NMT DOC 450-1 August 1997
Nordic Mobile Telephone group

NORDIC

MOBILE TELEPHONE
_3@_::_ telia gDANMARK

MOBIL

§® T E |_E @ Telenor Mobil

7y B

w w SYSTEM DESCRIPTION


mailto:petri.nyberg@tele.fi
http://www.telia.se
http://www.tdm.dk
http://www.telenor.no

NMI' Doc 450-1, 1997-08-08

NMTIT DOC 450- 1,

| NCLUDES ENHANCED FUNCTI ONS”

© 1980, 1995, 1996, 1997. The copyright to the specifications herein
Is the property of Tel eDanmark Mbil, Denmark, Tel ecom Finl and,

Fi nl and, Tel enor Mobil, Norway, and Telia Mbile, Sweden. The
specifications may be used and/or copied only with witten

per m ssi on.

This specification has been developed as a co-operation between the NMT operators in Denmark,
Finland, the Netherlands, Norway, Sweden and Switzerland. Whenever this specification is used
by a third party, the mentioned operators can not be held responsible for the functionality of the
system’s ability to work together with mobile stations and/or any other systems.



NNNNN N NNNNNDN

AR OA R 0w ow w w

NMI' Doc 450-1, 1997-08-08 |

CONTENTS
Page
GLCSSARY OF TERVS Vi
ABBREVI ATl ONS X
| NTRODUCTI ON 1
SYSTEM CONCEPTS 3
1 GENERAL 3
2 RADI O FREQUENC ES 5
2.1 Frequency band 5
2.1.1 Ext ended band [ OPTI ONAL] 5
2.2 Radi o cover age 5
3 CALL SET- UP PROCEDURES 6
3.1 Call to nobile station 6
3.2 Call fromnobile stations 6
4 NUVBERI NG AND ROUTI NG 6
5 SWTCH NG CALL | N PROGRESS 9
6 CHARG NG PRI NCI PLES 9
TRANSM SSI ON VEDI A 10
1 LAND BASED C RCU TS 10
2 RADI O PATH 10
3 COMPANDER 11
4 AUDI O SCRAMBLER [ OPTI ONAL] 11
SI GNALLI NG SYSTEM 12
1 FUNCTI ONAL DESCRI PTI ON OF Sl GNALS 12
11 Signal I i ng between MIX and M5 12
.1.1.1 Signalling fromMIX to all stand-
by Mss 12

.1.1.2 Signalling fromMIX to a specific M5 12



el o o R o
A L e

oo o A~ W N P

S T T

W W W W N NNNN R

A WO N R

NMI' Doc 450-1, 1997-08-08

Signalling froman M5 to MIX
Signal | i ng between BS and M5
Signal I i ng between MIX and BS
DEFI NI TI ONS AND FUNCTI ONS CF SI GNALS
Signals in the direction MIX to M5
Signals in the direction M5 to MIX
Signals in the direction MIX to BS
Signals in the direction BS to MIX
Frame for test channel indication

Franes related to SSE, DSS and HC
[ OPTI ONAL]

FRAVE TYPES AND CCDI NG OF SI GNALS
Abbrevi ati ons and notati ons used
Franme types

Frames used in direction MIX to M5
Frames used in direction M5 to MIX
Frames used between MIX and BS
Frame for test channel indication
Codi ng of signal information

Digit of nunerical information
Prefixes

Li ne signal nunber L(n) in franes
5 and 13

Digit value S(n) and position indica-
tion S(0/15) in frame 14a and 14b

Idle infornmation

Channel activation order in frame 20
and channel status information in
frame 25

O her managenent/ nai nt enance orders

Response on ot her managenent/
mai nt enance orders

G her nmai ntenance i nfornati on from BS

14
15
15
18
18
20
22
23
23

23
23
23
25
25
28
30
32
32
33
37
38

40
41

42

45

46
46



B
w
w

B
w
w

B
w
w

=l s
W o w W ww
w W W wWww

Bos A p

w W w w

.10
. 10.

. 10.

11

.12

.12,
.12,

.12,
.12,
.12,
.13

.14
.14,

.14,

NMI' Doc 450-1, 1997-08-08

Codi ng of area information
In the direction MIX to M5

In the direction M5 to MIX
Codi ng of additional information

Codi ng of additional information,
battery saving nobile station

Cener al

Codi ng of HiHp

G oups of nobiles
Battery savi ng period
Addi tional information [ OPTI ONAL]

Codi ng of A-nunber information
[ OPTI ONAL]

Codi ng for BS signalling [ OPTI ONAL]
Coding of the alarmlevels for
received M5 signal strength in the BS
[ OPTI ONAL]

Codi ng of cause value in franes
25 A(7) and 25 A(8) [ OPTI ONAL]

S| GNALLI NG PROCEDURES
Signal ling between MI'X and M5

Call nobile station -> nobile tele-
phone exchange, schene A

Call nobile tel ephone exchange to
nobi | e station

Call nobile tel ephone exchange to
nobi | e station, schene B

Call nobile tel ephone exchange to nobile
station, congestion or bl ocking on

BSa, schene Bl

Cl earing seguences

Switching call in progress, ordinary
procedure, schene C

Switching call in progress, inproved
procedure, schenme Cl'

50
50

50
51

52
52
52

52
52
54

55

56

57
58
58

58

59

59

60

61

62

63



. 4.3

. 9b

.10
. 10.

. 10.

11
.12

.13

.14

.15

. 16

NMI' Doc 450-1, 1997-08-08

1b

Switching call in progress, short
procedure, schenme C'

Roam ng i nformation

Call coin-box M5 -> nobil e tel ephone
exchange

Call fromnobile station with
priority

Change of M5 out put power |evel
on sane channel

Aut henti cation during conversation
Push button data transm ssion from M5

Optional use of MFT converter node,
automatic transm ssion of digits

Regi ster recall procedures

Subscri ber service by register recal
and code sending from M5

Optional use of register recall function

automatic transm ssion of digits

SMB call M5 to MIX Schene A 1 [ OPTI ONAL]

SM5 call MIX to M5 normal case,
schenme B2 [ OPTI ONAL]

Call to M5 with A-nunber and/or
aut henti cati on, schenme B3 [ OPTI ONAL]

Call to M5 with A-nunber and/or
aut henti cati on, congestion or bl ocking
on BS,, schene B4 [ OPTI ONAL]

Roam ng updating wi th authentication,
schene D1 [ OPTI ONAL]

64
65

66

67

68
69
70

71
72

72

77

78

Cl earing sequences with nessage indicators

[ OPTI ONAL]

Signal li ng procedures between MIX
and BS

Signal ling on each channe
Signal strength neasurenents

BS nanagenent / mai nt enance and al arm

79

80
80
81
82



B
~
N

ol R A e
NN N o e o 0 2 2 2 0 0 o O

S
N NONON NN
NN N NN

© 00 N oo o b~ w N P

N

.2b
. 3a
.3b

.4b

.2.9

NMI' Doc 450-1, 1997-08-08

SUPERVI SORY SI GNAL BS - M5 - BS
1200 BAUD SI GNALLI NG EQUI PMENT

Ref erence data transmtter and receiver

Encoder

Modul at or

Transmtting filter

Equal i zer

Receiving filter

Denodul at or and signal |evel detector
Decoder

Splitting and muting of speech path
ACCEPTANCE OF SI GNALS

Mobil e in standby position

Acceptance of signals after entering
a particular signalling scheme

Signalling schene A call M5 -> MIX
Signalling schene B, call MIX -> M
Signal ling schene Bl, call MIX->N5

Line signals in the direction MIX -> N5

Line signals in the direction M5 -> MIX

Signal ling schene C, sw tching cal
I n progress

Signalling schere C2', SCP

Signalling schenme D, roam ng
i nformati on

Coi n box

Call fromnobile station with
priority

Change of M5 out put power |evel on
same channe

Aut henti cation during conversation

Signalling in the direction MIX -> BS

83
83
84
84
86
87
88
88
88
89
90
90
90

95
95

95
95

96

96
96
96



4.7.2.10
4.7.2.11

4.7.3

NMI' Doc 450-1, 1997-08-08

Signalling in the direction BS -> MIX

Subscri ber service by register recal
and code sendi ng

Fal se frame synchroni zation in BS

Vi

98

98
99



NMI' Doc 450-1, 1997-08-08 VI |

A CSSARY OF TERVB

Area i nformation | ndi cates whi ch base station the
signal ling cones from Prevents
mal functi on due to co-channe
i nterference.

Base station (BS) The unit which conprises the
termnating equi pnent for the radio
path and for the supervisory and
control signalling towards the nobile
station as well as the nobile tel ephone

exchange.

Base station area (BSA) The radi o coverage area of a base
station.

Cal I i ng channel (CQ Normal |y one of the channel s assigned

to a base station is a calling channel
used for setting up calls to nobile
stations. During peak traffic a calling
channel may be used as a traffic
channel .

Control unit (CU) Part of the base station, providing
start and stop of transmtter, fault
i ndi cation etc.

Dat a channel One of the channels (calling channel
traffic channel or dedicated channel)
bet ween MIX and base station used for
data signalling.

dBnD The term - x dBnOD indicates a power
| evel of x dB below 1 nmWat a point of
zero rel ative |evel

DSS D gital Supervisory signal, out-band
digital signal to supervise the
transm ssion on the traffic channe
duri ng conversati on.

Fast frequency shift Modul ati on principle used between the

keyi ng ( FFSK) MIX and M5, utilizing the frequencies
1200 Hz for logical one and 1800 Hz
for |ogical zero.

Signal strength receiver Part of the base station, providing

(SR nmeasur emrent of radi o frequency signa
strength on the channel ordered from
the supervisory unit of the base
station.

Fi xed subscri ber (SF) A subscriber in the ordinary tel ephone
net wor K.

Free traffic channel Traffic channel positively marked as
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Honme nobil e tel ephone
exchange (MIXH)

I dl e radi o channel

Local exchange

Mobi | e station (MB)
Mobi | e tel ephone exchange
(MIX)

MIX- ar ea

Mul ti-frequency code
signal ling (MC

Nor di ¢ nobi |l e tel ephone
syst em ( NMI)

Qccupi ed traffic channel

Passwor d

Push-button mul tifrequency
signal ling (MT)

Radi o frequency (RF)

Random chal | enge ( RAND)

Roam ng nobi | e subscri ber

free.

The MIX where the nobile station is
regi stered. Controls the hone traffic
ar ea.

Radi o channel assigned to a base
station and not in use, i.e. not
occupi ed and not free marked.

An exchange in which subscriber |ines
term nat e.

The equi pnent used by a nobile
subscri ber.

The unit which controls the traffic

bet ween the nobile stations in its area
of operation and the tel ephone network,
as well as supervises the operation of
its subordi nate base stations.

Al the traffic areas controlled by the
same MIX

Signal | i ng system used between
exchanges in the tel ephone network
according to COTT Rec R2, utilizing
conpel I ed signal ling which codes
consisting of 2 out of 6 frequencies.

The public automatic nobile tel ephone
systemin the 450 Mz range, common to
all menber countries.

Traffi c channel engaged for
conversation or call set-up

A three digit nunber added
automatically to the end of the
subscri ber nunber to prevent
unaut hori zed use of a subscri ber
nunber .

Signalling systemused for signalling
from subscri ber sets in the tel ephone
network according to COTT Rec Q 23,
utilizing 2x1 out of 4 frequencies in
pul ses, controlled by push-buttons.

The frequencies in the 450 Mz range on
the radi o path.

A seven digit nunber, transmtted from
MIX to M5 during the authentication
procedure.

Mobi | e subscriber having left his hone
traffic area.
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Scranbl i ng

Si gned response ( SRES)

Subscri ber Authentication

Key (SAK)
SVB

Supervi sory signa
(o-signal)

Supervi sory unit (SU)

Switching call in progress

Switching logic unit (SLU)

Traffic area (TA)

Traffic channel (TC

Trunk exchange

Vi sited nobil e tel ephone
exchange ( MIXV)

Visited traffic area (TAV)

Away to limt the possibility to
eavesdrop the dicussion or data traffic
on the radio |ink.

A four digit nunber, transmtted from
M5 to MIX during authentication
procedure. SRES is cal cul ated based on
the received RAND and the stored SAK

Secret key stored in the MIXH and M5,
used for authentication purposes.

Short message service. Integrated data
service, which transmts al phanuneric
nmessages to and fromthe NS

Qut -band pil ot signal (approximately
4000 Hz) to supervise the transm ssion
on the traffic channel during
conversation

Part of the base station, providing
the interface between the signa
strength receiver on the one side,
and the MIX or CU on the other side

Met hod of securing the continuity of an
establ i shed call when the nobile
subscri ber noves out of one base

Functional part of the MIX, deciding to
whi ch base station a call should be
transferred, in the "Switching call in
progr ess" - procedure.

A group of base station areas, where
calls to nobile stations are sent out
si mul t aneousl y.

Channel assigned to a base station and
primarily intended for conversation
Traffic channel is also used for cal
set-up fromordinary nobile

subscri bers.

An exchange, the principal function of
which is to control the switching of
trunk traffic.

The MIX controlling the visited
traffic area.

Traffic area, other than the hone
traffic area, serving the nobile
subscri ber.



NMI' Doc 450-1, 1997-08-08

ABBREVI ATl ONS

A- subscri ber Cal | i ng subscri ber

B- key Key for B-nunber encryption

B- subscri ber Cal | ed subscri ber

BS Base station

BSA Base station area

CcC Cal | i ng channe

cu Control wunit

DV Data Mbile Station

FFSK Fast frequency shift keying
MFC Mul ti frequency code signalling
MFT Push-button Multi frequency signalling
V5 Mobi | e station

MI'X Mobi | e tel ephone exchange

MI'XH Honme nobil e tel ephone exchange
MI'XV Vi sited nobil e tel ephone exchange
NMT Nor di ¢ nobil e tel ephone system
PVS Mobile station with priority
RAND Random chal | enge

RF Radi o frequency

SAK Subscri ber authentication key
SNVB Short nessage service

SR Signal strength receiver

SRES Si gned response

SU Supervi sory unit

TA Traffic area

TC Traffic channe

TVB Test nobile station

@- si gnal Supervi sory signa
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I NTRODUCTI ON

The Nordi c Mobil e Tel ephone System (NMI) is devel oped
jointly by the Tel ecommuni cations Adm ni strations of
Denmar k, Finland Norway and Sweden in order to establish a
conpati bl e automatic public nobile tel ephone systemin the
Nordi c countries. The systemis planned to be put into
conmerci al operation in the Nordic countries in the early
ei ghties.

The nobile stations of the systemare fully conpatible
with the | andbased part of the system regardless of which
Nordi c country the nobil e subscriber happens to be in at
the nonent. Al nobile subscribers are given full roam ng
capability in all the participating countries.

Mobil e stations to be used in the systemare to be type
approved by the Tel ecommuni cati ons Adm ni stration. The
nobi |l e stations are to be purchased or | eased by the
subscri bers.

Several kinds of subscriber nobile stations can be
accomodated in the system

ordi nary nobile stations

- hand-hel d nobil e stations

- nobile stations with priority

- portable nobile stations, and

- coi n-box nobile stations

- data nobile stations (DV5)

- nmobil e stations with enhanced functions |ike nessage
waiting indicators, calling line identity presentation
and/ or SNS

The systemis primarily intended for |and nobile use. To

sone extent, however, the network may al so be utilized for

short-di stance maritine nobile communi cati ons.

Detailed information on different parts of the systemis
given in the follow ng NMI publications:

Techni cal specification for the nobil e tel ephone exchange,
(NMI Doc 2)

Techni cal specification for the nobile station,
(NMI Doc 450- 3)

Techni cal specification for the base station,
(NMI Doc 450-4)
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Basic requirenents set to the NMI system are:

- Setting up and charging of calls to and fromthe nobile
station shall be automatic.

- It shall be possible to set up calls between the nobile
stations and any fixed tel ephone subscriber or any
ot her nobil e tel ephone subscriber within the system
regardl ess of country.

- The costs of setting up a call up to called party’s
HMIX shall be charged to the calling subscriber,
regardl ess of whether the call is originated in the
nmobil e systemor in the fixed tel ephone network. The
charge shall be based upon the dialled nunbers, and the
duration of the call. See charging principles, para 2.6

- The systemshall provide for automatic roam ng
capability for the nobile subscribers wthin the Nordic
countri es.

- To the subscribers, the systemshall appear as simlar
as possible to the fixed tel ephone network. This
applies both to the use of the nobile station, the
reliability of signalling, charging, and secrecy, and
to the services offered.

- The introduction of the systemshall not necessitate
any significant changes in the fixed tel ephone
net wor ks.

- The systemshall have the capability of sw tching
establ i shed calls fromone base station to a nei ghbour
base station based on the speech quality, enabling
"smal|l cell" -technique to be used.

- Added subscriber identity security is included. In the
| atest version authentication is allowed practically
anytinme: Wien nmaki ng outgoing calls, answering calls,
during conversation (if requested), nmaking roam ng
updati ng and making register recalls

- SM5 and calling line identity presentation are added to
the |l atest version of specifications.
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SYSTEM CONCEPTS

GENERAL

The system concept is based upon close interworking with
the fixed tel ephone network. For reasons of conpatibility,
the interface between the nobile stations and the

| andbased parts of the systemis the sane in every
country.

The interface between the system and the tel ephone network
Is contained in the nobile tel ephone exchange MIX, which
thus has to absorb the differences between the various
interfaces to the national networks.

The base stations, serving as the interface between the
radi o path and the | andbased 4-wi re transm ssion systens,
performno swi tching of the speech path. They are grouped
into traffic areas, each connected to only one point in
the tel ephone network, in which an MIX controls the
traffic to and fromthe nobile stations. |In sone cases,
however, one MIX will be in control of two or nore traffic
areas, fig. 2.1. The MIX will be stored program
controlled. The systemis designed with a nunber of
facilities which are expected to be of value to the
subscri bers, such as abbreviated dialling, followne etc.

On every base station, one channel is used as calling
channel and is marked with a special identification
signal. One or several of the other channels, when free,
are marked with a free traffic channel identification
signal. Stand-by nobile stations in an area under a base
station are |l ocked to the calling channel. It is, however,
possible for the MIX to permt use of the calling channel
for conversation in certain circunstances. This
possibility is likely to be utilized only in base stations
with few channels at tines when all traffic channels are
busy.

To mnimze the possibility for illicit use of subscriber
identity nunbers, an authentication procedure will take
place on all nobile originated calls. Authentication can
al so take place when roam ng and on nobile termnating
calls to secure the case when B-part is charged.
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Fig. 2.1 SYSTEM STRUCTURE
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In addition to the signals designating the channels as
calling or traffic channels, there are signals in order to
enabl e the nobile station to distinguish between traffic
areas and between countries, as well as signals indicating
t he channel nunber. Al signals are transmtted by neans
of a 1200 Baud FFSK signalling system

RADI O FREQUENCI ES

Fr equency band

The radi o frequenci es avail abl e consi st of the bands 453-
457.5 MHz and 463-467.5 Mz, which will be-used for the
paths nobile station to base station and base station to
nobi l e station respectively. Wth a channel separation of
25 kHz, these bands accommodate 180 channels. In the
future, however, it is possible that interleaved channels
I.e. channels with 12,5 kHz channel separation fromthe
ordinary channels will be used. This, however, wll be
optional only.

Ext ended band (optional, subject to national regulation)

Fut hernore as an option the NMI-450 systemis allowed to
operate in the foll ow ng extension band:

452.500-452. 975 MHz; M5 transmts, BS receives

462. 500- 462. 975 MHz; MS receives, BS transmts

These bands accommbdat e 20 channel s.

Radi o cover age

Because of the limted nunber of radio frequencies
avai l able for the system the total traffic capacity is
expected to becone insufficient in densely popul ated areas
over a |longer period of tine, judging from past experience
in nmobil e tel ephone systens. In order to increase the
traffic capacity, the systemis designed for small
coverage areas ("small-cells") in those areas. As a
consequence, the probability of reaching the coverage
limt of a base station during a call increases. In order
to reduce the inconvenience of this, the systemis
designed to switch calls in progress fromone base station
to anot her base station. Furthernore, the transmtter

out put power of all nobile stations is automatically
reduced (ordered by MIX) when entering a snall-cell area.

The sanme power reduction procedure is used in order to
r educe |nterference in cases when npblle stati ons cone
close to base stations with conventional coverage areas.
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2.3 CALL SET- UP PROCEDURE

2.3.1 Call to nobhile station

Calls to all kinds of nobile stations are sent out in
paral l el over all base stations in the traffic area in
whi ch the nobile station is believed to operate. Wen a
nmobi | e station has received a calling signal containing
its identification, it returns a call acknow edgenent on
the return. frequency of the outgoing calling channel,
wher eupon MIX al |l ocates a traffic channel in the base
station area where the nobile station has answered the
call. The channel nunber is received by the nobile
station, which then switches to the allocated channel

Alternatively the MIX may order the nobile station to
search for a free marked traffic channel after having
recei ved the acknow edgenent on a base station where al
traffic channel s are occupi ed.

Thereafter, all exchange of signals between MIX and the
nobi l e station takes place on the traffic channel. The
cal ling channel, on which all other nobile stations
remain, is imediately available for the next call.

2.3.2 Call fromnobile stations

Wien an ordinary nobile subscriber initiates a call, the
nobi l e station automatically hunts for and |l ocks to a free
marked traffic channel, on which all signals are exchanged
and the conversation takes pl ace.

