllabic compandor (3 ms attack time, 13.5 ms recovery time).
- Pre-emphasis: 6 dB per octave, from 300 to 3 000 Hz.

- Deviation limiter: £12 kHz.

- r.m.s. deviation: +2.9 kHz.

12 Control
- Manchester bit encoding.
- Deviation: +8 kHz for digital signalling: +2.0 kHz for continuous out-of-band supervision.

2 Baseband interface

21 Unique mobile identification
- Mobile unit identification number: 10 decimal digits coded into 34 bits, via specified algorithm.
- Serial number (not changeable): 32 bits, intended as an anti-fraud, anti-theft means.

2.2 System-specific memory

- Station class.

- Access method.

- First paging channel to use.

- Home system identification: 15 bits.

- Preferred gstem. The overall plan alles for one orwo separateystans (A, B) in ary city, and the unitnust
remember its assignment.

2.3 Supervision

Voice channe$ use acontinuous supervispraudio tone (8T); control channels and digital signals on the voice channels
use a digital equivalent cdltolour code".

- SAT frequencies: 5 970, 6 000, 6 030 Hz.

- Digital "colour codé: 2 bits coded into 7 bits, using a (7:4)rateing code; used to idenyifthe bas statian to
which the message is intended.

Thes standard are specifial in precise detail in the United States Federain@anications Coxmission Docunent
OST-53 ad in the CanadianDepariment d Communications Docment RSS118, Annex A, dated October 1983,
respective}; these are both agpatible with EIA Interim Standard CIS-, available fron the Electronc Industries
AssociationEngineering Dept., 200l (Eye) Street, Washington DC 2000khis spedication describes minimum
capabiliy; manufacturers andystem providers have alsaritten enhancedsersiors of this specification to describe
capabilities above and yend this minimum capabiliy. This document canprises about 60 pages; in Uieof
publishing that specification in its entiyethis Part 2 sunmarizes itsmgjor points, & they relae to codes formats,
and protocols.
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In addition to these supervisory signals, a 10 kHz tone (deviation: £8 kHz) is used to indicate "on-hook".

2.4 Malfunction

Eachmobile has a ther running independent of other logic functiowkjch will shut dovn themobile trangnitter within
60 s if the main logic ceases to function.

25 Call processing

Several primary tasks are specified; most important of these are (in order):
- d.c. power start-up and initialization;
- idle;
- activation:
— origination;
—  paging response;
— order response;
— autonomous registration;
- conversation;
- release.

Other tasks, called secondary, are performed concurrent with, and controlled by, these primary tasks; these include:
- control data transmission and reception;

- control channel scanning;

- RF power control;

- response to system control messages;

- user interface management.

The primary tasks can be described briefly:

Initialization: when the unit is first turned on, the logicngde to enter the proper sequence;rtieeory and other
mobile functiond units can optionalf be audited, and then the potential control channels are scanned, using atagarith
measurenent of signal strength, to find owhich onewill be able totell the unit aboud its current proximity. Depending
onwhether the unit iShome" or"roaming"”, it may register its existenosith the land gstem. It should also detatine a
control channel over which it can be paged if it receives a call.

Idle: without radiating, the unit receives and decodes the continuoumsifesgsten contrd ("over-head) and paging
messages, using the error-detecting and error-correcting atgsrétailable. Durig this time, it also monitors signal
strength and reinitializes itself if the signal becomes unusable.

Activation: if the unit receives a call or gets amgoand fran the user interface to placcall, the contrd channels
shoul be rescanneghe idle state of the selected control channel detexd, and a seizure of thgssan attanpted.The
unit then identifies itself to the system and a voice channel assignment will be given to it by the land system.

Conversation: if the mobile is being called, a ringing sequence is initiated; ottwese, the conversation state begins
immediatey. During the call, "blank-and-burstimessages (eoprising a brief blanking of the voice signal and a burst of
contrd datg may be received, instructing theobile to change pger and/or channel. Supervision via the out-of-band
and SAT continues.

Release: when the call is ended rmoally, the tranmiitter is turned off and the unit imade to revert to the idtask again.
If channé conditionsof trouble or low-signal are encountered, release should also take place, so that pgsitve s
integrity is maintained.
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26 Signalling
A variety of messages are required to administer the system; these are:

TABLE 2

Channel Types of messages

Base transmit:

Control channels Paging messages
Channel assignments
Overhead information
Filler text

Voice channels Hand-offs
Orders

Mobile transmit:

Control channels Page responses
mobile address
serial number

Origination
mobile address
serial number
called number

Orders
Order confirmation

Voice channels Order confirmation
Called numbers

The fundamental signalling format used is a shortened (63:51) BCH word in which the first 28 or 36 bits are the message
and the final 12 bits are parity check bits calculated from the message bhits. Of the message hits, the first four serve a
control or "book-keeping" function and the rest form the specific messages. 28 information bits are used in the base-
transmit direction and 36 in the mobile-transmit direction, so that the resulting codes are (40:28) BCH and (48:36) BCH,
respectively.

