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GLOSSARY OF TERMS

Access channel

Area information

Base station (BS)

Base station area (BSA)

Basic channel band

Calling channel (CC)

Calling channel band
(CC band)

Control unit (CU)

Data channel

dBmO

DSSs

Fast frequency shift keying [FFSK)

Fixed subscriber [SF)

Free traffic channel

A channel marked with a special
identification signal. The channel may be
used to get access to a traffic channel when
the mobile station initiates a call.

Indicates which base station the signalling
comes from. Prevents malfunction due to
co-channel interference.

The unit which comprises the terminating
equipment for the radiopath and for the
supervisory and control signalling towards
the mobile station as well as the mobile
telephone exchange.

The radio coverage area of a base station.

A specific frequency band with the NMT S00
frequency band. Is preprogrammed in the
MS, and shall be changeable. This frequency
band will be used from the outset.

Normally one of the channels assigned to a
base station is a calling channel used for
setting up calls to mabile stations. During
peak traffic a calling channel may be used as
a traffic channel.

Information given on the calling channel
about the frequency band in use for calling
channeis. Reduces the scanning time when
calling channels are searched. Will normally
be a part of the basic channel band.

Part of the base station, providing start and
stop of transmitter, fault indication etc.

One of the channels (calling channel, traffic
channel or dedicated channel between MTX
and base station) used for data signalling.

The term - x dBmO indicates a power level of
x dB below 1 mW at a point of zero relative
level.

Digital Supervisory signal, out-band digital
signal to supervise the transmission on the
traffic channel during conversation.

Modulation principle used between the MTX
and MS, utilizing the frequencies 1200 Hz
for logical one and 1800 Hz for logical zero.

A subscriber in the ordinary telephone
network.

Traffic channel positively marked as free.
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Handover request [OPTIONAL]

Handover request [OPTIONAL]
channel [HC)
Home mobile telephone exchange

idle radio channel

Local exchange

Mobile station (MS)
Mobile subscriber (SM)

Mobile telephone exchange (MTX)

MTX-area

Multi-frequency code signalling (MFC])

Nordic mobile telephone
system (NMT])

Occupied traffic channel

Password

Push-button multi-frequency tone
signalling (MFT]

The speech quality of a call falls below
acceptable limits and a handover is initiated
to another channel.

A channel used for handover signalling
from the BS or the SSE to the MTX

The MTX where the mobile station (MTXH]) is
registered.

Radio channel assigned to a base station
and not in use, i.e. not occupied and not free
marked.

An exchange in which subscriber lines
terminate.

The equipment used by a mobile subscriber.

A subscriber with a mobile station in the
NMT system.

The unit which controls the traffic between
the mobile stations in its area of operation
and the telephone network, as well as
supervises the operation of its subordinate
base stations.

All the traffic areas controlled by the same
MTX.

Signalling system used between exchanges
in the telephone network according to CCITT
Rec.R2, utilizing compelled signalling with

codes consisting of 2 out of B frequencies.

The public automatic mobile telephone
system in the 450 MHz and 800 MHz range,
common to the four member countries.
NMT 450 denotes the version using the 450
MHz band, and NMT 900 the version using
the 900 MHz band.

Traffic channel engaged for conversation or
call set-up.

A three digit number added automatically to
the end of the subscriber number to prevent
unauthorized use of a subscriber number.

Signalling system used for signalling from
subscriber sets in the telephone network
according to CCITT Rec. G323, utilizing 2x1
out of 4 frequencies in pulses, controlled by
push-buttons.
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Radio frequency (RF)

Random Challenge (RAND])

RFdink disconnection [OPTIONAL]

Roaming mobile subscriber

Scanning supervisory
equipment (SSE) [OPTIONAL]

Signal strength receiver (SR)

Signed Response (SRES)

Subscriber authentication key

Supervisory signal (2-signal)

Supervisory unit {SU)

Switching call in progress

Traffic area (TA)

Traffic channel [TC)

The frequencies in the 300 MHz range on
the radio path.

A seven digit number, transmitted from
MTX to MS during the authentication
procedure.

The speech quality of a call falls below
acceptable limits and the call is terminated.

Mabile subscriber having left his home
mobile telephone exchange.

The unit which continuously supervises
the channels in the system and initiates
handover attempts in the MTX

Part of the base station, providing
measurement of radio frequency signal
strength on the channel ordered from the
supervisory unit of the base station.

A four digit number, transmitted from MS
to MTX during the authentication procedure.
SRES is calculated based on the received
and RAND end the stored SAK

Secret key stored in the MTXH and MS,
used for [SAK] authentication purposes

Out-band pilot signal (approximately 4000 Hz)
to supervise the transmission on the traffic
channel during conversation.

Part of the base station, providing the inter-
face between the signal strength receiver on
the one side, and the MTX or CU on the
other side.

Method of securing the continuity (in-call
hand-off) of an established call when the
mobile subscriber moves out of one base
station area into another.

A group of base station areas, where calls
to mobile stations are sent out
simultaneously.

Channel assigned to a base station and
primarily intended for conversation. Traffic
channel is also used for call set-up from
ordinary mobile subscribers.
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Traffic channel band (TC band]

Trunk exchange

Visited mobile telephone
exchange (MTXV)

information given on the calling channel
about the frequency band in use for traffic
channel.

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

The MTX, other than the home moabile
telephone exchange, controlling the traffic
area the mobile subscriber is wisiting at the
moment.
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ABBREVIATIONS
AC Access channel
A-subscriber Calling subscriber
B-subscriber Called subscriber
B-key Key for B-number encryption
BS Base station
BSA Base station area
CC Calling channel
Cu Control unit
FFSK Fast frequency shift keying
MFC Multi frequency code signalling
MFT Push-button multifrequency tone signalling
MS Maobile station
MTX Mobile telephone exchange
MTXH Home mobile telephone exchange
MTXV Visited mobile telephone exchange
NMT Nordic mobile telephone system
PMS Mobile station with priority
RAND Random Challenge
RF Radio frequency
SAK Subscriber Authentication Key
SF Fixed subscriber
SM Mobile subscriber
SR Signal strength receiver
SRES Signed Response
Su Supervisory unit
TA Traffic area
TC Traffic channel
TMS Test mobile station

g-signal Supervisory signal



NMT DOC S00-1, 1895-01-25 1

INTRODUCTION

The Nordic Mobile Telephone System (NMT) is developed jointly by the Tele-
communications Administrations of Denmark, Finland, Norway and Sweden in
order to establish a compatible automatic public maobile telephone system in the
Nordic countries. The system was put into commercial operation in the Nordic
countries in 1981.

Due to the success of the first version of the NMT-system, using the 450 MHz
band, an expansion based upon the same system design is introduced. This
version of the NMT-system operates in the 900 MHz band (CEPT-band], and will
work in parallel with the existing 450 MHz NMT-system. This document describes
the system requirements for the NMT-system in the 900 MHz band, the NMT
900-system.

The NMT 800 -system may in some cases be implemented in exchanges for the
450 MHz NMT -system. In these cases traffic between mobile stations in the two
systems may be served by the same exchange. Normally, however, separate
exchanges will be used, and the fixed telephone network will be the interface
between the two systems.

The mobile stations of the NMT 300 system are fully compatible with the
landbased part of the system, regardless of which Nordic country the maobile
subscriber happens to be in at the moment. All mobile subscribers are normally
given full roaming capability in all the participating countries.

Mobile stations to be used in the NMT 800 system are to be typeapproved by the
Telecommunications Administration. The mobile stations are to be purchased or
leased by the subscribers.

Several kinds of subscriber mobile stations can be accommodated in the system:
- ordinary mobile stations;

- mobile stations with priority;

- hand-held mobile stations, and

- coin-box mobile stations.

The system is primarily intended for land mabile use. To some extent, however,
the network may also be utilized for short-distance maritime mobile commu-
nications.

Detailed information on different parts of the system is given in the following NMT
publications:

- Technical specification for the mobile telephone exchange
(NMT Doc 450,/900-2).

- Technical specification for the mobile station (NMT Doc S00-3)
- Technical specification for the base station (NMT Doc 800-4).
The basic requirements set to the NMT system are:

- Setting up and charging of calls to and from the mobile station shall be
automatic.
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- It shall be possible to set up calls between the mobile stations and any fixed
telephone subscriber or any other mobile telephone subscriber within the
system, regardless of country.

- The costs shall be charged to the calling subscriber, regardless of whether
it is located in the mobile system or in the fixed telephone network. The
charge shall be based upon the dialled numbers, and the duration of the call.

- The system shall provide for automatic roaming capability for the mobile
subscribers within the Nordic countries.

- To the subscribers the system shall appear as similar as possible to the
fixed telephone network. This applies both to the use of the mobile station,
the reliability of signalling, charging, and secrecy, and to the services
offered.

- The introduction of the system shall not necessitate any significant changes
in the fixed telephone networks.

- The system shall have the capability of switching established calls from one
base station to a neighbour base station based on the speech quality,
enabling "small cell” -technique to be used.

The first version of the NMT system [NMT 450) fulfils all these requirements.
NMT 800 also fulfils these requirements. In addition it is prepared for use of

hand-held mobile stations. Added subscriber identity security is included in this
improved version.
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TEM CONCEPTS

GENERAL

The system concept is based upon close interworking with the fixed telephone
network. For reasons of compatibility, the interface between the mabile stations
and the landbased parts of the system is the same in every country.

The interface between the system and the telephone network is contained in the
mobile telephone exchange MTX, which thus has to absorb the differences
between the various interfaces to the national networks.

The base stations, serving as the interface between the radio path and the
landbased 4-wire transmission systems, perform no switching of the speech
path. They are grouped into traffic areas, each connected to only one point in the
telephone network, in which an MTX controls the traffic to and from the mobile
stations. One MTX controls one or more traffic areas, fig.2.1. The MTX will be
stored program controlled. The system is designed with a number of facilities
which are expected to be of value to the subscribers, such as abbreviated dialling,
follow-me etc.

On every base station, one channel is used as a calling channel and is marked with
a special identification signal. In traffic areas where one calling channel would not
have enough capacity two calling channels on base stations may be used. The
mobile stations lock to the right calling channel depending on their identity code.

One or several of the other channels, when free, are marked with a free traffic
channel or access channel identification signal. Stand-by mobile stations in a base
station area are locked to the calling channel. It is, however, possible for the MTX
to permit use of the calling channel for conversation in certain circumstances.
This possibility is likely to be utilized only in base stations with few channels at
times when all traffic channels are busy.

The calling and traffic channels are searched within a frequency band which
depends on the information sent on each calling channel. Also the interleaved
channels within the given band are included in the search procedures.After
locking to a calling channel the information received is stored in the mabile station
and used when scanning next time. In the initial phase, a defined number of
channels is scanned.

In addition to the signals designating the channels as calling, traffic or access
channels, there are signals in order to enable the mobile station to distinguish
between traffic areas and between countries, as well as signals indicating the
channel number. All signals are transmitted by means of a 1200 Baud FFSK

signalling system.

The mobile stations is followed in such a way that the MTX knows in which traffic
area the mabile station is situated. The updating of the location registration is
initiated by the mobile station when the calling channel identification signal
indicates a new traffic area. To minimize the possibility for illicit use of subscriber
identity numbers, an authentication procedure will take place on mobile originated
calls.
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RADIO FREQUENCIES
Er n an

The radio frequencies where NMT 300 will operate consist of the bands 890-815
MHz and 935-860 MHz, which will be used for the paths mabile station to base
station and base station to mobile station respectively. With a channel separation
of 25 kHz, these bands accommodate 1000 channels. However, the system is
also designed for use of interleaved channels i.e. channels with 12,5 kHz channel
separation from the ordinary channels.

The mobile station shall be programmed for operation only in a specific initial band
if no channel band information is received from MTX.

Radio coverage

In order to reach an effective frequency utilization in densely populated areas, the
system is prepared for small coverage areas ("small-cells”), where mobile
stations with low output power are used. As a consequence, the probability of
reaching the coverage limit of a base station during a call increases. In order to
reduce the inconvenience of this, the system is designed to switch calls in
progress from one base station to another base station. Furthermore, the
transmitter output power of all mobile stations is automatically reduced (ordered
by MTX) when entering a small-cell area.

The same power reduction procedure is used in order to reduce interference in
cases when mobile stations are close to base stations with conventional coverage
areas.

CALL SET-UP PROCEDURES

all mobile_station

Calls to all kinds of mobile stations are sent out in parallel over all base stations in
the traffic area in which the mobile station is believed to operate. When a mobile
station has received a calling signal containing its identification, it returns a call
acknowledgement on the return frequency of the calling channel, upon this MTX
allocates a traffic channel on the base station where the mobile station has
answered the call. The channel number is received by the mobile station, which
then switches to the allocated channel. Thereafter, all exchanges of signals
between MTX and the mobile station take place on the traffic channel.

Alternatively the MTX may order the mobile station to search for a free marked
traffic channel after having received the acknowledgement on a base station
where all traffic channels are occupied.

As another alternative, the call may be put to a queue on the congested base
station. The calling procedure is started from the beginning if a traffic channel
becomes available within the set time limit.

all from bil i

When an ordinary mobile subscriber initiates a call, the mobile station
automatically hunts for and locks to a free marked traffic channel, on which all
signals are exchanged and the conversation takes place. Alternatively the mobile
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station makes an access attempt on a dedicated access channel, on which the
MTX responds with information about the allocated channel for this call.
NUMBERING AND ROUTING

The numbering scheme is designed to meet the following objectives:

a) to enable a calling subscriber to inform the telephone network about the
identity of the called mobile station;

b) to serve as routing information for the telephone network;
c) to enable the mobile station to respond to a call from the MTX;
d) to identify a calling mabile subscriber to the MTX.

e) to secure that subscriber numbers are not used unauthorized.

The routing in the telephone network is performed by the following principles:

In Finland: PnMq Ma X1 Xo

in Sweden: PnM1 Ma M3 X1 Xo
In Denmark M1 MaXq Xo

in Norway M1 MaX1Xa

PN = trunk prefix
M1 Mo [(M3) = mobile prefix
X1XoX3X4qX5Xs = subscriber number series

These structures satisfy the requirement b) above.

Identification of mobile subscriber requires more information than digits
PnNM1Ma(M3)X1 ... Xg dialled by the calling subscriber, since it must be possible

for MTX as well as for the mobile station to distinguish between identical
subscriber numbers X1 .... Xg belonging to different countries. Therefore, a
nationality digit Z is added to the subscriber number X1....Xg for communication
on the radio path. The digit Z is only used internally in the system and is not dialled
by a calling subscriber. For communication towards a mobile subscriber, Z is
added to the subscriber number X1 ....Xg in his home MTX, even when he is

visiting another MTX area. For communication from a mobile subscriber, it is
automatically sent by the mobile station logic.

In all countries mobile subscribers are identified by the number ZX1XoX3X3Xs5Xs
within the mobile telephone system, that is in all signalling between:

MTX — MTX

MTX — MS

The combination Z X1 ... Xg satisfies the requirements c) and d) above.
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To summarize, in order to set up call to a mobile subscriber, the calling
subscriber shall dial the following numbers to reach the relevant MTXH:
Calls to Finnish gr Swedish MS:

national PNM1Mo(M3)Xq XaX3X4X5Xs
international + 11 l2 (I3) M1M2[Mg)X1X2X3XaX5X6
In the MTXH the nationality digit Z is added in front of X1 X2X3X4Xs5Xg

Calls to a Danish or Norwegian MS:
national M1 MoX1XaX3XaX5Xg

international + 11 Ia M1MoX1XoX3Xg4X5Xs

One of the basic requirements is that the system shall allow setting up calls to a
roaming subscriber, i.e. a subscriber who is visiting another MTX -area than his
own. This requirements necessitates introduction of facilities which the telephone
network does not possess today, and the solution chosen is to supply each MTX
with a subscriber register so that it can keep track of its own subscribers. When
a mobile station moves from one traffic area into another, it automatically sets up
an updating call to the MTX. If the new traffic area is controlled by another MTX,
information is forwarded through the telephone network to the subscriber's
home MTX about his change of "address". The updating communication which
takes place between the mobile station and the visited MTX does not normally
require any action on the part of the mobile subscriber.

The subscriber register for the mobile station in the MTXH is then updated and all
calls to this mobile subscriber are rerouted to the new MTX-area.

The mobile station is equipped with a "country selector” which prevents it from
locking to other base stations than those of the selected country.

To prevent unauthorized use of a subscriber number a three digit password
K1KoK3 (given by the operator) is added automatically to the end of the subscriber
number ZX1XaX3X4X5Xg by the logic in the MS.

This password KqKoKg is not known by the subscriber and is used on the radio
path from MS to MTX only in the identification phase. The code is checked in the
MTX, where the same password is stored together with other subscriber data.

For mobile station with added subscriber identity security a special authentication
procedure between MTX and MS will take place on all mobile originated calls.