2.4 NUMBERI NG AND ROUTI NG
The nunbering schene is designed to neet the foll ow ng
obj ecti ves:
a. to enable a calling subscriber to informthe

t el ephone network about the identity of the called
nmobi | e stati on.

b. to serve as routing information for the tel ephone
net wor K.
C. to enable the nobile station to respond to a cal

fromthe MIX
d. to identify a calling nobile subscriber to the MX

e. to secure t hat subscri ber nunmbers are not used
unaut hori zed.
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The routing in the tel ephone network is performed by the
foll om ng general principles:

I n Finl and: PWM M X3 X

I n Sweden: PM M M X X
I n Denmark M M X X

I n Norway M M X X

Pn=trunk prefix

M M (M) = nobile prefix
X1 XoX3XaXsXg = subscri ber nunber series

These structures satisfy the requirenent b) above.

I dentification of nobile subscriber requires nore
information than the digits P\MM( M) X;... Xg dialled by

the calling subscriber, since it nust be possible for MIX
as well as for the nobile station to distinguish between

i dentical subscriber nunbers X; ... Xz belonging to
different countries. Therefore, a nationality digit Zis
added to the subscriber nunber X; ... Xg for conmmunication

on the radio path. The digit Zis only used internally in
the systemand is not dialled by a calling subscriber. For
conmuni cation towards a nobile subscriber, Zis added to

the subscriber nunber X; ... Xg in his hone MIX even when

he is visiting another MIX area. For communication froma
nobi | e subscriber, it is automatically sent by the nobile
station |ogic.

In all countries nobile subscribers are identified by the
nunber ZX;XoX3XaXsXe Within the nobil e tel ephone system

that is in all signalling between:

MIX — MIrX
MIX — NS
The conbination Z X; ... Xg satisfies the requirenents c)

and d) above.

To summarize, in order to set up call to a nobile
subscriber, the calling subscriber shall dial the
foll ow ng nunbers to reach the rel evant MIXH

Calls to Finnish or Swedi sh VB
national  PyVEMb( M) XqXoX3XaX5Xs

i nt ernati onal + 11 12 (13) MM( M) X XoX3X4Xs5Xs

In the MIXH the nationality digit Zis added in front of
X1 XoX3X4 X5 X6
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Calls to a Dani sh or Norweqgi an Ms:
nat i onal VL Vb Xq Xo X3 Xa X5 Xe

i nt ernati onal + 11 12 MIMX1 XoX3XaX5X6

One of the basic requirenents is that the system shal

all ow setting up calls to a roam ng subscriber, i.e. a
subscri ber who is visiting another traffic area than his
own. This requirenents necessitates introduction of
facilities which the tel ephone network does not possess
today, and the solution chosen is to supply each MIX with
a subscriber register so that it can keep track of its own
subscri bers. Wien a nobile station noves fromone traffic
area into another, it automatically sets up an updating
call to the MIX in control of the newtraffic area. From
that MIX, information is forwarded through the tel ephone
or data network to the subscriber's home MIX about his
change of "address". The updating comruni cati on which

t akes place between the nobile station and the visited MX
does nornally not require any action on the part of the
nmobi | e subscri ber.

The subscriber register for the nobile station in the MIXH
Is then updated and all calls to this nobile subscriber
are rerouted to the new MIX-area.

The nobile station is equipped wwth a "country sel ector”
which prevents it fromlocking to other base stations than
those of the selected country.

For nobile stations with added subscriber identity
security, a special authentication procedure between MIX
and Ms will take place on all nobile originated calls and
al so during conversation.

To prevent unauthorized use of a subscriber nunber a three
digit password KiKoK3 (given by the operator) is added

automatically to the end of the subscriber nunber Z
X1 XoX3X4X5Xg by the logic in the M.

This password K1KoK3 is not known by the subscriber and is
used on the radio path fromM to MIX only in the
identification phase. The code is checked in the MX
where the same password is stored together with other
subscri ber dat a.

These structures satisfy the requirenent e. above.
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SW TCH NG CALL I N PROGRESS

During a call a continuous supervisory signal (a tone of
approxi mately 4000 Hz) is generated at the BS (on order
fromMIX) and sent to the M5, where it is | ooped back to
the BS. The received return signal is detected and

eval uated by the BS which decides if the transm ssion
quality (signal to noise ratio integrated over a certain
period of tinme) necessitates switch-over to another BS or
di sconnection of the call. BS sends informati on about the
evaluation result to the MIX

In case switching call in progress shall be perforned the
MI'X orders the surroundi ng base stations to perform signa
strength neasurenents on the radi o channel on which the M
Is transmtting. For signal strength neasuring all BS are
equi pped with an all-channel nonitor receiver. Information
about the neasurenent results enables the MIX to decide to
which BS (if any) the call shall be transferred.

The neasuring action is also ordered to the BS in use
I medi ately at the start of a call set-up in order to
determ ne whether the used BS is suitable.

The result of the neasurenent at the begi nning of each
call is also used to determ ne whether the received signa
fromM is above a given high level in which case the MIX
orders the M5 to change to the | ow out put power |eve
node.

CHARG NG PRI NCl PLES

Charging of calls fromfixed to nobile subscribers is
performed by the equi pnent already existing in the

t el ephone network, and is based upon an analysis of the
dialled digits regardless of the actual |ocation of the
nmobi | e subscri ber.

Conversely, calls fromnobile subscribers are charged
according to the dialled digits and the |ocation of the
calling subscriber. This information is stored for each
call by the MIX for further debiting purposes (tol
ticketing).

The nobil e subscriber may be charged with additional costs
e.g for incomng or forwarded calls.
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TRANSM SSI ON MEDI A

Besi des the fixed tel ephone network, two transm ssion
media wth very different properties will influence the
overal|l transm ssion quality, nanmely on the one hand the

| andbased transm ssi on system connecting the base stations
with MIX and on the other hand the radio path between the
base station and the nobile station. These two

transm ssion nedia will be described in the foll ow ng.

LAND BASED Cl RCUI TS

The comuni cati on between MIX and the base station is
established via | eased 4-wire |lines, analog or digital.
Normal Iy, the lines are through-connected to the

radi opath, but for testing purposes, any such |ine may be
| ooped in the base station so as to enable the MIX to

deci de whether a fault is located in the line or in the
base station equi prent. The requirenent regarding the
paraneters of the lines are essentially the same as for
other 4-wire circuits used for speech transm ssion, except
that an upper limt is set on the acceptabl e group del ay
distortion in the band 900-2100 Hz because of the data
signal | i ng between MIX and base station, respectively MX
and nobile station. The signal-to-noise ratio wll
normal |y be satisfactory. Limts nust be placed on the
overall | oss between MIX and base station in accordance
with the various national |evel plans. In carrier
frequency systens, a maxi num frequency shift of +*5 Hz nust
be taken into account.

RADI O PATH

The transm ssion channel between the base station and the
nmobi | e station consist of the radio path. The quality of
this channel varies with tinme due to the novenents of the
nobil e station. It decreases rapidly when either the field
strength received or the co-channel interference-ratio

bet ween wanted and unwanted signal is below a certain

t hreshol d.

The communi cation to and fromthe nobile station consists
of speech as well as signalling information. The
reliability of the transm ssion of the latter kind of

i nformati on can be increased greatly under adverse
condi ti on by redundancy techni ques, known fromthe data
transm ssion field. However, there is no reason to require
reliable signalling under conditions on the radi opath
which are too bad to be used for speech. The worst case to
account for is the condition of co-channel interference in
conbination with fading. Considering the repetition rate
of the fading mninma at an average speed of 50 km h, and
the need for a certain length of time during which the S/N
ratio is sufficiently great for the data signalling, one
can show that a signalling rate of 1200 Baud i s reasonabl e
val ue.
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COVPANDER

In order to increase the speech quality on the radio
channel, the possibility to use conpressor/expander
circuits is included. The circuits are placed in the M5 s
and either in the BS or the MI'X, and the conpression ratio
s 2:1.

AUDI O SCRAMBLER [ OPTI ONAL]
In order to increase the speech privacy on the radio
channel, the possibility to use audio scranbler circuits

will be included. The circuits will be placed in the M
and the MIX
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S| GNALLI NG SYSTEMS

Thi s chapter describes the signalling between the MIX, BS
and M5

This signalling can be divided in 3 groups (see fig. 4.
la, b)

- Signalling between MIX and M

- Signalling between BS " %S

- Signalling between MIX ! BS

The signalling between the MIX and the fixed tel ephone
network will follow the normal national tel ephony

signal ling procedure. The signalling between the different
MIX:es is specified in detail in NMI Doc -2.

FUNCTI ONAL DESCRI PTI ON OF Sl GNALS

Signalling between MI'X and N5

Signalling fromMIX to all stand-by Mss

- Nunber of actually used channel. In order to decrease
the risk for a nobile to find a false calling or
traffic channel (internodul ation product) this
i nformati on about the actually used channel is needed.

- Power bit information. The MIX inforns the M5 about the
power |evel to be used when transmtting on this
channel towards the MIX

- Channel indication. The M5 s nust be able to
di stingui sh between a calling channel, a free traffic
channel or an occupied traffic channel with data
transm ssion, and therefore a channel indication nust
be transmtted.

- Traffic area nunber. In order to discover a change in
traffic area, for roamng updating, this information
nmust be transmtted.

- Additional information e.g real tinme clock, possibility
to use overdecadi ¢ b-nunbers and nessage polling.
I nformation about e.g. queuing information are
specified in para 4.3.3.10-4. 3. 3. 14.
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4.1.1.2 Signalling fromMIX to a specific M5

Identity. In order to get in touch with one specific
nmobile there is a need of an identification. This
consists of seven digits (nationality digit Z and
mobi | e nunber X1 ... Xg). This is al so needed for

char gi ng pur poses.

Area information. To prevent mal function due to co-
channel interference this information is sent to the
M5, and returned back to the MIX

Channel order. In order to get an M5 to change to a
speci fic channel there is needed a channel order, which
contains the nobil e subscriber nunber and the channel
nunber to which the nobile has to go.

Queuing information to MBS with priority.

Queuing information to ordinary Ms. Infornms MS that a
call is queued in the MIX

Random Chal | enge. A random nunber RAND is transmtted
to the M5 as soon as this Msinitiates a call set up.
Thi s nunber is used for authentication purposes by this
actual M5. RAND will be sel ected by the MIX

Scanni ng order, which may be sent instead of the
channel order.

Power bit information. This inforns the M5 about the
actual maxi mum power | evel which shall be used fromthe
VB.

Message(s) indicators (flags)

Line signals. In order to set up and clear a call to or
froman M5, |line signals of the sane type as in the
ordi nary tel ephone network are needed. They are:

- Address conpl ete

- R nging order

- Request for automatic answer to receive SM5 or ot her
DV data in case of incom ng cal

- ldentity of calling Iine
- Proceed to send (Roam ng updating confirmation)
- Jearing

- Answer to coin-box (only for coin-box category
M5 s)

- Oearing, call transfer activated

- Switch conpander in/out
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- Switch audi o scranbl er in/out

4.1.1.3 Signalling froman M5 to MIX

Nunmber of actually used channe

Mobi | e subscriber identity (7 digits supplied with a 3
digit password)

Area information. This inforns the MIX from whi ch BS
group the M5 received the signalling.

Call acknow edgenent. This signal is a reply froman N5
to a call

Cal |l acknow edgenent seizure. This signal is a reply
froma called M5, sent on a traffic channel

Sei zure. This signal infornms MIX that an M5 wants to
make a call. The sane signal is used as M5 identity on
identity request on TC.

Sei zure fromcoi n-box Ms. The sane signal is used as M5
identity on identity request on TC

Roam ng updating. This signal is sent froman M5 to
informthe MIX that the M5is nowin a newtraffic area

C earing, release guard
Answer acknow edgenent (coi n-box)
Answer (when nobil e subscriber answers)

Acknow edge request to receive SVMS or other DMVS data
(automati c answer)

Digit signals. For nobile stations with added
subscriber identity security, the digit signals are
encrypted, based on the received RAND and the locally
stored SAK

MFT converter in/out. These two signals are used in
order to call in/out an MFT converter in the MIX when
t he push-button set of the M5 is used for transm ssion
of data into the ordinary tel ephone network.

Regi ster recall. This signal is used in order to
connect a register to the M5 in conversation state
enabling different services, e.g three party
conference, to be used.

Si gned response. This signal is sent just before the
transm ssion of digits for nobile originated calls and
when MIX asks for authentication. The information is
derived fromthe received RAND fromthe MIX and the

| ocally stored SAK
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- audi o scranbling acknow edged [ OPTI ONAL]
4.1.2 Signalling between BS and M5

Each established connection is supervised by a continuous
supervisory signal (@-signal) transmtted fromthe BS to
the M5, where it is |ooped back to the BS. If the S/N of
the received signal is below a predeterm ned val ue, or no
signal is received, the result is reported to the MIX (see
par agraph 4.5), which takes the necessary action.

4.1.3 Signal li ng between MI'X and BS

The signalling between MIX and BS can be divided into
three different types:

- Individual renmote control of each calling and traffic
channel such as start and stop of transmtters in the
BS, activation/deactivation of conpander in BS and
renote control of supervisory signal between BS and M5

- Renpte control of signal strength neasurenents and
ot her nore detail ed managenent and nai nt enance action
in BS.

- Alarnms from BS.

This signalling is described in para 4.2.3 and 4. 2. 4.
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DEFI NI TI ONS AND FUNCTI ONS OF SI GNALS

The signals between MIX and M5 as well as those between
MIX and BS are transmtted on a 1200 Bauds signalling

l'i nk, described in detail in paragraph 4.6. The signals
are formatted into frames, the format being such that each
frame contains 16 hexadecinmal digits of information in
addition to the synchroni zation and check bits. The
details concerning the frane structures are contained in
paragraph 4.3. |In paragraphs 4.2.1 through 4.2.5, the
frame nunbers within brackets refer to the nunbering in
par agr aph 4. 3.

For the signalling between BS and M5 (i.e. the supervisory
signal), the details are brought forward in paragraph 4.5.

Al tinme neasurenents concerning the signalling procedures
are neasured fromthe end of the particular franme, defined
as transm ssion/reception of the last bit in the

out goi ng/incomng franme in the nodem

Signals in the direction MIX to M5

- Qlling channel indication (frane la continuously).

I ndi cates the calling channel to which nobile stations
shall |ock when they are not busy. Normally only one
channel on the base station has such an indication.

- Conbined calling and traffic channel indication (frame
1b)

| ndi cates a channel which can be used either as a
calling channel or as a traffic channel.

- Call to nobile subscriber on calling channel (frame 2a)

When a call is generated fromMX to M5, this signa
will be used. The nobile subscriber nunber is included
in the signal

- Traffic channel allocation on calling channel (frame
2b)

After reception of call acknow edgenent MIX sends this
signal to inform the M5 which channel it shall use for
t he connecti on.

- Queueing information to MS with priority on calling
channel (frame 2c).

After reception of seizure frompriority M5 on CC MIX
sends this signal to informthe priority MS that the
call is queued in the MIX

- Traffic channel scanning order on calling channel
(frame 2d). Ms starts searching for a free traffic
channel in order to answer a call from MIX
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Queuing information to ordinary M5 (frame 2f). This
signal inforns M5 that the call to M5 is queued in the
MIX. The NS shall remain on the channel and wait for
further information (e.g. repeated call).

Traffic channel allocation on traffic channel (frane
3a)

In the speech condition this signal nmay be sent to
order the M5 to swtch to another channel (sw tching
call in progress), or to order change of output power
in the M5

Identity request on traffic channel (frame 3b).

This is a signal requesting M5 about its identity when
a connection shall be established.

Traffic channel allocation on traffic channel, short
procedure (franme 3c). To initiate a shortened swtch-
over procedure to another channel during speech
condition this signal will be used to order the M5 to
t he new channel

Free traffic channel indication (frane 4 continuously)

This signal marks a free traffic channel, on which
nobi | e stations can nake calls. There may be several
freemarked traffic channel s on one base station.

Li ne signal (frames 5a, 5 b and 5c)

The neaning of the line signal is indicated by the
signal nunber L (n). (These signals correspond to the
normal line signals in the tel ephone network.)

- Answer to coin-box. This signal contains the tariff
class information, and inforns the coin-box that the
charging can start.

- Proceed to send the dialled nunbers, roam ng updating
confirmation. In case of M5 with added subscri ber
identity security, a special proceed to send signal
will be sent, indicating that the digits nust be
encrypted using the B-key. The signal cuts off the
roamng alarm(if set) in the M5. This signal also
orders M5 to send the dialled nunber.

- Address conplete. This signal inforns M5 that the
necessary digits are received.

- Ringing order. This signal initiates the generation
of aringing signal in M5

- Cearing. This signal infornms M5 that the connection
shal | be rel eased.
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- Switch conmpander in. This signal inforns M5 that
conpander shall be sw tched in.

- Switch conmpander out. This signal infornms M5 that
conpander shall be sw tched out.

- Uearing, call transfer activated. This signal
inforns the M5 that the connection shall be rel eased
and that the indicator for call transfer nust be
activated. Al other nessage indicators are set or
reset according to information in frane 5c.

- GUearing, call transfer deactivated. This signal
inforns the M5 that the connection shall be rel eased
and that call transferred indicator nust be
deactivated. Al other nessage indicators are set or
reset according to information in frane 5c.

- Automatic answer order (data node) to receive DVS
data or SM5 nessages (frame 5a(L=12)).

Aut henti cation request indication (frame 7).

This signal inforns the M5 about the sel ected RAND

whi ch shall be used for the cal cul ation of SRES (needed

for authentication purposes) and B-key (needed for the

encryption of the B-nunber digits).

Idle frane (frane 6).

This signal is used in the signalling sequence e.g. in
wai ting situations.

Calling Iine identity (frane 8).

This signal carries the A-nunber which can be in an
encrypted form

4.2.2 Signals in the direction M5 to MIX

Cal |l acknow edgenent from M5, and seizure from M with
priority on calling channel (frane 1QCa).

This signal is used when an M5 answers a call from MIX,
and when an Ms with priority initiates a call.

Seizure fromordinary M5, and identity on traffic
channel (frame 1Qb).

This signal is used when

- an ordinary M5 nakes a call (on traffic channel)

or

- the MIX requests M5 for identity when establishing a
cal | .
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Seizure and identity fromcalled M5 on traffic channe
(frame 10c). This signal is used when an M5 answers a
call after received traffic channel scanning order

Roam ng updating seizure on traffic channel (frane 11)
If an M5 noves into another traffic area, this signal
will be sent to the MIX to indicate that an automatic
updating call is nade.

Sei zure from coin-box Ms on traffic channel (franme 12)
This signal is used to indicate that a coin-box M5
makes a call, and that a special procedure shall be

foll owed during the answer sequence (tariff class
i nformation).

Li ne signal (frames 13a and 13b)

These signals are simlar to the line signals in
paragraph 4.2.1

- Oearing, rel ease-guard

This signal infornms MIX that the connection shall be
rel eased.

- Answer acknow edgenent from coi n-box

After receiving answer with tariff class information
from MIX, the coin-box M5 sends this signa
containing the received tariff class information,
for control purpose.

- MFT converter in

and

- MFT converter out

These two signals are intended for use when the nobile
subscri ber uses his push-button set for data

transm ssion. The transl ation equi prent from 1200

Baud signals to MFT (Multi Frequency Tones) will be
activated/ inactivated by these two Iine signals
respectively.

- Answer

This signal inforns MIX that the M5 has recogni zed
the ringing signal, and lifted the handset.

- Register recall.
In conversation state the M5 (i.e the nobile

subscriber) can connect a register in the MIXto the
line. Digits can then be transmtted fromM to MX
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Digit signal (franmes 14a and 14b)

This signal is used to send the pre-dialled digits
(including *, #, A B, C D to MIX. One digit is sent
in each frane. The first digit is sent in frame 14a,
second digit in frame 14b, third digit in frane 14a
etc.. If an authentication procedure has taken pl ace,
nobi l es wi th added subscriber identity security wll
encrypt the digit information.

Aut henti cation response (frame 16).

This signal shall be used as a response in the
aut henti cati on procedure.

scranbling in/out (frame 7b) [ OPTI ONAL]
Idle frane (frame 15)

This signal is used in the signalling sequence e.g. in
wai ting situations.

Signals in the direction MIX to BS

Al l

t hese signals have a special Z-value (15) which

I ndicates a nessage to a BS, and not to an M5

Channel activation order (frane 20)

This signal inforns the BS equi pnent about actions to
be taken (e.g. start/stop of BS transmtter, start/stop
of sending of g signal, control of BS receiver squelch
function, activate/deactivate conpander.)

Signal strength neasurenent order on data channel or
idle or free marked traffic channel (frane 21b)

Signal strength neasurenent order on traffic channe
actual ly used (franme 21c)

O her managenent/ nai nt enance orders on idle channel or
data channel (franme 22)
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Signals in the direction BS to M'X

Al'l these signals have a special Z-value (15) which

i ndi cates a nmessage froma BS, and not froman NS

- Channel status information (frane 25)
Inforns the MIX about the BS equi pnment status, and
signal alarns (see paragraph 4.5) of the traffic
channel

- Signal strength measurenent result (franme 26)

- Response on ot her managenent/ nmai nt enance orders on idle
channel or data channel (franme 27)

- O her maintenance information fromBS (frane 28)
If a message is initiated at the BS, e.g. in connection

with alarns, this signal will be used.