A second level of redundancy - message repetition when transmitting and bit-by-bit majority voting when detecting - is
layered on top of the basic block coding. Interleaving of two message streams adds further decorrelation of bit-error
probability, where thisis possible. Messages are typically repeated five times, except on the base-to-mobile voice channel
when hand-off messages are sent; in this case, the message is repeated eleven times.

Bit synchronization is augmented by providing a long 101010... sequence before each message. Word synchronization
employs an 11-bit Barker sequence (11100010010), which possesses unique minimum distance properties.

2.7 Seizure

The effects of collisions during control channel contention are mitigated by two devices:

- betveeneach 10 bits on the basestmbile control channel, an eleventh bit is inserted; its statenisfohe
mobiles of the busy/idle stats of the control channel, and its change relative to thagj of a seizure atispt
tells the mobile logic whether or not its seizure was clean;
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- a precursor of 48 bits is added to the mobile’'s asynchronous seizure attempt on the mobile-to-base control
channel to:

—  provide bit and word synchronization and
— signify the base station to which the attempt is directed.

This latter scheme lowers false seizures caused by co-channel interference.

3 Other
- Power classes:
Class I: +6 dBW max.

Class It +2 dBW.
Class Iit -2 dBW.
- Power control: 7 steps, 4 dB per step.
- Other specifications: typically state-of-the-art.

ANNEX 2

General description of the Japanese system

PART |

MCS-L1

1 Radio link design objectives

11 Service quality
- Blocking probability: Radio channels are allotted to make the radio path blocking probability less than 3%.

- Speech qualit The design ofective of the speech qualiis to realizemore than 80%oundarticulationscore,
which can produce 100% sentence intelligibility, in the service area.

12 Radio zone configuration

Coverage reliability of 80% sound articulation score in more than 90% of the service area. To get this reliability:

- Maximum cel size is detemined so that 90% of the sites at the zone bougdarovide reliable reception.
Median C/N = 17 dB.

- Channel reuse is detmined so that 90% of the sites at the zone boynpliavide a reliakd wanted/umwanted
signal ratio. Median wanted/unwant@tl/U) = 15 dB.

2 Control channel configuration

2.1 Control channel allotment

The control channels are dedicated and divided into subsets of the following two channels:

- paging channel mobile stations alays seize this channel and receive the paging signal, location data and
access channel data;
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- access channel: rmobile station randwoly originating calls is controlledith this channel To preven double
seizures, the base stations detect the access sigmamfsbile stations and broaddabe busy statuson this
channel and then prevent the signals from other mobile stations (ISMA: idle signal multiple access).

2.2 Multi-cell control technique

A control channel is assigned to cover a group of adjdcaffic cells and simultaneous} trangnitted from eachbase
station in the control area.

2.3 Seizure

The busyl/idle status in the control channel is used to mitigate the effects of collisions during control channel contention.

2.4 Reduction of co-channel interference

In orde to preven co-channel interference, control zones and radio zones usingnteefreguencies are disoiinated
by J-code and K-code, respectively.

3 Control sequence

31 Mobile origination

The features required in a mobile origination call are:
- numberng from the mobile station that uses the same format as the PSTN;

- locations ofmobile stations are detected at base statignthd field strength occes signak receivel from
mobile stations;

- speech channels are assigngdtiie access channel and a loop check signal is exahamgthe assigned
speech channel between mobile station and base station;

- dialling signals are sent through the speech channel after the speech channel is set up.

3.2 M obile termination

- Numbering for the mobile stations follows:
0 +A0 + (7 digits subscriber number), where A is charging class code and 3 or 4 is selected for it.

- A paging signaWhich is checkedvith the subscriber data at thenmmemory office, is thensimulcag from
each base station in the control zone. If there is amearfsom themobile station, the next processsimilar to
themobile origination. When there is no aves, i.e. if themobile station is off-paer or ou of the servie area,
the originating subscriber will get a service announcement of the situation from the exchange (MSC).

3.3 Hand-over

A new speech channel is reassigned to mobile stations crossing a zone boundary:
- the base station dets&N deterioration from the speech channel and asks the control station for hand-over;
- the control station ordersi&N check of the mobile to the original and neighbouring base stations;

- the control station selects awezone and a we speech channel, afterroparing the signals fra the ordered
basg stations and then assigns a ne channel to thenobile station. In order to shorten disconnectioneti
during this procedure (less than 5@6), the landine is reservedf the mobile stationcannotchang t0 a new
speech channel successfully, it returns to the previous speech channel.
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4 Signalling code
Signalling code includes the following characteristics:
- telephone number: 7 decimal digits coded into 24 bits binary;
- serial number (not changeable);
- station class;
- first paging channel to use;
- home area identification: 2 decimal digits.
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PART Il

MCS-L2

1 Introduction

The secondgeneratiomrmobile telephoneystan (MCS-L2) that operates in thersa 900 MHz band as the MdSl has
been developed in Japan. It is intenghaiimed to expand theystam handling capagit to reduce theystem cost and to
diversify the various services.