These structures satisfies the requirement e) above.



2.5

2.6

NMT DOC 800-1, 1885-01-25 8

SWITCHING CALL IN PROGRESS

During a call a continuous supervisory signal (a tone of approximately 4000 Hz) is
generated at the BS (on order from MTX) and sent to the MS, where it is looped
back to the BS. The received return signal is detected and evaluated by the BS
which decides if the transmission quality (signal to noise ratio integrated over a
certain period of time) necessitates switch-over to another BS or disconnection
of the call. Information about switch-over or disconnection is then sent to the
MTX.

During the call also the signal strength received from the MS is measured and
evaluated in the BS, which sends information to the MTX if the signal strength is
so low as to necessitate switch-over to another BS or disconnection of the call.

In case switching call in progress shall be performed, the MTX orders the actual
and surrounding base stations to perform signal strength measurements on the
radio channel on which the MS is transmitting. For signal strength measuring, all
BS are equipped with an all-channel monitor receiver. Information about the
measurement results enables the MTX to decide to which BS (if any) the call shall
be transferred. If no switching takes place, the MTX may repeat the signal
strength measurement process.

The measuring action is also ordered on the BS in use immediately at the start of
a call set-up in order to determine whether the actual BS is suitable.

The result of the measurement at the beginning of each call is also used to
determine whether the received signal from MS is above a given high level in which
case the MTX orders the MS to change to a lower output power level mode.

CHARGING PRINCIPLES

Charging of calls from a fixed subscriber to mobile subscribers is performed by
the equipment already existing in the telephone network, and is based upon an
analysis of the dialled digits regardless of the actual location of the mobile
subscriber.

Conversely, calls from mobile subscribers are charged according to the dialled
digits and the location of the calling subscriber. This information is stored for
each call by the MTX for further debiting purposes (toll ticketing).

The mobile subscriber may be charged with additional costs e.g for incoming or
forwarded calls.
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TRANSMISSION_MEDIA

In addition to the fixed telephone network, two transmission media with very
different properties will influence the overall transmission quality, namely on the
one hand the landbased transmission system connecting the base stations with
MTX and on the other hand the radio path between the base station and the
mabile station. These two transmission media will be described in the following.

LAND BASED CIRCUITS

The communication between MTX and the base station is established via leased 4-
wire lines, analog or digital. Normally, the lines are through connected to the
radiopath, but for testing purposes, any such line may be looped in the base
station so as to enable the MTX to decide whether a fault is located in the line or
in the base station equipment. The requirement regarding the parameters of the
lines are essentially the same as for other 4-wire circuits used for speech
transmission, except that an upper limit is set on the acceptable group delay
distortion in the band S800-2100 Hz because of the data signalling between MTX
and base station, respectively MTX and mobile station. The signal-to-noise ratio will
normally be satisfactory. Limits must be placed on the overall loss between MTX
and base station in accordance with the various national level plans. In carrier
frequency systems, a maximum frequency shift of +5 Hz must be taken into
account. National requirements will be set to this type of lines.

RADIO PATH

The transmission channel between the base station and the mobile station
consists of the radio path. The quality of this channel varies with time due to the
movements of the mobile station. It decreases rapidly when either the field
strength received or the co-channel interferenceratio between wanted and
unwanted signal is below a certain threshold.

The communication to and from the mobile station consists of speech as well as
signalling information. The reliability of the transmission of the latter kind of
information can be increased greatly under adverse condition by redundancy
techniques, known from the data transmission field. However, there is no reason
to require reliable signalling under conditions on the radiopath which are too bad
to be used for speech. The worst case to account for is the condition of co-
channel interference in combination with fading. Considering the repetition rate of
the fading minima 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 is reasonable value.

COMPANDER
In order to increase the speech quality on the radio channel, compressor/

expander circuits are utilized. The circuits are placed in the BS and in the MS's,
and the compression ratio is 2:1.
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SIGNALLING SYSTEMS
This chapter describes the signalling between the MTX, BS and MS.

This signalling can be divided in 3 groups (see fig.4.1a and 4.1b)

- Signalling between MTX and MS;
- Signalling between BS and MS
- Signalling between MTX and BS

The signalling between the MTX and the fixed telephone network will follow the
normal national telephony signalling procedure. The signalling between the
different MTX:es is specified in detail in NMT Doc 450/800-2.

FUNCTIONAL DESCRIPTION OF SIGNALS

Signalling between MTX and MS
Signalling from MTX to all stand-by MS:s

- Number of actually used channel. In order to decrease the risk for a mobile
to find a false calling or traffic channel (intermodulation product) this
information about the actually used channel is needed.

- Power bit information. The MTX informs the MS about power level to be
used when transmitting on this channel towards the MTX and also which
type of base station the channel belongs to.

- Channel indication. The MS:s must be able to distinguish between a caliing
channel, a free traffic channel, an access channel or an occupied traffic
channel with data transmission, and therefore a channel indication (prefix)
must be transmitted.

- The MS:es are divided into two groups. MS:es with odd K3 in their password
belong to group A. MS:es with even K3 in their password belong to group B.

- Traffic area number. In order to discover a change in traffic area, for
roaming updating, this information must be transmitted. The traffic area
number contains also information about which country the area belongs to.

- Additional information. Information about e.g. available frequency bands are
specified in para 4.3.3.12.

4.1.1.2 Signalling from MTX to a specific MS

- Identity. In order to get in touch with one specific mobile there is a need of
an identification. This consists of seven digits (nationality digit Z and mobile
number X1... Xg ). This is also needed for charging purposes.

- Area information. To prevent malfunction due to co-channel interference
this information is sent to the MS, and returned back to the MTX.

- Channel order. MS is ordered to change to a specific channel by means of a
channel order, which contains the mobile subscriber number and the
channel number to which the mobile has to go.
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Random Challenge. ‘A random number, BAND, is transmitted to the MS as
soon as this MS initiates a call set up. This number is used for
authentication purposes by this actual MS. RAND will be selected by the
MTX.

Power bit information. This informs the MS about the actual maximum
power level which shall be used from the MS, and which type of base station
the channel belongs to.

Queuing information to MS with priority.

Queuing information to ordinary MS. Informs MS that a call is queued in the
MTX.

Scanning order, which may be sent instead of the channel order.

Line signals. In order to set up and clear a call to or from an MS, line signals
of the same type as in the ordinary telephone network are needed. They are:

- Address complete

- Ringing order

- Proceed to send (roaming updating confirmation)
- Clearing

- Clearing, call transfer activated

- Answer to coin-box {only for coin-box category MS:s)

Signalling from an MS to MTX

Number of actually used channel
Mobile subscriber identity (7 digits supplied with a 3 digit password).

Area information. This informs the MTX from which BS group the MS
received the signalling.

Call acknowledgement. This signal is a reply from an MS to a call from the
MTX.

Access signal on access channel. This signal informs MTX that an MS
wants to make a call.

Call acknowledgement seizure. This signal is a reply from a called MS, sent
on a traffic channel.

Seizure. This signal informs MTX that an MS wants to make a call. The
same signal is used as MS identity on identity request on TC.

Seizure from coin-box MS. The same signal is used as MS identity on identity
request on TC.
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Roaming updating. This signal is sent from an MS to inform the MTX that
the MS is now in a new traffic area. The same signal is used as MS identity
on identity request on TC.

Clearing, release guard
Answer acknowledgement (coin-box]
Answer (when mobile subscriber answers)

Digit signals For mobile 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 MTX when the push-button set of the MS is used for
transmission of data into the ordinary telephone network.

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

Signed response. This signal is sent just before the transmission of digits
for mobile originated calls. The information is derived from the received
RAND from the MTX and the locally stored SAK.

Signalling between BS and MS

Supervisory signal

Each established connection is supervised by a continuous supervisory signal (e-
signal) transmitted from the BS to the MS, where it is looped back to the BS. If
the S/N of the received signal is below a predetermined value, or no signal is
received, the result is reported to the MTX (see paragraph 4.5), which takes the
necessary action.

Signalling between MTX and BS

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

Individual remote control of each calling and traffic channel such as start
and stop of transmitters in BS and remote control of supervisory signal
between BS and MS.

Remote control of signal strength measurements and other more detailed
management and maintenance actions in BS.

Alarms from BS.

This signalling is described in para. 4.2.3 and 4.2.4.
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DEFINITIONS AND FUNCTIONS OF SIGNALS

The signals between MTX and MS as well as those between MTX and BS are
transmitted on a 1200 Bauds signalling link, described in detail in paragraph 4.6.
The signals are formatted into frames, the format being such that each frame
contains 18 hexadecimal digits of information in addition to the synchronization
and check bits. The details concerning the frame structures are contained in
paragraph 4.3. In paragraphs 4.2.1 through 4.2.5, the frame numbers within
brackets refer to the numbering in paragraph 4.3.

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

All time measurements concerning the signalling procedures are measured from
the end of the particular frame, defined as transmission/reception of the last bit
in the outgoing/incoming frame in the modem.

Signals _in _the direction MTX to M

- Calling channel indication (frame 1a,1a' and 1a" continuously). Indicates the
calling channel to which mobile stations shall lock when they are not busy.
Normally only one channel on the base station has such an indication.
Additional information about e.g. available frequency bands is also given.

- Combined calling and traffic channel indication (frame 1b). Indicates a
_channel which can be used either as a calling channel or as a traffic
channel. This channel may also contain available frequency band information.

- Call to mobile subscriber on calling channel (frame 2a). When a call is
generated from MTX to MS, this signal will be used. The mobile subscriber
number is included in the signal.

- Traffic channel allocation on calling channel (frame 2b). After reception of
call acknowledgement MTX sends this signal to inform the MS which
channel it shall use for the connection.

- Queueing information to MS with priority on calling channel (frame 2c). After
reception of seizure from priority MS on CC MTX sends this signal to inform
the priority MS that the call is queued in the MTX.

- Traffic channel scanning order on calling channel [frame 2d}. MS starts
searching for a free traffic channel or access channel in order to answer a
call from MTX.

- Alternative type of call to MS on combined CC/TC (frame 2e). This signal is
for call to MS from an MTX which distinguishes between the frames call
acknowledgement and seizure from an MS on the same channel. The signal
is used exactly as frame 2a.

- Queuing information to ordinary MS (frame 2f). This signal informs MS that
the call to MS is queued in the MTX. The MS shall remain on the channel and
wait for further information (e.g repeated call).

- Traffic channel allocation on traffic channel (frame 3a). In the speech
condition this signal may be sent to order the MS to switch to another
channel (switching call in progress), or to order change of output power in
the MS on the same channel. '
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- |dentity request on traffic channel (frame 3b). This is a signal requesting MS
about its identity when a connection shall be established.

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

- Traffic channel allocation on access channel (frame 3d). This signal informs
the MS that the access signal from the MS is accepted by the MTX, and
which channel shall be used for the rest of the call set-up.

- Free traffic channel indication (frame 4 continuously). This signal marks a
free traffic channel, on which mobile stations can make calls. There may be
several freemarked traffic channels on one base station.

- Access channel indication (frame 4b). This signal marks an access channel
on which mobile stations can initiate calls. There may be several access
channels on one base station.

- Line signal (frames 5a and 5b).The meaning of the line signal is indicated by
the signal number L(n). (These signals correspond to the normal line signals
in the telephone network).

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

- Proceed to send (roaming updating confirmation). This signal
orders MS to send the dialled number. The signal also cuts off
the roaming alarm (if set) in the MS. In case of MS with added
subscriber identity security, a special proceed to send signal
will be sent, indicating that the digits must be encrypted using
the Bkey.

- Address complete. This signal informs MS that the necessary
digits are received by the MTX.

- Ringing order. This signal initiates the generation of a ringing
signal in MS.

- Clearing. This signal informs MS that the connection shall be
released.

- Clearing, call transfer activated. This signal informs MS that
the connection shall be released and that the indicator for
transferred call must be activated.

- Idle frame {frame B). This signal is used in the signalling sequence e.g. in
waiting situations.

- Authentication request indication (frame 7) This signal informs the MS
about the selected RAND, which shall be used for the calculation of SRES
(needed for authentication purposes) and B-key (needed for the encryption of
the B-number digits).

4.2.2 Signals in the direction MS to MTX

- Call acknowledgement from MS on calling channel, and access on access
channel [frame 10a). This signal is used when an MS answers a call from
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MTX, and when an MS initiates a call on an access channel.

Seizure and identity from ordinary MS, and identity on traffic channel (frame
10b). This signal is used when

- an ordinary MS makes a call (on traffic channel)
or
- the MTX requests MS for identity when establishing a call.

Seizure and identity from called MS on traffic channel (frame 10c). This
signal is used when an MS answers a call after received traffic channel
scanning order.

Call acknowledgement from MS on the alternative type of call on combined
CC/TC (frame 10d). This signal is used from an MS when called from an
MTX using frame 2e.

Roaming updating seizure and identity on traffic channel {frame 11a). If an
MS move into another traffic area, this signal will be sent to the MTX to
indicate that an automatic updating call is made.

Seizure and call acknowledgement on calling channel from MS with priority
(frame 11b). When an MS with priority shall make a call on the calling
channel, this signal is used.

Seizure and identity from coin-box MS on traffic channel (frame 12). This
signal is used to indicate that a coin-box MS makes a call, and that a special
procedure shall be followed during the answer sequence (tariff information).

Line signal (frames 13a and 13b). These signals are similar to the line
signals in paragraph 4.2.1.

- Clearing, releaseguard. This signal informs MTX that the
connection shall be released.

- Answer acknowledgement from coin-box. After receiving
answer with tariff information from MTX, the coin-box MS
sends this signal containing the received tariff information, for
control purpose.

- MFT converter in

and
- MFT converter out
These two signals are intended for use when the mobile subscriber
uses his push-button set for data transmission. The translation
equipment from 1200 Baud signals to MFT (Multi Frequency Tones)

will be activated/inactivated by these two line signals respectively.

- Answer. This signal informs MTX that the mobile subscriber
has recognized the ringing signal, and lifted the handset.

- Register recall. In conversation state the MS [i.e. the mobile
subscriber) can connect a register in the MTX to the line.
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Digits can then be transmitted from MS to MTX.

- Digit signal {(frames 14a and 14b). This signal is used to send the predialled
digits (including *, #,A,B,C,D) to MTX. One digit is sent in each frame. The
first digit is sent in frame 14a, second digit in frame 14b, third digit in
frame 14a etc. If an authentication procedure has taken place, mobiles with
added subscriber identity security will encrypt the digit information.

- Authentication response (frame 16). This signal shall be used as a response
in the authentication procedure.

- Idle frame {frame 15). This signal is used in the signalling sequence e.g. in

waiting situations.

Signals in the direction MTX to BS

All these signals have a special Z~value (15) which indicates a message to a BS,
and not to an MS.

- Channel activation order {frame 20)
This signal informs the BS equipment about actions to be taken (e.g.
start/stop of BS transmitter, start/stop of sending of s-signal, control of

BS receiver squelch function).

- Signal strength measurement order, sent on data channel or idle or free
marked traffic channel (frame 21b)

- Signal strength measurement order, sent on traffic channel actually used
{frame 21c)

- Other management/maintenance orders, sent on idle channel or data
channel (frame 22)

- For the purpose of transmitting B-signal at channels activated as CC, TC,

CC/TC or AC, the base station shall be able to detect frames 1, 2, 3d, 4
and 4b sent from MTX to MS.

Signals in the direction BS to MTX

All these signals have a special Z-value (15) which indicates a message from a BS,
and not from an MS.

- Channel status information [frame 25). Informs the MTX about the BS
equipment status, and e signal alarms (see paragraph 4.5] on the traffic
channel.

- Signal strength measurement result (frame 26).

- Response on other management/maintenance orders, sent on idle channel
or data channel (frame 27).

- Other maintenance information from BS (frame 28). If a message is
initiated at the BS, e.g. in connection with alarms, this signal will be used.
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Frame for test channel indication [fram

This signal indicates that the channel is reserved for test purposes. A
testmarked channel can not be used by any other MS than a test MS.

F relat E. D nd H PTIONAL

See para. 4.3.2.3t0 4.3.2.6

FRAME TYPES AND CODING OF SIGNALS

Abbreviations and notations_used

The following abbreviations and notations are used in describing frame types and
coding of signals whereby all notations represent hexa-decimal digits:

- Number of actually used traffic or calling channel
(Channel No.) (see para 4.3.3.1): N4NoN3

In addition, the most significant bit in Y1 is used in the direction MTX to MS,
indicating normal or interleaved channels.