Frane for test channel indication (frane 30)

This signal indicates that the channel is reserved for
test purposes. A test-marked channel can not be used by
other M5 than a test M5

Franes related to SSE, DSS and HC [ OPTI ONAL]

See NMI' Doc 900-1 para. 4.3.2.3to0 4.3.2.6

FRAVE TYPES AND CODI NG OF SI GNALS

Abbrevi ati ons and notati ons used

The followi ng abbreviations and notations are used in
descri bing franme types and codi ng of signals whereby, al
not ati ons represent hexa-decimal digits:

- Nunber of actually used traffic or calling channel

(Channel No.) (see para 4.3.3.1): NiNp N3
Nt = Nb = N3 = 15 neans separate data |ine MX-BS
Nty = Nb = Ng = 14 neans enpty channel nunber register
in BS
- Nunber of traffic channel allocated for a cal
or for nmeasurenment (TC No.): NaN Ne
- Traffic area nunber (TA No.): Y1Ys

- Mbil e subscriber No.: ZX1 X9 X3 X4 X5 Xg
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The value 15 of Z, Z(15), is used to indicate that the
i nformati on concerns a base station (BS)

Tariff class information (for coin-box) QQ

Each type of frame is characterized by a prefix:
P(O .. 15)

Li ne signals are indicated: L
Digit signals are indicated: S
Idle information is indicated: J

Channel activation orders and channel
status infornati on are i ndi cat ed: A

Managenent and nai nt enance orders and
other information are indicated: ViVo. .

Signal strength neasurenent results are
i ndi cat ed: R(nq) R(ny)

The notation P(n) indicates value n of prefix P

Not ati ons NiNbN3 and N;NGN. i ndi cate successive Ndigits

Supervi sory signal information fg
Password from NB: K1KoK3
Area information from M T Yo

where the two first bits in T is coded according to
para 4.3.3.10, while the remaining two bits and Yo are

the six last bits in Y1Yo.

Addi tional information: HiHoH3..H
Random chal | enge, transmtted from

MIX to NB: C1CrC3C4C5C6Cy
Si gned response, transmtted from

M5 to MIX R1RoR3Rg

H gher Iimt for signal strength eval uation: | H
Lower limt for signal strength eval uation: | o
Messages wai ting: F1FoF3
Checksum W W

Sequence nunber M
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4.3.2 Frane types

The information part of the frames sent from MX to M5 and
fromMs to MIX contains 64 bits, i.e. 16 hexa-deci nal
digits. The sane franme format is used on calling and
traffic channels. However, in the direction M5 to MIX on
the calling channel, only 13 digits are transmtted (see
para 4.7.2).

In the follow ng description each type of frame is given a
nunber, which is used for reference when describing the
signal | i ng procedures.

4.3.2.1 Frames used in direction MIX to M5
These franes are divided into four fields containing:
- Nunber of actually used traffic or calling channel

- Prefix and traffic area nunber

- Mbile identification field (May al so be used for
additional information. See para 4.3.3.10 - 4.3.3.14)

- Information field (See para 4.3.3.10 - 4.3.3.14.

Channel No Prefix and TA No Mobile sub- I nformation
scri ber No

3 digits 3 digits 7 digits 3 digits

l.a Cal i ng channel indication

Channel No. Prefix TA No. Additional info

N1N2N3 P(12) Y1Y2  HibpH3HyHsHgH7HgHoH o

1.b Conbi ned calling and traffic channel indication

Channel No. Prefix TA No. Additional info

N1N2N3 P(4) Y1Y2  HiFpHHsHsHeH7HgHoH o

2.a Call to nobile subscriber on calling channel

Channel No. Prefix TA No. Mobile Addi ti onal

subscri ber no info.

N1N2N3 P(12)  Y1Y2  ZXXoX3XaXsXe HgHoHio
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2.b Traffic channel allocation on calling channel

Channel No. Prefix TA No Mbile TC No.
subscri ber No

N1 NoNs P(12)  YiYo  Z XXoX3XaXsXe NaNpN

2.¢C Queueing information to Ms with priority on calling
channel
Channel No. Prefix TA No. Mobile Addi ti onal

subscri ber no info.

N1N2N3 P(12)  YiYz2  ZXXoXgXaXsXe HgHoHio

2.d Traffic channel scanning order on calling channel.

Channel No. Prefix TA No. Mbile Addi ti ona
subscri ber no info.

N1N2N3 P(12)  Y1Ya2  ZXXoXgXaXsXe HgHgHio

2. f Queuing information to ordinary N5

Channel No. Prefix TA No. Mbile Addi ti onal
subscri ber no info.

N1N2N3 P(12)  YiYo  ZXXoXgXaXsXe HgHoHio

3.a Traffic channel allocation on traffic channel

Channel No. Prefix TA No. Mbile TC No.
subscri ber no

N1N2N3 P(S)  YiYz  ZXXoXaXaXsXe  NaNoN

3.b Identity request on traffic channel

Channel No. Prefix TA No. Mbile Addi ti onal
subscri ber no info.

N1N2N3 P(S)  YiYzo  ZXXoXaXaXsXe HgHgHio
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Traffic channel
short procedure.

allocation on traffic channel,

No. Prefix TA No. Mbbile TC No.

subscri ber no.

N 1N oN 3 P(9) Y1Y2

ZX1 XXXy X5Xe  NaNpNe

Note: The channel nunber Ni'Np'Ng' shall in frame 3c be
equal to NgNpNc.
4. Free traffic channel indication
Channel No. Prefix TA No. ldle Addi ti onal
i nfo.

N1 NoNg P(3) Y1Y2 JJJJJII HgHoH1 0

5.a Li ne signa

Channel No. Prefix TA No. Mobile Si gnal No.
subscri ber No.

N NoNs P(6)  YiYo  ZXiXoX3X4XsXs L(n)L(n)L(n)

5.b Li ne signal: Answer to coi n-box

Channel No. Prefix TA No. Mobile Signal Tariff
subscri ber No. No. cl ass

info

N NoNs P(6)  YiYo  ZXXoX3XyXsXs L(0)  QQ

5.c Li ne signal: Message(s) waiting [ OPTI ONAL]

Channel No. Prefix TA No. Mobile Addi t.
subscri ber No. I nf o.

NpNo N3 P(2) Y1Y2 ZX1 X2 X3X4 X5 X5 F1F2F3
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6. Idle frane

I dl e Prefix | dl e

JJJ P(0) JJ NNNNRRN JJJ
7 Aut henti cati on request

Channel No Prefix TA No. Random chal |l enge I dl e

N1N2N3 P(8)  YiYo GGG CsCGeCy JJJ

8 A-subscri ber nunber

Channel No. Prefix TA No. Seq. Information Check
No. sum

N1N2N3 P(1) YiY2 M HHH3HaHsHeH7 W Vi

Frames used in direction M5 to MIX
The frames are divided into four fields containing:
- Nunber of actually used traffic or calling channel

Prefix

Mobile identification field

Information field (see para 4.3.3.10-4.3.3.11)

Channel No Prefix Mobi | e subscriber No Information

3 digits 1 digit 7 digits 5 digits

10.a Call acknow edgenent from M5 on cal | i ng channel
(shortened frane).

Channel No. Prefix Mbile Area ldle
subscri ber No i nfo

Ny NoN3 P(1) ZX X XgXgXsXg T J(JIJ)
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10. b Sei zure fromordinary M5 and identity on traffic
channel
Channel No. Prefix Mbile Area Pass-
subscriber No info word
N;NoNg P(1) ZX XoXa Xy XsXg TV,  KiKoKg
10.c Sei zure and identity fromcalled Ms on traffic
channel .
Channel No. Prefix Mobile Area Pass-
subscriber No info word
NpNo N3 P(6) IX X X3 Xg X5 X TY2  KiKoKg
11.a Roam ng updating seizure and identity on traffic
channel
Channel No. Prefix Mbile Area Pass-
subscriber No info word
Ny N> N3 P(14)  ZXyXoX3X4X5X5 TY;  KiKoKg
11.b Sei zure and call acknow edgenent on calling channel
fromMs with priority (shortened frane)
Channel No. Prefix Mobile Area Pass-
subscriber No info word
NINN; P(15)  ZX%oXaXaXsXe T J(JJJ)
12. Sei zure fromcoin-box on traffic channel
Channel No. Prefix Mbile Area Pass-
subscriber No info word
N;NoN; P(11)  ZXXoXgXqXsXg  TY, KiKoKgz
13. a Li ne si gnal
Channel No. Prefix Mobile Si gnal No.

subscri ber No.

Ny NoNg

P(8) Z X XoXgXaXsXg  L(n)L(n)L(n)L(n)L(n)
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13.b Li ne signal: Answer acknow edgenent from coi n-box

Channel No. Prefix Mbile sub- Si gnal No. Tariff
scri ber No. class info
NiNoNg P(8)  Z X XoXgXyXsXs L(2)L(2)L(2) QQ
14. a Digit signal (1st, 3rd, 5th ........ digit)
Channel No. Prefix Mbile sub- Pos. I nd. Dgit
scri ber No. val ue
NiNoNg P(7)  Z X XoX3X4XsXs S(0) S(0)  S(n)S(n)S(n)
14. b Digit signal (2nd, 4th, 6th ........ digit)
Channel No. Prefix Mbile sub- Pos. | nd. Dgit
scri ber No. val ue
N No N3 P(7)  Z X XoX3X4XsXs S(15) S(15) S(n)S(n)S(n)
15. I dl e Frane
Idle Prefix I dl e
JJJ P( 0) JJ JJJJJIIJ JJJ
16. Aut henti cati on Response

Channel No. Prefix Signed Response

NiNoNg P(12) R1RoR3R4R1RoR3R4R1RoR3Ry

Franes used between MIX and BS

For communi cati on between MIX and BS the sane frame
formats are used as between MIX and MS.

MIX -> BS
20. Channel activation order

Pr e- BS Activ.
Channel No. fix TA No. ind. Idle order
N NoNg P(15) VY;Y> Z(15) JJJ A(3) f of of of of &
NN N3 P(15) Y;Y,  Z(15) JJJ  A(0-2,4-15)JJJ3J
and [ OPTI ONAL]
N; NoNg P(15) VY;Y> Z(15) JJJ A(6, 13) f of of of of g
NiNoNg P(15) Y1Y2  Z(15) JJJ  A(7,14) 1 |l Ll H of g

N1 NoNs P(15) YiY2 Z(15) JJJ ACLS) | I y3d
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Note: See also para. 4.3.3.6

21b Signal strength neasurenent order on data channel
or idle or free marked traffic channel

Pr e- BS Meas.

Channel No. fix TA No. ind. ldle 1nd. ldle Tc No
NiNp N3 P(3) YiYs Z(15) J J J V(15) J J NaNgN.
21c Signal strength neasurenent order on traffic

channel actually used

Pr e- BS Meas.

Channel No. fix TA No. ind. Idle Ind. ldle Tc No
NI NoNg P(5) Y1Yy Z(15) J J J V(15) J J NaNpNe
22 O her managenent/ mai nt enance order on idl e channel
or data channel .
Pr e- BS Manag/
Channel No. fix TA No. ind. 1ldle naint O der
NI NoNg P(14) Y1Y, Z(15) J J J Vi\WLV3 V4 V5 Ve

In franes 21b and 21c, V(15) is used to indicate signal
strength neasurenent order. Therefore, in frame 22 V; nust
not take the value (15) in order to discrimnate from
frame 21b and 21c respectively.

BS -> MIX

15. Idle frane

Idle Prefix Idl e

JJJ P(0) JJ JJJJJIJ JJJ
25. Channel status infornmation

Channel Pre- BS St at us

No fix i nd. Idle info Idle

NNoRg  P(9)  Z(15)  JJ  A(n)  JJJIIIIJ

and [ OPTI ONAL]

Channel Prefix BSind. Idle Status Ildle I nfo I dl e
No. info

NMNoNg  P(9)  Z(15) 33 A(2,6) JII  fglyg Id
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NMNoNg  P(9)  Z(15) 33 A(14) 333 iy I
NfNoNg  P(9)  Z(15) 33 A(7,8) JJJ  CCC JJ

26. Signal strength neasurenent result
Pr e- BS Channel Measur enent
Channel No. fix i nd. Idle No. resul t
Ny No N3 P(2) Z(15) JJ NaNoN: R(ng) R(np) R(ny)
R(nz) R(np) R(ny)
27. Response on ot her managenent/ mai nt enance order on
i dl e channel or data channel
Pre- BS Manag/ mai nt
Channel No. fix i nd. Idle information I dle
NI NoNg P(4) Z(15) JJ V1VoV3V, JJJJJ
28. G her nai ntenance i nformati on from BS
Pr e- BS Mai nt
Channel No. fix i nd. Idle information Idle
NI NoNg P(13) Z(15) JJ V1VoV3V, JJJJJJ

Frame 28 is used for maintenance information, e.g. alarns
initiated by BS. If the channel nunber register in BSis
empty Ny = N, = N3 = 14 is sent fromBS.

Frane for test channel indication

For use by a test nobile station the following frame is
provided in the direction MIX to TMVS.

30. Test channel indication.

Pre-
Channel No. fix TA No. Idle Additional Info
NI NoNg P(10) Y;1Y> JJJJJII HgHoHh o

Codi ng of signal information

The 16 hexa-decimal digits in a normal frame and the 13
digits in a shortened franme consist each of 4 bits. These
4 bits are coded according to paragraphs 4.3.3.1 -

4. 3. 3. 14.
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i nformati on
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The tabl e bel ow applies to digits of the follow ng

nuneri cal information.

- Channel No. Ny N, Ng D)

- TA No. Y1 Yo

- Mobil e subscriber No. Z X3 Xo X3 Xq4 X5 Xg 2)
- TC No. (Channel order) Ny Ny N D)

- Tariff class information Q Q@

- Measurenent results R(nq) R(ny)

- Password K1KoK3

- Additional infornmation HiHo. ... Hio

- Random chal | enge C1 O3 C5CCy

- Signed response R1RoR3R4

Dgits in Digits in Bi nary code
N NoNg1) ZX1 XoX3X4X5X6 Bit No
NaNp N 1) K1KoK3 1234
R(nl) R(n2) Y1Y2

QU@

HHp. ... Hio

G134 G5C6Cy

R1R2R3R4

0 10(16) 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
A 0 1010
B 11 1011
C 12 1100
D 13 1101
E 14 1110
F 15 1111
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Note 1)

In digits Ny and Ny, the least significant bit (bit no. 4)

denotes the hundreds digit in the channel nunmber. Bits no.
2 and 3 contain information about power |evel, high power
11, medi um power 10 and | ow power 01, 00. Bit no. 1 which
fromthe outset shall have the value 0, is reserved for
future use of interleaved channels.

In case of interleaved channels, the coding of bit no. 4
and bit no. 1 in Ny and N, described above shall be

repl aced by note 3.

In the signalling between MIX and BS, the power bits in N
and Ny shall have the value 11 in both directions.

However, between MIX and BS special val ues and neani ngs of
Ny may be used (see para 4.3.1).

The M5 out put power shall be controlled in the follow ng
way:
- For signalling frames on channel NiNoNg in the

direction MIX->Ms, not containing a channel order
NyNpNe, the power bits in Ny shall control the M5 power

level. Signalling frames in the direction Ms->MIX shal
have the same power bits in Ny as in the received

franes fromthe MIX

- For signalling frames on channel NiNoN3 containing a
channel order N;NyN., the M5 power shall be controlled
by the power bits in N;. Signalling frames in the
direction M5->MIX shall have the same power bits in Ng
as received fromthe MIX in N;.

Exanpl es of information in NyiNoNg:

NiNoNg = 0111 0000 0101
means hi gh power indication, channel nunber 105.

Exanpl es of M5 power change:
1. Call fromMX to Ms. H gh power on CC and TC

Frame 2b: N
Frame 3b: N
Frame 10b: Ng

011x, hb = 011x
011x
011x
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2. Call fromMX to M5. H gh power on CC and TC, bit
error in N,.

Frame 2b: N; =011x, N =010x (correct Ny= 011x)
Frame 3b: Ny = 011x
Frame 10b: N; = 011x

3. Change of M5 power on the same channel

a) Reduction of M5 power

Frame 3a: N; = 011x, N = 010x
Frame 10b: N; = 010x

b) Increase of M5 power
Frame 3a: Ny = 010x, N = 01lx

Frame 10b: N; = 011x

Note 2)
The values for digit Z (for sone operators) are:

Z(10)=H;(0) indicates no additional info

Z(5) indicates Dennmark
Z(6) indicates Sweden
Z(7) indicates Norway
Z(8) indicates Finland
for other values, see DOC NMI RD-01

Z(14) indicates additional info (see para 4.3.3.12)
Z(15) indicates information to/from BS
Not e 3)

In case of the optional extended frequency band/
interleaved channels the coding of bit no. 1 and 4 in N

and Ny shall have the fol |l ow ng neaning.

Nllhb Channel nunber

0Oxx0 1 - 99
Oxx1 100 - 199
1xx0 200 - 299
Ixx1 300 - 400

The channel 200 is in use in sone countries and the
channel nunbers 201-400 are reserved for interl eaved
channel s. The correspondi ng frequencies are specified in
NMI' Doc 450- 3.

NB! In signalling (NyNoNg and NyNyN;) channel 400 is coded

as '39A°" (1xx1 1001 1010).
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Exanpl es:

NjNoNg = 1111 0000 0101

nmeans hi gh power indication, interleaved channel nunber
305

NiNoNg = 0010 0000 0001
means | ow power indication, channel nunber 1 (fq)

NyNoNg = 1010 0000 0001

nmeans | ow power indication, interleaved channel
nunber 201 (fg + 12,5 kHz)

N;NoNg = 1000 0000 0000
nmeans | ow power indication, channel nunber 200.

N;NoNg = 1011 1001 1010
nmeans | ow power indication, channel nunber 400.
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Prefi xes

Not ati on Codi ng

Meaning in direction

37

MIX -> MBS/ BS M5/ BS -> MIX
P(0) 0000 I dl e I dl e
P(1) 0001 A- nunber Cal I acknow
i ndentification | edgenent,
sei zure and
Identity
P(2) 0010 Message wai ting Measur enment
i ndi cators results
P(3) 0011 Traf fi c channel Spar e
P(4) 0100 Conbi ned cal | i ng Response on
and traffic managenent
channel mai nt enance
orders
P(5) 0101 Channel all ocation Spar e
and identity request
on traffic channe
P( 6) 0110 Li ne signal Sei zure and
Identity from
called M5 on
traffic channel
P(7) 0111 Spar e Digit signa
P(8) 1000 Aut henti cation request Line signa
P(9) 1001 Channel all ocation, Channel status
short procedure I nformati on
P(10) 1010 Test channel Spar e
P(11) 1011 Spar e Coi n- box sei zure
P(12) 1100 Cal i ng channel Aut henti cation
response
P(13) 1101 Spar e QG her mai nt enance
I nformati on
P(14) 1110 Measur enent / Roam ng updati ng
mai nt enance and identity
orders
P(15) 1111 Channel activation Sei zure and cal
or der acknow edgnent

for M5 with
priority
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Li ne signa

nunber

L(n)

38

in frames 5 and 13

Not ati on Codi ng

Meaning in direction

MIX -> M5 M5 -> MIX
L(0) 0000 Answer to coin-box Spar e
L(1) 0001 Spar e d earing,
rel ease guard
L(2) 0010 Spar e Answer
acknow edgenent ,
(coi n- box)
L(3) 0011 Proceed to send Spar e
unencrypted digits
(roam ng updati ng
confirmation)
L(4) 0100 Acknow edge Spar e
MFT converter in
L(5) 0101 Swi tch conpander in Regi ster recal
L(6) 0110 Address conpl ete Spar e
L(7) 0111 Swi tch conpander out MFT converter
out acknow edge
Forced rel ease
MFT converter
state
L(8) 1000 Spar e MFT converter in
L(9) 1001 Ri ngi ng order Spar e
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L(10) 1010 Acknow edge MFT Spar e
converter out
and forced rel ease
MFT converted state

L(11) 1011 Proceed to send Spar e
encrypted digits
(roam ng updati ng
confirmation)

L(12) 1100 Request to receive Acknow edge
short nessage SMS request
(SMS dat a) [ OPTI ONAL]
L(13) 1101 G earing, call Spar e
transfer activated.
Switch
conpander out if
acti vat ed.
L(14) 1110 Spar e Answer
L(15) 1111 G earing, call Spar e

transfer not activated.
Swi tch conpander out
i f activated.

Not e Line signals L(5,7,11,12, 13) may only be used
towards Mss fulfilling correspondi ng NMI 450
speci ficati on.
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Digit value S(n) and position indication S(0/15) in
frames 14a and 14b

Not at i on Codi ng Meani ng

S(0) 0000 D or position indication
(1st, 3rd .... digit) , see
note 2

S(1) 0001 1

S(2) 0010 2

S(3) 0011 3

S(4) 0100 4

S(5) 0101 5

S( 6) 0110 6

S(7) 0111 7

S( 8) 1000 8

S(9) 1001 9

S(10) 1010 0

S(11) 1011 *

S(12) 1100 #

S(13) 1101 A, see note 2

S(14) 1110 B, see note 2

S(15) 1111 C or position indication
(2nd, 4th .... digit), see
note 2

Note 1): nobi |l e stations with added subscri ber

identity security,

the coding of the digits wll
be nodified (encrypted). See para. 4.3.3.12.5
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Note 2): Overdecadi c [ OPTIONAL] b-nunber values will be
interpreted in MIX the foll owi ng way:

International prefix information

B- nunber meani ng

S(13) international prefix (the + sign)

The bit configuration for S(13) (1101) is the sane as used
in ‘calling line identification’ for international prefix
to allow using the received nunber directly.