The handlingcapaciy is expanded to about @000 subscribers in the large citigstechniques 125 kHz channelling
analogue FM tramsission, diversi reception, intra/inter-zone channel reassignt, adaptive tramsitting power control
and semi-off-air call set-up.

Full detailad specificationsfor the gstam and their components are given in the reference liEhe folloving are the
additional features and specifications, compared with the MCS-L1.

2 Radio link design objectives
See Part |, § 2.
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3 Radio-frequency interface

31 Traffic channel
Maximum frequency deviation is limited to 2.5 kHz for 12.5 channel spacing.

3.2 Radio channel control

Radio channel control utilizes both 2 400 bit/s signalling and 100 bit/s channel-associated control signalling. The 100
bit/s data channel that transmits various signals between a base station (BS) and a mobile station (MS), such as C/I and
CIN information from MS, hand-over information from the BS, etc., is transmitted at sub-audio frequency, maintaining
overall radio spectrum compactness for 12.5 kHz channel spacing.

4 Control channel configuration

4.1 Control channel allotment

The control channels are dedicated and divided into sub-sets of the two channels, paging channel and access channel.

- Paging channel: A ne transnission method, Multi-tranmitter Simul/Sequential-Casting (MSSCis used.
Signak common to all radio zones in a control zone, such ragbile teminated call infomation, are
simultaneous} broadcasfrom multiple base stations Signals peculiar to each radio zone, such as each radio
zone's access channel number, are broadcast sequentially.

- Access channelThe idle signal-Casting Multipl&ccesswith Data-sld Reservation(ICMA-DR) schene is
used inmultiple-access radio channels. A data-slot reservation packet is sent finst teminal through the
upward radio channel Then the MS send the information packet after it has received an infation request
signal fran the BS.This method shortens the periodwésted transission causedybpacket collisionandcan
improve random access channel efficiency.

MSSC tranmission secures advantages wifle area paging b simulcasting, more accurate locatioby sequential
broadcasting to allocate exclusively access channels to individual radio zones.

4.2 Control zone configuration

The basic unit is the radio zonEhis corresponds to an access zone. Several such radio zonesrtfugeihepaging
zone which corresponds to a registration zone. Several paging areas are combined in one switching zone.

5 Switching and control system

51 Signalling

Common Channel SignallingyStem No. 7 is adopted beeen tle mobile controlcentredMCCs) and betveenthe MCC
and the PSTN. A dedicated commgignalling system has been used between the MCC and the BS.

52 Roaming

As in the MCS-L1, the MCS-L2 systan maintains connectabilitfrom/to the PSTN wherever the subscribers gbhe
MCS-L2 system can also provide the roaming capability to the MCS-L1 system.

53 Dialling method
See Part |, § 3.2.

54 Speech channel supervision

The quality of an ongoing call is continuoyssupervised ypthe BS and MS usingieasurenents of RF signal level, BER
of 100 bit/s in-service control data signal and desired and undesired signal level ratio.
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55 Hand-over procedure

A new speech channel is reassigned quickly and noiselessly to mobile stations in the following three conditions:
- the BS or MS detesiC/I deterioration and the BS asks to the control stations for intra-zone hand-over;

- the base station deted@¥N deterioration or exce<s/N andthe BS asks to the control stations for inter-zone
hand-over.
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ANNEX 3

General description of the Nordic mobile telephone system (NMT)

1 Introduction

The developnent andspecificatiors of the internation& Nordic mobile telephoneysten (NMT) has been carried out by
cooperation beteen Demark, Finland, Noway and Sveden.The international aspectd the ystan were taken into
account fron the vey beginning,making the gstem a true international public lantdobile nework from the start, e.g.
roaming between countries and full access to the international public switched telephone network and its services.

The rapid growth of the number of subscribers in the NW450 gstan in Nordic countries has led to the nefed
expandingthe systam into the 900 MHz band (NWM-900). Therdore, a na speciication has been bught forward,
taking the experiences for the NMT-450 into account.

Full detailed specifications for the system and their components are given in the reference list.

2 Technical characteristics

21 RF equipment requirements

In accordane with RecanmendationITU-R M.478, the adjacent-channel selectiviequirenent and adjacent-channel
power requirement are met at 25 kHz channel spacing.
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2.2 Céll structure and channel reuse

It is possible to use large cells (20 - 40 km radius) in rura areas as well as small cells (down to 0.5 km radius) in urban
areas. The base station receiver sensitivity can be adjusted for symmetry in coverage range for the two propagation
directions taking base station (BS) and mobile station (MS) ERPs and (MS) receiver sensitivity into account.

In peak traffic density areas (e.g. city centres) it is possible to use a "sector" cell structure with directional antennas and a
channel concentration at the centre of the traffic peak area.