Between MTX and BS special meaning of N{N2N3 and Yq may be used, see

para 4.3.2.3.
- Number of traffic channel allocated for a call or
for measurement (TCNo.): NagNpNe
- Traffic area number (TANo.): Y1 Yo
- Moabile subscriber No.: Z X1 XoX3X4X5Xs

The value 15 of Z, Z[15), is used to indicate that the information concerns a
base station (BS)

- Tariff information (for coin-box): 132
- Each type of frame is characterized by a prefix: PO....15)
- Password from MS:; K1KoKs

- Area information from MS where the two first bits in T is coded according
to para 4.3.3.11, while the remaining two bits and

Yo are the six last bits in Y1 Ya. TYa
- Additional information: HqHa....H10
- Line signals are indicated: L
- Digit signals are indicated: S
- Idle information is indicated: J

- Channel activation orders and channel
status information are indicated: A
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- Management and maintenance orders and
other information are indicated:

- Signal strength measurement results are
indicated:

- The notation P {n) indicates value n of prefix P
- Notations N9NaN3 and NgNpN¢
indicate successive N digits. The coding of
N1 is not straightforward, see para 4.3.3.1.

- Supervisory signal information:

- Higher limit for signal strength evaluation:
- Lower limit for signal strength evaluation:
- Random challenge, transmitted from MTX to MS
- Signed response, transmitted from MS to MTX
Abbreviations related to SSE and/or HC [OPTIONAL]:
- Base station identity between the BS/SSE

and the MTX at HC (in frames 20,22,25,27.28,

41,42,46 and 47) and between the BS and SSE
(in frames 50,51,52,54 and 55) [OPTIONAL]

- Information on reason for handover request in
frame 25 A[7), 41 A(7) and RFink disconnection
in frame 25 A(B), 41A(8) and 46A(7) [OPTIONAL]:

- Supervisory signal information [OPTIONAL]:

- Check information in the supervision (frame 54,55)
of HC between SSE and BS [OPTIONAL]:

- Information of which BS the MTX shall send
signal strength measurement orders to at
handover attempts [OPTIONAL]

- Identity number of a channel unit [OPTIONAL]:

- Information of the channels in frame 50 [OPTIONAL]:

- Information of actual BS in frame 42 and 47 [OPT.]:

20

ViVa....

R(n1)R(n2)

C1C2C3C4CsCC7
R1R2R3R4,

B1BgB3

FqFo

ChChCh

U1U2

BaBbBc
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4.3.2 Frame types

The information part of the frames sent from MTX to MS/BS and from MS/BS
to MTX contains B4 bits, i.e. 16 hexa-decimal digits. The same frame format is
used on calling and traffic channels. However, in the direction MS to MTX on the
calling channel, only 13 digits are transmitted (see para 4.7.2).

In the following description each type of frame is given a number, which is used
for reference when describing the signalling procedures.

4.3.2.1 Frames used in direction MTX to MS

These frames are divided into four fields containing:

Number of actually used traffic or calling channel
Prefix and traffic area number

Moabile identification field (May also 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 Prefix Mobile sub- information
No and TA No scriber No

3 digits 3 digits 7 digits 3 digits

1a Calling channel indication (general)

Channel No. Prefix TA No. Additional info

N1NaN3 P(12) Y1Ye H1HaH3H4HsHeH7HgHgH10

1a' Calling channel indication (for MS group A}

Channel No Prefix TA No. Additional info

N1N2N3 P(11) YqYo HqHaHaH4HsHeH7HgHaH10

18" Calling channel indication (for MS group B)

Channel No.
N1NaN3z

Prefix TA No. Additional info
P(13) Y1Ya H1HaH3HaHsHgH7HeHgH10

Note: The MS:es are divided into two groups. MS:es with odd K3 in their password
belong to group A. MS:es with even Kg in their password belong to group B.
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1b Combined calling and traffic channel indication

Channel No. Prefix TA No. Additional info

N1N2N3 P(4) Y1Yo H1qHaH3H4HsHgH7HgHgH10

2a Call to mobile subscriber on calling channel (see note)

Channel No. Prefix TA No. Mobile subscriber No. Additional Info
NqNaN3 P(12) Y1Ya ZX1X2X3X4aX5Xg HgHgH10

2b Traffic channel allocation on calling channel (see note)

Channel No. Prefix TA No. Mobile subscriber No. TCNao.
N1N2aN3 P(12) YqYo ZX1X2X3X4X5X6 NaNbNc

2c Queueing information to MS with priority on calling channel (see note)
Channel No. Prefix TA No. Mobile subscriber No. - Additional Info
N1N2N3 P(12) YqYg ZX1X2X3X4X5Xs HgHgH10

2d Traffic channel scanning order on calling channel (see note)

Channel No. Prefix TA No. Mobile subscriber No. Additional info
N1N2N3 P(12) YaY2 ZX1XpX3X4X5Xe HgHgH10

2e Alternative type of call to MS on combined CC/TC

Channel No. Prefix TA No. Mobile subscriber No. Additional Info
N1N2N3 P(4) YqYa ZX 4 X2X3X4X5Xp HgHgH10

2f Queuing information to ordinary MS (see note)

Channel No. Prefix TA No. Mobile subscriber No. Additional Info
N1N2Ng3 P(12) Y1Ya ZX1X2X3X4X5Xg HgHgH10

Note: If more then one calling channel is used at the base station, i.e. by use of frames
1a' and 1a", the prefixes P(11) and P(13) respectively shall be used in all signalling
(also in frames 2a, 2b, 2c, 2d and 2f) from MTX to MS on the calling channel.
See also paragraph 4.4.
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3a Traffic channel aIIocatioﬁ on traffic channel

Channel No. Prefix TA No. Mobile subscriber No. TC No.

N1NeN3 P(5) Y1Ya ZX1X2X3X4X5X6 NaNbNe

3b Identity request on traffic channel

Channel No. Prefix TA No. Mobile subscriber No. Additional Info
N1N2N3 P(5) Y1Y2 ZX1X2X3X4X5X6 HgHgH10

dec Traffic channel allocation on traffic channel, short procedure

Ordered TC No.  Prefix TA No. Mobile subscriber No. Ordered TC No.
N4'No'Ng' P(9) Yq1Yo Z X1 XoXgXgqX5Xg NgNpNg

Note: The channel number N4'No'Ng' together with first bit in Y4 shall in frame 3c be

equal to NgNLN,

3d Traffic channel allocation on access channel

Channel No. Prefix TA No. Mobile subscriber No.
N1N2Ng3 P(7) YaY2 ZX1X2X3XaX5Xs

4 Free traffic channel indication

Channel No. Prefix TA No. Idle

N1NaN3 P(3) Y1Yo JJJddJJdJd

4b Access channel indication

Channel No. Prefix TA No. idle

N1N2oN3g P(7) Y1Ya JJdddddd

S5a Line signal

Channel No. Prefix TA No. Mobile subscriber No.
N1NaN3 P(B) Y1Ya ZX1 X2X3XaX5Xg

TC No.
NaNch

Additional Info

HgHgH10

Additional Infa

HgHgH10

SignalNo.
Ln)L(n)L(n)
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Sb Line signal: Answer to coin-box

Channe! No. Prefix TA No. Mobile subscriber No. Sign No. Tariff
info

N1N2N3 P(B) YiYa ZX1X2X3XaXsX6 L(O) Q102

6 Idle frame

Idle Prefix Idle

JJd P(O) JUddJddddd - JJd

7 Authentication request

Channel No. Prefix TA No. Random challenge Idle

N1N2N3 P(8) Y1YD C1C2C3C4CsCsC7 JJd

4.3.2.2 Frames used in direction MS to MTX
The frames are divided into four fields containing:
- Number of actually used traffic or calling channel
- Prefix
- Mobile identification field

- Information field (See para 4.3.3.10 - 4.3.3.12)

Channel No. Prefix Mobile subscriber No. information

3 digits 1 digit 7 digits 5 digits

10a Call acknowledgement from MS on calling channel, and access on access channel
{shortened frame)

Channel No. Prefix Mobile subscriber No. Area info Idle

N1NaN3 P(1) ZX1 XoX3X4Xs5X6 T J(JJJ)

10b Seizure from ordinary MS and identity on traffic channel
Channel No. Prefix Mobile subscriber No. Area info Password

N1N2N3 P(1) ZX1X2X3X4X5Xe TY2 K1KaK3
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10c Seizure and identity from called MS on traffic channel
Channel No. Prefix Mobile subscriber No. Area info Password

N1N2Ng3 P(B) ZX1X2X3X4X5X6 TYg K1KaK3

10d Call acknowledgement from MS on the alternative type of call on combined CC/TC
(shortened frame)

Channel Nao. Prefix Mobile subscriber No. Area info Idle

N4NoNg P(10) Z X4 XoXgXaX5Xg T J(JJ)

11a Roaming updating seizure and identity on traffic channel
Channel No. Prefix Mobile subscriber No. Area info Password

N1N2N3 P(14) ZX1X2X3X4X5Xg TYg K1KeKa

11b Seizure and call acknowledgement on calling channel from MS with priority
(shortened frame)

Channel No. Prefix Mabile subscriber No. Area info Idle
N4NoNg P(15) Z X4 X2X3X4X5XB T J(JJJ)

12 Seizure and identity from coin-box on traffic channel

Channel No. Prefix Mobile subscriber No. Area info Password
N1N2Ngz P(11) ZX1 XaX3XaXs5Xs TY2 K1KaKs

13a Line signal
Channel No. Prefix Mobile subscriber No. Signal No.

N1Na2N3 P(8) ZX1X2X3X4X5Xe L(n)L{n)L(n)L{n)L(n)

13b Line signal: Answer acknowledgement from coin-box
Channel No. Prefix Mobile subscriber No. Signal No. Tariff info
N41NaNg3 P(B) ZX1X2X3X4X5Xg LE2ILERI2) B2
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14a Digit signal (1st, 3rd, Sth .... digit)
Channel No. Prefix Mobile subscriber No. Pos. ind. Digit value

N1N2N3 P(7) ZX1 XpX3X4X5Xs S(0)S(0) S(n)S(n)S(n)

14b Digit signal (2nd, 4th, 6th ..... digit)
Channel No. Prefix Mabile subscriber No. Pos. ind. Digit value

N1N2Ng3 P(7) ZX1XaX3XgX5Xs 5(15)S(15) S{n)S(n)S(n)

15 |dle frame

Idle Prefix Idle

Jdd P(O) Jdd JdJdddd  JJd

16 Authentication Response

Channel No. Prefix Signed Response

N1NoN3 P(12) R1R2R3R4R1R2R3R4R1R2R3R4

4.3.2.3 Frames used between MTX and BS

For communication between MTX and BS the same frame formats are used as
between MTX and MS.

MTX—BS
20 Channel activation order
Channel No.  Prefix TA No. BSind |Idle Activ.order
N1NaN3 P(15) Y1¥s  Z{19) JJd A3 afafafala
N1NsNg P(15) Yi1Y2  Z[(15) JJd A(14)ILILIKfafg
N1NaNg3 P(15) YaY2  Z[(15) JJd A(19)ILIHdJ
N1NaN3 P(15) Y41Y2  Z[(15) Jdd Al0,1.2,4-13)d JJJJ

Note 1) At [OPTIONAL]} HC NqNoNg in frame 20 shalt be coded as B4BoBg.

Note 2) At [OPTIONAL] HC only A=0, 2 and 5 are used.
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21b Signal strength measurement order on data channel or idle or free marked
traffic channel

Channel No. Prefix TA No.BSind Idle Meas.ind. Ildle g-info  TC No.

N1NaoNg P(3) Y1Y2Z(15) JJdJ V(15) J fa NaNpN¢

21c Signal strength measurement order on traffic channel actually used

Channel No. Prefix TA No.BS ind Idle Meas.ind. Idie e-info TC No.
N1NoN3 P(5) Y1Y2Z(15] Jdd V(15]) J fa NgNpN¢

If the digital supervisory signal [OPTIONAL] is implemented in the system a different coding
of frames 20{A=3], 20(A=14), 21b and 21c is used:

Frame 20(A=3/14) Channel Activation order from MTX to BS [OPTIONAL]

Channel No. Prefix TA No. BSind. Idle Activation order

N4NoNg P(15) YqY¥o  Z(15)  Jdd A(3) JFqFoF4Fo

N4NoNg P(15) YqY¥o  2(15) JJJ A(14) 11 I4FqF2

Frame 21b and 21c Signal strength measurement order from MTX to BS
[OPTIONAL]

Channel No. Prefix TA No. BSind. Idle Meas ind. Info  TC No.

N4NoNg P(3.5) YqYo Z(15) JJJ V(15) FqFo NgNpNg

a2 Other management/maintenance order on idle channel or data channel

Channel No. Prefix TA No.BSind Idle BS Manag./maint.order

N1NoN3 P(14) Y1Y2Z(15) JJdd V1VaV3Vy4VsVe

Separate data line MTX to BS is indicated with Y1 = Oyyy and N1=N2=Ng=15.

Note 1) At [OPTIONAL] HC N1N2N3 in frame 22 shall be coded as B4BoBg.

Note 2) At [OPTIONAL] HC only V4=1 and 4 are used and character Vo-Vg are
set to 0000.
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46 Acknowledge of handover request [OPTIONAL]

BSno Prefix TCno Status idle Cause |dle
818283 P(2) NaNch A7) JJd CCC JJ
Note: All the information in frame 41 is echoed in frame 46.

BS — MTX
15 Idle frame
Idle Prefix idle
JJJ P(O) JJdJddJdJdddd Jdd
25 Channel status information
Channel No.  Prefix BSind. Idle Status info Idle Info Idie
N4NsNg P(9) Z(15) J4J A2,B6) Jdd fZ|H|L JJ
N4NoNg P(9) Z(15) JJ A(14) JJd 'JIHIL JJ

N4NoNg P(S) Z(15) JJ Al0,1,35,7-13,15) JJdJ JJJ Jd

or [OPTIONAL] for A = 7 or B)
NqNoNg P(3) Z(15) JJ A(7.8) JJJ CCC JJd

Note 1) At {OPTIONAL] HC NqNoNg in frame 25 shall be coded as B4BoBg.

Note 2) At [OPTIONAL] HC only A=1 and 3 shall be used, since frame 25 is used as
acknowledge of frame 20.
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26 Signal strength measurement result

Channel No. Prefix BSind Idle g-info Chan.No. Measurement result
(meas.)

N1N2N3 P(2) Z(18) fa NaNpNe  R(n1)R(n2]R(n1)R(n2)R(n1]R(n2)

If the digital supervisory signal [OPTIONAL] is implemnented in the system a different coding
of frames 25(A=2/6) and 26 is used:

Frame 25 (A=2/6) Channel status information from BS to MTX [OPTIONAL]

Channel No. Prefix BSind. Idle Sta.info Idle Info Idle

N4NoNg P(9) Z[15) JJ A(2,B) JJ FqFalylL JJd

Frame 26 Signal strength measurement result from BS to MTX
[OPTIONAL]

Chan.No. Prefix BSind. B-info Chan.No. Measurement result

N4NoNg Pl2)  ZI15) F4Fa NgNNg  RinqIRIngIRIngJRIngIR(n4JR(NG)

27 Response on other management/maintenance order on idle channel or data
channel
Channe! No. Prefix BS ind Idle Manag. /maint Idle
order
N1N2N3 P(4) Z(15) JJd VqVaVaVa JJddd

Note 1) At [OPTIONAL] HC N4NoNg in frame 27 shall be coded as B4BoBg.

Note 2] At [OPTIONAL] HC only V4=2, 5 and 6 shall be used and charactersVo-V,4 shall be
set to 0000, since frame 27 is used as acknowledge of frame 22.

28 Other maintenance information from BS
Channel No. Prefix BS ind. Idle Maint.info Idle
N1NoNg P(13) Z(19) JJd V1VoVaVg JJddd

Frame 2B is used for maintenance information, e.g. alarm, initiated by BS. If the channel
number register in BS is empty N1=N2=N3=0 is sent from BS.

Note: At [OPTIONAL] HC N1N2N3 in frame 28 shall be coded as B1BEBS.

41 Handover request [OPTIONAL]
BSno Prefix TCno Status Idle Cause Idle
B4BoBg P(3) NgNpNg A(7) JJdd CCC JJ
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4.3.2.4 Frame for test channel indication

For use by a test mobile station the following frame is provided in the direction MTX to

TMS.