Service information

B- nunber meani ng

S(14) S(1) general energency nunber

S(14) S(2) fire alarm

S(14) S(3) pol i ce

S(14) S(4) anbul ance

S(14) S(5) gas energency

S(14) S( 6) directory inquiry (national)
S(14) S(7) directory inquiry (international)

S(14) S(8) operator assisted service (to nake out goi ng
calls)
S(14) S(9) | ocal custoner care

S(14) S(14) road service
S(14) S(15) weat her

Al'l other values (starting with S(14), S(15) or S(0)) are
spar e.
Idle information

Idle information J is coded 0000.
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Channel activation order in franme 20 and channel status
information in frame 25
Meaning in direction
Not ati on Codi ng
MIX -> BS BS -> MIX
(frame 20) (frame 25)

A(0)

A(1)

A(2)

A( 3)

A(4)

A(5)

A(6)

0000

0001

0010

0011

0100

0101

0110

I dl e radi o channe
(stop BS trans-
mtter, open line

| oop, stop sending
of @ signal, switch
squel ch function in,
nmut e receiver, cance
suppressi on of frame

25 A(7), (deactivate
conpander, option)
Spar e

Ceneral channel reset.

This frame gives the
sane result as frames
20 A(0), 22 V4(1),

and 22 Vq(9) together

Send @- si gnal

swi tch squel ch
functi on out,
(activate conpander,
option). (Start
signal strength

eval uati on, option)

Suppress frame 25 A(7)
from BS

Loop line in BS

(Send @ signal. Switch
squel ch function out,
activate conpander,
start signal strength
eval uation, all

Spar e

Acknow edge idl e
radi o channel

Acknow edge start
@-signal A(3),
A(6), A(13)

Acknow edge
general channel
reset

Spare

Acknow edge
suppress frane
25 A(7)

Acknow edge
A7), A(14)
(optional)

optional)
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A( 8)

A(9)

A(10)

A(11)

A(12)

A(13)

A(14)
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0111

1000

1001

1010

1011

1100

1101

1101

(Start BS transmtter
deacti vate nuti ng,
send @ signal, switch
squel ch function out,
activate conpander,
set signal strength
limts, start signal
strength eval uati on,
all optional)

Spar e

Spar e

Cancel suppression
of frame 25 A(7)

Reserved for:
Swi tch squel ch
functi on out

Stop sendi ng @& signal,
sw tch squel ch
function in, cancel
suppressi on of frame
25A(7), (deactivate
conpander, stop signal
strenght eval uati on,
opti on)

(Send @ signal, switch
squel ch function out,
start signal strenght
eval uati on, option)

(Start BS transmtter
deacti vate nuti ng,
send @ signal, switch
squel ch function out,
activate conpander,
set signal |evel
start signal streght
eval uation, all option)

limts,

43

Recei ved @&

si gnal bel ow 1: st
limt but above
2:nd limt (or
recei ved si gnal
strength bel ow
the higher limt,
opti on)

Recei ved @-si gnal
below 2nd [imt
(or received

signal strength
bel ow t he | ower
limt, option)

Reserved for:
Acknow edge
squel ch function
out

Spar e

Acknow edge
Cancel

suppr essi on

of frame 25 A(7)

Spar e

Acknow edge
stop sendi ng
@ si gnal

Acknow edge A(15)
Start BS
transmtter
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A(15) 1111 Start BS transmtter Spar e
deactivate nuting
(Set signal strength
level limts, option)

Note 1): Coding and nmeani ng of @-signal frequency in
frame 20 (A=3)

Not at i on Codi ng Meani ng

0000 Reserved for future use in BS
f g1 0011 Send 0 signal frequency 1
f g2 1100 Send 0 signal frequency 2
f g3 1001 Send 0 signal frequency 3
f g4 0110 Send 0 signal frequency 4
Note 2):

- Ceneral channel reset 20 A(2) gives the sane
result in the BS as the frane 20 A(0), 22 Vi(1)
and 22 V1(9) together.

- Frame 20 A(3) can, depending on operators
i npl enent ation, activate the conpander in the BS.

- The frames 20 A(7) and 20 A(14) w |l dependi ng on
operators inplenentation activate/deactivate the
conpander. Franme 20 A(6) shall activate the
conpander in BS. Wen g-signal is started by 20
A(7 or 14) the activation of the conpander shall
be del ayed 830 = 30 ns after the end of the
received frame 20 A (7 or 14).

- The other frame of 20 A(7)or 20 A(14) and frane
20 A(13) shall not activate the conpander in BS.

- Frames 20 A(0), 20 A(2) and 20 A(12) shal
deactivate the conpander.

- In BS the start of the @ signal and squel ch
function out initiated by 20 A(7 or 14) shall be
del ayed until the M5 opens the squel ch

- The i nplenentation of frames 20 A (7) and 20 A
(14) is optional. Inplenmentation of signal
strength in the channel unit in the BSis
opti onal .
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O her managenent/ mai nt enance orders

Not at i on Codi ng Meani ng in direction MIX-BS
(frame 22)

V1(0) 0000 Idle

V1(1) 0001 Al arm reset

V1(2) 0010 SU SR al armreset via channel
line and CU

V1(3) 0011 Suppress RF receiver bl ocking
alarm

V1(4) 0100 Sel ft est

V1(5) 0101 Spar e

V1(6) 0110 RF test loop in

V1(7) 0111 Suppr ess supervi sion of
freemarked CC TC [ OPTI ONAL]

V1(8) 1000 Spar e

V1(9) 1001 RF test | oop out

V1(10) 1010 Cancel suppression of
supervi si on of freemarked
CC/ TC [ OPTI ONAL]

V1(11) 1011 Spar e

V1(12) 1100 Cancel suppression of RF
recei ver bl ocking alarm

V1(13)-Vq(14) 1101-1110 Spare

V1(15) 1111 Not used, reserved for frame
21b and 21c.

Note: Al armreset nmeans that all alarmindicators in BS

shall be reset. This nakes it possible to see if
al arm state has been changed.
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Response on ot her managenent/ mai nt enance orders

Not at i on

V1(0)
V1(1)
V1(2)

V1(3)

V1(4)

V1(5)
V1(6)
V1(7)

V1(8)

V1(9)
V1(10)

V1(11)

V1(12)

V1(13)

V1(14)

V4(15)

Codi ng

0000
0001
0011

0011

0100

0101
0110
0111

1000

1001
1010

1011

1100

1101

1110

1111

Meaning in direction BS MIX
(frame 27)

Idle
Spar e
Acknowl edge al armreset

Acknowl edge SU SR al arm reset
via CU

Acknow edge suppress RF
recei ver bl ocking alarm

Acknow edge sel ftest
Sel ftest conpleted
Acknowl edge RF test loop in

Acknow edge suppress

supervi sion of freemarked
CC/ TC [ OPTI ONAL]

Spar e
Acknowl edge RF test |oop out

Acknow edge cancel

suppressi on of supervision
of freemarked CO TC
[ OPTI ONAL]

Spar e

Acknow edge cancel

suppressi on of RF receiver
bl ocki ng al arm

Spare

Spar e

G her nai ntenance i nformati on from BS

Not at i on

Codi ng

(frame 28)

Meani ng in direction BS-MX
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V1(10) 1010 Don't care

V1(11) 1011 Don't care [ OPTI ONAL]

V1(3) 0011 Don't care [ OPTI ONAL]

V1(2) 0010 Bl ock the channel [ OPTI ONAL]
V1(6) 0110 Bl ock t he channel

V1(9) 1001 Debl ock the channel

V1(12) 1100 SU SR al arm vi a channel 1ine
V1(15) 1111 Shall not be used

Vo(15) 1111 NMT- al ar s

Vo(1) 0001 House al arns

Vo (8) 1000 External al arns

V1(3) and Vq(2) are used only in conbination with Vy(15)

Not at i on Meani ng in direction BS MX
(frame 28)

V1(10) Vo(15) V3(0) TX antenna fault level 1

V1(10) Vo(15) V3(1) Transmtter level 1

V1(10) Vo(15) V3(2) Selftest failed

V1(10) Vo(15) V3(3) Spare NMI alarm 1

V4(10) Vo(15) Va(4) RX antenna fault level 1 1)

V1(10) Vo(15) V3(5) RF recei ver bl ocking alarm

V4(10) Vo(15) V3(6) Combi ner alarmlevel 1 1)

V4(10) Vo(15) V3(7) H gh tenperature fault 1)

V1(10) Vo(15) V3(8) RF recei ver bl ocking alarm
ceasi ng

V4(10) Vo(15) V3(9) Diversity alarm1)

V1(10) Vo(15) V3(12) Redundant power supply

V1(10) Vo(15) V3(13) Redundant master oscill ator

V1(10) Vo(15) V3(14) Cooling fan fault

V1(10) Vo(15) V3(15) Redundant anplifier in
recei ver multicoupler

Vy(6) V5(15) V3(0) RX antenna fault level 2 1)

V1(6) Vo(15) Va(1) M ssi ng deviation 1)

V1(6) Vo(15) V3(2) @ signal test |oop

V1(6) Vo(15) V3(3) Spare NMI Al arm 2

V1(6) Vo(15) V3(4) Channel unit fault level 2 1)

V1(6) Vo(15) V3(5) Spare NMI' Al arm 3

V1(6) Vo(15) V3(6) Local bl ocki ng

V1(9) Vo(15) V3(6) Local debl ocki ng

Vl( 6) V2( 15) V3( 7) Recei ver

V1(6) V5(15) V3(8) Combi ner alarm|level 2 1)

V1(6) Vo(15) V3(9) cuU
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V3( 10)
V3( 10)
V3(11)
V3(11)
V3(12)
V3(13)
V3( 14)
V3( 15)
V3( 0- 15)
V3( 0- 15)
V3(0)
V3(1)
V3(2)
V3(3)
V3(4)
V3(5)
V3(6)
V3(7)
V3(8)

SU, via data i
SU, via channel
SR, via data i
SR, via channel
Power supply

ne
line a
ne
line a

Recei ver mul ticoupl er
Transmtter | evel 2
TX antenna fault | evel

Spare NMI Alarm 4-19 1)

Spare 1)

Reserved for HC 1 1)
Reserved for HC 2 1)
Reserved for SSE 1 1)
Reserved for SSE 2 1)
Reserved for SSE 3 1)

M ssing CC indi
M ssing CC i ndi
M ssing TC i ndi
M ssing TC i ndi

cation
cation
cation
cation

48

nd CU

nd CU

2

1)

ceasing 1)
1)

ceasing 1)

Fire alarm

Mai ns break-down al arm

| ntruder al arm

Qobstruction light alarm

Mai ns return

Mai ns br eak-down al arm at

channel with battery back-up
Spare house alarm 1

Spare house alarm 2
Envi ronment tenperature

alarm1)

V4 (6) Vs ( 15)
V1(12) Vs ( 15)
V4 (6) Vs ( 15)
V1(12) V,( 15)
V1(6) Vs ( 15)
V4 (6) Vs ( 15)
V4 (6) Vs ( 15)
Vl( 6) V2( 15)
V1(2) Vs ( 15)
Vy(3) Vs ( 15)
Vy(3) Vs ( 15)
Vy(3) Vs ( 15)
Vl( 3) V2( 15)
V1(3) Vs, ( 15)
V1(3) Vs ( 15)
Vy(3) Vs ( 15)
V1(3) Vo(15)
Vy(3) Vs ( 15)
V1(3) Vs ( 15)
V1(10) Vo(1)
V1(6) Vo(1)
V1(10) Vo( 1)
V1(10) V(1)
V1(9) V(1)
V1(10) Vo( 1)
V4(10) V(1)
V1(10) Vo( 1)
V1(10) Vo( 1)
Vl( 10) V2( 8)
V1(10) Vs ( 8)
V1(10) Vs ( 8)
V1(10) Vs( 8)
V4(10) Vs( 8)
V4(10) Vs ( 8)
V1(10) Vs( 8)
V1(10) Vs ( 8)

Spar e ext ernal
Spar e ext ernal
Spar e external
Spar e ext ernal

alarm 2
alarm 3
alarm4

Alarmunit alarm?l)

MUX al arm 1)
Spar e ext ernal
Spar e ext ernal

alarm5
alarm 6

Al'l other conbinations of V; Vo, V3 shall be spare.
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Parameters V, can be used in case of manufacturer/

operator defined alarns but shall not be interpreted by
the MIX

Note 1 Optional al arns

Note 2  Character V4 not specified shall have val ue 0000.

Note 3 Level 1 Degradation which does not require an
i mredi ate service action.

Level 2 Not in function.

Note 4 Bl ocki ng, debl ocking, don't care (see also NMI
Doc. 2 (450)/ NMI Doc.900-2 (900) chapter 8
Mai nt enance of BS).

Three different categories of alarminformation
shall be sent to the MIX fromthe base station

- Bl ocki ng. The MIX shall bl ock the channe
when it receives this
information, i.e. the channel

is no |longer avail able for
traffic. A bl ocked channel
shall be indicated at the base
station. The blocking is
initiated by frane 28 fromthe
base station.

- Debl ocki ng. The MIX shall debl ock the
channel when it receives this
information, i.e. the channe
is now available for traffic
agai n.

- Don't care. The MIX shall not act on this

i nformati on.

Note 5 D fferent classes of alarns

The alarns fromthe BS are divided in three

cl asses:

- NMT- al ar ns | ncl udes the alarns which are
rel eased by the equi pnent that
is included in the NMI system

- House al ar ns | ncl udes the alarns which are

rel eased from conmon equi prent
at t he base station such as
fire alarmand i ntruder alarm

- External alarns Includes the alarns which are
rel eased by all other equi pnent
at the base station by using
the NMI signalling systemfor
al arm i nformation.
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4.3.3.10.1

4.3.3.10.2

It shall

renote and to | ocal
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be possible to forward information in
frame 28 together with circuit identity both to

Note 6 I dling of

radi o channel

|/ O devi ces.

at bl ocking alarm

After the QU has sent an al arm containing Vi(6),

bl ock the channel,

t he radi o channel equi pnent

shall be idled locally. This has the sane
function as reception of frame 20(A=0) fromthe
MTX.

Codi ng of additional

i nf ormati on,

In the direction MIX to M

area code

Due to limted space for transmtting area information
this information is transmtted in frames

fromMX to M5,
1b, 2a, 3b, 4 and 30 as additi onal
to the codi ng bel ow.

Not at i on

HgHoH1 0
HgHoH1 0
HgHoH1 0
HgHoH1 0
HgHoH1 0

Codi ng (hex)

3F3
3F4
3F5
3F6
000

Meani ng

Area no.
Area no.
Area no.
Area no.

wWN P

4

nformati on, according

No area i nformati on

In the direction M5 to MIX

The area information and the traffic area information
received fromthe MIXis transmtted back to the MIX by
the M5 as TY2 in frames | Ob, |0Oc,

shortened frane | 0a and 11b,

transmtted as area information.
channel, the area information tqto is set to 00 (binary).

The coding is as foll ows:

-T =tqtotgty

wher e

tqtp=

Ila and 12. In the

only the character Tis
In frame 11b on calling

area info (translated fromHgHgH1g), coded as

tito

tqtp =

tito
tqto

10
11
00

01 (bi nary)

for Area no. 1
for Area no. 2
for Area no. 3
for Area no. 4 or if

no area information is
recei ved
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t3tg = 2 last bits inY,

-Y2 = Y2 received from MrX

Not e: M5 approved according to earlier specifications
wll send TY2 = 00phex-

Codi ng of additional information, frane 2c, 2d, 2f and
5C

Codi ng of HgHgHip in franes 2c, 2d and 2f.

Not ati on Codi ng (hex) Meani ng

HgHoHip  3FO Queui ng i nformation
to ordinary M5 in
frame 2f.

HgHoH1p 3F1 Queui ng i nformation

to PM5 in frane 2c.

HgHoH1 9o  3F2 Traffic channe
scanning order in frame 2d.

Codi ng of FiFyF3 in franme 5c

FiFoFa= 0y i, 1510, g ig i’y 07, N A
I 4 = 1 indicates SVM5 nessage is waiting

i, = 1 indicates voice mail is waiting

i = 1 indicates fax is waiting

i, =1 indicates e-mail is waiting

i = 1 indicates data is waiting

g = (spare)

Note that i, = O carries no information on the
correspondi ng indicator setting (does not reset the
i ndi cator)
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4.3.3.12 Codi ng of additional information, battery saving for
nmobi | e stations.

4.3.3.12.1 Ceneral

The system nakes battery saving function possible in
nobi l e stations. The battery saving period starts at
reception of follow ng additional information which is
sent on calling channels and conbined calling and traffic
channels. The nobile station may then cl ose the receiver
for the period indicated in the information field. Calls
to these nobile stations will be stored in the MIX the
necessary tine.

4.3.3.12.2 Coding of HiH

H1(14) and Hy(11l) indicates that information for battery
saving circuit synchronization is given.

4.3.3.12.3 Goups of nobiles

The nobile stations are divided up into groups accordi ng
to the last digit Xg in the nobile station subscri ber

nunber. The groups are addressed by the character Hy in

the signalling. The nobile station accepts the battery
saving information only if Xg is included in the groups

specified by H7 in the foll owi ng table:

I
&

o o1
o ~

o o

PONUIWRNRE !
coohNPW

2, 3, 4, 5 6, 7, 8 9,0
- 15 Spar e

Co~NOoOOIR~WNEFLO

The MIX shall use one of the follow ng conbi nati ons:

A) H7(1) and Hz(2)
B) H7(3), Hz(4), Hz(5), Hz(6) and Hz(7)
Q) H(8)

4.3.3.12.4 Battery saving period

The battery saving period starts fromthe reception of
battery saving signal and last the tine period given in Hg

according to followi ng table.
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Codi ng of Hg Battery saving period in frame tines
(1 frame = 138, 33 ns)

0 frames

O©oo~N® abhwNEFLO
\l
N

280 "
10- 15 spare

The tinme between two battery saving information franes to
each group depends on the period given in H3 and the

traffic load on the calling channel. Battery saving
information will be sent after other necessary information
(calls etc.) has been sent. Al so the value of Hz depends

on the traffic situation in the MIX and it will be changed
manual |y or automatically.
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4.3.3.12.5 Additional information [ OPTI ONAL]

Wthin the battery saving franme sone additional
information will be sent in the follow ng way:

Ceneral Coding of Hvalues in battery saving frane:

Spare digits in the battery saving frane are taken into
use in the foll owi ng way:

Bit position neaning
Hl: E (1110) battery saving frane

H>: B (1011) battery saving frane

Hg: battery saving tine

Hy: together with Hg fornms the new operator
identifier Y3

Hs: together with Hg forns the new operator
identifier Y3

Hg: 1.bit (ms) spare

Hg: 2.bit spare

Hg: 3.bit overdecadi ¢ b-nunbers can be used when 1

Hg: 4.bit (Is) nessage polling is in use when 1

Hy: battery saving group

Hg: 1.bit (ns) real tine clock is in use when 1

Hg: 2.bit part of the real tine clock together with
Hg and Hig

Hg: 3.bit part of the real tine clock together with
Hg and Hig

Hg: 4.bit (Is) part of the real tine clock together with
Hg and Hig

Ho: part of the real tine clock together with
H10

Hi0: part of the real tine clock together with
|_b

Not e

See para. 4.3.3.4 for overdecadi c b-nunbers
Message polling is part of the new clearing sequence
nms = nost significant bit, |s = least significant bit

Real tine clock coding, bits in FB FQ and Fﬁg

The first bit in Hg indicates the use of the real tine
clock (bit is 1). Three last bits in Hg together with two
first bits in Hg indicate full hours (5 bits). Two | ast
bits in Hy together with Hyig indicate mnutes. (6 bits).

NB! Real tine clock can not be transmtted on a conbi ned
channel !
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Codi ng of Y3
The first five bits (all bits Hg and the first bit in Hg)

are nmeant to be co-ordinated by the Nordic NMI group which
gives 32 different possibilities under one present Yq. The

remai ning three bits (8 values) of Hg can be used by the

I ndi vi dual operator to mark different areas together wth
Yo if needed. See NMI doc. NMI-RD. 02.

Codi ng of A-subscriber nunber in frame 8 [ OPTI ONAL]
Codi ng of Information

Hexadeci mal characters Hyx are used to transfer decinal

digits of the A-nunber. This will inply that nore than one
frame has to be used to transfer the conpl ete A-nunber.

For that reason a sequence nunber, M is sent in each
franme. The franes sent in a sequence are nunbered MO),

M1) ..M 15).

To assure the correctness of the data transferred also a
checksum WW is calculated and sent in each frane. The

checksumis the nodul o 256 sum of the follow ng groups of
bits M1, HpH3, HgHs and HgH;. The checksumis cal cul at ed

for the information inserted in the frane where the A
nunber may be plaintext or encrypted. Thus the encryption
I s done before cal cul ating the checksum

The A-nunber is transferred in Hy to Hy. If the SIS for

incomng calls is used the nunber is encrypted.
In the first frane in the sequence (labelled MO0)) H; and

Hp have a special neaning and are not encrypted in the

frame:
Hy is used to transfer the length of the sequence. Hp is

coded to the sane value as Min the last frame in the
sequence. E.g. in a sequence with four frames, H; in the

first frame is coded as Hji(3).
H is used to indicate the type of information that
follows. It is coded as follows:

Ho Meani ng

0 A-nunber follows, type unknow

1 A-nunber follows, nationally significant

2 A-nunber follows, internationally significant

3 Transfer of A-nunber not possible (for technical
reason)

4 Transfer of A-nunber not all owed

5-15 Spare

The follow ng positions Hx in the first frame and al
positions Hx in the follow ng frames are used for transfer

of the A-nunber. The nost significant digit is transferred
in H3 in the first frame. Hy(O)is used as fillers in the

| ast frane.
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The coding for Hy:

Digit in A nunber Hx
Filler 0

1 1

9 9
0 10
Spar e 11
transferred call ind 12
+ (int. pref.) 13
Spar e 14
Spar e 15

Transferred cal
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bi nary codi ng

0000
0001
1001
1010
1011
1100
1101

1110
1111

indication Hy (12) is sent after the A

nunber before possible fillers in the |ast frane.