2.3 Control signals

The use of 1 200 hit/s FFSK signalling enables generation and detection of the FFSK signal at the mobile service
switching centre (MSC) and the use of ordinary telephone network circuits to convey the FFSK baseband signal. At the
base stations, the FFSK baseband signal is processed by the ordinary audio signal circuits (including pre- and de-
emphasis). The same signalling is used to control BS channel equipment.

The capacity of the control signal is large enough to handle the traffic of at least 25 000 mobile stations per location area
(LA) with atraffic load of 0.015 erlang per mobile station.

3 Operational characteristics

31 Channel search procedure

All channels may be used as calling channels (CC) or traffic channels (TC). The CC of a base station is used mainly to
page the mobile stations on calls from the PSTN while the TCs are used to handle the calls and for the call set-up
procedure for calls from a mobile station.

The channel search procedure of a mobile station is carried out in order to find either a new CC (current CC may be
changed either because current base station has chosen a new CC or when entering a new cell) or to find an idle TC on
call set-up.

The channel locking criteriais set in accordance with the frequency planning criteria. The scan of the band is performed
at three receiver sensitivity levels.

3.2 L ocation registration (roaming)

The mobile station initiates the location registration procedure when necessary. Full automatic roaming is implemented
between mobile service switching centres (M SC) and between countries in accordance with Recommen- dation ITU-
R M.624.

33 Call set-up proceduretoM S

The MSislocked to a CC of abase station in the LA where it was last updated in the system. A paging call is transmitted
on the CC of al base stations in the area location. On reception of the call, the MS transmits an acknowledgement on the
return frequency of the CC of the current base station. On reception of this signal, the MSC sends a channel switching
order to anidle TC on that base station and the call is established on that channel.

34 Call set-up procedurefrom MS

MS searches for afree-marked TC (NMT-450 and NMT-900) or an access channel (NMT-900). The channel is seized by
transmitting a call set-up request on that channel.

35 Speech channel supervision

During a call, one out of four supervisory tones with a frequency of about 4 000 Hz and a deviationf @300 Hz is
insertal by the BS togethe with the voice signalThis tone is loopedybthe MS and the quajitof the tone after looping
is evaluated by the BS.
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3.6 Hand-over procedure

The quality of an ongoing call is continuously supervised by the BS using measurements of RF signal level (NMT-900)
and supervisory tone quality (NMT-450 and NMT-900). Should the quality fall below a preset level, the mobile service
switching centre (MSC) is informed. The MSC will order neighbouring base stations (up to 16) to measure the signal
quality on the used TC of the old BS, using a special measuring receiver, tuneable to al channels. The measuring results
from all neighbouring base stations is evaluated by the MSC. If one of the neighbouring base stations provides better
reception than the current one, the MSC will alocate afree TC on the new BS for the call, send a channel switch order to
the MS on the TC in use for the call on the old BS and reroute the call to the allocated TC on the new BS. Hand-over can
also be carried out between base stations in adjacent location areas.

3.7 Call release procedure

Cdlls are released immediately upon reception of clearing signal from the mobile station. If the PSTN party hangs up but
not the mobile station, the normal time-out function of the PSTN clears the call. Forced call clearing is carried out if the
signal quality at the base station falls below a preset level for more than 20 s and hand-over is impossible. In the mobile
station, there is an autonomous time-out, switching the transmitter off when the RF signal level is below a certain level for
more than 30 s.

3.8 Numbering plan

In accordance with ITU-T Recommendation E.213, the mobile station is identified in the public land mobile network
(PLMN) by a unique seven-digit mobile subscriber number. In NMT-900 the mobile subscriber number is extended with
a secret three-digit password.

39 Signalling between M SCsand PSTN interface

ITU-T Signaling System No. 7, permitting hand-over between MSCs by use of mobile use part (MUP), or ITU-T
Signalling System R2.

The PSTN interface is in accordance with ITU-T Recommendation Q.70. The differences between various national
PSTNs are covered by the MSC. Connection to the PSTN is made on trunk exchange level. MSC and trunk exchange can
be integrated.
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ANNEX 4

General description of the C450 system

1 Summary

The C450 system design combines optimum transmission quality and high capacity with very efficient utilization of the
frequency spectrum. This is achieved by adaptive power control, distance measurements for cell assignment and hand-
over and special switching capabilities like off-air call set-up and queueing operation. All relevant ITU-R and ITU-T
Recommendations are met.

2 Radio-frequency interface

The radio-frequency interface is consistent with Recommendation ITU-R M.478. The system is designed for 20 kHz
channel spacing and adjacent channels can be operated at one base station. Channel addresses for 25 kHz spacing are also
provided in the equipment, as well asfor 10 kHz and 12.5 kHz interleaved channels.

3 Permanent control of connection

Traffic channels have a permanent digital sub-channel control for continuous identification, power and signal quality
control, etc. The power of base and mobile transmitters is adaptively controlled with 8 steps over arange of 35 dB.

Field strength and signal-to-noise ratio (phase jitter) are monitored for transmission quality assessment, both from the
mobile and base station. As soon as the quality tolerances are violated, an intra-cell hand-over to another channel will be
initiated.