30 Test channel indication

Channel No. Prefix TA No. Idle Additional Info
N1NoNg P(10) Y1Yo JJdddJdd HgHgH10

4.3.2.5 Frames used between SSE and MTX

41 Handover request (from SSE) [OPTIONAL]

BSno Prefix TCno Status Ide Cause Idle
B4BoBg P(3) NgNpNg A(7,8) JJdJ CCC Jd

42 Handover offer (from SSE) [OPTIONAL]

BSno Prefix  TCno - Idle Info Idle %]
B4BoBg P(5) NgNpNg J GG JJJdJ FqFa
42b Handover offer (from SSE) [OPTIONAL]

BSno Prefix  TCno Idle Info Act BS Idle
B4BoBg P(5) NgNpNg J GG BgByB; JJd
47 Acknowledge of Handover offer (from MTX) [OPTIONAL]

BSno Prefix  TCno Idle Info Act BS ide ©

B4BoBg P(3) NgNpNg J GG BBpBe Y FqFo

4.3.2.B6 Frames used between BS and SSE [all OPTIONAL]

50 Channel information (from BS)

BSno Prefix TCno Identity inf. Idle
B4BoBg P(12) NgNpNg UqUs I JJdddd
51 Channel activation via HC (from SSE)

BSno Prefix TCno Identity Idie Activ.order
B4BoBg P(1) NgNpNe U Uo J Note 1

Note 1) See paragraph 4.3.2.3 frame 20 (six last characters)

30
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52 Acknowledge of channel activation via HC (from BS)

BSno Prefix TCno Identity Status Info Idle
B4BoBg P(B) NgNpNg UqUo A[2,6) FqFolnlL Jd
B41BoBg P(B) NaNpNg UqUo A(14) Jdigly JJ
B1BoBg P(B) NaNpNg UqUa A(0,1,3-5.9-13,15) JJddddd

54 Supervision (from BS)
BSno Prefix = Check Idle
B4BoBg P(19) CHChCH JJJJJJJdd

55 Acknowledge of supervision (from SSE)
BSno Prefix = Check Idle
B1BoBg P(B) ChChCh JdJddddddd
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Coding of signal information

The 16 hexa-decimal digits in a normal frame and the 13 digits in a shortened
frame consist each of 4 bits. These digits are coded according to paragraphs
4.3.3.1-4.3.3.15.

Digits of numerical information

The table below applies to digits of the following numerical information.

Channel No. Nq1NaN3 14)

TA No.YqYo 314

Mobile subscriber No. ZX1XoXaXaXsXg 2)
TC No. (Channel order) NgNpNg 4)

Tariff information 31382

Measurement results R(n1)R{no)
Password K1 K2K38]

Additional information H1Ha....... H1o
Random challenge C1C2C3C4C5CgC7

Signed response R1R2R3R4
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The coding of the digits is as follows:

Digits in Digits in Binary code
- C1CaC3C4CsCsCy

- R1R=R3Rg

-N1NoaN3

- NaNpN¢ - ZX1XaX3XaX5Xs Bit No
- R(n1)R(n2) -K1KaKs3 1234
-Q10p

-Y1Ya

-HqHo.....H10

- B1BoB3

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

Note 1 In digits N1 the most and least significant bits (bits no 1 and 4) is used
for the channel numbering (see note 3). Bits no. 2 and 3 contain
information about power level, high power 11 and 10, medium power
01 and low power OO. These bits also informs MS about the actual BS

type.

In signalling between MTX and BS, the power bits in N1 shall have the

value 11 in both directions. However, between MTX and BS special
values and meanings of N1 may be used (see para. 4.3.1).

The MS output power will be controlled by the power bits in N1,
received from the MTX but only in the relevant parts of the signalling
scheme (i.e. frames 1, 2a, 2e, 3a, 3b, 3c, 3d, 4 and 4b). Signalling

frames in the direction MS to MTX shall have the same power bits in
N1 as in the received frames from MTX.
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The values of digit Z are:

- Z[10) = H4(0) indicates no additional info (see para 4.3.3.12 -
4.3.3.14)

- Z(1) is reserved for Switzerland

- Z(2) is reserved for the Benelux -countries

- Z(4) is reserved for Cyprus

- Z(5) indicates Denmark

- Z(6) indicates Sweden

- Z[?] indicates Norway

- Z(B) indicates Finland

- Z(9) is reserved for Nordic countries

- Z(14) indicates additional info (see para 4.3.3.12 - 4.3.3.14)
- Z(15) indicates information to/from BS

Additional values of Z in the range O...9, 11...13 may be allocated to

other operators.

In the direction MTX to MS/BS, the most significant bit in Y4 gives

information about interleaved channels. If the bit is 1, the channel
number in N7N2aN3 denotes an interieaved channel. If the bit is O, the
channel number denotes an ordinary channel.

in the direction MS/BS to MTX, information about channel interleaving
is suppressed.

The channel numbering correspondence between the different bits in
N1N2aN3 and Y4, and NagNpN¢ is as follows:

N1N2N3 = (binary} 8gXXa8g 878g8584 8382818p, Y1 = (binary) a.gYyYy
corresponds to
NaNpN¢ = (binary) 081p8gag 8788584 83828189

where - a10-- 80 is for channel numbering
- XX denotes power bits
- YYY gives the country information for the actual TA

In the NMT S00 documents the notation "channel number Nq{NoN3 *
also includes the channel information in Y4, if not otherwise stated.
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Note 5 The frequenciés below channel 1 [fo - 12.5 kHz, fO - 25 kHz) are never
used in the system. The corresponding numbers NqNoNg = Oxx0
0000 0000, Y4 = Oyyy or 1yyy and NoNN,, = 0000 0000 0000 or

0100 0000 0000 may be used, however, as fictitious channel
numbers.

Note 6  In the direction BS to MTX N4=No=Ng=0 means empty channel
register in BS.

Note 7 The values of Y1 are reserved as follows

- X000 Reserved

- X001 Denmark

- X010 Sweden, Cyprus

- X011 Norway

- X100 Finland

- X101 Switzerland

-X110 Netherlands

- X111 Recommended for systems with no roaming

with the existing NMT 800 countries

Note 8 Values 900 to 999 of K1 K2K3 have been reserved for MS's with

added subscriber identity security [SIS) and cannot be used by other (=
non-SIS) MS's.

Note 9 In X1 X2X3X4X5XB all hexadecimal values can be used.

Examples:
Channel 1: NiNaN3 = OxxQ 0000 0001, Yq = 0yyy
(fa)

NaNpNg = 0000 0000 0001
Channel 1025: NiNaN3 = OxxQ 0000 0001, Y1 = 1yyy
(fo+12,5 kHz)

NaNbNc = 0100 0001
Channel 2023: N1NoN3 = 1xx1 11100111, Y1 = 1yyy

(fg+24.962,5 kHz)
NaNpNg = 0111 11100111

Channel 1000: N1NaN3 = 1xx1 11101000, Y1 = Oyyy
(fa+24.975 kHz):
NaNpNe = 0011 1110 1000
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Meaning in direction

Notation Coding MTX to MS/BS MS/BS to MTX
P(O) 0000 Idle Idle
P(1) 0001 Spare Call acknowledgement,
seizure,access and identity
P(2) 0010 Spare Measurement results
P(3) 0011 Traffic channel Spare
P(4) 0100 Combined calling Response on management/
and traffic channel = maintenance orders
P(5) 0101 Channel allocation Spare
and identity request
on traffic channel
P(B) 0110 Line signal Seizure and identity from
called MS on traffic channel
P(7) 0111 Access channel Digit signal
P(8) 1000 Authentication Line signal
request
P(8) 1001 Channel allocation, Channel status
short procedure information
P(10) 1010 Test channel Call acknowledgement
from MS on new type
combined CC/TC
P(11) 1011 Calling Coin-box seizure and
channel {P') identity
P(12) 1100 Calling channel (P) Authentication
Response
P(13) 1101 Calling Other maintenance
channel [P") information
P(14) 1110 Measurement/ Roaming updating and
maintenance identity
P(15) 1111 Channel activation Seizure and call

order

acknowledgement for MS with
priority
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Meaning in direction

Notation  Coding
MTX to MS MS to MTX
{frame 5a/5b) (frame 13a/13b])
L(O) 000D Answer to coin-box Spare
L(1) 0001 Spare Clearing,release guard
L(2) 0010 Spare Answer acknowledgement,
(coin-box)
L(3) 0011 Proceed to send Spare
unencrypted digits
(Roaming updating
confirmation)
L(4) 0100 Acknowledge Spare
MFT converter in
L(5) 0101 Spare Register
recall
L(B) 0110 Address complete Spare
L(7) 0111 Spare MFT converter out,
acknowledge Forced release
MFT converter state
L(8) 1000 Spare MFT converter in
L(9) 1001 Ringing order Spare
L{10) 1010 Acknowledge Spare
MFT converter
out and forced
release MFT con-
verter state
L(11) 1011 Proceed to send Spare
encrypted digits
(Roaming updating
confirmation)
L(12) 1100 Spare Spare
L{13) 1101 Clearing,call Spare
transfer activated
{14) 1110 Spare Answer
L(15) 1111 Clearing, call Spare

transfer not
activated
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4.3.3.4 Digit value S(n) and position indication S{0/15) in frames 14a and 14b

Noé:ation Cading Meaning on the MS push button

se

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

S(1) 0001 1

S(2) 0010 2

S(3) 0011 3

S(4) 0100 4

S(5) 0101 5

S(6) 0110 B

5(7) 0111 7

8(8) 1000 8

S(9) 1001 8

S(10) 1010 0

S(11) 1011 d

S(12) 1100 #

S(13) 1101 A

S(14) 1110 B

5(15) 1111 C or position indication (2nd,
4th .... digit)

Note: for mobile station with added subscriber identity security the coding of

the the digits will be madified {encrypted).
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Idle information J is coded 0000.
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Channel activation order in frame 20 and channel status information in frame 25

Meaning in direction

Notation  Coding
MTX to BS BS to MTX
(frame 20) {frame 25)
Al0) 0000 |dle radio channel Spare
(stop BS transmitter,
open line loop, stop
sending of e-signal,
switch squelch function
in, mute receiver, stop
signal strength evaluation

A(1) 0001 Spare Acknowledge idle
radio channel

A(2) 0010 General channel reset Acknowledge start
g-signal

A(3) 0011 Send g signal (fg = Acknowledge general

1.2,3,4) Switch squelch channel reset
function out, start signal
strength evaluation
A(4) 0100 Suppress frame 25 A(7) Spare
from BS

A(5) 0101 Loop line in BS Acknowledge suppress
frame 25 A(7)

A[B) 0110 Spare Acknowledge A(14)

A{7) 0111 Spare Received e-signal below
1:st limit but above
2:nd limit, or received
signal strength below
the higher limit
(handover request)

A(B) 1000 Spare Received @-signal
below 2:nd limit,
or received signal
strength below
the lower limit (RFink
disconnection)

A(9]) 1001 Spare Reserved for: acknow-
ledge squelch function
out

A(10] 1010 Cancel suppression Spare

of frame 25 A[7)
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A(11) 1011 Reserved for: Acknowledge
Switch squelch Cancel suppression
function out of frame 25 A(7)
Al12) 1100 Stop sending e-signal, Spare

switch squelch
function in, stop signal
strength evaluation

A(13) 1101 Spare Acknowledge stop
sending e-signal
A(14) 1110 Start BS Acknowledge start BS
transmitter, transmitter A(15)

deactivate muting, send
g-signal (fg=1.2.3.4).
switch squelch function
out, set signal strength
level limits, start signal
strength evaluation

A(15) 1111 Start BS Spare
transmitter,deactivate
muting, set signal strength
level limits

Note: - General channe! reset 20 A(2) gives the same result in the BS as the
frames 20 A[Q), 22 V1(1) and 22 V1(9) together.

- Frames 20 A[3) and 20 A[(14) shall activate compander in BS.

- Frames 20 A[Q), 20 A(2) and 20 A(12) shall also deactivate the
compander and have the function cancel suppression of frame 25
A(7)

- In BS the start of the g-signal and squelch function out initiated by 20
A (14) shall be delayed until the MS carrier opens the squelch. In this
case the activation of the compander shall be delayed 830 ms after
the end of frame 20 A(14).

4.3.3.7 Other management/maintenance orders (frame 22)

Notation Coding Meaning in direction
MTX — BS (frame 22)

\&!

0 0000 Idle

1 0001 Alarm reset

2 0010 SU/SR alarm reset

3 0011 Suppress RF receiver blocking
alarm

4 0100 Self test

5 0101 Spare
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B 0110 RF test loop in

7 0111 Suppress supervision of
freemarked CC/TC/AC

8 1000 Spare

8 1001 RF test loop out

10 1010 Cancel suppression of
supervision of freemarked
CC/TC/AC

11 1011 Spare

12 1100 Cancel suppression of
RF receiver blocking alarm

13-15 11011111 Spare

Note: Alarm reset means that all alarm indicators in BS shall be reset. This

makes it possible to see if alarm state has been changed.

Characters Va - Vg not specified in the table above shall have the value
0000.

4.3.3.8 Response on other management/maintenance orders (frame 27)

Notation Coding Meaning in direction
BS — MTX (frame 27)

Vi

0 0000 Idle

1 0001 Spare

2 0010 Acknowledge alarm reset

3 0011 Acknowledge SU/SR alarm
reset

4 0100 Acknowledge suppress RF
receiver blocking alarm

5 0101 Acknowledge self test

B 0110 Selftest completed

7 0111 Acknowledge RF test loop
in

8 1000 Acknowledge suppress
supervision of freemarked
CC/TC/AC

8 1001 Spare

10 1010 Acknowledge RF test loop

out
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11 1011 Acknowledge cancel suppression
of supervision of freemarked
CC/TC/AC

12 1100 Spare

13 1101 Acknowledge cancel suppression
of RF receiver blocking alarm

14, 15 11101111 Spare

Note: Characters Vo-V4 not specified in the table above shall have the value

0000.

4.3.3.9 Other maintenance information from BS (frame 28)

yft:{t/:ation Coding Meaning in direction BS-MTX (frame 28)
V4(10) 1010 Don't care

V1(11) 1011 Don't care

V4(6] 0110 Block the channel

V4(3]) 0011 Don't care

V4(2) 0010 Block the channel

V4(9) 1001 Deblock the channel

Vq(12) 1100 SU/SR alarm via channel line
V4(15) 1111 Shall not be used

Vao(15) 1111 NMT-alarms

Va(1) 0001 House alarms

Va(8) 1000 External alarms

V,4(3) and V,4(2) are used only in combination with Vo[ 1 5)
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Notation Meaning in direction BSMTX (frame 28)

of V4 Vo Vg

10 15 0 TX antenna fault level 1

10 16 1 Transmitter leve! 1

10 15 2 Selftest failed

10 15 3 Spare NMT Alarm 1

10 15 4 RX antenna fault level 1

10 15 5 RF receiver blocking alarm

10 15 B Combiner alarm level 1

10 15 7 High temperature fault

10 15 8 RF receiver blocking alarm ceasing

10 15 S Diversity alarm

10 15 12 Redundant power supply

10 15 13 Redundant master oscillator

10 15 14 Cooling fan fault

10 15 15 Redundant amplifier in receiver
multicoupler

5] 15 0 RX antenna fault level 2

B 15 1 Missing deviation

5] 15 2 P-signal test loop

B 15 3 Spare NMT Alarm 2

5] 15 4 Channel unit fault level 2

B 15 5 Spare NMT Alarm 3

B 15 B Local blocking

S 15 6 Local deblocking

5] 15 7 Receiver

6 15 8 Combiner alarm level 2

B 15 9 cu

B 15 10 SU, via data line

12 15 10 SU, via channel line and CU

B 15 11 SR, via data line

12 15 11 SR, via channel line and CU

5] 15 12 Power supply

6 15 13 Receiver multicoupler

6 15 14 Transmitter level 2

3] 15 15 TX antenna fault level 2

2 15 015 Spare NMT Alarm 4-18

3 15 0 Reserved for HC 1 [OPTIONAL]

3 15 1 Reserved for HC 2 [OPTIONAL]

3 15 2 Reserved for SSE 1 [OPTIONAL]

3 15 3 Reserved for SSE 2 [OPTIONAL]

3 18 4 Reserved for SSE 3 [OPTIONAL]

3 18 5 Missing CC indication

3 15 B Missing CC indication ceasing

3 15 7 Missing TC or AC indication

3 15 8 Missing TC or AC indication ceasing

3 15 9-15 Spare NMT Alarm 2026
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10 1 0 Fire alarm

B 1 1 Mains break-down alarm

10 1 2 Intruder alarm

10 1 3 Obstruction light alarm

9 1 4 Mains return

10 1 5 Mains break-down alarm at channel
with battery back-up

10 1 6 Spare house alarm 1

10 1 7 Spare house alarm 2

10 1 8 Environment temperature alarm

10 8 8 Spare external alarm 1

10 8 9 Spare external alarm 2

10 8 10 Spare external alarm 3

10 8 11 Spare external alarm 4

10 8 12 Alarm unit alarm

10 8 13 MUX alarm

10 8 14 Spare external alarm 5

10 8 15 Spare external alarm 5

All other combinations of V4 Vo Vg shall be spare.

Parameters V4 can be used in case of manufacturer/operator defined alarms
but shall not be interpreted by the MTX. In case parameter V4 is not specified it

shall have value 0000.

Note 1 Level 1 Degradation which does not require an immediate

service action.

Level 2 Not in function.

Note 2 Blocking, deblocking, don't care (see also NMT Doc 450/
800-2 chapter 8, Maintenance of BS).