Exanpl es

Transfer of nationally significant A nunber 060132389
e H W H B H H W W

Frane no M

in seq.

1 0
2 1
Capacity

1 1 10 6

10
2 3 8 9 0

1
0

3 9 8
0 13 10

These frames have the follow ng capacity:

frane

franes
franes
franes
franes
franes

OO WNE

4.3.3.14

5 digits

12 digits
19 digits
26 digits
33 digits
40 digits

Codi ng for BS signalling [ OPTI ONAL]

4.3.3.14.1 Coding of the alarmlevels for received M5 signal

strength in the BS [ OPTI ONAL]

Codi ng Meani ng

(Bi nary) H gh level, Iy Low |l evel , |

0000 Suppress the function Suppress the
function

0001 30 dB (1uV) EMF. 20 dB (1uV) EMF

0010 25" 16 "

0011 20" 12 "

0100 16" 8 "

0101 12" 4 "

0110 8 " 0 "

0111 4 dB (1nV) EMF. -4 dB(1pV)E. M F.

1000 0 dB (1pV) EMF. Spar e
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1001 40 dB (1pv) EMF. Spar e
1010 35 dB (1pvV) EMF Spar e
1111 Spar e Spar e
H gh level and |l ow | evel, including suppression of the

function, can

be coded i ndependently of each other. The

information is given to the BS in the frane.

4.3.3.14. 2 Codi ng of cause value in franes 25 A(7) and 25 A(8)

[ OPTI ONAL]

Not ati on Coding Meaning in direction BS to MIX

c( 0) 0000
o 1) 0001
o( 2) 0010
o 4) 0100
o( 8) 1000
c( 9) 1001

No i nformati on given

Caused by @& signal

Caused by RF-signal supervision

Caused by co-channel interference
Reserved for digital supervisory signa
( BER)

Caused by the 3 s eval uation period of
supervi sory signha

Q her bit conbinations in C are used when severa
conditions are fulfilled sinultaneously by adding the

correspondi ng

val ues of C

57
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4.4 SI GNALLI NG PROCEDURES
4.4.1 Signalling between MIX and M5
4.4.1.1 Call nobile station to nobile tel ephone
exchange SCHEME A
Signalling conditions
Direction Direction
. . Speech MTX — MS MS — MTX Speech
S|gna| li ng path BS, CC | BS,, TC BS.p TC BS, CC [path
trough- Caalling Traffic channel Traffic channel C,aalling trough-
state con- Channel Channel [con-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —> BS 1200 Baud |MS
1. MS "on hook" resting on CC |for 1 a/b | 4 | for
or combined CC/TC de- 1. [Ta/b | 4 | de-
tails, Tab 1 tails,
2. MS goes "off hook" and see [ Tab | 4 | see
starts hunting for a free TC, |para 11a/b 4 para
see para 4.4.1.11 4.6 2. iig//g IMS 2 _ E 4.6
—_— e ———
3. MS locks on TC and sends | 1a/b ] 14 | .
identity for seizure %://B | 2 3. iOb T
[ /U _— .
4. MTX requests identity and | 4. ggn |
authentication in consecu-
tive frames, max T | ?tg\js\ 106
5. MS sends identi I 3b _~110b
v I 3b/7 | 10b T
5a.MS sends signed response | % I\% o
(SRES) . 3077 |
i 6. 5a(L=3/11) b5a. [15/16 .
6. MTX ready to receive (en- r I M | 115/16 T
crypted) digits | 6a. \I\%
6a.Dialling tone I I} %ig 1‘-
7. Transmission of | _—1 72 [14b .
7.1 1st digit | | 14b
7.2 2nd digit | | 7.3 [14a
7.3 3rd digit | 14a
7.n nth digit l |
8. Address complete | | :
7.n |[14alb
8a.MTX transmits idle frames | | | 14a/b
or orders MS to switch | 115
compander in I 15
| | 15
8b.MS switches compander in | | 15
9. MTX sends g-signal order to I 8. Egg\ | 115
BS and throughconnects 5a(L= —— [15
speech path (with T | 1 5a(L=6) |
compander if ordered) s g?SL_LG)S) |
a. a(L=
10.BS sends g-signal acknowl- T I 6/5a(L= |- 8b-
. c=hl
o | oroa(l=
11.Signal strength measure- 9. | 20(A=3/6/13)
ment procedure according to | (’V|TX>TET5~I\Z
para 4.4.2.2. | 11. | 10- [25(A=2)
(BS —> MTX)
12.Ringing tone | 12. |
13.Answer I 13. é :
14.Speech :14- | 14.
Note:

If the added security feature
is not used, the frames 7
and 16 are not transmitted
and the value L=3 is used in
signalling state 6. The digits
in state 7 are then transmit-
ted unencrypted.

Note:
T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T' = 30+£25ms
T'"' = 277 ms (2 frames)
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4.4.1.2 Call nobile tel ephone exchange to nobile station
4.4.1.2.1 Call nobile tel ephone exchange to nobile station,
normal case SCHEME B
Signalling conditions
Direction Direction
— EEN
. . Speech MTX MS MS MTX Speech
S|gna| li ng path cC | Bs,, TC BS.p TC CC [path
state trough- Caalllng Traffic channel Traffic channel C,aalllng trough-
con- Channel Channel Jcon-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —>BS | 1200 Baud [MS
1. MS "on hook" resting on for 1 a/b | | for
CC or combined CC/TC de- 1. [Ta/b | | |de:
tails, 1a/b tails,
2. MS (ZX; XXX, X5Xs) S see Lab | | [Isee
called in wraffic area Y,Y, |para | 2. [2a para
4.6 itab | — i — | 2.6
3. MS sends call acknowl- |1alb | 3. 10a |
edgement T ' after recep- 11a/b
tion of 2a %://B | |
T alb P
4. MTX activates TC N;N,Ng 5 % g/b | 4. %0 A=15) |
on BS s e [
1 ://E | 7. 36 6. [25(A=14) o _
5.  MTX sends channel order 1 - \' 8 3b |_§'b—8_ _—
after transmission of . .
20(A=15) (A fictitious 3b T
channel order 2f, queuing I 13b +—
information, may also be | gb | 9. % T
sent b 110D
) I 3b I 10b T
6. BS acknowledges activa- | 10. |5a(L=9) | 10b -
tion order ga II::Q)
, a(L=
7. MTX requests identity, T | 5a(L=9) \IF
max T | 12. [6 |
8. MSmovesto TC N;N,N, IlO g [=9) I
al =
9. MS sends identity T | | sa(l= |
o =TS R I
10. MTX sends ringing order |12 ga L=9) I 11.
11. MS generates ringing lo- | 6 | é
call
y | | |l man
12. Idle frames, according to | 6 (/ | 3a(L=14)
para 9.6 in NMT Doc 2 T | 1. Lopaltd) | g T
/5a(L= [ 13a(
13. Answer T 6675528:22% I 14a.
14. MTX transmits idle frames 1 14b.| 20(A=3/6/13)
or orders MS to switch I (MTDBS\I\
compander in [ | 15 A:2>)MTX)
14a.MS switches compander in | 16. |
14b.MTX sends g-signal order I I
to BS and through- | 17- | 17
connects speech path
(with compander if or- I I
dered) | |
15. BS sends g-signal ac-
knowledgement
16. Signal strength measure-
ment procedure according
to para 4.4.2.2.
17. Speech
Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T'= 30x25ms
T'"'= 277 ms (2 frames)
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congestion or blocking on BS,. SCHEME B.1
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nobi | e tel ephone exchange to nobile station,

Signalling conditions

to BS and through-
connects speech path
(with compander if or-
dered)

Direction Direction
— Y
. . Speech MTX MS MS MTX Speech
Signalling path | BS, cC | Bs, TC BSyp TC BS, CC |path
state trough- Caalling Traffic channel Traffic channel C,aalling trough-
con- Channel Channel Jcon-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —>BS | 1200 Baud [MS
1. MS "on hook" resting on for 1 a/b | | for
CC or combined CC/TC de- 1. [Tab | | de-
tails, Ta/b tails,
2. MS (ZX; XXX XeXg) is  |see Lab | | |see
called in traffic area Qle para 2.12a para
4.6 lab [ [ | |46
3. MS sends call acknowl- 1 a/b | 3. 10a
edgement T ' after recep- lab ! | |
tion of 2a 4. 75 g/b# \S_J
4. MTX informs MS of block- 1a/b L 4 ——
ing on BS,, frame 2d i g/lg - \I MS [4 r —— s
5. MS starts hunting for a lalb 4 -
free TC | - | 7. 10c To
L= — C .
6. MS locks on a free TC : gg\ﬂ\
7. MS sends the seizure 10c 3b 9. ]10c
| 13b I 10c
8. MTX requests identity, 3b 10c ,
max T d Y | 3b I 10c l
| 5a(L=9) |
9. MS sends identity 10c af- 5a(L=
ter reception of 3b T | ga(:::gg \IT RiInging in MS
e a(ll= . inging in
10a.MTX sends ringing order. | 6 I
Alternatively, forced re- | |
lease 5a (L=15) may be 6
sent, see para 4.4.1.3. | 5a(L=9) |
Max 8 idle frames may be | 5a(L= 4\
sent between frames 3b T 5a(L=9)
and 5a o | ga L=9) | 11.
11. MS generates ringing lo- | g |
cally | |
13. [13a(L=14)
12. Idle frames, according to .16 13a(L=14) ‘
para 9.6 in NMT Doc 2 T : 672618::2; /Il/ i3a(ll:=izlg T
6/5a(L= Ja(l=14) |
13. Answer T | 6/5a(L=5)
N 6/5aL=5) | |
14. MTX transmits idle frames |_14b.[ 20(A=3/6/13)] | 1l4a.
or orders MS to switch ! (MTX =85
compander in | | 15. 2855A=2>)MTX)
14a.MS switches compander in |
14b.MTX sends @-signal order :

15.

16.

17.

Note: T

BS sends g-signal ac-
knowledgement

Signal strength measure-
ment procedure according
to para 4.4.2.2.

Speech

1107 ms (8 frames)
T 553 ms (4 frames)
T'"= 30+x25ms

T'"'= 277 ms (2 frames)

|
|
| 17.
|
|
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4.4.1.3 O earing sequences
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Signalling conditions

Direction Direction
specch MTX —> MS MS — MTX Speech
Signal li ng path BSCa ~CC | BS,, ~TC BS,p - TC B% ~ CC [path
state tcrgrl:gh- Chi\llr;rr]\%I Traffic channel Traffic channel ChE;"r;rr]\%I tggﬁgh-
nectin @ signal @ signal nectin
MTX 1200 Baud | BS—>MS | 1200 Baud 1200 Baud MS —>BS | 1200 Baud [MS
for for
de- de-
tails, tails,
_ see see
MS clearing para . para
4.6 . 4.6
1. Speech .
= Lab L
2. Mobile station clearing 1 ab | | I
[1a/b 2. 13a(L=1
3. Release-guard Talb | J/T3EEL=1g ‘
1alb 3. [5a(L=13/15 13a(L=1 .
4. MS returns to CC Tab ‘ 5a(L=13/15§ |_ 13a(l L:lg T
) 1 S 5a(L=13/15) T —
5. MTX sends stop g-signal 1 ab | 4. T 5a(l=13/15) TI
order to BS [1a/b 6
. Llab | 5 I
6. BS sends stop g-signal ac- 1 ab , 6
knowledgement 1ab | I_ 6 |
1lab | 5. [20(A=12) I
lalb (MTX—BS]
1a/b | 6. 25(A=13) |
lalb | (BS —> MTX) |
' MS MS
MTX clearing .
1. Speech :
2. Fixed (MTX) clearing, or [T alb
forced release from MTX Tab | |
'Talb |
3. Release-guard Talb ‘ 2. I'[5a(L=13/15) |
1 min T* | [D&(L=
4. MS returns to CC Talb max 2 s | [5a(L=13/15) 3. [13a(L=1) ‘
lalb 5a(L=13/ 13a(L=1
5. MTX sends stop g-signal 1 alb | 13*/15} ’I/—m a L:l; .
order to BS Tahb i | _[m3at=1) T
. lab __ 4+ 6 T —
6. BS sends stop g-signal ac- [1alb | 2. T ® TI
knowledgement 1alb 5. [20(A=12)
lalb (MTX=BS]
1 | 6. [25(A=13) |
1alb | (BS—> MTX) |
MS MS
Note: T =1107 ms (8 frames) Note: Clearing implies that the
;, = 5gg TZ (54nf£§mes) compander (if activated)
Tr= 277 r_ns'(2 frames) shall be switched out.
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4.4.1.4 Switching call in progress
4.4.1.4.1 Switching call in progress, ordinary procedure
SCHEME C
Signalling conditions
Traffic channel N;N,N; Traffic channel N N',N';
Sianallin Sg?hecr Direction Direction Direction Direction ?g?hech
Stg.te 9 trough MTX —> MS MST;> MTX —> MS MST;> trough-
con- con-
nect in @ signal @ signal nectin
MTX 1200 Baud | BS —> MS | 1200 Baud 1200 Baud BS —> MS | 1200 Baud | MS
for I for
de- de-
tails, l tails,
see see
para I para
4 | 46
1. Speech on N4NoNy vs | 2. [20(A=15) (MTX—>[BS)
2. MTX decides to switch the 4. ga L - 5 gb
call to N';N',N'; and allo- a T ——_— -osSo
cates the chaniel ga B gg ?BSZS>©|=T1X4)
a (oD y—
3. BS acknowledges activation 3a | 13b
order 3a | 3b ’6/ iOb ‘
4. MTX orders MS to change e T 1" gfgg?fgﬁ% 106 T
to TC N_N. N 1o Loroall= Yo
(:N'ﬂleﬁlsg (Max T). Power N ¥ | 16/5a(L=5/7) .
level on néw channel in N 6 6/5a(L=5/7)
8. [20(A=12) | 7b. [20(A=3/6/13) 7a.
5. MTX requests identity on (MTX— >j3S‘)\ | (MTX—
N N N, (max T
iN2Ng (maxT) 10. [25(A=13] | 9. [25(A=2)
6. MS sends identity T (BS —>MTX) BS—>
MTX) |
7. MTX transmits idle frames |
or orders MS to switch 11. 11.
compander in or out |
7a.MS switches compander in I
or out |
7b.MTX sends g-signal order |
to BS and throughconnects
speech path (with
compander if ordered)
8. MTX sends stop @-signal
order on N;N,N5
9. BS sends g-signal acknowl-
edgement on N';N',N'5

10.BS sends stop g-signal ac-
knowledgement on N;N,N,

11.Speech on N';N',N'5

Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T" = 30+25ms
T'"'= 277 ms (2 frames)

If MS does not receive identity request on the new TC, it will return to the previous TC

and throughconnect speech

path.

If MTX does not receive identity on the new TC within T ms, it will throughconnect
speech path on the previous TC and send forced release on the new TC.

Note that the supervisory signal will control the previous TC in the last case when the
speech path is throughconnected.
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SCHEME C. 1'

i n progress,

63

i mproved procedure

Signalling conditions

. MTX requests identity on
N'yN'5N'; (max T)

. MS sends identity T'

. MTX receives MS identity,
stops sending of frames on
N';N',N'5 and through-
connects speech path

10.MTX sends stop g signal

order on N;N,Ng

11.BS sends stop @ signal ac-

knowledgement on N;N,N,

12.Speech on N';N',N'5

Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T" = 30%£25ms
T'"'= 277 ms (2 frames)

If MS does not receive identity request on the new TC, it will return to the previous TC
and throughconnect speech path.

If MTX does not receive identity on the new TC within T, it will throughconnect speech
path on the previous TC and send forced release on the new TC.

Note that the supervisory signal will control the previous TC in the last case when the
speech path is throughconnected.

Traffic channel N;N,N; Traffic channel N N',N';
Sianallin Sg;ahecr Direction Direction Direction Direction ?g?hech
g g trough MTX —> MS MS —> MTX —> MS MS —> trough-
state con- MTX MTX con-
nect in @ signal @ signal nectin
MTX 1200 Baud | BS —> MS | 1200 Baud 1200 Baud BS —> MS | 1200 Baud | MS
for I for
de- | de-
tails, tails,
see | R see
para 2. 20 A:15) (MTX—>B D) para
% | 6 - 46
. Lo 3. [25(A=14] 1.
. Speech on N;N,N, | Ms 6 —1(BS—>MTX)
4. [20(A=3/6/13) (MTX—}>BS)
. MTX decides to switch the 6. ga L -
call to N';N',N', and allo- a e — —
cates the chaniel 3a 5. [25(A=2)
3a (BS—>MTX)
. BS acknowledges activation 3a
order 3a 8. 10b
3 T
. MTX sends o signal order | % 6 10b T
to BSon N';N',N'5 27 [10b
. BS sends g signal acknowl- 6 T
edgement on N‘;N',N'g 10, 20(A=12)
(MTX—>
. MTX orders MS to change
to TC N_N. N 9 11. | 25(A=13
(=N NLRE ?(max T). Power (BS —>MTX)
leve on new channel in N 1




new TC (max T'). Power
level on new channel in N

7. MS sends identity, one
frame
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4.4.1.4.3 Switching call in progress, short procedure.
SCHEME C. 2'
Signalling conditions
Traffic channel N;N,N; Traffic channel N N',N';
Sianallin Sg?hecr Direction Direction Direction Direction ?g?hech
Stgte g trough MTX —> MS M'a_&> MTX —> MS M'a_r;> trough-
con- con-
nect in @ signal @ signal nectin
MTX 1200 Baud | BS —> MS | 1200 Baud 1200 Baud BS —> MS | 1200 Baud | MS
for | for
de- de-
tails, | tails,
see | (MTX — >BS) see
para 2. ﬂﬁé%ﬁ-}\ par
4 | 4 [20(A=3ONY— 1 4,6
. | 6 3. [25(A=14] 1.
1. Speech on TC N;N,N, MS |. ?BSZS;II;\/I?I?)%)
2. MTX decides to switch the
call to N';N',N'; and allo- 6. gg L
cates the channel - - — 11
3c | | [7.T10b
3. BS acknowledges activation 3c 8. — ]
order 6 T | 9. gg\
s \\
4. MTX sends g-signal order ICE | [3b | 10 10b
to BS on N';N',N'; (with 6 | 3b ]
compander if ofdered) 11, 20(A=12) 106 .
MTX —> | Tob T
5. BS sends g-signal acknowl- —
edge on N;N',N'; and acti- 12.125(A=13] |
vates compander if ordered (BS —>MTX) |
6. MTX orders MS to change to |
TC N',N',N'. (=N";N,N';)
and toasebndﬁdenti%y on the | 13. 13.

8. When MTX receives identity
it throughconnects speech
path on N';N',N'5

9. If MTX does not receive
identity within T' after start
transmission of 3c, the MTX
requests identity on
N';N',N'5 (max T)

10.MS sends identity T' upon
identity request

11.MTX sends stop g-signal
order on N;N,Ng

10.Stop g-signal acknowledge-
ment from BS on N;N,N4

13.Speech on N';N',N'5

Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T'"= 30+x25ms

T'"'= 277 ms (2 frames)

If the MS receives an RF-signal level above a limit A [A=20+4 dB(1uV)EMF] on the new
TC it will transmit frame 10 b and throughconnect speech path. If the RF-signal level
received in MS is below the limit A the MS shall not transmit frame 10 unless it receives
identity request within T after received channel order. If identity request is not received
within T the MS shall return to the previous TC and throughconnect speech path. The
received identity request is responded with four identity frames 10b.

If MTX does not receive identity on the new TC within T ' after identity request, it will
throughconnect speech path on the previous TC and send forced release on the new
TC.

Note that the supervisory signal will control the previous TC in the last case when the
speech path is throughconnected.