During connection, the distance of a mobile station is continuously determined from its base station, and this information
is transmitted on the digital sub-channel. By means of a specia scanning receiver, each base station observes field
strength and distance information of mobile stations in neighbouring base station areas as these approach the boundary of
its own cell. In this way, the hand-over is prepared, and will be effected when the boundary is passed. The use of a
channel is thus restricted to the defined base station area, which improves channel reuse and spectrum utilization.

A permanent exchange of identifications between mobile and base station prohibits another mobile station from
accidentally entering into the connection.

The digital sub-channel is provided by time compression of speech signals, leaving 1.14 ms for the data burst within a
period of 12.5 ms. Time compression has no perceptible influence on speech quality.

4 TDMA common control channel

All base stations of the C450 system operate on a common time-shared control channel, so that the mobile station can
compare signals of the surrounding cells. The right base station is selected, either by comparison of relative distance
(delay) - which is the preferred mode of selection - or by field-strength measurement. Each base station uses 1 time slot
out of 32. In areas with high traffic, additional frequency channels can be added for common control (roaming), up to a
total number of eight. The switch-over from the first common control channel, which is used in the whole service area, to
another control channel isinitiated by command from the relevant base station.

The TDMA frame with 2.4 s duration consists of 32 time slots, each containing 396 bits.

If a base station is in the status "blocked waiting queue”, the mobile stations will check surrounding cells to determine
whether support is possible.
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5 I dentification of mobile and base station

Mobile station:

- nationality 3 bits
- home mobile switchigicentre 5 bits
- remaining digits of subscriber number 16 bits

Base station:

- nationality 3 bits
- number of mobile switchimcentre 5 bits
- remaining digits 16 bits

Up to 16 decimal digits are transmitted in one message.

6 L ocation registers
Location registration is consistent with Recommendation ITU-R M.624. There are three types of location registers.

The hane mobile switching centre (MSC) has a file of all subscribers assigoets area with the following features:
class of mobile station, priority status, roaming location, etc.

The visitedmobile switching centre keeps a file of éhactive mobile statiors including those originating from other
MSCs.

The base station contains a register of aatiebile stationswithin its cell boundaries. On avekagnee in evely 4 min,
the mobile stations are polled and requested tovango the base statiofhis updating procedardiscoves the
switched-off mobile stations and avoids "dead" entries in the file.

7 Security

Personbsubscribe identification cardsare usedto allow operation of differenimobile stations  the sane subscriber.
The call charge is assigned to the holder of the cardpecial secunt code prohibits the use of lost cards by
unauthorized users.

Privacy is provided ly means of inversion of the audio-frequgrmand. For data tramsssion, this band inversion can be
switched off at the mobile station.

The mobile station has a built-imonitoring functionwhich will shut dowvn the transiitter when a sevee malfunction
occurs.

8 Switching capabilities

ITU-T Signalling §stem No. 7 is used beten base station amdobile switching centre The numbering plan is in
accordance with ITU-T Recommendation E.213. The PSTN interface complies with ITU-T Recommendation Q.70.

The tme slot capacit of the canmon control channel is designéor a minimum percentagef acces collisions All
other message dialogues are performed under control of the base station.

Optimum utilization of the speech channels is obtainegueueing and off-air call set-up during traffic peaks.

BIBLIOGRAPHY
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ANNEX 5

General description of thetotal access communication system (TACS)

Operational and system characteristics

Purpose

The public land mobile network (PLMN) is designed to permit an automatic exchange of traffic with the public switched
telephone network (PSTN) and offers service, from the user’s point-of-view, similar to that of land-line calls: high voice
quality, high reliability, low blocking, relatively low cost.

12

13

Céellular properties
Growth from large cells at start-up to small cells at maturity, with a mix of several sizes, is permitted.
Hand-over is allowed, up to at least one per call per minute.

For spectrm efficiengy (channel reuse)ngll values for the nmber of channel sets are used, appropriatbe
multipath (Rayleigh) fading typicd of mobile channels, the terrain variahilithe antenna patterns selected, and
the RF quality desired. A locamedianC/| target of 17 dBat the 90th percentile is suggested. (If the standard
deviation is 8 dB, this is equivaleto a median C/I of 27 dB, at the nminal bounday of the cell.) Other
quality objectives are of course permissible.

Enhancedmobile station registration techniques amgptoyed to allev autamatic roaming both nationallyy and
internationally.

Signal processing

The widest deviation and receiver predetection badth appropriate to the cellular contdghich pemits
separation of the spectrum into channels by both frequency division and spatial separation) are used.

Voice processing using a 2:1 mpressor/expandor isnployed to enhare the perceivedquality of the
received signal.

The coding of digithsignalling uses burst-error detection and correction.

Designfor a peakto-r.m.s. ratio ¢ betveen 6 dB and 20 dBor the demodulatal voice signd at the receive is
possible; that is, a range of quality comparable to land-line service should be accommodated.