Three different categories of alarm information shall be
sent to the MTX from the base station:

- Blocking. The MTX shall block the channel when it receives this

information, i.e. the channel is no longer available for

traffic. A blocked channel shall be indicated at the
base station. The blocking is initiated by frame 28
from the base station.

Deblocking. The MTX shall deblock the channel when it receives
this information, i.e. the channel is now available for

traffic again.

Don't care. The MTX shall not act on this information.
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Note 3 Different classes of alarms
The alarms from the BS are divided in three classes:

-NMT-alarms. includes the alarms which are released by the
equipment that is included in the NMT system.

-House alarms. Includes the alarms which are released from
common equipment at the base station such as fire
alarm and intruder alarm.

External alarms. Includes the alarms which are released by all other
equipment at the base station by using the NMT
signalling system for alarm information.

It shall be possible to forward information in frame 28 together with
circuit identity both to remote and to local |/0 devices.

Note 4 Idling of radio channel at blocking alarm

After the CU has sent an alarm containing V4(6), block the channel,

the radio channel equipment shall be idled locally. This has the same
function as reception of frame 20(A=0) from the MTX.

4.3.3.9.1 Coding of the V4-parameter on HC [OPTIONAL]

In addition to the V-parameters defined above, the following V-parameters are

used on HC.

V1 Vo V3 Va Meaning in frame 28

3 15 0 Reserved for HC

3 15 0 1 Faulty HC1 level 1

3 15 0 e Faulty HC2 level 1

3 15 0 3 Faulty HC3 level 1

3 15 0 4 Faulty HC4 level 1

3 15 0 5 Faulty HC1 level 2

3 15 0 B Faulty HC2 level 2

3 15 0 7 Faulty HC3 level 2

3 15 0 8 Faulty HC4 level 2

3 15 0 8 Not enough capacity for
handover request

3 15 0 10 Not enough capacity for

signalling between BS and SSE
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15 1 Reserved for HC

18 1 1 Cease faulty HC1 level 1

15 1 2 Cease faulty HC2 level 1

15 1 3 Cease faulty HC3 level 1

15 1 4 Cease faulty HC4 level 1

15 1 5 Cease faulty HC1 level 2

15 1 B Cease faulty HC2 leve! 2

15 1 7 Cease faulty HC3 level 2

15 1 8 Cease faulty HC4 level 2

15 1 9 Cease not enough capacity for
handover request

15 1 10 Cease not enough capacity for
signalling between BS and SSE

15 2 Reserved for SSE

15 2 1 Faulty HC1 level 1, SSE

15 2 2 Faulty HC2 level 1, SSE

15 2 3 Faulty HC3 level 1, SSE

15 2 4 Faulty HC4 level 1, SSE

15 2 5 Faulty HC1 level 2, SSE

15 2 B Faulty HC2 level 2, SSE

15 2 7 Faulty HC3 level 2, SSE

15 e 8 Faulty HCA level 2, SSE

15 2 9 Not enough capacity for
signalling between SSE and
MTX.

15 3 Reserved for SSE

15 3 1 Cease faulty HC1 level 1, SSE

15 3 2 Cease faulty HC2 level 1, SSE

15 3 3 Cease faulty HC3 level 1, SSE

15 3 4 Cease faulty HC4 level 1, SSE

15 3 5 Cease faulty HC1 level 2, SSE

15 3 B Cease faulty HC2 level 2, SSE

15 3 7 Cease faulty HC3 level 2, SSE

15 3 8 Cease faulty HC4 level 2, SSE

15 2 9 Cease not enough capacity for
signalling between SSE and
MTX.

15 4 Reserved for SSE

15 4 1 Faulty SSE, level 1

15 4 2 Faulty SSE, level 2

19 4 3 Fast scan alarm

15 4 4 Slow scan alarm

15 4 5 Spare

15 4 5] Cease faulty SSE, level 1

15 4 7 Cease faulty SSE, level 2

15 4 8 Cease fast scan alarm

15 4 8 Cease slow scan alarm

15 4 10 Spare

HCn means HC with priority n according to the
priority list (n=1,2,3 or 4).

V4=3. Vo=15 and Vg=0 or 1 implies that the message is initiated in
the BS. V4=3, Vo=15 and V3=2,3 or 4 implies that the message is
initiated in the SSE.
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Coding of speech qﬁality supervision data

4.3.3.10.1 Caoding of supervisory signal information

47

The following coding is used between the MTX and BS/MS indicating the 4
different supervisory signal information:

Notation

fao

fa1

fa2

in frames 20, 21b, 21c, 25 and 26:

Coding
(binary)

0101

0011
1100
1001
0110
0000

Meaning

g-signal incorrect (used only in frame 26

from BS to MTX)

g-signal frequency 1
e-signal frequency 2
g-signal frequency 3

g-signal frequency 4

No e-signal information

The implementation of digital supervisory signal [OPTIONAL] leads to changes in
coding of frames 20(A=3/14), 21b, 21c, 25{A=2/6) and 26. In order to be able

to transmit different supervisory signals at different base stations every data

stream has an embedded reference number in the code which is sent out. The
following coding for this reference number, F4Fo, is used between MTX and BS

(This is also valid for frames 42,47,51,52):

ASS=Analogue Supervisory Signal

DSS=Digital Supervisory Signal [OPTIONAL]

Used in Meaning Coding

frame Fi Fa

All frames No information 0000 0000
20,51,52 ASS #1 0011 0011
" ASS #2 1100 1100
" ASS #3 1001 1001
B ASS #4 0110 0110
21, 25, 26, 42, 47 ASS #1 0000 0011
" ASS #2 0000 1100
" ASS #3 0000 1001
" ASS #4 0000 0110
26 Incorrect 0000 0101

ASS or DSS
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Used in  Meaning Coding Sequence
frame Fq Fo

20,21,25, - -

26, 42, 47,

51, 52

DSS #0 0000 0001 0000000000000000000000000000000
DSS #1 0000 0010 0000000001101010111100100101001
DSS #2 0000 0100 0000000010111111000101101111011
DSS #3 0coo 0111 0O000000100010100110111111011111
DSS #4 0000 1000 000000011 1000001001110110001101
DSS #5 0000 1011 0000001001000011010011010010111
DSS #6 0000 1101 000000101001011010101001 1000101
DSS #7 0ooco 1110 00000011001 11101011000001 100001
DSS #8 0001 0000 0000001111101000100001000110011
DSS #9 0001 0011 00000100001 11001100011001010101
DSS #10 0001 0101 0000010101000111101000010100011
DSS #11 0001 0110 0000010110010010010001011110001
DSS #12 0001 1001 0000011011000101110101110111001
DSS #13 0001 1010 0000011101101110000111100011101
DSS #14 0001 1100 0000011110111011111110101001111
DSS #1585 0001 1111 0O000100101100111110001101110101
DSS #16 0010 0000 00001001101 10010001000100100111
DSS #17 0010 0011 0000101011100101101100001101111
DSS #18 0010 - 0101 0000101101001110011110011001011
DSS #18 0010 0110 0000101110011011100111010011001
DSS #20 0010 1001 0000110001001010100101011111111
DSs #21 0010 1010 0000110010011111011100010101101
DSS #22 0010 1100 0000111010110110110011100010011
DSS #23 0010 1111 0000111111001000111000111100101
DSS #24 0011 0001 0001000111110010111011010001011
DSS #25 0011 0010 00010011110110110101001001 10101
DSS #26 0011 0100 0001010101110100011101110100101
DSS #27 0011 0111 0001100011111111110110011010111
DSS #28 0011 1000 0001101011010110011001101101001
DSS #2989 0011 1011 0001101101111101101011111001101
DSS #30 0011 1101 00D1110010101100101001110101011
DSS #31 0011 1110 0010010111110101111010011111101
DSS #32 0100 0000 0010011001110111100111111100111
DSS #33 0100 0011 0010111101111010101010110111011
DSS #34 0100 0101 1111111111111111111111111111111

Note 1:  The actual coding of F4Fo corresponds to the earlier coding of fy for
the ASS. For DSS, the last bit in Fo is used to give an odd parity and
the first seven bits in F4Fo is a binary coding of the DSS number.

The BS equipment shall be able to handle both ASS and DSS. This can
be done by checking the parity: even parity gives ASS and odd parity
gives DSS.

Note 2: There are no generated translation between F4Fo and the cyclic code
sequences.
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Note 3: The cyclic sequences are Gold sequences of length 31 given above in
phase 1. The generator polynomial hn(x] = X104 x84+ xB+ x84+ x5+ x3+1

is used. Added are the all-1-sequence and the all-O-sequence.

Note 4: The bit transmission order for each sequence is from left to right.

4.3.3.10.2 Coding of the alarm levels for received MS signal strength in the BS

Coding Meaning

(Binary) High level, 14 Low level, I
0000 Suppress the function Suppress the function
0001 30 dB {1uV) E.M.F. 20 dB (1uV) EM.F
0010 25 ; 16 9
0011 20 = 12 .
0100 16 " 8 :
0101 12 " 4 "
0110 8 " 8] "
0111 4 dB (1uVJE.M.F. 4 dB(1uV)E.M.F.
1000 O dB (1uVJE.M.F. Spare

1001 40 dB (1uVIE.M.F. Spare

1010 35 dB (1pVIE.M.F. Spare

1111 Spare Spare

High level and low level, including suppression of the function, can be coded
independently of each other. The information is given to the BS in the frames
20 (A=15) and 20 (A=14).

4.3.3.10.3 Cading of cause value in frames 25 A(7) and 25 A[8) [OPTIONAL]

Notation Coding Meaning in direction BS to MTX

Ci0) 0000 No information given

C(1) 0001 Caused by B-signal

C(2) 0010 Caused by RF-signal supervision

C(4) 0100 Caused by co-channel interference

C(8) 1000 Reserved for digital supervisory signal (BER)

C(9) 1001 Caused by the 3 s evaluation period of supervisory
signal

Other bit combinations in C are used when several conditions are fulfilled
simultaneously by adding the corresponding values of C.
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Coding of area information
In the direction MTX to MS.
Due to limited space for transmitting area information from MTX to MS,

this information is transmitted in frames 1b, 2a, 2e, 3b, 4, 4b and 30 as
fictitious channel number, accarding to the coding below.

Notation Coding Meaning

{fictitious

channe! No)
HgHgH10 ch.1011 Area no. 1
HgHgH10 ch.1012 . Area no. 2
HgHgH10 ch.1013 Area no. 3
HgHgH10 ch.1014 Area no. 4
HgHgH10 ch.0 No area information

In the direction MS to MTX

The area information and the traffic area information received from the
MTX is transmitted back to the MTX by the MS as TY2 in frames 10b, 10c,
11a and 12.

The coding is as follows:

-T=t1totatyg

where

--tqtp = area info (translated from HgHgH1 ). coded as

t1to = 01 (binary} for Area no. 1
tto =10 " for Area no. 2
tito =11 " for Area no. 3
tqto = oo " for Area no. 4 or if no area information is received

--tatq = 2 last bits in Y1
- Yo = Yo received from MTX
in shortened frames 10a, 10d and 11b only the character T is transmitted

as area information. In frame 11b on calling channel, the area information
tqto in character T is set to 00 (binary).
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Coding of additional information, fictitious channel numbers
Coding of HgHgH10 in frame 1b is specified in para 4.3.3.11.1.

Coding of HgHgH10 in frames 2c, 2d and 2f

Notation Coding Meaning
(fictitious
channel No.)
HgHgH10 ch.1008 Queuing information

to ordinary MS in frame 2f.

HgHgH10 ch.1009 Queuing information
to PMS in frame 2c.

HgHgH10 ch.1010 Traffic channel scanning
order in frame 2d.

In the scanning procedures HE[O] and H2[12] shall, however, not be
differentiated (i.e. both channel types are accepted). The access method

depends on the received channel indication on the actual free traffic or
access channel.

Coding of additional information, channel band information
General

The system allows for the MTX, BS and MS to work over 1998 channels.
The additional information transmitted on the calling channels informs the
MS about actual bands in use for calling channels and for traffic or access
channels. From the outset a basic channe! band, preprogrammed in MS, is
used for channel scanning.

If no additional information is given, or this information is lost in MS, the MS
shall scan for CC or TC over the basic channel band.

On combined calling and traffic channels H1-Hg is coded as on calling
channel, while H7 is set to J.

Coding of H1H2

For this additional information two values of H4 are used, H1(Q) and H4(14).
See alsn 4.3.3.1.

H4(0) Ho(0) indicates that only the channels within the basic channel band
NDONXINX) to N(Y)N(YIN(Y) are used for scanning. For the MS this means
that one scan is a search through the channels (in 12,5 kHz steps) from a
random starting point and taking N{X)N(X)N(X) after N(YIN(YINC(Y).

The values for the basic channel band NUXINIXIN{X) to NIYIN{YIN(Y] shall be
preprogrammed into the MS in the same way as the MS identity. See also
NMT Doc S00-3.

H41(14) H2(0) indicates that information about where to find CC band and/or
TC band is given. H1(14]H2(12) indicates that information about the position

of CC band and/or access channel band is given. This information shall be
stored in the MS according to NMT Doc S00-3.
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In the scanning procedures Ho(O) and Ho(12) shall, however, not be

differentiated {i.e. both channel types are accepted). The access method
depends on the received channel indication on the actual free traffic or

access channel.
4.3.3.13.3 Coding of additional information concerning calling channel band

Information about calling channel band is coded in the characters
HaH4HsHS.

The band limits are identified by 8 bits.

HaH4 Start point of calling channel band
HsHg End point of calling channel band

The start point must always be a lower channel number than the end point.
Translation into channel numbers, see para 4.3.3.13.5.

If H3H4=Hs5Hg=00 no information concerning calling channel band is given.
The preprogrammed basic band is used for calling channel scanning.

4.3.3.13.4 Coding of additional information concerning traffic channel band or access
channel band. '

information about traffic channel band or access channel band is coded in
the characters HyHgHgH10.

The band limits are identified by 8B bits.

H-Hg Start point of traffic channel band or access channel band
HgH10o End point of traffic channel band or access channel band

The start point must always be a lower channel number than the end point.
Translation into channel numbers, see para 4.3.3.13.5.

If H7Hg = HgH10 = 00 no information concerning traffic channel band or
access channel band is given. The preprogrammed basic channel band is
then used for traffic or access channel scanning.

4.3.3.13.5 Translation of band limits to channel numbers

It is always an ordinary channel (not interleaved) given as a band limit. The
given band always includes the lower and the upper channels and the
channels (included the interleaved channels) in between.

The eight bits in HaH4, HsHg, H7Hg and HgH1o respectively denotes eight of
the bits in the channel number, coded as in NgNpN¢ (see para 4.3.3.1 note
4]. The bits ag to ap are given. The bits 8109. 81 and ag are set to 0. The
band limits will therefore be given in steps of 100 kHz.
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Because channel 1 Icannot be given as a band limit, HgH4 = 00 or H,Hg = 00
shall be interpreted as the band limit being channel 1.

Coding of additional information, battery saving for handheld mobile stations.
General

The system makes battery saving function possible in handheld mobile
stations. The battery saving period starts at reception of following additional
information which is sent on calling channels and combined calling and

traffic channels. The handheld mobile station may then close the receiver for
the period indicated in the information field. Calls to these mobile stations wiill
be stored in the MTX the necessary time.

Coding of H4H2

H41(14) and Ho(11) indicates that information for battery saving circuit
synchronization is given.

Groups of mabiles

The maobile stations are divided up into groups according to the last digit Xg

in the mobile station subscriber number. The groups are addressed by the
character Hz ...H in the signaliing. The mobile station accepts the battery

saving information only if Xg is included in the groups specified by H in the
following table:

H7 X5

0 -

1 1,3,5,7,8
2 2,4,6,8,0
3 1,2

4 3.4

5 5,6

B 7,8

7 8,0

8 1,2,3,4,5,6,7,8,9,0
8-15 Spare

The MTX shall use one of the following combinations:

A) H-(1) and H(2)
B) Ho(3), H{4), H(5), H(E) and H-(7)
cl Ho(8)
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4.3.3.14.4 Battery saving period

Coding of Hg Battery saving period in frame
times (1 frame = 138,33 ms)

0 0 frames
1 24 "

2 40 g

3 56 "

4 72 il

5 88 .

6 112 frames
7 168 .

8 224 :

9 280 "
1015 Spare

The time between two battery saving information frames 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. Also the value of H3 depends on the traffic

situation in the MTX and it will be changed manually or automatically.
4.3.3.15 Coding of parameters for the handover request channel (HC) [OPTIONAL]

4.3.3.15.1 BSno

B41BoBg is coded as defined by the administration. The default value shall be
FFO. The BSno shall be settable through the remote control.

4.3.3.15.2 Identity number U4qUs in frames 50 and 51
Coding UqUo Meaning
00000001 U4(0Uo(1)

The identity number of
a specific channel unit.