In state 2 and 4 signals 20(A=15) together with 20(A=3/6/13) can optionally be replaced by
the combined signal 20(A=7/14).
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4.4.1.5 Roam ng updating procedure
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SCHEME D
Signalling conditions
Direction Direction
Speech MTX — MS MS — MTX Speech
Signalling path | BS, cc |Bs,,  TC BS,, _ TC BS, CC |path
trough- Caalllng Traffic channel Traffic channel C,aalllng trough-
state con- Channel Channel [con-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —>BS | 1200 Baud [MS
1. MS "on hook" resting on CC 1ab | 4 |
in TA 1. [Ta/b | 4 |
YL Y, La/b 4
2. YY1 Y)Y, 1lalb | 4 |
M5 starts huinting for a free 2. |1alb IMS 4 _ YE|
TC, see para 4.4.1.11, in %721/8 — 2 ———
AEAE: Talb 1 s T
3. MS locks on TC N;N,Ny in [Lab | & 11a i
Y';Y', and sends roaming | 4. [3b |
updaﬁng and seizure gb\\
4. MTX requests identity, max I 13b | s T T
T 3b /I/ 1la
l 3b 1la T
5. After reception of 3b, MS | 5 gg = | 1I5Ia o
sends roaming updating for Ty O =
T | [Bat=s — 15—
7. 5a(L=13/15) 115
6. MTX roaming updates MS min T l 5aEL= \l\ 15
and sends roaming updating max29 | 5a(L=13/15) | & 13a(L=1)
confirmation for T'*" | %:13/ 15) |/%(t:3
7. MTX initiates forced release J L 13a(l=1) T
8. Release guard l/g/ T —— m
9. MS returns to CC in new
Y'Y | |
Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T'= 30x25ms
T'"'= 277 ms (2 frames)
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4.4.1.6 Call coinbox M5 to nobile tel ephone exchange
Signalling conditions
Direction Direction
— N
. . Speech MTX MS MS MTX Speech
Signalling path | BS, cc |Bs,,  TC BS,, _ TC BS, CC |path
trough- Caalllng Traffic channel Traffic channel C,aalllng trough-
state con- Channel Channel [con-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —> BS 1200 Baud |MS
1. Coinbox MS "on hook" rest- [|for 1 a/b | 4 | for
ing on CC or combined CC/ |de- 1. [Talb | 4 | de-
TC tails, Tab 1 tails,
see EE | 421 | see
2. Coinbox MS goes "off para para
hook" and starts hunting for [4.6 2. [1lalb IMS 4 _ ms| 4.6
afree TC | 1aib — 4 ————
. Lab A | -
3. Coinbox MS locks on TC | 1aib 4 3. [12 T
and sends identity for sei- [1alb I 4 gb ] 1 o
zure | .
3bI7 |
4. MTX requests identity and | 3b \|\
authentication in consecu- | | 3b/7 5 12
tive frames, max T 3b ; | i%
5. MS sends identity : % \I\% T
5a. MS sends signed response o 6 [5a(l=3/11) | 5a. [15/16 T
(SRES) T [Bac=say) || [sme T
6a. |15
6. MTX ready to receive | \ 15 ‘
(encrypted) digits | | 71 [14a T
14a L
6a. Dialling tone I _—| 72 }f)
7. Transmission of | I 7.3 |14a
7.1 1st digit | [ 14a
7.2 2nd digit | | :
7.n nth digit | |
8. Address complete | | 7.n [T4alb
I I | 14a/b
8a. MTX transmits idle frames 115
or orders MS to switch | | 15
compander in 15
[ | 15
8b. MS switches compander in | | 15
T I 8. 5a(L=6) \I\i
9. MTX sends g-signal order 5a(L= 115
to BS and throughconnects T | | 5a(L=6) |
speech path (with 5a(L=6)
compander if used) T [ 8a. gfgggtfgg [
10. BS sends g-signal acknowl- T | | 6/5a(L= -} 8b.
. A
11. Signal strength measure- | (’V|TX>TET5\|\Z
ment procedure according 11. 10. [25(A=2)
to para 4.4.2.2. I 1 é I (BS —>MTX)
12. Ringing tone l l
13. Answer and tariff informa- 13. | 5b(L=0)Q,Q;
tion to Coinbox MS T I Sb(L= ;\I\i
| 5b(L=0)Q,;Q] | 14. [13b(L=2)Q;Q]
14. Answer acknowledge 1 5b(L=0)Q, Q] | %g(:::%glg‘
1130(L=2)Q; Q4 '
15. Speech. Exchange of new I I [13b(L=2)Q; Q] T
charging information when
necessary, according to | 15 | 15
states 13 and 14. I I
Note:
If the added security feature
is not used, the frames 7
and 16 are not transmitted
and the value L=3 is used Note: T =1107 ms (8 frames)
in signalling state 6. The T' = 553 ms (4 frames)
digits in state 7 are then T'= 30+x25ms
transmitted unencrypted. T''= 277 ms (2 frames)
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4.4.1.7 Call fromnobile tel ephone with priority (PM5)
Signalling conditions
Direction Direction
Speech MTX — MS MS — MTX Speech
Si gn allin g path BS, CC | BS,, TC BS,p TC BS, CC ]path
state trough- Caalling Traffic channel Traffic channel C,aalling trough-
con- Channel Channel Jcon-
nectin @ signal @ signal nectin
MTX 1200 Baud | BS—> MS | 1200 Baud 1200 Baud MS —>BS | 1200 Baud [MS
1. Priority MS resting on CC | for X | (X = 1a, 2a/b/c/d/f | for
or combined CC/TC, priori- |de- X | de-
ty button activated tails, 1. [1a.2b/c/d/f tails,
see x |1 ————— 4+ ——_ _ _ _ | |see
2. CallfromPMSonCC T'' |para X 2. 11b para
after reception of 1 a or 4.6 X | | 4.6
2 blcldif. 2a2a | |
) . X —
2a. MTX checks identity by X | 2b. 11b |
sending normal paging to X
PMS. If PMS already is 3 | |
updated in the traffic area, X | |
MTX will send frame 2c (or .
2b) instead of 2a. In that ] | |
case, go to state 3 (or 7). . | |
2b. PMS sends call acknowl- X | |
edgement as identity. 4. [2a
T—[\
3. MTX informs PMS that the X 5 11b |
call is queued. If an idle X | |
TC is available at once, 2b X
is sent instead of 2c. In X | |
that case, go to signalling X | 6. 20(A=15) |
state 7. 7.2b | 6
9 3b 8. [25(A=14
4. PMS (ZX; XXX . XeXg) IS (X I\\ [3b ____-)— ————— —J
Pl M AT LT —
called in frafficarea’Y,Y \| 3b |'_
when an idle TC is availa- 3b
ble on the BS | 3b \|\
3b 10. [10b
5. PMS sends call acknowl- I 3b I/ 10b T
edgement T ' after recep- | 3b | 10b T
tion of 2a T | 11. [5a(L=9) | 10b o
S5a(L=
6. MTX activates TC NyN,N; T 5a(L:§§\
on 5a(L=9) \lw\
| 11a.[6/7 | 12
7. MTX allocates the selected 6/7 %
TC to PMS A Ter |
. l I 6/7 I %
8. BS acknowledges activa- .
tion order | 6 |
11. [5a(L=9
9. MTX_Ir_equests identity, T | 5al LEQ%\ |
max , L=
o Tl [Te
10. MS sends identity | 6 |
6
11. MTX sends ringing order | 6 |
13. |13a(L=14
11a.MTX requests authentica- I /J/ 133(|_=14g
tion 1ol 14 [Ba(L=3/11) | | 13a(L=14) |.
o o 5a(L>8/11) 13a(L=14) ,
12. PMS generates ringing I 15. I 15
locally | 13a.[16 T
16 o
13. Answer | |
_ 16. [14a T
13a.MS sends signed re- | J/ 14a e
sponse, SRES [ _— | 14b
14b
1l4a
14. MTX ready to receive I I .
(encrypted) digits | I .
15. Dialling tone
Note:
16. Transmission of If the added security feature is not
encrypted) digits used, the frames 7 and 16 are not
(encrypted) dig transmitted and the value L=3 is Note: $ = 1%% ms (i ;rames)
Continues as used in state 14. The digits in T - 20 TZ% rames)
signalling scheme A state 16 are then transmitted T _ 277 ms. ZTS
unencrypted. = ms (2 frames)
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4.4.1.8 Change of MS output power |evel on sane channel

Signalling conditions

Traffic channel N;N,N;

. . Speect] . . . . Speech
Signalling path Direction MTX — MS Direction MS —> MTX path
trough trough-
state con- . ) con-
nect in @ signal @ signal nect in
MTX 1200 Baud BS—MS | MS—>BS 1200 Baud MS
for for
de- de-
tails, tails,
1. Speech on N;N,N, see see
para para
2. MTX decides to change MS |4.6 4.6
output power level 1 1.
3. MTX sends 3a on TC 2.
N;N,N5 with information _— ]
aboUt new MS power level 3. 3a —— 1 |
in N, (max T) 3a I B
3a 4, 10b
4. MS sends identity with infor- 3a | 1 110b
mation about new MS output a1 110b T
power level in Ny 10b
5. Speech 5. 5.

Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T" = 30+25ms
T''= 277 ms (2 frames)
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4.4.1.8.1 Authentication during conversation

Signalling conditions

Traffic channel N;N,N;

. . Speect] . . . . Speech
Signalling path Direction MTX — MS Direction MS —> MTX path
trough trough-
state con- ) . con-
nect in @ signal @ signal nect in
MTX 1200 Baud BS —> MS MS —> BS 1200 Baud MS
for for
de- de-
tails, tails,
1. Speech on N;N,N, see see
para para
2. MTX decides to authenticate |4.6 4.6
MS 1. 1.
3. MTX requests identity and 2.
authentication in consecu- ]
tive frames (max T) 3. ?L
\_
4. MS sends identity T 1 — 4. 110b
7 —— [10b_
5. After receival of identity, 3b_ 110b 4
MTX may switch over fo 5. 7 110b
send only frame 7 for the 3b/7 66— 15 -
rest of time T 7 //7/ ig T
6. MS sends idle frames until ]
calculations are ready 8.
7. MS sends signed response
(SRES) 9. 9.

8. MTX shall receive a correct
signed response within 2 s
from start of state 3, else the
call shall be disconnected

7. Speech

Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T" = 30+25ms
T''= 277 ms (2 frames)
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4.4.1.9 Push button data transm ssion from M
Signalling conditions
Traffic channel N;N,N;
. . Speect] . . . . Speech
Signalling path Direction MTX — MS Direction MS —> MTX path
trough trough-
state con- ) . con-
nect in @ signal @ signal nect in
MTX 1200 Baud BS —> MS MS —> BS 1200 Baud MS
for 1 1. for
de- de-
tails, | 2. [13a(L=8) tails,
1. Speech on N;N,N, see [13a(L=8) see
para 3. e 13a(L=8) .| para
2. MS sends "MFT converter  |4.6 6 [13a(L=8) | | 4.6
IN" 6
4. Eﬁm— >B
3. MTX sends idle (3 frames) 6. sa(l= L (BS—>MTX)
Sall= 5. 25(A=5)
4. Suppress g signal alarm, T [5all=4) 7. 15
A(7), order to BS o [5a(t=4) 15
5. Acknowledge suppress g- 115
signal alarm 15
8.1 14a ?
6. MTX acknowledge "MFT l4a o
converter IN" 15
5
(state 3, 4 and 6 are sent as :
one block, when a MFT con- 15
verter is available) 15
8.2 14b ?
7. MS sends idle frames con- 14b 4
tinuously 15
15
8. Digit transmission from MS. :
115
15
8.3 14a ?
14a L
15
15
15
8.n |14alb ?..
Tdalb |
9. MS sends "MFT converter 15
ouT" -
15
10.MTX acknowledge "MFT | 9. [13a(l=7)
converter OUT" within T ' ms ] 13a(L=7)
10T [5a(L=10) T3al=7) 1.
11.Cancel suppression of g- 5a(L=10) 13a(l=7) .
signal alarm T 5al=10)
. |ba(CL=10)
12.Acknowledge cancel sup- 6
pression of g-signal alarm g
T 6

13.Forced release "MFT con-
verter state" from MTX

14.Forced release "MFT con-
verter state" acknowledge
from MS

15.Cancel suppression of g-
signal alarm

16.Acknowledge cancel sup-
pression of g-signal alarm

17.Speech on N N,N5

Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T'= 30+x25ms
T'"'= 277 ms (2 frames)

117 [20(A=10)
MTX—>

13T [5a((=10)
S5a(L=

_|
[
£
3
1
.
(=]
¢

Pt
1T

157 [20(A=10)
MTX—>
MTX)

17.

| 12 [25(A=11)
(BS—>MTX)

14, [13a(l=7)

13a(l=7) |

| 16,  [25(A=11)
(BS—>
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4.4.1.9b Optional use of MT converter node, automatic
transm ssion of digits
Signalling conditions
Traffic channel N;N,N;
. . Speect] . . . . Speech
Signalling path Direction MTX —> MS Direction MS —> MTX | path
trough trough-
state con- . ) con-
nect in @ signal @ signal nect in
MTX 1200 Baud BS —> MS MS —> BS 1200 Baud MS
for 1. 1 for
de- de-
tails, | 2. [13a(L=8) tails,
1. Speech on N;N,N, see [13a(L=8) see
para 3. 6 13a(L=8) .| para
2. MS sends "MFT converter  |4.6 g [13a(L=8) | | 4.6
IN"
4. 20(A=4) (MTX+4+->BS)
3. MTX sends idle (3 frames) 6. 5a(L=4) | (BS—>MTX)
Sa(L= | 5.  [25(A=5)
4. Suppress g-signal alarm 25 T [5all=4) 7. 15
(A=7), order to BS o [5a(t=4) ig
5. Acknowledge suppress g- 15 _1,-_
signal alarm 8.1 14a T
14a L
6. MTX acknowledge "MFT 8.2 14b
converter IN" 14b
14a
(state 3, 4 and 6 are sent as 14a —
one block, when a MFT con- 14b T
verter is available) 14b o
14a
7. MS sends idle frames (4 14a
frames) 14
14b
8. Digit transmission from MS. 14a
14a
14a
14a
14b
8.n-1 [14a/b ?
9. MS sends "MFT converter 14a/b
ouT" 8.n 14b/a
14b/a
10.MTX acknowledge "MFT | 9. [13a(l=7)
converter OUT" within T B 13a(L=7)
10. 5a(L=10) 13a(L=7) T
11.Cancel suppression of o- 5a(L=10) 13a(l=7) .
signal alarm T 5al=10)
. |ba(CL=10)
12.Acknowledge cancel sup- 6
pression of g-signal alarm g
T 6
117 [20(A=10)
(MTX—> -
13.Forced release "MFT con- 12. [25(A=11)
verter state” from MTX (BS—>MTX)
14.Forced release "MFT con-
verter state" acknowledge
from MS 13. 5a(L=10) .
S5a(L= 115
15.Cancel suppression of g- T 5al=10) —— |15
signal alarm 5a(L=10) 14. 13a(L=7)
6 113a(L=7)
16.Acknowledge cancel sup- 6 13a(l=7) 1.
pression of g-signal alarm T 6 [13a(L=7) .
15. [20(A=10
17.Speech on N;N,N, G _)> -
16. [25(A=11)
(BS —>
Note: T =1107 ms (8 frames) MTX)
T' = 553 ms (4 frames)
T'= 30x25ms
T'"'= 277 ms (2 frames) 17.
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4.4.1.10 Regi ster recall procedures
4.4.1.10.1 Subscriber service by register recall and code
sendi ng from M
Signalling conditions
Traffic channel N;N,N;
. . Speect] . . . . Speech
Signalling path Direction MTX — MS Direction MS —> MTX path
trough trough-
state con- ) . con-
nect in @ signal @ signal nect in
MTX 1200 Baud BS —> MS MS —> BS 1200 Baud MS
for 1 1. for
de- de-
tails, tails,

1. Speech on N;N,N, see see

para para

2. MS sends register recall 4.6 4.6
signal | 2. [13a(l=H)

. 1 1 13a(L=5)

3. MTX sends information for 3 o7 13a(L=5) +
encryption of digits or idle 677 [13a(L=5)
frames if added security fea- 677
ture not is used. 3 frames 4. =4) (MTX1->BS)

6. S5a(L= 1  (BS—>MTX)

4. Suppress g-signal alarm, | 5a(L= ——f——1+——1— 5. [25(A=5)
A(7), order to BS T [2all=3/11) 7. 115

. [ba(L=3/11) 15

5. BS acknowledges "Sup- - ;

press g-signal alarm (A7)" Dialling 15
tone from [15

6. MTX acknowledges register MTX 81 [l4da .
recall signal using proceed | [l4a o
to send. If added security 1 | 15
feature is used, encryption 6a. 15
of digits is requested by us-
ing L=11. If not, unencrypted 15
digits are requested by us- 15 —
ing L=3. Sending of dialling 82 [14b T
tone starts [14b

115

6a.Dialling tone stops 15

7. MS sends idle frames con- 15
tinuously 15

8.3 14a ?

8. Digit transmission from MS. 14a o
If added security feature is 15
used, the digits are transmit- 15
ted encrypted .

9. Address complete or return .
to conversation state after 15
timeout 115 -

gn [ldab T
9a.MS stops sending idle [14alb -
frames 115
115
10.Cancel suppression of - 9. 5a(L=6) .
signal alarm Sa(L= —— 1 | .
1+ [Ba(L=6) —f— [15
11.Acknowledge cancel sup- | 5a(L=6) 9a.
pression of g-signal alarm T 87

12.Sending of acceptance tone T 6
or refusal tone or other infor- o6
mation from MTX in conver- 10. 20(A=10)
sation state (if applicable). (MTX—> I I e p—

Exchange of charging infor- 11. 25(A=11)
mation (if necessary) to (BS->MTX)
coin-box MS according to
para 4.4.1.6, state 13 and
14 12.
Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T'= 30x25ms
T'"'= 277 ms (2 frames)
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4.4.1.10.1b Optional use of register recall function,
automatic transm ssion of digits
Signalling conditions
Traffic channel N;N,N;
. . Speect] . . . . Speech
Signalling path Direction MTX —> MS Direction MS —> MTX path
trough trough-
state con- ) . con-
nect in @ signal @ signal nect in
MTX 1200 Baud Bs—Ms | Ms—Bs 1200 Baud MS
for 1 1. for
de- de-
tails, tails,

1. Speech on N;N,N, see see

para para

2. MS sends register recall 4.6 4.6
signal ;ML:S)

13a(L=5)

3. MTX sends information for 3. o7 13a(L=5) +
encryption of digits or idle 677 [13a(L=5)
frames if added security fea- 677
ture not is used. 3 frames 4 =4) MTX{>B

6 S5a(L= | (BS—>MTX)

4. Suppress g-signal alarm, | 5a(L= | 5. [25(A=5)
A(7), order to BS T [2all=3/11) 7. 15

. [ba(L=3/11) 15
5. BS acknowledges suppress o 15 T
i Diallin 15
@-signal alarm ) +
tone from 8.1 14a T

6. MTX acknowledges register MTX |14a o
recall signal using proceed — 82 [14b
to send. If added security - 14b
feature is used, encryption 6a. . 14a
of digits is requested by us- 14a
ing L=11. If not, unencrypted . 14b
digits are requested by us- 14b
ing L=3. Sending of dialling . 14a
tone starts 14a

: 14b o,

7. MS sends four idle frames 14b o

14a

8. Digit transmission from MS. 14a
If added security feature is . 14b
used, the digits are transmit- 14b
ted encrypted . |14a

|14a_

9. Address complete or return . 14b
to conversation state after [
timeout

9a.MS stops sending idle 8.n-1 [14a/b
frames 14a/b

8.n 14b/a ?
10.Cancel suppression of o- 14bfa
signal alarm ig
11.Acknowledge cancel sup- 9. 5a(L=6)
pression of g-signal alarm 5a(l= .
T+ [Bal=6) L 15

12.Sending of acceptance tone 5a(L=6) 9a.
or refusal tone or other infor- 6
mation from MTX in conver- 6
sation state (if applicable). T 16
Exchange of charging infor- L |6
mation (if necessary) to 10.  [20(A=10)
coin-box MS according to (MTX—>
para 4.4.1.6, state 13 and 11.  [25(A=11)

14 BS—>
MTX)
Note:
Other details are specified in 12.
NMT Doc 450-3, Annex 8.
Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T'= 30x25ms
T'"'= 277 ms (2 frames)
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If the added security feature
is not used, the frames 7
and 16 are not transmitted
and the value L=3 is used in
signalling state 6. The digits
in state 7 are then transmit-

4.4.1.11 SM5 call nobile station to nobile tel ephone
exchange SCHEME A. 1 [optional]
Signalling conditions
Direction Direction
Speech MTX — MS MS — MTX Speech
Si g nalli ng path BS, CC | BS,, TC BS.p TC BS, CC [path
state trough- Caalling Traffic channel Traffic channel C,aalling trough-
con- Channel Channel Jcon-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —> BS 1200 Baud |MS
1. MS "on hook" resting on CC |for 1 a/b I 4 I for
or combined CC/TC de- 1. [Tab | 1 | de-
tails, Tab 1 tails,
2. MS goes "off hook" and see [ Tab | 4 | see
starts hunting for a free TC, |para 11a/b 4 para
see para 4.4.1.11 4.6 2 iig//g IMS 2 _ E 4.6
—_— e ——
3. MS locks on TC and sends | 1a/b ] 14 | .
identity for seizure 1a/b 4 3. [10b T
lalb | ] 1 T
4. MTX requests identity and | 4 ggn |
authentication in consecu-
tive frames, max T | g%\js\ 106
5. MS sends identity I 3b | _~110b
i I S 10 T
5a.MS sends signed response I e I\T o
SRES | S0/ 7
( ) ?"I 6. [5a(L=3/11) | 54 V15716 ?.
6. MTX ready to receive (en- i [5a(L=8il) | | 1 15/16 o
crypted) digits | \I\%
7. Transmission of I I} 14a T
7.1 1st digit | P S ﬂg o
7.2 2nd digit .
7.3 3rd digit | : 23 ﬂaﬁ
7.n nth digit I | 14a
This is a b-number of a serv- I |
ice center I |
8. Address complete : | 7.n %E
8a.MTX transmits idle frames | 115
or orders MS to switch I 15
compander in | | }g
8b.MS switches compander in | 8 sa(l=6) : 17155
. a(L= 15
9. MTX sends g-signal order to —I I %(L:E)\\\i
BS. - | 5a(L=6)
T | 5a(L=6) I
10.BS sends @-signal acknowl- T | 8a. g;gg L=5) 8b
edgement ! I oy - 8b-
11.SMS transmission from MS o ° %EZ%\(-L?;:IEIB) I
[ (MTXB\BS\I\Z
10. [25(A=2)
Note: : I (BS —> MTX)

ted unencrypted.