Service protection

A transmitted serial number prohibits the use of stolen units or use by unauthorized callers.
The introduction of means to ensure privacy of communication is not precluded by the design.
Means for preventing intelligible cross-talk is included in the system design.

The successful eopletion of the entire call takes place driemg 99% of the calls on which aninitial two-way
connection was established between calling and called parties.

Services offered

Voice message telephone service with automatic calling to and from the PSTN and other mobile users.
Data services.

Vehicular-mounted equipment.

Transportable equipment.

Hand-held equipment.

Other enhancements consistent with mobile service: call forwarding, rgqiaiting, message waiting, etc.

Charging infomation tranmitted during a call to all direct displg of call charges coin-boxmobiles taxi
phones, etc. are thus facilitated.
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2 RF parameters
The mgjor RF parameters of the system are detailed in Table | of Part C of this Report.

Other specific RF parameters are as follows:

2.1 M odulation characteristics

The peak FM deviation is around twice that normally associated with 25 kHz channel spacing. This has the major
advantage of an improved resistance to co-channel interference, the minimum usable mean carrier-to-interference (C/1)
ratio being around 10 dB rather than 15 dB. This means that for the voice quality, a shorter frequency reuse distance, and
hence a smaller frequency reuse pattern, can be employed. There is the effect, however, that adjacent channels cannot be
used in the same cell, but thisis not a problem for cellular radio systems because only a small proportion of the available
channels (typically 1/7th) isused in any one cell.

22 Total number of channels- up to 1 000

2.3 Control channels

In order to allow for more than one system operator in a given location, two sets of dedicated control channels are
identified. There are 21 control channelsin each set and each block of control channelsis contiguous.

The dedicated control channels for system A are channels 23 to 43.
The dedicated control channels for system B are channels 323 to 343.

24 M obile station power

There are four classes of mobile stations corresponding to the following powers:

TABLE 3
CIas;s of Type of mobile station Nominal ERP (W)
station
1 Very high power mobile 10
2 High power mobile 4
3 Mid-range power hand portable 16
4 Low power hand portable 0.6

Adaptive power control is employed with 7 steps of 4/8 dB.

25 Supervisory tones

Supervisory audio tones (SAT) are sent by the system over an assigned voice channel and transponded by the mobile
station on the duplex voice channel forming a closed identification loop.

SAT frequencies - 5 970 Hz; 6 000 Hz; 6 030 Hz.

Signalling tone (ST) is an 8 kHz tone transmitted on the assigned voice channel from mobile to base station. It is sent to
indicate the status of the mobile handset:

- handset on hook — tone sent;
- handset off hook — tone not sent.
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3 Signalling code and format

Signalling occurs in both directions on control channels and voice channels to ensure that the mobile Station is always
under system control. All datais generated at an 8 kbit/s rate.

Each of the four signalling paths carry different types of information and their operational conditions differ, this would
require many compromises if acommon signalling format were adopted. Each path is therefore treated independently.

Synchronization (sync.) sequences are chosen to minimize the risk of a random appearance within the data, and to
provide sufficient time for the mobile/base station equipment to achieve sync. With the exception of the forward control
channel (FOCC), used by the base station, transmission occurs as a burst of data when required.

All channels are subject to fading and interference. To give adequate error protection, each data word is transmitted a
number of times and incorporates forward error correction bits to ensure integrity. At the receiving end, the repeats are
stored sequentially and a mgjority decision made bit-by-bit on five stored words (the eleven repeats sent on the forward
voice channel ensure that at least five will be received by the mobile station).

A BCH code generator is used to produce 12 bits of parity which are added to the end of the data to produce the overall
dataword. The forward channels (FOCC; FVC) use 28 information bits and 12 parity bits per word, the reverse channels
(RECC; RVC) have 36 information bits and 12 parity bits per word. This code structure is capable of correcting 1 bit
error and detecting 4 bit errors.

Transmission of control data over the voice channels (FVC; RVC) is accomplished by muting the audio paths while
transmitting the data burst. Thisis avery short duration activity not noticeable to the user.

Before FSK transmission, the data is Manchester encoded. This ensures that sufficient data transitions occur to permit
accurate bit synchronization within the signal. This is particularly necessary for synchronizing sequences with large
strings of zeros and ones.

The data words are complex packets of information subdivided into groups of bits or single bits each defining a system
parameter: serial number, dialled digit, etc. The exact format within aword is dependent on the type of channel in use and

the type of message.

4 International mobile station identity

A 34 bit binary mobile identification number is derived from the 10 digit international mobile station identity which
comprises a 3-digit mobile counting code, a 1-digit mobile network code and a 6-digit mobile station identification
number (see ITU-T Recommendation E.212).

A unique 32 bit binary serial number is assigned to each mobile station. The number is non-changeable and is intended as
an anti-fraud, anti-theft means.
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BABT-SITS Specifications dealing with the type approval of mobile equipment, including features such as hands-free
operation and data transmission. British Approvals Board for Telecommunications.