01000000 U4(4)Us(0)
11111111 U4(13)Uo(13) All channel units

All other values are reserved for future use. The identity number is coded as
a hexadecimal value which implies that up to 64 channel units can have a
unique identity.
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4.3.3.15.3 Information (I) of the channels in frame 50

Coding

0001
0010
0011
0100
1000
1111

(1)
I2)
(3]
(4)
I(8)
I(15)

Meaning

CC

AC/free TC

Combined CC and free TC

RFHink disconnection terminated the call.
Normal termination of the call.

Start of call

All other values are reserved for future use.

4.3.3.15.4 Check in frame 54

Parameter Ch shall be coded as a random hexadecimal number between 1

and 15.

4.3.3.15.5 Actual BS in frame 42b

BsBpB. is coded as defined in the implementation and decided by the
administration. The information identifies the actual BS.

4.3.3.15.6 Information in frame 42 and 42b

Coding GG
0000

0001

0010

0100

1000

0000
0001

0010

0100

1000

Meaning
G(O)G(O)
G(1)G(1)

G(2)G(2)

G(4)G(4)

G(8)G(8)

A normal handover attempt

As for G[O) but a special reduced list of
neighbouring base stations is used.

Signal strength measurements are
performed only on the target BS and actual
BS.

Signal strength measurements are
performed only on the target BS.

No signal strength measurements are
performed. A handover is initiated at once.
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SIGNALLING PROCEDURES

Signalling between MTX and MS
Call mobile station to mobile telephone exchange SCHEME A

56

Signalling
state

trough-
con-
nect in

Signalling conditions

Direction
MTX — MS

Direction
MS — MTX

BSy, _ TC

@ signal
BS —> MS |

Traffic channel

1200 Baud

BSyy, TC
Traffic channel
|

O si
1200 Baud MS—'g:aBS

BS cC
Cf'alling
Channel

1200 Baud

trough-
con-
nect in
MS

5a.

6a.

10.

11.

12

13.
14.

MS “on hook" resting on
CC or combined CC/TC

MS goes "off hook" and
starts hunting for a free TC
or AC, see para 4.4.1.11

MS locks on TC and sends
identity for seizure

MTX requests identity and
authentication in consecu-
tive frames, max T ms

MS sends identity

MS sends signed response

(SRES)

MTX ready to receive (en-
crypted) digits

Dialling tone

Transmission of

7.1 1stdigit

7.2 2nd digit

7.3 3rd digit

7.n nth digit

Address complete

MTX sends @-signal order
to BS and throughconnects
speech path

BS sends #-signal acknowl-
edgement

Signal strength measure-
ment procedure according
to para 4.4.2.2.

Ringing tone

Answer

Speech

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
transmitted unencrypted.

Note:

T
T

Tu
T™"

1107 ms (8 frames)

553 ms (4 fames)
0+25ms

277 ms (2 fames)

for
details,
see
para
4.6
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On calling channel, access channel
and free traffic channel (frames 1,2,3d
or 4 in all signalling schemes of this
paragraph), @-signal is transmitted
from BS.

for
details,
sea
para
4.6
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Call mobile telephone exchange to mobile station
Call mobile telephone exchange to mobile station,
normal case SCHEME B

Signalling
state

Signalling conditions

Direction Direction
MTX — MS MS — MTX

Speech

Speech
path
trough-
con-
nectin
| [ap

BS, CC |BS,, IE BS,p TC BS, CC
Caliing Traffic channel Traffic channel Calling
Channel Channel
@ signal @ signal
1200Baud | BS—MS | 1200Baud | 1200Baud | MS—>BS | 1200 Baud

[path
trough-
con-
nect in
IMS

10.
11.

12.

13.
14.

15.

16.

17.

Note: T

MS “on hook" resting on
CC or combined CC/TC
(1a,1a',1a",1b)

MS (ZX, XX, X ) is
called ir': trza c 3?3:6{ Yo
(On combined CC/TC
frame 2e may be used)

MS sends call acknowi-
edgement T"' after recep-
tion of 2a (frame 2e is ac-
knowledged by frame 10d)

MTX activates TC NqN,N,
on BS

MTX sends channel order
after transmission of
20(A=15) (A fictitious chan-
nel order 2f, queuing infor-
mation, may also be sent)

BS acknowledge activation
order

MTX requests identity, max
Tms

MS moves to TC N,N,N,

MS sends identity after
reception of 3b

MTX sends ringing order
MS generates ringing local-
ly

|dle frames, according to
para 9.6 in NMT Doc 900-2
Answer

MTX sends @-signal order
to BS and throughconnects
speech path

BS sends @-signal ac-
knowledgement

Signal strength measure-
ment procedure according
to para 4.4.2.2.

Speech

1107 ms (8 frames)

553 ms (4 rames)
0 +t25ms

277 ms (2 frames)

-

™
™

for
details,

|para
4.6
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46
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4.41.2.2 Call mobile telephone exchange to mobile station,
congestion or blocking on BS,. SCHEME B.1
Signalling conditions
Direction Direction
MTX —> MS MS —> MTX
i i th | BS, CC |BS TC BS TC 8BS, CC [path
jtlgt'; alling o cc:fhﬂﬁnn%l * Traffic channel ® Traffic channel Ccfhﬁi\:%l rough-
con- n
nect in @ signal @ signal nect in
MTX 1200 Baud | BS—> MS 1200 Baud 1200 Baud MS —>BS | 1200 Baud IMS
1. MS "on hook" resting on for Tab | | Jeor
CC or combined CC/TC details,| 1. [TaB | | details,
see 1 ab I ;:?a
2. MS (ZX;X,X3X is para 1ab
called in traffic é§§1 v, |46 |2 [2ae | I Iy
[1ab | |
3. MS sends call acknowl- 1ab | 3. | 10a/d
edgement T'' after recep- [Tab |
tion of 2a 4. [2d | .
Tab - 5 _|
4. MTX informs MS of block- Tab | a e ——
ing on BS,, frame 2d .._% -~ n 'g's 7—;‘ C —_— s
5. MS starts hunting for a [1ab | & — |7. [ -
free TC or AC, see para . L 0 T
44111 | & _Sb_,/z 10c o
6. MSlocks onafree TC | 'EFEE ' "lg\ T
7. MS sends the seizure 10c | 3b 10c T
identi I | Hoe T
8. MTX requests identity, L e
max T ms | 10 =9) |
9. MS sends identity 10c af- 4 - e p
ter reception of 3b Iy | 42 ﬂ; | 1. Ringing in MS
10a. MTX sends ringing order. | — |
10b. {\Iternativ(el!y, fo)rced rg— | 10. 2 L=9J |
ease 5a (L=15) may be
sent, see para 4.4.1.3. T'I 5 t:g \:?
L .
10c. Max 8 idle frames may be l 12.
sent between frames 3b l 6 |
SREES | = | 13 T35 =14)
o ] . =4 |
1. zﬂjygenerates ringing lo : _B_,/E T’J L :) .
[ 13a(L=1 LEn
12. Idle frames, acg_oBding to T-l [ I
para 9.6 in NMT Doc 900- e [
| 14. [20(A=3
2 T MTX W— )
13. Answer | ; S
14. MTX sends @-signal order | 1e. I
to BS and through- | |
connects speech path | 17 | 17
15. BS sends g-signal ac- I
knowledgement I
16. Signal strength measure- I I
ment procedure according
to para 4.4.2.2.
17. Speech
Note: T =1107 ms (8frames) Note :
' = 553 ms (4 frames) On calling channel, access channel
T' = 30+25ms and free traffic channel (frames 1,2,3d
T = 277 ms(2frames) or 4 in all signalling schemes of this
paragraph), @-signal is transmitted
from BS.
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4413 Clearing sequences
Signalling conditions
Direction Direction
MTX —> MS MS —> MTX -
i i pah | BS, CC |BS TC BS, TC BS, CC |path
Slgnalllng wough-|  Clatling & rafic channel ® Traffic channel Caling  [trough-
state con- Channel _ Charnel  Jcon-
nectin @ signal 2 signal nectin
MTX 1200 Baud BS — MS 1200 Baud 1200 Baud MS—>BS | 1200 Baud |MS
for lfor
details, details,
see see
para jpara
MS clearin 46 : 46
1. Spesch ; 1
, A. REL) -
2. Mobile station clearing T ab
Tab
3. Release-guard T ab
1ab
4. MS returns to CC after re- i ab
ception of frame 5a (L=13/ 1 ab
15) [Tab
. [1ahb
5. MTX sends stop g-signal 1ab
order to BS 3)
. 1ab
6. BS sends stop o-signal ac- 1ab
knowledgement 1 ab
[Tab
[Tahb
MTX clearing :
1. Speech )
1 . m 1 .
2. Fixed (MTX) clearing, or Tab
forced release from MTX Tab
Tab
3. Release-guard 1ab
1ab
4. MS returns to CC after re- T ab
ception of frame 5a (L=13/ 1 ab
15) 1ab
, 1ab
5. MTX sends stop @-signal ab
order to BS 1 ab
. 1ab
6. BS sends stop o-signal ac- 1ab
knowledgement 1 ab
1ab
Note: T =1107ms ée frames) Note :
T' = 553 ms (4 frames) On calling channel, access channel
T' = 3+t25ms and fres traffic channel (frames 1,2,3d
T = 277 ms (2 frames) or 4 in all signalling schemes of this
gamgergph), @-signal is transmltted
om BS.
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4414 Switching call in progress
4.41.41 Switching call in progress, ordinary procedure. SCHEME C
Signalling conditions
= 4 ] 1] 1l
Traffic channel N,N;N4 Traffic channel N'yN',)N'
Siagnallin pal th Direction Direction Direction Direction pal th
g g SO MTX —> MS MS —> MTX MTX —> MS Ms —> M1 Fough-
state con- _ con-
nectin @ signal O signal nectin
MTX 1200 Baud | BS—> MS | 1200 Baud 1200 Baud BS—>MS | 1200 Baud | MS
for I for
details, l details,
see see
para | para
46 46
1 | 1
Ms
1. Speech on TC N\N,N, | . <A5) (MTX 488
2. MTX decides to switch the 4. [3a_| e
call totrt;l' 4N'oN'y alnd allo- _g_g__ I ——— —_ 5. %g_ 3 -
cates the channe (3a —I N {BS ~—>MTX]
3. BS acknowledges activation | 3b
order 3b 6. [10b
l 0 —— | %
4. MTX orders MS to change 6 7. |6 [10b_ 1.
1o TC_N,NN. (=N N,N') 5 |~ |8 ob T
{(maxT ms) FFower level on b T l T
new channel in N, 2 -
8. =12) |7 =3)
5. MTX requests identity on (MTX —> (MTX—>
NNy (maxTms) 10. [25A=13)| | 0. 125(A=2)
6. MS sends identity T' ms Bs—>M™)| | (BS —> MTX
7. MTX sends o-mgnal order | 1. 11.
to BS on N NN I
throughconnecgs speec
path |
8. MTX sends stop e-signal |
order to BS on N;N,N, |
9. BS sends g-signal acknowl-
edgement on N';N';N'q
10. BS sends stop @-signal ac-
knowledgement on N;N,N,
11. Speech on N'\N',N'y
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.
Note: T =1107 ms (8frames)
T' = 553 ms(4 frames)
T = 30+25ms
T'" = 277 ms (2 fames)
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4.4.1.4.2 Switching call in progress, improved procedure SCHEME C.1

Signalling
state

Signalling conditions

Traffic channel N,N,N5 Traffic channel N N,N'5

trough+
con-
nect in
MTX

Direction Direction Direction Direction | nath
MTX —> MS MS —> MTX MTX —> MS MS —> MTH trough-
con-
@ signal @ signal nectin
BS—MS | 1200Baud | 1200Baud | BS—>MS | 1200 Baud | MS

1200 Baud

Note: T
Tl

Speech on TC NyN,N4

MTX decides to switch the
call to N'yN',N'; and allo-
cates the channel and pre-
pares BS for g-signal trans-
mission

BS acknowledges activation
order

MTX orders MS to change
to TC N,N,N. (=N N',N'5)
(maxT ms!i Isower]evel on

new channel in N,

MTX requests identity on
N N',N’y (max T ms)

MS sends identity T ' ms

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

MTX sends stop @-signal
order to BS on N;N,N,

BS sends stop @-signal ac-
knowledgement on N,;N,N,

10. Speech on N',N',N'y

=1107 ms (8 frames)
= 553 ms (4 rames)
T' = 30t25ms
T = 277 ms (2 kames)

for
details,
see
Ipara
46

| for

| details,
S60

I para
46

I 1.

2. =14) (MTX —> BS)

=
(2]

I
|
|

" — e —

3. =6)
(BS — MTX]

?ﬁgiFF

i

TIFEFErEE

————————— ]

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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4.4.1.4.3 Switching call in progress, short procedure. SCHEME C.2

Signalling
state

Signalling conditions

Traffic channel N;N,N, Traffic channel N N,N',

Ipath
trough

nect in
MTX

Direction
MTX — MS

Direction
MS —> MTX)

Direction
MS —> MTX

Direction
MTX — MS

O si

gnal
1200 Baud BS —> MS | 1200 Baud

© signal
1200Baud | BS— MS | 1200 Baud

path
trough-
con-
nect in
MS

10.

11.

Note:

Speech on TC N;N,N;

MTX decides to switch the
call to N';N',N'y and allo-
cates the channel and pre-
pares BS for g-signal trans-
mission

BS acknowledges activation
order

MTX orders MS to change
to TC NN N'. (=
N',N',N'3) with information
about power level in
Ny(max T' ms), after receiv-
ing frame 25 (A=6).

BS sends identity, one
frame

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

If MTX does not receive
identity within T' ms after
start transmission of 3¢, the
MTX requests identity on
N'yN',N'y (max T" ms

MS sends identity T' ms
upon identity request

MTX sends stop a-signal
order on N{N,Ng

Stop @-signal acknowledge-
ment from BS on NyN,N4

Speech on N'{N';N',

T 1107 ms (8 frames)
: 553 ms (4 frames)
A+25ms

277 ms (2 fames)

-

I nn

T

for
details)
ses
para

3. [25(A=6)
(BS — MTX]

=
(7

e — — — — — —

1+1131 (5]

oGO G

&

N o

—

T

5

K
3b =
30
E

!

10. =13)
(BS —> MTX)

11,

— — — — — — —— — — — —

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 re-
ceived in MS is below the limit A the MS shall not transmit frame 10 unless it receives
identity request within T ms after received channel order. If identity request is not received
within T ms 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 ' ms 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.

for
details,
S00

para
46

1.
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4415 Roaming updating procedure
SCHEME D
Signalling conditions
Direction Direction
o MTX — MS MS — MTX
i llin path | BS, CC |BS TC BS TC BS, CC |path
Signalling trough-|  Cealling * Traffic channel *® Traffic channel Cating ~_ |irough-
state con- Channel o — Chamnel foon-
nectin signal signal
MTX 1200 Baud BS — MS | 1200 Baud 1200 Baud l MS —> BS 1200 Baud |MS
. MS "on hook" resting on CC Tab | L |
in TA 1 [Tap — |
Y,Y', [T ab 7
o | £ |
. YL.Y,2YLY. 1ab
M5 starts hufting for a free 2. [1ab |M\S 4 _M.SJ
TC or AC, see para 1ab — 4 e e ————
44.1.11,in Y|V, Tab B : [ o _
- M8 locks on TC N,NN, in [Tab | . B a T
and sends roaming . J
ﬂda%ng and seizure { E h_:‘\
. MTX requests identity, max 3b 5. [11a T
Tms ' 3b J/ 112 L
. After reception of 3b, MS - l 3b / | .| 1a il
sends roaming updating for ™ 6 Sa(l.=3) _I\ =
T'ms |~ [Barm— :
|7 Ball=13/15 iE
. MTX roaming updates MS L= :5
and sends roaming updating min T' | =13/15 | 8 |1 %_,-_-
confirmation for T''' ms max _stl :13!15 _I.-/ 1= L=
. MTX initiates forced release J L f3all=1) T
. Release guard -— T ———
5 . b
. MS returns to CC in new
Y.y, | |
Note :
On calling channel, access channe! Note: T =1107 ms (8frames)
and free traffic channel (frames 1,2,3d w = 583 ms (4 rames)
or 4 in all signalling schemes of this no= 0x25ms
fp}aragBraSph). @-signal is transmitted T = 277 ms(2 fames)
om BS.,
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Call coinbox MS to mobile telephone exchange

Signalling
state

Signalling conditions

Direction
MTX — MS

Direction

MS — MTX

Speech

frough-
con-
nectin

BS, CcC
Calling
Channel

1200 Baud

BS,p TC
Traffic channel

O signal
BS—>MS | 1200 Baud

BS,4 TC
Traffic channel
O signal

1200 Baud | MS —> BS

BS, CC
C?aling
Channel

1200 Baud

path
trough-
con-
nectin
MS

5a.