Note:
T = 1107 ms (8 frames)
T' = 553 ms (4 frames)
T' = 30+25ms
T'"' = 277 ms (2 frames)

I
I
I
|
I
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station, normal case SCHEME B2 [optional]
Signalling conditions
Direction Direction
—
o pecch MTX —> MS MS —> MTX specch
Si gn allin g path BS, CC | BS,, TC BS.p TC BS, CC [path
state trough- Caalling Traffic channel Traffic channel C,aalling trough-
con- Channel Channel Jcon-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —>BS | 1200 Baud [MS
1. MS "on hook" resting on for 1 a/b | | for
CC or combined CC/TC de- 1. [Ta/b | | |de:
tails, Tab | | tails,
2. MS (ZX; XX X, X X0) is see 1 a/b see
called in wraffic area Y,Y, |para | 2. [2a para
4.6 itab | — i — | 2.6
3. MS sends call acknowl- | 1aib | 3. 10a |
edgement T ' after recep- 11a/b
tion of 2a %://B | |
T ab P
4. MTX activates TC N;N,Ny 5 % g/b | 4 %0 A=15) |
on BS eb [
1alb I\ 7. 36 6. [25(A=14) _ _
5. MTX sends channel order 1a/b — ? 3077 (= S
after transmission of . . 3b .
20(A=15) (A fictitious 3b/7 T—|
channel order 2f, queuing I ggn ﬂg\ -
information, may also be | | - 110D
sent [3b / 10b
) I 3b/7 I 10b T
6. BS acknowledges activa- | 6 | 10b e
tion order g }g
7. MTX requests identity and | 6 | | 15/16
authentication in consecu- | 6 /I/ 15/16
tive frames, max T l 10 ga [£1%) I
8. MS movesto TC N,N,N T ' %;IZF (L=
1727 T I Sa(l=12) e 13a(L=12)
9. MS sends identity 2 | 5a(L=12) [ 13a(L=12)
12. 76 13a(L=12) .
10. MTX sends SMS mode | 6 | 13a(l=12)
order (automatic answer) | 6 |
11. MS acknowledges SMS [13 (Zﬁ(TA;?flé?g |
mode order | Sy
12. Idle frames, according to | | 15 [25 A=2)
para 9.6 in NMT Doc 2 I | 14 l\;.ISS t;;m-trgode
13. MTX sends g-signal order | | for data frafes
to BS and through-
connects speech path | |
(with compander if or-
dered) | |
14. MS ready to receive DMS I I
data frames | |
Note: | |
If the added security feature I I
is not used, the frames 7
and 16 are not transmitted.
Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames)
T'= 30x25ms

T'"'= 277 ms (2 frames)
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nobi | e tel ephone exchange to nobile station,

wi th A-nunber and/or authenticati on SCHEME B3
[ optional ]
Signalling conditions
Direction Direction
speech MTX —> MS MS —> MTX Speech
Signalling path BS, CC | BS,, TC BS.p TC BS, CC [path
state trough- Caalling Traffic channel Traffic channel C,aalling trough-
con- Channel Channel Jcon-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —>BS | 1200 Baud [MS
1. MS "on hook" resting on for 1 a/b | | for
CC or combined CC/TC de- 1. [Tab | | |de:
tails, Tab | | tails,
2. MS (ZX; XX X, X X0) is see 1 a/b see
called in wraffic area Y,Y, |para | 2. [2a para
46 e | | |26
3. MS sends call acknowl- | 1aib | 3. 10a |
edgement T ' after recep- 11a/b
tion of 2a %://B | |
Talb P
4. MTX activates TC N;N,Ny 5 % g/b | 4. %0 A=15) |
on BS eb [
lab |__ 7. [3b_ 6. [25(A=14) I
5. MTX sends channel order 1a/b — ? 3077 (= S
after transmission of . . 3b .
20(A=15) (A fictitious 3b/7 o105
channel order 2f, queuing I ggﬂ /|9/% T
information, may also be | | 1V0
sent 3b 1 10b_ ‘
) | 3b/7 106 T
6. BS acknowledges activa- 9c. |6/8 115
tion order I 6/8 I 115
I 6/8 I 9b. [15/16
7. MTX requests identity and 6/8 /I/L/le
authentication in consecu- | 6/8
tive frames, max T 10 g?l_—g) I
8. MSmovesto TC N;N,N; T | %&N\k
9. MS sends identity T | 1 g?Bng) | 11.
9b. MS sends signed re- I : I
sponse (SRES) (Note 2) | 10 567a8(L=9) |
9c. MTX sends idle frames T | E(Eg)N | C
(Note 2) or the number of T 5a(L= s
the calling subscriber, L [ 5a(L=9)
encrypted by the b-key | 2. |6r8 | 13 %Efﬂg ‘
Note 3 [ =
(o) | B [13al=14) 1
10. MTX sends ringing order I 14. g/gggtfg% I 13a(L=14)
11. MS generates ringing lo- T | g;gag:::g; | 14a
call e Looall=
Y | 14b. 20(A=3/6/13) |
12. Idle frames (according to MTX
para 9.6 in NMT Doc 2) or I 1157 25(A=2)
repeated calling subscriber | | (BS—>MTX)
number I 16. I
13. Answer | |
17. 17.
14. MTX transmits idle frames
or orders MS to switch
compander in
14a.MS switches compander in
14b.MTX sends g-signal order
to BS and through- . . .
Note 1: T =1107 ms (8 frames) Note 4: Frame 8 is usually send 6 times. Thi{
connects speech path T = 553 ms (4 frames) means that same frames are sent
i _ T = 30+£25ms twice (max 19 digits). There is also g
* onisdgeren T = a7 ms @ anes) posiy s up o0 s
; _ Note 2: If the feature of the added security is '
16. %gﬂ? :Jf(t)rceenngPen;ﬁgg;Jdrﬁlg not used, the frames 7,16, and 6 are|
to para 4.4.2.2. omitted.
Note 3: If the feature of the display of the
17. Speech number of the calling subscriber is
not used, the frames 8 are omitted.
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nobi | e tel ephone exchange to nobile station,
aut henti cati on , congestion

Signalling conditions

Direction Direction
Speech MTX — MS MS — MTX Speech
Signalling path | BS, cc |Bs,,  TC BS,, _ TC BS, CC |path
state trough- Caalllng Traffic channel Traffic channel C,aallmg trough-
con- Channel Channel Jcon-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —> BS 1200 Baud |MS
1. MS "on hook" resting on for 1 a/b | | for
CC or combined CC/TC de- 1. [Ta/b | | |de:
tails, Ta/b tails,
2. MS (ZX; XXX, X5Xs) S see Tab | | [see
called in traffic area 91Y2 para | 2-|2a para
4.6 Y e | a6
3. MS sends call acknowl- 1 a/b | 3. 10a |
edgement T '* after recep- lab ' 1 ]
tion of 2a 4.12d | |
lahb
4. MTX informs MS of block- lab | |
ing on BS,, frame 2d i a/bﬁl_‘ \S_J
5. MS starts hunting for a lab |__ e ——
free TC . -~ 4 —_—
e 4 [e. MS
6. MSlocksonafree TC | 4 | . Toc .
7. MS sends the seizure 10c | o %b_/j/@ r
8. MTX requests identity and 377
authent?cation in con)s/ecu- | 3b — | I
tive frames, max T | _3b_3577 \IQ\W
9. MS sends identity 10c af- | 33b577 /:/ }80 T
ot c
ter reception of 3b | 7 106 T
9b. MS sends idle frames until | oc. [6/8 \I\i -
it has calculated SRES | 6/8 | 115
and dends it to MTX, 6/8 9b. |15/16
frame 16, (note3) | 6/8 /I/i/lG
9c. MTX sends idle frames | 6/8 |
(note 2) or the number of | 10. ga(::=9) I
the calling subscriber. a(L=
(Note 3) 7 5a(L=9) |\
T 5a(L=9) 11. %
10 MTX sends ringing order. | 12. Ter8 | % Ringing in MS
Alternatively, forced re-
lease 5a (L=15) may be | 6/8 |
sent, see para 4.4.1.3. | 10. [5a(L=9) |
Max 8 idle frames may be | gag:fg) S
sent between frames 3b ! a(L=
and 5a T | 2o | i
11. MS generates ringing lo- | 6/8 I C
call 6/8
y | I 13. [13a(L=14)
12. Idle frames, (according to 14. [6/8 - | 13aE|-=14)
para 9.6 in NMT Doc 2) or | m | [13a(l=14) .
repeated calling subscriber | 67561(:::2% I 13a(l=14)
number . 6/5a(L=
T 6/5a(L=5)
13. Answer - I 14b.| 20(A=3/6/13) I 14a.
14. MTX transmits idle frames | I 15. [25(A=2)
or orders MS to switch BS —> MTX)
compander in 16.
14a.MS switches compander in
17. 17.
14b.MTX sends g-signal order
to BS and through-
connects speech path
(with compander if or- Note 3: If the feature of the display of the
dered) Note 1: T = 1107 ms (8 frames) number of the calling subscriber is
15. BS sends g-signal ac T = 553 ms (4 frames) not used, the frames 8 are omitted.
' i g T = 30+£25ms
knowledgement T = 277 ms (2 frames) Note 4: Frame 8 is usually send 6 times. Thig
. means that same frames are sent
16. Signal strength measure- Note 2: If the feature of the added security is twice (max 19 digits). There is also 4
ment procedure according not used, the frames 7,16, and 6 are possibility to send up to 40 digits by
to para 4.4.2.2. omitted. sending all frames only once.
17. Speech
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4.4.1.15 Roam ng updating procedure with
aut henti cati on SCHEME D1 [optional]
Signalling conditions
Direction Direction
— -
. . Speech MTX MS MS MTX Speech
Signalling path cC | Bs,, TC BS.p TC ccC |path
trough- Caalllng Traffic channel Traffic channel C,aalllng trough-
state con- Channel Channel [con-
nectin @ signal @ signal nectin
MTX 1200 Baud BS —> MS 1200 Baud 1200 Baud MS —> BS 1200 Baud |MS
1. MS "on hook" resting on CC 1ab | 4 |
inTAY',Y', 1. [Tab | 4 |
Tab 7.
2. , Tab | 4 |
M8 starts Jhunting for a free 11a/b 4
TC, see para 4.4.1.11, in 2. i g//lt)J IMS 2 _ VE|
Y, Y, [1alb — 4 e
! Tab REE: .
3. MS locks on TC NyN,N3 in 1 1a/b 4 /|3/,ij T
and sends roaming 1a/b | 4 11a o
upda%ng and seizure. MTXV | 4. %\\I\
requests user data (triplets) 3b .
from MTXH. | 3b | 5 _[1la
3b 1la
4. MTX requests identity or | 3b | 11a T
identity and authentication in | 5.1 |7 1la o
consecutive frames (Note 7 | 15
2), max T | ;7 \I\ 15
5. After reception of 3b, MS | ; | - %2/16
sends roaming updating for :
T ' and then starts waiting for | 7 H— 157186
frame 7, max T. | 6. gj | %g
5.1IMTXV has received triplets | ﬁ@iﬁ)\_l_\ 15
from MTXH as well as 11a | | 5a(L=3) 8. | 13a(L=1)
from MS and sends RAND 6.1 |5c | 13a(L=1)
in frame 7. 5¢c 13a(l=1) .
— 5a(L=13,15) | [3a(l=1)
5.2MS sends idle frames until it 5a(L=13, 15 ——
has calculated the signed m|n T 5a(L=13, 15 ——
response (SRES) and sends |max 2s 5a(L=13, 15 \l
it to MTX, (Note 2). 5a(L=13, 15
6. MTX sends frame 7 until it 9-|
receives frame 16 from MS.
Then it sends idle frames
and roaming updates MS
and sends roaming updating
confirmation for T'*""
6.1When needed, MTX sends Note 1: ¥ = %g; ms Eg ][ramesg
o = ms (4 frames
flag status frame 5c for T T — 30+ 25ms
7. MTX initiates forced release T = 277 ms (2 frames)

8. Release guard

9. MS returns to CC in new
Y, Yy

Note 2: If the feature of the added security is
not used, the frames 7,16, and 6 are
omitted.

Note 3: If the authentication check fails, MTX
does not send frame 5a(L=3) and
the frame of the forced release is
5a(L=15).
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4.4.1.16 Cl earing sequences w th nessage
i ndi cators [optional]
Signalling conditions
Direction Direction
Speech MTX — MS MS — MTX Speech
Signalling path | BS, cc |Bs,,  TC BS,, _ TC BS, CC |path
trough- Caalllng Traffic channel Traffic channel C,aalllng trough-
state con- Channel Channel [con-
nectin @ signal @ signal nectin
MTX 1200 Baud | BS—>MS | 1200 Baud 1200 Baud MS —>BS | 1200 Baud [MS
for for
de- de-
tails, tails,
see see
MS clearing para . para
4.6 . 4.6
1. Speech .
o . L L | L
2. Mobile station clearing 1 ab
Tab 2. 13a(L=1
3. Release-guard is sent and T ab | /J/_BEEL:l%
message flag information is 1a/b 3. 115¢C 13a(L=1) :
received by the MS in frame [1a/b T | [5c | 13a(L=1) I_
5¢ 1 5a([=13, 15) 0
1ab 4. _|[a(t=13,15) L — 4.
4. MS returns to CC [1a/b A1 — 5a(L=13, 15)] e —
, Tab [ |1 5a(L=13 15) |
5. MTX sends stop g-signal 1 ab 6
order to BS 1ab | 6 |
. | 1a/b . 5 [6
6. BS sends stop g-signal ac- 1ab | l 6 I
knowledgement [1a/b | [20(A=12) |
lalb (MTX=BS]
= [ 6. 25(A=13) |
MS (BS —> MTX) MS
MTX clearing .
1. Speech :
2. Fixed (MTX) clearing, or T ab
forced release from MTX T ab | |
. [Tab |
3. Release-guard is sent and lab . 2. 1[5c |
message flag information is 1 T 5c
received by the MS in frame 1 alb T | Ga(L=13, 15) |
5¢c [Talb in T' a(L=
‘Tab min T° | eai=13 19 | 3 T13a0=1)
4. MS returnsto CC 1 alb | Ba(l=13 13a(L=1)
1a/b 6 13a(L=1
5. MTX sends stop g-signal M1ab 4 J 6 L TﬂLzlg i 4.
order to BS 1ab I o —_————
_ 1ab |’ T 5 ‘|
6. BS sends stop g-signal ac- 1 5. [20(A=12)
knowledgement 1 ab
6. [25(A=13)
I!/IS (MTX— BS) MS l
Note: T =1107 ms (8 frames)
T' = 553 ms (4 frames) Note 2: Clearing implies that the
T"= 30+x25ms compander (if activated)
T'"'= 277 ms (2 frames) shall be switched out.
Note 3: If the authentication
check has previously
failed, MTX does forced
release, 5a(L=15)
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4.4.2 Signalling procedures betwen MIX and BS
4.4.2.1 Signalling on each channel
Signalling Signalling conditions

state

Direction MTX —> BS

Direction BS —> MTX

Start BS transmitter

"Start transmitter"
acknowledged from BS

Send g-signal

"Start g-signal”
acknowledged from BS.
Suppress g-signal alarm

(frame 25(A=7) from BS

"Suppress @-signal alarm"
acknowledged from BS

Cancel suppression g-signal
alarm in BS

"Cancel suppression g-signal
alarm in BS"

acknowledged from BS.
@-signal alarm from BS

Stop sending of g-signal

"Stop @-signal”
acknowledged from BS

Stop BS transmitter and open
“line loop"

Stop BS transmitter acknowl-
edged

Loop line in BS

Note:

L[20(=15) |
32049 |

5.[20(A=4) |
[QEUGSN

10.204512)
122040 |

14.[20 (A=5)

| 2131 ¥
| 4 mR=2) %

\
6. | 25 (A=5)

| s me

9. [ 25 (A=7 or A=8)

| LG
| Bseey X

No reception of frame 25 within T' after frame 20

indicates BS or line fault.

after reception of frame 20.

BS starts sending acknowledge within 62 ms

Some of the signalling states described above are
normally included in other signalling procedures.
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4.4.2.2 Signal strength neasurenments (On data channel,

i dl e channel, free marked TC, or the TC actually
in use)

Signalling Signalling conditions

state Direction MTX —> BS Direction BS —> MTX

1. Signal strength meas-
urement order

2. BS starts sending
measurement result
within T™ after recep-
tion of 21 b/c

Note: 1107 ms (8 frames)
553 ms (4 frames)
30+25ms

277 ms (2 frames)

4

Nk())te: Several measurements orders may be given in sequence, as indicated
above.
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4.4.2.3 BS managenent, naintenance and al arm

Signalling Signalling conditions

state Direction MTX — BS Direction BS —> MTX

Management/maintenance or- 1. @\

der

Response on management/
maintenance order if so speci-

28

BS alarm

X) Frame 15 is sent for synchronization purposes
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SUPERVI SORY SI GNAL BS - M5 - BS

As supervisory signal (@-signal) on the radio path, a tone
is used. The frequency of this tone is sel ected anong four
possi bl e frequencies (3055, 3985, 4015 and 4045 Hz) in
such a way that it differs for two nearby base stations
havi ng the sane radi o frequencies. The signal is inserted
into the speech channel at the base station upon reception
of a command fromthe MIX. In the nobile station, the o-
signal is separated fromthe speech signal and reinserted
into the speech channel in the direction towards the base
station, where it is filtered out and eval uated. The |evel
of the signal is such that apeak deviation of 300 Hz is
obtained in both directions.

The eval uation at the base station is perfornmed on the
basis of the signal-to-noise ratio (S/N) for the
supervisory tone in its frequency band and on the basis of
time.

The information forwarded to MIX is one of the 2 possible
nessages bel ow.

a) Recei ved @-signal below 1 st limt but not
below 2:nd limt.

b) recei ved g-signal below 2:nd limt.

The two nmessages are also called "g-signal alarm' Message
a) starts signal strength neasurenent procedure and
nessage b) starts clearing procedure.

Optional signal strength measurenent al arns, which are
performed at each channel at the BS, are transmtted to
the MIX in the sane way.

1200 BAUD SI GNALLI NG EQUI PMENT

For the exchange of nessages between MIX, BS and M5 bi nary
signalling is used. The necessary equi prent at MIX has the
follow ng function blocks (fig. 4.6.1): encoder,

nodul at or, equal i zer, denodul ator and decoder. The BS and
M5 have the sane equi pnent functionally as the MIX except
for the equalizer.

The various bl ocks are specified bel ow Concerning such
paraneters as frequency response and group del ay,

di stortion except for the equalizer, no explicit

requi rements are given. these paranmeters are included in
the requirenments for overall error rate performance when
connected to reference counter parts (4.6.3 and 4.6.7).
During conversation state, the 1200 bit/s signalling may
be used for end to end user data transfer as specified in
Doc 450-3, Annex 21
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Message to
MSand BS
- Encoder Modulator Equalizer
Message to
MTX
— Decoder Demodulator Equalizer

Fig. 4.6.1 Functional block diagram of the 1200
Baud signalling equi pnent at MIX

4.6.1 Ref erence data transmtter and receiver

The reference data transmtter and receiver fulfil the
error rate performance in para 4.6.7. In the frequency
band 600- 2400 Hz, the group delay distortion is |less than
100 ps and the shape of the spectrumof the transmtted
signal deviates fromthe theoretical by less than 1 dB

4.6.2 Encoder

In order to conmbat errors on the radio path due to fading
and interference, an error-correcting, code is used. The
errors appear in bursts and therefore the chosen code is
burst error correcting. The type of code is convol utional.
The correcting capability of the code is 6 bits when there
are at least 19 "errorfree" bits between the bursts. The
encoder output bits Yj are obtained fromthe encoder

input, bits X; according to the follow ng formlas

i X fori =1to 3
Y2i_1-| Xx® X _gfor i =4to64 7 parity check bits
Txi_3 for i =65to 67%
1 for i =68 to 70
Yo; = i 0 for! =1to 6 [;jf . .
21 i X g fori =7to 70 E information bits

® denotes addition nodul o-2. Thus for every information
bit two output bits are obtai ned, one del ayed information
bit and one parity check bit. The I ength of the encoded
nmessage is 140 bits.

The nessages are transmtted in frames which consists of
three parts (fig.4.6.2): bit synchronization (15 bits),

frame synchroni zation (11 bits) and the encoded nessage
(140 bits).
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bit sync. frame sync. encoded nessage

15 bits 11 bits 140 bits
101010101010101 11100010010

Fig. 4.6.2Frame di sposition

The bits in a frame are transnmitted in the order froml eft
to right.

The bit pattern for the bit synchronization is
101010101010101 and for the frame synchronization
11100010010.

The bit sequences for bit and frame synchroni zation are
intended to facilitate initial synchronization. During a
transm ssion consi sting of several frames the encoded
nmessages contain enough information to check whet her
synchroni zation i s maintai ned al so when the specific frane
synchroni zati on sequence has been | ost due to transm ssion
errors.

To illustrate the encodi ng procedure an exanple is given.