BTRL [October, 1984] United Kingdo Total Access Cmmunications $stem Mobile Station — Land Station
Compatibility Specifications, Issue 3. British Telecom Research Laboratories.
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ANNEX 6

General description of theltalian 450 MHz system

1 System structure

The Italian territory is subdivided into ten calling areas. A calling area is characterized by a single calling channel; calls
to mobile stations present in that area are transmitted in a simulcast mode by all the base stations included in that area.
Adjacent calling areas use different calling channels. The same calling channel isreused in distant calling areas.

Cdlls directed to mobile stations are routed through the main mobile control centre (MMCC) of the calling area where the
mobile station is present.

When a mobile station crosses the border between two calling areas, it automatically informs the MMCC of the new
calling area of its presence. This MMCC will update the location registration of al the other MMCCs, so that each
MM CC knows the calling areain which each subscriber is present.

A cdling area may either be coincident with a conversation area or subdivided in some conversation areas. A
conversation area is characterized by the fact that mobile station originated calls enter the telephone network directly in
the satellite mobile control centre (SMCC) of the conversation area, apart from the conversation area where the MMCC is
located. The hand-over procedure is only possible within a conversation area. Each conversation area will include severa
base stationsin order to cover the most populated areas and the main roads.

The Italian territory will be subdivided into 16 conversation areas, the average size of a conversation area will be about
20 000 kmZ2.

The MM CCs and the SMCCs will be connected to the tertiary centres of the telephone network.

2 Radio-frequency characteristics

21 Frequency band

The system is planned to operate in the 450 MHz band. There are 200 duplex channels, the highest four channels are
utilized as unidirectional calling channels.

2.2 Base stations and channel grouping

Each base station will be equipped with a redundant calling transmitter, two monitor receivers utilized for the hand-over
procedure and a number of traffic transceivers dependent on the traffic expected in the coverage area of the base station.

The maximum number of duplex channels for each station will be 64; several groups of 64 channels can be used at the
same site. Traffic channels utilizing the same antenna system are usually grouped in a self-masking intermodulation
arrangement. Normally eight channels with equal spacing of 600 kHz are grouped together; such a spacing allows the
utilization of small transmit branching filters.

2.3 Transceiver characteristics

Most transceiver performances are in line with those of equipment utilized in other advanced public mobile systems.
However, it seems suitable, from the system point of view, to mention the following characteristics:

- the nominal output paver of the base station tranisters is 25 W and that of theobile transnitter 10 W. A 10
dB reduction of the output power is possible. The power reduction of the mobile station is automatic;

- a syllabic compandor is utilized in both directions of transmission in order to improve speech quality;

- band inverters are providegthich can be inserted and deactivated the mobile subscribe during the
conversation.
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3 Numbering and call procedures

31 Numbering

The national telephone number of a mobile station consists of a service access code "0333" followed by a six digit
subscriber number. The first of the six digits is the same for all the subscribers, and is utilized for control purposes, the
second and third digits are related to the MM CC to which the subscriber belongs.

Usually the telephone number is the same as the mobile station identification number; however, there is the possibility for
about 10% of subscribers to have an identification number different from the mobile station telephone number; this
possibility alows a subscriber whose mobile equipment has been stolen, to keep the same tel ephone number.

3.2 Call to amobile subscriber

A call to a mobile subscriber is made by dialing his telephone number, including the service code. The service code
connects the calling party to the nearest MM CC. This MMCC analyses the mobile station number with regard to validity,
subscriber category and location registration. If the mobile station is in another calling area the cal is routed to the
corresponding MMCC.

The MMCC of the calling area where the mobile station is present, pages it though all the calling transmittersincluded in
that area.

When the mobile station receives its identification, it starts to search for an idle traffic channel with the same procedure
as formobile station originated calls (see § 3.3). When a free traffic channel is foendoltile statian identification
and the acknavledgement signd are trangnitted. If the MMCC does not receive the ackvledgement within 10 s, it
sends a second paging call.

33 M obile station originated calls

The preseizuredialling, or off-air call set-up, ismployed in order to reduce the channel occugatige to dialling
information. The mobile station searches for a free traffic chamwiéh the double thresholsearchin the first attempt a
search is oyl made for a good quajitfree traffic channel, in thsecondattempt a searchis made for a channéwith only
acceptable quality. The double threshold search improves the system quality and reduces the number of hand-over events.

Once a traffic channé is found, the mobile station identification and the dialledmiper are transitted. The SMCC or
the MMCC analyses the subscriber validity and category and then the call is set up.

4 Hand-over

If during the conversatia the qualiy falls belav a given value, the involved base station imferthe corresponding
SMCC or MMCCwhich will initiate the hand-over procedurg lordering a field-strengtimeasurenert on the relevant
traffic channel to thenonitoring receivers of adjacent base stations. If one of the base stations offers bettéssi@ns
quality and at least one traffic channel is free in that stadargmmandis sert to the mobile statian via the previous
traffic channel to switch to the new channel.