6a.

10.

11.

12.

13.

14.
15.

Coinbox MS “on hook"
resting on CC or combined
CcCcc

Coinbox MS goes “off
hook" and starts hunting for
afree TC

Coinbox MS locks on TC
and sends identity for sei-
zure

MTX requests identity and
authentication in consecu-
tive frames, max T ms

MS sends identity

MS sends signed response
(SRES)

MTX ready to receive
(encrypted) digits

Dialling tone

Transmission of

7.1 1stdigit

7.2 2nd digit

7.n nth digit

Address complete

MTX sends e-signal order
to BS and throughconnects
speech path

BS sends o-signal ac-
knowledgement

Signal strength measure-
ment procedure according
to para 4.4.2.2.

Ringing tone

Answer and tariff informa-
tion to Coinbox MS

Answer acknowledge

Speech. Exchange of new
charging information if nec-
essary, according to states
13 and 14.

Note:

Note:

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

T

TII
T

1107 ms (8 frames)

553 ms (4 frames)
0 +25ms

277 ms (2 frames)

-

detalls,

para
4.6

35

_‘l_n.

(=gl=gi=y

l2iele)

I
I
|
lws

—

=

»

b4

g’?’

®

e i

Note :

- - D
N - |

—
w

e —

-
o

On calling channel, access channel

and free traffic channel (frames 1,2,3d

or 4 in all signalling schemes of this
paragraph), @-signal is transmitted

from BS

for
details,
see
para
4.6
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Call from mobile telephone with priority (PMS)

B85

Signalling
state

frough-
nectin

Signalling conditions

Direction
MTX — MS

Direction

MS — MTX

BSap

TC
Traffic channel

@ sional
BS —> MS 1200 Baud

BSat,

1200 Baud

TC
Traffic channel

O signal
MS — BS

BS, CC
daling
Channel

1200 Baud

2a.

2b.

10.
11.

11a.

12.

13.

13a.

14,

15.
16.

on CC

Priority MS restin
o d CC/'F C, priori-

or combine
ty button activated

Call fromPMSon CC T''
after reception of 1 a or
2 b/c/dA.

MTX checks identity by
sendin? normal paging to
PMS. It PMS already is
updated in the traffic area,
MTX will send frame 2c (or
2b) instead of 2a. In that
case, go to state 3 (or 7).

PMS sends call acknowl-
edgement as identity.

MTX informs PMS that the
call is queued. If an idle
TC is available at once, 2b
is sent instead of 2¢. in
that case, go to signalling
state 7.

PMS (ZX KX is
called in &iﬁiﬁsafe;@‘(g
when an idle TC is availa-
ble on the BS

PMS sends call acknowl-
edgement T'' after recep-
tion of 2a

MTX activates TC N;N,N,
on BS

MTX allocates the selected
TC to PMS

BS acknowledges activa-
tion order

MTX requests identity,
max T ms

MS sends identity
MTX sends ringing order

MTX requests authentica-
tion

PMS generates ringing
locally

Answer

MS sends signed re-
sponse, SRES

MTX ready to receive
(encrypted) digits
Dialling tone

Transmission of
(encrypted) digits

Continues as
signalling scheme A

details,
see
para
4.6

(X = 1a, 2al/c/df)

I for

2b,

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 in state 14. The digits in
state 16 are then send
unencrypted.

a8

PHTF’H

(]
o

{
I

S

ik

5a(L=9)

S8

oy

— — — — — — — — — — — — — — — — — — — — — —

\

15) (M

o BEEs-M |

—— —

Z

|
I

=

RN

11b

Note:

T

™
Tlll

1
553 ms

1107 ms ée fran'esg
4 fames

+25

277 ms (2 frames)

ms
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4418 Change of MS output power level on same channel
Signalling conditions
Traffic channel NyN,N5
Signalling path Direction MTX — MS Direction MS — MTX path
trough trough-
state con- . . con-
nectin @ signal 2 signal nectin
MTX 1200 Baud BS — MS MS —>BS 1200 Baud MS
for for
details| details,
see see
1. Speech on N;N,N; para para
4.6 46
2. MTX decides to change MS
output power level 1 1.
3. hNAThi( rzendsth 3a ?n TC 2.
1N,Ng with information
about new MS power level 3. 3a = [
in N1 (mamesp;, ) —35— ] -_—_—_—__T—— 106
4. MS sends identity T' ms 3a | 1T T
_3_@__,_,_.—-—'—"'_'_—_ Ob T
5. Speech Ob o
5. 5

Note: T =1107 ms(8frames)
T' = 553 ms(4frames)
T' = 30x25ms
T" = 277 ms (2 frames)
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441.9
4.4.1.9.1

Push button data transmission from MS

Manual transmission

67

Signalling
state

Signalling conditions

Traffic channel N;N,N;

Direction MTX — MS

1200 Baud

@ signal @ signal
BS—EMS MS —> BS

Direction MS — MTX

1200 Baud

10.

1.

12

13.

14.

15.

16.

17.

Speech on N.N,N3

ms sends "MFT converter

MTX sends idle (3 frames)

"MFT-converter state”
Suppress g-signal alarm,

A7)

Acknowledge "Suppress e-
signal alarm 25(A=7)

MTX acknowledge "MFT
converter IN®

MS sends idie frames con-
tinuously

a) State 3, 4 and 6 are sent
as one block, when a MFT

converter is available

Digit transmission from MS.

Items 9a to 12a resp. 9b
12b are alternative
schemes

MS sends "MFT converter
ouT*

MTX acknowledge "MFT
converter OUT" within T*
ms

Cancel "MFT-converter
state”

Cancel suppression of e-
signal alarm

Acknowledge "Cancel sup-
pression of a-signal alarm
25 (A=7)"

Forced release "MFT con-
verter state® from MTX

Forced release *"MFT con-
verter state" acknowledge
from MS

Cancel "MFT-converter
state® Cancel suppression
of @-signal alarm 25(A=7)

Acknowledge of "Cancel
suppression of g signal
alarm 25(A=7)"

Speech on N;N,N,

Note: T =1107 ms(8frames)
T' = 553 ms (4 frames)
T' = 30125ms
T" = 277 ms (2 frames)

details

para
4.6

4,

6. "l'
T
—

1 O.T

17.

-
B
T

)} (MTX 4> BS)

Sall

=4
L=4

| =4

(SalL=4)

8.1

8.2

83

g.n

g8 | gt [t [ee [

[T3a{L=8)
|

BS — MTX)
=5)

=7

@
QO
~—

—_
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4.4.1.9.2 Automatic transmission, optional mode

68

Signalling conditions

Traffic channel N;N,N;

Signalling path Directon MTX — MS Direction MS — MTX ?agh-
trough
. . con-
state necti @ signal @ signal nect in
MTX 1200 Baud BS — MS MS — BS 1200 Baud MS
for 1. 1. fdoé "
; details, tails,
1. Speech on N;N,N, gk i ) 2 _Iggm) et
2. MS sends "MFT converter |para a para
IN® 46 3. ]g 'T.'.ia_‘ﬁ T 146
. —t
3. MTX sends idle (3 frames) " ) (MTX 4> BS)
4. "MFT-converter state” 6. 5aL=4) z ,ég%_;> MTX)
Suppress o-signal alarm L=4 2 £ )
Y = T
5. "MFT-converter state® ac- T
knowledged from BS 15 -+
8-1 :4& TIII
6. MTX acknowledges "MFT ai) e
. 82 [74b_
converter IN' A
7. MS sends idle frames (4 LE)
A hnd6 25—
a) 3, 4 and 6 are sentas
one block, when a MFT- 135
converter is idle . -
Tllt
8. Digit transmission from MS. % a
8.n 1486
14alb
ltems 9a to 12a resp. 8b
12b are alternative
schemes
0 [EEETD |
9a. MS sends "MFT converter

ouT*

10a.MTX acknowledges "MFT

converter QUT"

11a.Cancel "MFT-converter

state*
Cancel suppression of g-
signal alarm 25 (A=7)

12a."MFT converter state® ac-

9b.

knowledged from BS

Forced release *"MFT con-
verter state” from MTX

10b.Forced release "MFT con-

verter state" acknowledge
from MS

11b.Cancel "MFT-converter

state® Cancel suppression
of g-signal alamm 25(A=7)

12b."Cancel MFT-converter

13.

state® acknowiedged from
BS

Speech on N,N,N,

13.

L=10
=10
=10,

=10
=10
[5AL=10)
]
6
.6_6
{20(A=1
—_— }

E'mmmmm
>
I_I.

s

13.
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4.4.1.10.1 Subscriber service by register recall and code sending from MS

NMT DOC 800-1, 1885-01-25

Register recall procedures

69

Signalling
state

Signalling conditions

Traffic channel NyN;Ng

Direction MTX — MS

1200 Baud

2 signal
BS — MS

Direction MS —> MTX

@ signal
MS — BS

1200 Baud

trough-

nect in
MS

6a.

9a.

10.

11.

12.

Speech on NyN,N,

MS sends register recall
signal

MTX sends information for
encryption of digits or idle
frames if added security
feature not is used. 3
frames

Suppress g-signal aiarm,
A(7), order to BS

Acknowledge "Suppress g-
signal alarm (A7)"

MTX acknowledges regis-
ter recall signal using pro-
ceed to send. If added se-
curity feature is used,
encryption of digits is re-
quested by using L=11. {f
not, unencrypted digits are
requested by using L=3.
Sending of dialling tone
starts

Dialling tone stops

MS sends idle frames con-
tinuously

Digit transmission from MS.
If added security feature is
used, the digits are trans-
mitted encrypted

Address complete or retum
to conversation state after
timeout

MS stops sending idle
frames

Cancel suppression of -
signal alarm

Acknowledge cancel sup-
pression of g-signal alarm

Sending of acceptance
tone or refusal tone or oth-
er information from MTX in
conversation state (if appli-
cable).

Exchange of charging infor-
mation (if necessary) to
coin-box MS according to
para 4.4.1.6, state 13 and
14

Note:

Note: T
Tl

Other details are specified
in NMT Doc 900-3, ANNEX
8.

1107 ms (8 frames)

553 ms (4 fames)
+25ms

277 ms (2 fames)

™
T

oh

F—
N IS8

6a.

T

T
1

12.

Ak

MTX -

-> BS)

[3T)

n
o

=311

=311
[=a/1 1§

Dialling
tone from

8.1

e

Sal=6
?ﬂ_ )
6

L
[20(A=10)

8.2

83

R e oo [

oo

8n

il

f%@

(MTX —> BS]

1. =11)
—> MTX])

details,
see
para
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4.4.1.10.1b Optional use of register recall function,
automatic transmission of digits

Signalling
state

Signalling conditions

Traffic channel NyN,N;

trough+
con-
nect in

Direction MTX —> MS

1200 Baud

@ signal
BS — MS

Direction MS —> MTX

@ signal

MS —>BS 1200 Baud

Ba.

9a.

10.

11.

12.

Speech on NyN;N,

MS sends register recall
signal

MTX sends information for
enchryption of digits or idle
frames if added security
feature not is used. 3
frames

Supress g-signal alarm,
A(7), order to BS

Acknowledge supress @-
signal alarm A(7)

MTX acknowledge register
recall signal using proceed
to send. If added security
feature is used,
enchryption of digits is re-
quested by using L=11. If
not, unenchrypted digits
are requested by using
L=3. Sending of dialling
tone starts

Dialling tone stops
MS sends four idle frames

Digit transmission from MS.
If added security feature is
used, the digits are trans-
mitted encrypted

Address complete or return
to conversation state after
timeout

MS stops sending idle
frames

Cancel supression of o-
signal alarm

Acknowledge cancel
supression of &-signal
alarm

Sending of acceptance
tone or refusal tone or oth-
er information from MTX in
conversation state (if appli-
cable).

Exchange of charging infor-
mation (if necessary) to
coin-box MS according to
para 4.4.1.6, state 13 and
14

Note:

Note: T

Other details are specified
in NMT Doc 900-3, ANNEX
8.

1107 ms (8 frames)

553 ms (4 frames)
N +25ms

277 ms (2 rames)
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T
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4.41.11 Access on access channel

Signalling conditions

Direction Direction
- MTX — MS MS — MTX
Signalling path Traffic Access path
: nect
et M| 1200 Baud 1200 Baud 1200 Baud 1200Baud (1€
1. MS goes "off hook" and
starts hunting for an AC. 1. 7/
4b/3d
2. MS locks on AC and sends 4t/3d
access signal. 4h/
4b/. T —_——————
3. MTX sends channel alloca- 4b/3d 2. [10a
tion on AC and activates the ab/ad
channel on BS. ad 3. [20{A=15) (M]X-> BS) _____l
4. B% acknowledges activation 5. 4. A=14) (BS -> MTX)
order. i

5. MTX requests identity and
authentication in consecu-
tive frames, max T ms.

6. MS sends identity on TC.

Notes:

If the added security feature
is not used, the frames 7 in
state 5 are not transmitted.

On access channel (frames
3d and 4b) s-signal is trans-

mitted from BS.
Note: T =1107 ms (8frames)
T' = 553 ms (4 fames)
T' = 30+25ms
T" = 277 ms (2 fames)

6.__]100c/ 11a/12
— ~[i0bic/ 11a/12
106/c / 11a/12
100/ / 11a/12

After signalling state 6 the procedure continues as after signalling state 5 in
schemes A,D and "call coin-box" (paragraph 4.4.1.6) or after signalling state 9 in

scheme B1.

In signalling state 3 identity request (frame 3b) may be sent. The scheme is then
continued from signalling state 5 (access channel is used as traffic channel).
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Signalling procedures between MTX and BS
Signalling on each channel

Signalling
state

Signalling conditions

Direction MTX — BS

Direction BS —> MTX

Start BS transmitter

"Start transmitter”
acknowledged from BS

Send g-signal

"Start g-signal"
acknowledged from BS.

Start BS transmitter,
send o-signal

"Start BS transmitter,
send 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.

J-signal alarm from BS
(1:st limit)

@-signal alarm from BS
(2:nd limit)

Stop sending of @-signal

"Stop @-signal"
acknowledged from BS

"Idle radio channel"

“Idle radio channel"
acknowledged from BS

General channel reset

"General channel reset"
acknowledged from BS

Loop line in BS

Note:

0D |
15,000 |

17. =2)
19. [20 (A=5)

2 mEw v
| i mE2 %
| e mEe %
R
[ wmEn)

11.[ 25 (A=)

12.[15
| 25 (A=8)

| wmE
B BAE) X
| B mEY ¥

No reception of frame 25 within T' ms after frame 20

indicates BS or line fault.

after reception of frame 20.
Some of the signalling states

BS starts sending acknowiedge within 62 ms

described above are

normally included in other signalling procedures.
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4422 Signal strength measurements
(On data channel, idle channel, free marked TC,
or the TC actually in use)

i . diti
Signalling Signalling conditions

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

Note: Several measurements orders may be given in sequence, as indicated above.
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11.

12.

13.

14.
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Signalling conditions

Signalling
state FoRlir = o i
Direction MTX — BS Direction BS — MTX
Alarm reset 1. @:Eﬂ)\

"Alarm reset" acknowledged
from BS

SU/SR alarm reset

"SU/SR alarm reset”
acknowledged from BS.

Suppress RF receiver
blocking alarm

"Suppress RF receiver
blocking alarm”
acknowledged from BS.
Self test

"Self test" acknowledged
from BS

Self test completed
Self test failed
RF test loop in

"RF test loop in*
acknowledged from BS

RF test loop out

"RF test loop out"
acknowledged from BS

BS-alarm
T =1107 ms (8 frames)
T' = 553 ms(4frames)
T'= 30+25ms
T = 277 ms (2 frames)

3. =2)

S2W=3
204 2|

12V |
B2V |

| 2 1zEee
\4._@%3)
B a2,
)

9. [27(V,=6) X)
or10. [ 15 X)

I
W EE=)

15. [15

5 X
28

Note: BS starts sending acknowledge within 62 ms

X)

Xx)

after reception of frame 20.

In the "Self test" BS sends the result

(state 9 or 10) within 5 sec.

Frame 15 is sent for synchronization purposes

(28 (V,=10,V,=15,V;=2)
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4.5 SUPERVISORY SIGNAL BS — MS — BS

As supervisory signal [e-signal) on the radio path, a tone is used. The frequency of
this tone is selected among four possible frequencies (3855, 33985, 4015 and
4045 Hz) in such a way that it differs to two nearby base stations having the
same radio frequencies. The signal is inserted into the speech channel at the
base station upon reception of a command from the MTX. In the mobile station,
the o-signal is separated from the speech signal and re-inserted into the speech
channel in the direction towards the base station, where it is filtered out and
evaluated. The level of the signal is such that a peak deviation of 300 Hz is
obtained in both directions.