Franme nunber la Free calling channel indication.

NiNeNs P(12)  Y1Y2 JJJJJJIIII

Ni= 1 representing binary 0001
No= 3 0011
Ng= 5 0101
P(12)= 12 1100
Y1 =6 0110
Yo = 4 0100
H-Hop=0 0000
X = Xq, Xo, Xa, Xay Xo, X6y Xg0 o v vovv v Xe3, Xo4
= 0001001101011100 ....... 00

According to the formul as above the encoded nessage wl |
be

Y = Yl, Y2 ) Y3 Y r e e e Y140

Y= 1; Y, = 0; Y1 =1, Yo =0
Y3: 1; Ys = 0; Y13 =1, Yia =0
Ys5= 1; Y6 = 0; Y15 = 0; Y16 =0
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Y7= 0; Ys =0, Y7 =1, Yig =0
Yo= 1; Yo =0; Yig =1; Yo =1
Yizz = 1; Yz =0; Y37 =1, Yizs =0
Yizs = 1; Yize = 0; Y9 =1; Yo =0
Mbdul at or.

The nodul ation rate is 1200 + 0,1 Baud. The nodul ation
nmethod is FFSK with the tone frequencies 1200 Hz and 1800
Hz for the | ogical "one" and "zero" respectively. The bit
frequency and the nodul ati on tone frequencies shall be
derived fromthe sane source. The shift from one frequency
to the other shall be continuous in phase. The line
diagram for the signal fromthe nodul ator shall thus be as
shown in the figure 4.6.3.

The | evel fromthe nodulator in the MIX including
transmtting filters if so equipped is : -17 + 0.25 dBnO
The output |evel of the nodulator inthe BSis -11 = 1.5
dBnD. The performance requirenent of the nodul at or
including transmtting filter, expressed as maxi mum

increase at required S/Nratio for an error rate of 104
neasured with a reference receiver is 0.5 dB conpared with
a reference data transmtter.

These levels are valid in the inplenentation in the Nordic
countries. The |levels have to be nmatched to the line

l evel s in the specific network. See al so NMI' Doc 450-4 and
NMI' Doc 900-4 paragraph 2.2.4. 2.

1 bit=0,83 ms 1bit=0,83 ms

Fig. 4.6.3 Line diagramfor the FFSK signal
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Transmtting filter

The spectrum S(f) of the signal fromthe nodul ator as a
function of the frequency is shown in figure 4.6.4 bel ow.
Above 3400 Hz the total power shall be bel ow -30 dB
relative to the power of the transmtted data signal. A
transmtting filter nmay be used for reduction of spectrum
conponent s outside the necessary band (600-2400Hz) .

A st dB

0
|
s
10 | | |
| | |
| | |
20 T | I I
| | |
| | |
| | |
| | |
| | |
| | |
. | | | . . -
600 900 1200 1500 1800 2100 2400 frequency Hz

Fig. 4.6.4 Spectrum S(f) of the FFSK signal
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Equal i zer

The path between the MIX and the BS consists nornally of
one or nore links in carrier systens and/or a physi cal
line. To decrease the problens created by group del ay
distortion on this path equalizers are necessary. The
equi pnent at the MIX therefore includes a "plug in"
standard equalizer with a characteristic as shown in the
figure 4.6.5 100 ps. Such an equalizer is foreseen in
both the transmtting path and receiving path of the MIX

Relative group delay ms

Tttt -
1000 1200 1500 1700 2000 frequency Hz

Fig. 4.6.5 Relative group delay of equalizer

Receiving filter

In order to inprove the signal to noise ratio before
denodul ation a receiving filter may be required. This
filter shall be designed in such a way that the
requirenments in para 4.6.7 are net.

Denodul at or and signal | evel detector

The perfornmance requirenent of the signal receiving

equi pnent when connected to a reference data transmtter
is that the error rate shall be lower or equal to what is
indicated by the curve in fig. 4 6.7. This requirenent
shall also be fulfilled for a shift 5 Hz of the
frequencies (due to frequency errors in carrier frequency
systens) for logical "one" and "zero" for MIX input signa
| evel s in the range

-11T§ dBnD. For BS the input signal level is -17T§ dBnD

These levels are valid in the inplenentation in the Nordic
countries. The levels have to be nmatched to the |line
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levels in the specific network. See al so NMI' DOC 450-4 and
900- 4 paragraph 2.2.4.2.

The nodens in BS and MI'X shall be equi pped with a signal

| evel detector. The function of this detector is to
prevent the decoder fromreacting upon signal below a

| evel of -35 +3 dBnmO The detector shall permt decodi ng
and the nodem shall operate if FFSK nodul ated signal s
above the threshold |l evel are detected. The error rate may
be hi gher than specified in fig. 4.6.7 if the received

l evel is outside the levels specified in the first
par agr aph.

A Error rate
101
1072
103 \\\\\\\
10 \\\\
10 \\\\
-6
10 \\
107
SIN dB
-
8 10 12 14
Fig. 4.6.7 Error rate versus signal to noise ratio at input
fromline (S/N neasured in bit rate bandw dth
(1200 Hz) for noise with an even distribution at
| east from 300 to 3400 Hz.
4.6.8 Decoder and splitting

After reception of frame synchronization the bit streamis
functionally divided into one stream cont ai ni ng
information bits and another containing parity check bits.
"New' parity check bits are calculated fromthe
information, bits and conpared with the received parity
check bits. Errors, if any, are localized and corrected in
accordance with the capability of the code.

After reception of frame synchronization it is checked
whet her he subsequent six information bits all have the
val ue 0.
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- If sointhe MiXthe |ine to the tel ephone network is
splitted within 10-20 ns. The reconnection tine in the
MIX shall be 250-300 ns after the |ast frane sync.

- If soin the M5 the audio output is nmuted. Reconnection
of the audio path is delayed T''' (277 ns) after
reception of the last framesync.

- Inthe BS no splitting in the transmtter in the
direction MIX -> BS -> M5 takes pl ace.

The decodi ng continues even if the six first information
bits differ fromthe val ue 0.

Muti ng of speech path

Wien the 1200 Baud signalling equi pment in MIX is sending,
t he audi o signal through the MIX towards the BS is nuted.

In the M5 the audio path is nuted towards the MIX when the
M5 nodem i s sendi ng.

In the BSthe radio receiver is muted towards the MIX when
the BSis signalling to the MIX

ACCEPTANCE OF SI GNALS

Thi s paragraph descri bes how the analysis of franes is to
be carried out in the MIX, BS and M5 and how t hey shal
behave upon receiving franes containing errors.

The anal ysis is constructed to draw use of the redundancy
in the signalling schenes and the structure of the franes.

Mobil e in standby condition

Before |l ocking to a channel the M5 checks that NiNoNg
P(12) YqYo of the received franme l1la/lb is correctly

received. Staying at a channel the M5 is primarily | ooking
for an identity match i.e. if thereis a call to the M.
The criteria to continue to be |ocked at the channel is
that NyNoN3 P(12) Y1Y5 is received regularly. However, two

franes can be | ost between two correct franes.
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Acceptance of signals after entering a particul ar
signalling schene

CGeneral ly, frames that cannot be interpreted by the Iogic,
shall be ignored. This applies also to franes that have no
meani ng i n an actual signalling sequence.

The frame shall be accepted as a frame by the MIX if it
consists of 140 bits in the encoded nessage. However, on
CC fromMS/BS to MIX al so a shortened franme consisting of
at least 114 bits in the encoded nessage shall be accepted
as a franme. In the M5 and BS ot her acceptance criteria are
used.

I'n signalling sequences where identical franmes are known
to be repeated a nunber of times, the MIX and M5 shall act
upon the first of themthat can be interpreted by the
logic. That is, the MIX and M5 shall not confirmthe

recei ved signal by checking further franes.

Signalling schene A call M5 -> MIX

The frane 1b/4 is accepted as free nmarked traffic channel,
if prefix and Y1Yp are correctly received and HgHgHig i s

one of the following fictitious channel nunbers 0, 3F3,
3F4, 3F5 or 3F6.

- MIX recei ves seizure fromordi nary N5
(N N2N3 P(1) ZX1X2X3XaXsXe TY2 K1KpK3)

The call from Z X1 ... X6 is accepted if it is a
val i d nobi |l e nunber, Ni{N,N3 and prefix are correctly

received and TY2 are correctly received or equal to
zero.

- M5 receives identity request
(NLN2Ng P(5) Y1Y2 ZX1XpX3X4XsXe HgHoH10)

The frame is accepted if prefix P(5) and identity Z
X1.Xs are correctly received and HgHgH1g equal s 000,

3F3, 3F4, 3F5 or 3F6.

- Aut henti cation request to Ms, franme 7
(NMNoN3 - P(8)  Y1Y2 CCCG3C4G5CeCr JJJ)

The franme is accepted if prefix, channel nunber, Y1Y2

and JJJ are correctly received. In register recal
procedures, frame 7 shall be accepted i ndependently of
the received area code Yo, but Y1 has to be correctly

recei ved.

- MIX receives identity
(N N2N3 P(1) ZX..Xs TY2  K1K2K3)
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accepts identity if prefix and identity are

correctly, received.

Roam ng updating confirmation (see 4.7.2. 3a)

The

The

MIX can during the dialling phase receive

digit Nt b Ns P(7) Z X3 Xo X3 X4 X5 Xg S(0/15)
S(0/15) S(n) S(n) S(n)

Mobi | e Nt N Ns P(8) Z X3 Xo X3 X4 X5 X5

cl earing L(1)L(1)L(1)L(1)L(D)

see (4.7.2.3.h)

ldle (JJJJPO) JJJJIJJIJIJIIJIJIJII
franme

digit frame is accepted if the foll ow ng

conditions are sati sfied:

a)

b)

c)

d)

P(7) is correctly received

Nt Npb N or Z X3 Xo Xg Xa Xs Xg¢ or six out of ten

92

characters Nt b N3 Z X3 Xo X3 X4 X5 Xgare correctly

recei ved
S(0)S(0) (or S(15)S(15)) are correctly received
S(n) S(n) S(n) are equal.

Further a newdigit frane is only accepted when
S(0) S(0)/ S(15) S(15) have changed rel ative to the previous

digit.

The

M5 can during the dialling phase receive
Idle frame (J J J P(O) JJ ... J)

forced (N; Nb N3 P(6) YiYo Z Xy Xo X3 Xa X5 Xo)
rel ease L(15)L(15)L(15)
(see 4.7.2.3.a)

Address Nt No N P(6) Y1Y2 Z X Xo X3 Xa X5 Xg
conpl ete L(6)L(6)L(6)

Aut henti cation signed response fromMs, frame 16
(N NoN3 - P(12)  RiROR3R4R1ROR3R4R1ROR3Ry)

The frame is accepted if prefix is correct and two of

t he

three RiRoOR3R4 -groups are equal and correctly

recei ved.

Signalling schene B, call MX -> M

Cal |

to nobil e subscriber on calling channel

(NLN2Ng P(12) Y1Y2 ZX1XoX3X4X5Xe  HgHgH10)
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- Cal | acknow edgenent
(NINpNg  P(1) ZX1XoX3XgXsXe TJ  (JJJ))

The franes are accepted if identity X; ... Xgis
correctly received.

- channel order

(NL No Ng P(12) Y1Y2 Z X Xo X3 X4 X5 Xo Na Ny N)

The frame is accepted if identity Xy ... Xgis
correctly received and Nuy Ny N. i s a valid channel
nunber .

- Scan order/ Queue order, frane 2d/2f
(N1NoN3 P(12) Y1Y2 ZX1XpX3X4X5Xe  HgHgHi ()

The franme is accepted if prefix and identity are
correctly received, and HgHgHipg is equal to 3F2 or 3FO

respectively.

- Identity request
(N N2N3 P(5) Y1Y2 ZX1XoX3XaX5Xe  HgHoHi )
(se 4.7.2.1)

- Identity from NS
(N No Ng P(1)  ZXqXoXaXaXsXs 3 J 3 J J)
(se 4.7.2.1)

After the identity check the
- M5 can receive

- ri ngi ng order
(Nt N2 NP(6) Y1Y2 ZX1XoX3XgXsXs L(9) L(9) L(9))

- Forced rel ease
(N2 No NsP(6) Y1Y2 ZX1XoX3XaXsXe L(15) L(15)L(15))

- Idle frame (J JJ PO JJ ... J)

- M5 transmts

- Ansver (N{NoNg P(8) Z X{XoXaXqX5Xg L(14)L(14)
(see 4.7.2.3b) L(14)L(14)L(14))

- A-nunber identification

(NLN2N3 P(1) YiYoa M HipHHiHsHgHy W V)

Frame 8 is accepted if channel nunber NiNoNg, prefix
P(1) and traffic area Y1Yo are correctly received and
t he checksum W{W is correct. The A-nunber is

presented to the user if all the frames in the
sequence are correctly received. The nunber of franes
in the sequence is stated in Hy in the first frane.
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If all franmes are not received correctly at the first
transm ssion, the correctly received franes shall be
stored until next simlar frame is correctly received.
If all frames of the sequence have been correctly
recei ved after the second transm ssion of franes, the
A-nunber information shall be presented to the user.

Signalling schene Bl, call MIX -> MBS,

- Call to M5 on calling channe
(See 4.7.2.2)

- Call acknow edgenent
(See 4.7.2.2)

- Scan order
(See 4.7.2.2)

- MI'X recei ves seizure fromordinary M5 on traffic
channel
(See 4.7.2.1, except that M5 will send prefix P(6)
instead of P(1))

- M5 receives identity request on traffic channel
(See 4.7.2.1)

- MIX receives identity on traffic channel (See 4.7.2.1,
except that Ms will send prefix P(6) instead of P(1))

After the identity check:
(see para 4.7.2.2)

Line signals in the direction MIX -> M5

The line signal is accepted if the prefix P(6) and the
identity Z X3 Xo X3 X4 X5 Xg are correctly received and at

| east two of the three characters L(n) are equal and
meani ngf ul .

Acceptance criteria for frame 5c:

The franme is accepted if the prefix P(2) and identity

ZX1XoX3X4XsXs are correctly received and bit sequence i, i,
igisigigisequal toi’' i',i'5301 4,151

Line signals in the direction M5 - > MIX

The line signal is accepted if the prefix P(8) and the
identity Z X3 Xo X3 X4 X5 Xg are correctly received and at
| east three characters L(n) are equal and neani ngful .
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4.7.2.4 Signalling schenes C and C1', switching call in
progr ess

Traffic channel allocation on traffic channel
(NL N2 Ns P(5) Y1Y2 Z X1 Xo X3 X4 X5 Xo Na Ny N;)
(see 4.7.2.2 channel order)

The frame is accepted if prefix and identity
ZX1X2X3X4X5Xg are correctly received and NagNgN; is a

val i d channel nunber

4.7.2.4b Signalling schene C2', SC P.

Traffic channel allocation on traffic channel, short
pr ocedur e.

(N1 Np" Ng™ P(9)  Y1Y2ZX1XoX3XaX5Xg  NalNpNe)

The franme is accepted if prefix and identity
ZX1XoX3X4X5Xg are correctly received and channel

nunber Ni' No' Ng' and NaNgN: are equal and neani ngful .

Identity request
(see para 4.7.2.1)

MIX receives identity
(see para 4.7.2.1)

4.7.2.5 Signalling schene D, roam ng information

Roam ng updating seizure on traffic channe

(MNoN3 - P(14)  ZX1 XpX3X4X5X6 Y2 K1K2K3)
(see 4.7.2.1 seizure)

4.7.2.6 Coi n- box

MI'X recei ves seizure from coi n-box M
(N1NoN3 P(11) ZX1 XoX3X4X5Xs  TY2 K1KoK3)
(see 4.7.2.1 seizure)

MB recei ves answer

(NN N P(6) Y1 Y2 Z X Xo X3 X4 X5 X6 L(0) Q Q

The coi n-box accepts answer if P(6), L(0), Z Xy ... Xg
are correctly received.

Answer acknow edgenent from coi n- box
(NN Ng P(8) Z Xg Xo X3 X4 X5 X6 L(2) L(2) L(2) Q Q

The MIX accepts answer acknow edgenent if P(8), Q
and Z X3 ... Xg are correctly received and 2 of the 3
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L(n) are equal to 2. @ Q@ nust be identical to the
values transmtted to the Ms.

- Aut henti cation request to M5, frame 7
(see 4.7.2.1)

- Aut henti cation signed response fromM5, frame 16
(see 4.7.2.1)

4.7.2.7 Call fromnobile station with priority

- Seizure fromMs with priority
(NLN2Ng P(15) ZX1XoX3XaXsXe T J(JJJ))
(see 4.7.2.1 seizure)

- Queueing information to MS with priority on calling
channel

(Nt N2 N P(12) Y1Y2  ZX1XX3XaX5Xe Na No Ne)
(see 4.7.2.2 channel order)

- Aut henti cation request to M5, frame 7
(see 4.7.2.1)

- Aut henti cation signed response fromM5, frame 16
(see 4.7.2.1)
4.7.2.8 Change of M5 output power |evel on sane channel
- traffic channel allocation on traffic channel
(Nt N2 Ns P(5) Y1Y2 ZX1X2X3X4X5Xg Na No N;)
(see 4.7.2.2 channel order)
- MIX receives identity
(NLN2Ng P(1) ZX1XoX3XaXsXg TY2 KiKpK3)
(see 4.7.2.1 seizure)
4.7.2.8b Authentication during conversation

- M5 receives identity request, frane 3b
(see 4.7.2.1)

- MI'X recei ves seizure formordinary M5 frane 10b
(see 4.7.2.1)

- Aut henti cation request to M5, frame 7
(see 4.7.2.1)

- Aut henti cation signed response fromM5, frame 16
(see 4.7.2.1)

4.7.2.9 Signalling in the direction, MIX -> BS

- Channel activation order

NiNoNs  P(15)  YiY, Z(15)  J3J A(3)f ,f of of of &
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NI NoNg P(15) Y1Y, Z(15) JJJ A(0-2,4-15)J333J3J
and [ OPTI ONAL]

NI NoNg P(15) Y1Y, Z(15) JIJ  A(6, 13)f 4f of of of 5
N;NoN; P(15) Y;Yy Z(15) JJJ A(7,14)1 [l Ul H of o
NI NoNg P(15) Y1Y, Z(15) JJJ A(15) Il Ll pdd

The frame is accepted if prefix and Z(15) JJJ are
correctly received. fgzis validif two of the |ast

three f,4 are equal and meani ngful and A(n) takes the

values 3, 6, 7, 13 or 14. Due to inplenentation other
acceptance criteria can be valid for A= 7, 14 or 15
due to setting of alarmlevels for received signa
strength eval uati on [ OPTI ONAL] .

Signal strength nmeasurenent order on data channel or
idle or free-marked traffic channel

NiNpNg  P(3)  YpYp Z(15)  JJJ V(15) JJ NyNpN,
The frane is accepted if P(3), Z(15) JJJ and V(15) are
correctly received.

Signal strength neasurenment order on traffic channel
actual ly used

N1NoNg P(5) Y1Yo Z(15) JJJ V(15) JJ NgNN,

The frame is accepted if P(5), Z(15) JJJ and V(15)
are correctly received.

O her managenent/ mai nt enance order on, idle channel
or data channel

Nt N N P(14)  Y1Yo Z(15) JJJ Vi Vo V3 Vs V5 Vg

The frane is accepted if P(14) and Z(15) JJJ are
correctly received.
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4.7.2.10 Signalling in the direction BS -> MIX
- Channel status information

N{NoNg  P(9)  Z(15) JJ  A(n) SNANARRE

and [ OPTI ONAL]

NIN2N3  P(9) Z(15) JJ A(2,6) JJJ f@HL JJ
N{NoNg  P(9)  Z(15) JJ  A(14) J3J Jlg . I

N{NoNg  P(9)  Z(15) JJ  A(7,8) JJJ CCC JJ

The frane is accepted if Ny b N3, P(9), Z(15) and

A(n) are correctly received.

Due to inplementation of cause values and alarmlevels
for received signal strenght, other acceptance
criteria can be valid [ OPTI ONAL]

- Signal strength nmeasurenent result

(Nt N2 Ns P(2) Z(15) J J Na Ny Ne R(ng) R(nz) R(ny)
R(n2) R(ny) R(nz))

The frame is accepted if Ny o N3, P(2), Z(15) and
N, N, No are correctly received, and two out of the
three pairs R(ny)R(ny) are identical.

- Response on ot her managenent/ mai nt enance order on idle
channel or data channel

Nk N N P(4)  Z(15) J J Vi Vo Vg Vg JJJIJ

The frame is accepted if Ny Nb N5 P(4) and Z(15) are
correctly received.

- O her nmmi ntenance infornmation from BS
Ni Nb N P(13) Zz(15) JJ ViVoV3 V433331

The frane is accepted if Nt Npb N3, P(13) and Z(15) and
are correctly received.

4.7.2.11 Subscriber service by register recall and code sendi ng.

- Aut hentication request to M5, frane 7
(see 4.7.2.1)

- Aut henti cation signed response fromMs, frane 16
(see 4.7.2.1)



4.7.3
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Fal se frame synchronization in BS

Any nunber of false frane synchronization words within a
frame shall be handl ed. The occurrence of false frame
synchroni zati on words shall not cause frames to be | ost.

However, there exists a mnor possibility that decodi ng of
a franme after synchronizing to a fal se synchroni zati on
word wi Il produce neani ngful information. In such
situations, the requirenent stated above need not be
fulfilled.
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