A confirmation fran the mobile station is sent on thewehannel and then thevisch-over is conpleted ly the control
centre.

5 Signalling on the radio path

The main signalling utilized in the radio path is awo-of-seven in bandnultifrequeng code suitable for operation in a
mobile servie envirorment It has beenderived from the code alregdused in the first generation Italiagssan for
which a long field experience has been gained.

A low frequeny pilot with amplitude modulation is used for infomation that is transitted during conversatigre.g.
band inverter insertion and deactivation command, and call charge pulses to the mobile station.

Up to three different audio-frequenpilots can be utilized to idenyithe sane (frequenyg) channel mployed in the three
different adjacent clusters.
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ANNEX 7

General description of the French national system

1 Frequency band and class of emission

The system uses blocks of channels (up to 256 per block) with a channel spacing of 12.5 kHz, class of emission
11KOG3E. The frequency bands used in France are the 200 MHz (duplex spacing 8 MHz) and 400 MHz (duplex spacing
10 MHZz) bands.

2 Signalling
FFSK modulation at 1 200 bit/s; Hagelbarger coding.

3 Characteristics of the mobile stations
The station may be multi-service or only offer some of the services described in § 2 of Part C of this Report.

The mobile station has access to 256 channels.

4 Characteristics of the base stations

The base station owprises a witching unit connected to the PN as a time-division PABX with autanatic direct
routing capabilities ("dirgadialling-in").

The base statiomay have up to 24 transceivers cgwibupled towo or three antennashe radio channes are managed
by queueing. Off-air call set-up is used.

5 Architecture of the system

The PS'N switching exchanges are connectgdRCM links to the relgs which are conprised of the relay managenent
unit, the svitching and radio units. Reote radio unitsnay be connected to érelays, for instane to cove low density
areas.

Information exchange and rerouting are carried out using the PSTN.

6 Capacity of the system

The numbering plan provides for 500 000 subscribers.
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7 Frequency efficiency

A block of 256 channelsin a cell may service 7 000 public telephone type subscribers, 20 000 dispatch type subscribers
or any combination of these two types.

8 Charging
Charging is carried out by the relays, and then retransmitted by 1 200 bit/s links to an operating centre.

9 Commissioning

Operation started at the end of 1985, and the total subscribers were 100 000 at the beginning of 1989 and 150 000 on
1 October 1989.

It is foreseen that 85% of the surface area of metropolitan France will be covered, and 98% of the French population at
the end of 1990.
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ANNEX 8

General description of narrow-band North American system (N-AMPS)

1 Introduction

Narronv-bandanalogugechnoloy wasaddresse by the United State$IA Standards Subcamittee TR45.1, in 1992. A
standardwas developed and approved in Naower, 1992, and published as-88. The purpose fothe narrov-band
standard is to provide a cellular air interfadgéh voice qualiy comparable t)AMPS, bu with voice channet occupying
1/3 the bandvidth of AMPS, therel allowing significant gstem capaciy improvements.The 1S-88 standard is based
upon the EA/TIA-553 analogue air inttace standard. Extended Protocol, contained AYHRA-553, is usé to allow
the serving wstem and themobile to signal to eachbther, their ability to suppot narron-band voice channels Two
additional enhaneeents incorporated in 1S-88 are 1) MRI, ‘tmobile reportedinterferenc®, a techniqe allowing
maintenance ofmproved audio qualjtthrough detection and reportingy(lmobile unit) of channelmpaiments dueo
interference; and 2) addition of special services such as sieggage servic(14 characte text message)and CLI
(calling line indicator).

This standard is adualmode" standard. Signalling for accesgdarall setp are accanplished on 30 kHz AMPS control
channels, and assigent to narrav-band voice channels imade oy if the mobile unit and th servirg system, are
capable of supporting the nawdpand mode. Therefore, copatibility with exiting AMPS systems and subscriber
equipment is maintained.
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2 Technical characteristics

Channel parameters (shown with AMPS for comparison)

Parameter Nar row-band analogue AMPS
Channel spacing 10 kHz 30 kHz
Frequency stability 1p.p.m. 2.5 p.p.m.
Supervisory deviation 700 Hz 2kHz
Peak voice deviation 5kHz 12 kHz
Average voice deviation 1.5kHz 2.9kHz
Paging and access bit rate 100 kbit/s 10 kbit/s
Manchester Manchester
Voice channel signalling 100 hit/s 10 kbit/s
Manchester Manchester
Supervisory signalling 200 hit/sNRz 6 kHz tone
(sub-audible)
SAR scheme 7 datawords 3 tones

3 References

TIA/EIA 1S-88 Mobile station-land station compatibility standard for dual mode narrow-band analogue cellular
technology.

TIA/EIA 1S-89 Recommended minimum standard for 800 MHz, dual mode narrow-band analogue cellular land station.

TIA/EIA 1S90 Recommended minimum standard for 800 MHz, dual mode narrow-band analogue cellular subscriber
units.
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