The evaluation of the e-signal at the base station is performed on the basis of the
signal-to-noise ratio (S/N) for the supervisory tone within its frequency band and
on the basis of time.

The information forwarded to MTX is one out of the 2 possible messages below.
a) Received s-signal below 1:st limit but not below 2:nd limit
b) Received e-signal below 2:nd limit

The two messages are also called "e-signal alarms”. Message a) starts signal
strength measurement procedure and message b) starts clearing procedure.

The signal strength measurement alarms, which are performed on each channel
at the BS, are transmitted to the MTX in the same way.

Optional signal strength measurement alarms, which are performed at each
channel at the BS, are transmitted to the MTX in the same way.

4.6 1200 BAUD SIGNALLING EQUIPMENT

For the exchange of message between MTX, BS and MS binary signalling is used.
Modulation method is baseband 1200 BAUD FFSK within the speech channel. The
necessary equipment at MTX has the following function blocks (fig.4.6.1):
encoder, modulator, equalizer, demodulator and decoder. The BS and MS have
the same equipment functionally as the MTX except for the equalizer.

The various blocks are specified below. During conversation state, the 1200 bit/s
signalling may be used for end to end user data transfer as specified in Doc
S00-3, ANNEX 21.

Message to o~
MS and BS
o= Encoder Modulator Equalizer =
Message to T~
MTX
= Decoder Demodulator Equalizer ==

Fig. 4.6.1 Functional biock diagram of the 1200 Baud signalling equipment at MTX
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Reference data transmitter and receiver

The reference data transmitter 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 pus and the shape of the spectrum of the transmitted signal deviates
from the theoretical by less than 1 dB.

ncoder

In order to combat 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 convolutional. The
correcting capability of the code is B bits when there are at least 19 "errorfree”
bits between the bursts. The encoder output bits Y;j are obtained from the
encoder input bits X; according to the following formulas.

X fori=1to3
Yo 1 < X@ X3 fori=4to64 parity check bits
ert X5  fori=65t067
1 fori=68ta 70
O fori=1to6
Yai= X, g fori=7t070 information bits

® denotes addition modulo-2. Thus for every information bit two output bits are
obtained, one delayed information bit and one parity check bit. The length of the
encoded message is 140 bits.

The messages are transmitted in frames which consists of three parts
(fig.4.6.2): bit synchronization (15 bits), frame synchronization (11 bits) and the
encoded message (140 bits). The first sync bit of the second frame starts at the
first bit position after the end of the previous frame i.e. the bit stream is
transmitted continuously.

bit sync. frame sync. encoded message
15 bits 11 bits 140 bits
101010101010101 11100010010

Fig. 4.6.2 Frame disposition

The bits in a frame are transmitted in the order from left to right.
The bit pattern for the bit synchronization is 101010101010101 and for the
frame synchronization 11100010010.
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The bit sequences for bit and frame synchronization are intended to facilitate
initial synchronization. During a transmission consisting of several frames the
encoded messages contain enough information to check whether synchronization
is maintained also when the specific frame synchronization sequence has been
lost due to transmission errors.

To illustrate the encoding procedure an example is given.
Frame number 1a Free calling channel indication.
NqN2N3 P(12) Y1Ya H1HaH3H4H5HEH7HgHgH10

Nq= 1 representing binary 0001

No= 3 0011
N3=5 0101
P(12)= 12 1100
Y1=6 0110
Yo=4 0100
H1H10=0 0000

x - x1 -XE;X3-><4.X5.XG.X7. ......... XGS ,X84
=0001001101011100 ....... 00

According to the formulas above the encoded message will be

Y=Y1.Y2,Y3, e Y140

YT =1 Yo =0 Y9 =1, Y2 =0
Y3 =1 Ya =0 Yiz =1; Y14 =0
Ys =1, Ys =0 Yi5 =0 Yig =0
Y7 =0 Yg =0 Yi7 =1 Yig =0
Yg =1, Yio =0; Yig =1; Yoo =1
Y133 =1 Y134 =0, Y137 = 1. Y138 =0
Y135 =1 Y136 =0, Yi3g = 1; Y140 =0

The bits in the full frame 1.a are thus
1010101010101011110001001010101000101010001011 ..... 10101010
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Modulator

The modulation rate is 1200 + 0,1 Baud. The modulation method is FFSK with the
tone frequencies 1200 Hz and 1800 Hz for the logical "one” and "zero"
respectively. The bit frequency and the modulation tone frequencies shall be
derived from the same source. The shift from one frequency to the other shall be
continuous in phase. The line diagram for the signal from the modulator shall thus
be as shown in the figure 4.6.3.

The level from the modulator in the MTX including transmitting filters if so
equipped is : 13 + 0.25 dBmQ. The output level of the modulator in the BS is -10 +
1.5 dBmO. The performance requirement of the modulator including transmitting
filter, expressed as maximum increase at required S/N ratio for an error rate of
104 measured with a reference receiver is 0.5 dB compared with a reference
data transmitter.

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

Fig. 4.6.3 Line diagram for the FFSK signal
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4.6.4 Transmitting filter

The spectrum S(F) of the signal from the modulator as a function of the
frequency is shown in figure 4.6.4 below. Above 3400 Hz the total power shall be
below -30 dB relative to the power of the transmitted data signal. A transmitting
filter may be used for reduction of spectrum components outside the necessary
band (600-2400Hz).

A S® dB
0
|
Tl T
0 | | |
| | |
| | |
-20 | | |
| | |
[ | |
| | |
| | |
| | |
| | |
1 I I I 1 1 _-.,
600 900 1200 1500 1800 2100 2400 frequency Hz

Fig. 4.6.4 Spectrum S(f] of the FFSK signal
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4.6.5 Equalizer

The path between the MTX and the BS consists normally of one or more links in
carrier systems and/or a physical line. To decrease the problems created by
group delay distortion on this path equalizers are necessary. The equipment at
the MTX 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
transmitting path and receiving path of the MTX.

A Relative group delay ms

i + t ¥ o
1000 1200 1500 1700 2000 frequency Hz

Fig. 4.6.5 Relative group delay of equalizer
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4.6.6 RBeceiving filter

In order to improve the signal to noise ratio before demodulation a receiving filter
may be required. This filter shall be designed in such a way that the requirements
in para 4.6.7. are met.

4.6.7 Demodulator and signal level detector

The performance requirements of the signal receiving equipment when

connected to a reference data transmitter is that the error rate shall be lower or
equal to what is indicated by the curve in fig. 4.6.7. This requirement shall also be
fulfilled for a shift +5 Hz of the frequencies (due to frequency errors in carrier
frequency systems) for logical "one" and "zero" for MTX input signal levels in the
range

-1 O‘*g dBmO. For BS the input signal level is -1 3*8 dBmO

The modems in BS and MTX shall be equipped with a signal level detector. The
function of this detector is to prevent the decoder from reacting upon signals
below a level of -34 + 3 dBmO. The detector shall permit decoding and the modem
shall operate if FFSK modulated signals above the threshold level are detected.
The error rate may be higher than specified in fig. 4.6.7 if the received level is
outside the levels specified in the first paragraph.

The call probability shall be at least 85 % at a SINAD rate of 20 dB (FFSK
signalling and gaussian noise), tested on the line input to the MTX. A complete
scheme B, call MTX to MS, shall be used. The test shall be verified by using a
radio receiver with a sensitivity of -2 dB (1 uV) E.M.F.

‘ Error date

107!

1072 \
o \
4

10

N

106 \
\

107

107

S/N dB

8 10 12 14

Fig. 4.6.7 Error rate versus signal to noise ratio at input
from line (S/N) measured in bit rate bandwidth
(1200 Hz) for noise with an even distribution at
least from 300 to 3400 Hz.
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4.6.8 Decoder and splitting

After reception of frame synchronization the bit stream is functionally divided into
one stream containing information bits and another containing parity check bits.
"New" parity check bits are calculated from the information bits and compared
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 before any error correction it is
checked whether the subsequent six information bits all have the value O.

- If so in the MTX the line to the telephone network is splitted within 10-20 ms.
The reconnection time in the MTX shall be 180 +10ms after the last frame
sync.

- If so in the MS the audio output is muted. Reconnection of the audio path is
delayed (160 ms) after reception of the last framesync.

in the BS no splitting takes place in the direction
MTX —> BS —> MS.

The decoding continues even if the six first information bits differ from
the value O.

4.6.9 Muting of speech path

When the 1200 Baud signalling equipment in the MTX is sending, or a dialling tone
is sent from the MTX, the audio signal through the MTX towards the BS is muted.

In the MS the audio path is muted towards the MTX when the MS modem is
sending.

In the BS the radio receiver is muted towards the MTX when the BS is signalling
to the MTX.

4.7 ACCEPTANCE OF SIGNALS

This paragraph describes how the analysis of received frames is to be carried out
in the MTX, BS and MS and how they shall behave upon receiving frames
containing errors.

The analysis is constructed to draw use of the redundancy in the signalling
schemes and the structure of the frames.

The requirements concerning detection of 1200 baud signalling and where the
signalling information starts, are specified in detail in paragraph 4.6. Paragraph
4.6 also specifies the requirements set to reception of frame synchronization.
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False frame synchronization

Any number of false frame synchronization words within a frame shall be
handled. The occurrence of false frame synchronization words shall not cause
frames to be lost.

However there exist a minor possibility that decoding of a frame after
synchronization to a false synchronization word, will produce meaningful
information. In such situations the above stated requirement need not to be
fulfilled.

Mogbile in standby condition

Before locking to a channel the MS checks that NqNoNg P Y4Yo of the received

frame 1a/1a'/1a"/1b is correctly received. Frames 2a to 2f are accepted as
frames 1a/1a'/1a"/1b according to the acceptance criteria below, when identity
Z XqXoXgX4X5Xg does not match with the own identity of the MS. The criteria
to continue to be locked at the channel is that NqNoNg P Y4Yo is received

regularly. However, two frames can be lost between two correct frames.

On the calling channel, the MS is primarily looking for the identity match in
Z X1 XoXgXgX5Xg (i.e. a call to the MS).

In standby condition the MS shall also decode the additional information
HqHo...HqgifHq =0or Hq = 14. The additional information concerning channel
band information need not be checked continuously. The check must be made at
least once a minute and when the channel is changed.

The received new information shall be memorised. New information is accepted,
if it has been received twice. Between these two frames there may be other
frames which do not contain same type of information.

Acceptance of signals after_entering a particular_signalling scheme

Generally, frames that cannot be interpreted by the logic, shall be ignored. This
applies also to frames that have no meaning in an actual signalling sequence.

A frame consists of 140 bits in the encoded message. However, on CC from
MS/BS to MTX also a shortened frame consisting of at least 114 bits exists. A
decision on the frame content shall be taken as soon sufficient information is
available.

In signalling sequences where identical frames are known to be repeated a
number of times, the MTX and MS shall act upon the first of them that can be
interpreted by the logic. That is, the MTX and MS shall not confirm the received
signal by checking further frames.

The prefix shall always be correctly received in order to accept a frame.

The following paragraphs specifies the additional acceptance requirements for
each frame used in the different signalling schemes
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Acceptance of frames received by MS from MTX

Frame 1a

N1N2aN3P(11/12/13)Y1YoH1HaH3H4HsHsH7HgHgH10

The criteria for locking to a calling channel are stated in para 4.7.2. The
additional information H1.....HqQ is accepted if the content is meaningful
according to para 4.3.3.13 and 4.3.3.14.

Frame 1b

N1N2N3zP(4]Y1Y2H1HgH3H4HsHgH7HBHgH10

The frame is accepted as a free-marked traffic channel if prefix and Y1Y2 are
correctly received, and HgHgH 10 is one of the following fictitious channel
numbers O, 1011, 1012, 1013 or 1014.

Frame 2a

N1N2N3P(11/12/13]Y1Y2ZX1XaX3X4Xs5XgHgHaH10

The frame is accepted if prefix and identity ZX4...Xg are correct, and HgHgH1p
is one of the following fictitious channel numbers O, 1011, 1012, 1013 or
1014.

Frame 2b

N1N2aN3P(11/12/13)Y1Y2ZX1XoX3X4X5XgNaNpNg

The frame is accepted if prefix and identity ZXq...Xg are correctly received and
NaNpN¢ is a valid channel number.

Frame 2c
N1N2N3P(11/12/13)Y1Y2ZX1XaX3XaXs5XsHgHgH 10

The frame is accepted if prefix and identity ZX1...Xg are correctly received and
HgHgH 10 is equal to (fictitious) channel number 1008.

Frame 2d
N1N2N3P(11/12/13)Y1Y2ZX1XoX3XgX5XsHgHaH10

The frame is accepted if prefix and identity ZX4...Xg are correctly received and
HgHgH 10 is equal to (fictitious) channel number 1010.

Frame 2e
N1N2N3zP(4)Y1Y22X1 XoX3X4aXs5XsgHgHgH 10

See para 4.7.4.3 (frame 2a)
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Frame 2f
N1NaN3P(11/12/13)Y1Y2ZX1XoX3X4X5XgHgHgH10

The frame is accepted if prefix and identity ZX1...Xg are correctly received and
HgHgH10 is equal to (fictitious) channel number 1008.

Frame 3a

N1N2N3P(5)Y1Y22X1XaX3XaXsXsNaNoNe

See para 4.7.4.4 [frame 2b])

Frame 3b

N1N2aNaP(5)Y1YaZX1XaX3XaXs5XgHgHgH 10

See para 4.7.4.3 (frame 2a)

Frame 3c

Nq'No'Ng'  P(9) Y1Yo Z X1 XoX3XaXs5Xg NgNpNg

The frame is accepted if prefix and identity Z X4... Xg are correctly received,
and channel number in NgNLN, and N4'No'Ng' together with the first bit in Y4

are equal.
Frame 3d
NANoNg P(7) Y1 Yo Z X4 XoXgX4X5Xg NgNpNg

See para 4.7.4.4 (frame 2b). The frame is accepted as access channel
indication if Z X4 XoXgX4X5Xg does not match with

the own identity of the MS.

See para 4.7.4.4 (frame 2b)
Frame 4
N1NaN3sP(3)Y1YaddJJdJJdJHgHgH 10
See para 4.7.4.2 {frame 1b)
Frame 4b
N1NaN3P(7)Y1Y2dJdddddJHgHgH10

The frame is accepted if prefix and Y1Y2 are correctly received and HgHgH1Q is
one of the following fictitious channel numbers O, 1011, 1012, 1013 or 1014.

Frame Da
N1N2NzP(B)Y1Y2ZX1 XaX3Xg4X5XgLn)L(n]L(n)

The frame is accepted if prefix and identity ZX4...Xg are correctly received and
at least two of the three characters L{n) are equa! and meaningful.
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4.7.4.16 Frame 5b

N1N2N3zP{B]Y 1Y2ZX1Xa2X3X4X5XsL(0)3102

The frame is accepted if prefix, identity ZX4...Xg and L(O) are correctly received.

4.7.4.17 Frame 7

4.7.5

4.7.5.1

4.7.5.2

4.7.5.3

4.7.5.4

4.7.5.5

4.7.5.6

NqN2N3P(B)Y1Y2C1C2C3C4C5CsC7JJJ.
The frame is accepted if prefix, channel number, Y4Y2 and JJJ are correctly

received. In register recall procedures, frame 7 shall be accepted independant
of the received area code Y2, but Y1 has to be correctly received.

Acceptance of frames_received by MTX from MS
Frame 10a
N1NaN3P[1)ZX1XaXaXgX5XsT(JJJJ)

The frame is accepted if prefix, identity ZXq...Xg and T are correctly received.
As a seizure frame on access channel parameter values t4to=00 (binary)

in T are always considered to be correct.
Frame 10b
N1N2aN3P(1]ZX1XaX3X4XsXeTY2K1KaK3

a) As seizure signal the frame is accepted if NqNgoNg3, prefix, identity ZXq...Xg
and TY2 are correctly received.

b) As a response to identity request the frame is accepted if prefix, identity and
K1K2oK3 are correctly received.

Frame 10c
N1N2NgP(B)ZX1XaX3X4Xs5XsTY 2K1KaK3
See para 4.7.5.2a (frame 10b)

Frame 10d

N1NaN3P(10)ZX1 X2X3XaXs5XsT(JJJJ)

See para 4.7.5.1 ([frame 10a)

Frame 11a
N1N2NaP(14)2X1XaX3XgXsXsTYaK1KaK3
See para 4.7.5.2 (frame 10b])

Frame 11b

NqNoNg P(15)  Z XqXoXgXgX5Xg T J(JJJ)

See para 4.7.5.1 (frame 10a)
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Frame 12
N1N2aN3P{11)2X1X2XaXaXsXsTY2K1Kz2K3

See para 4.7.5.2 (frame 10b)

Frame 13a
N1N2aN3P(8)ZX1XaX3X4XsXgLn)L(n)Ln)L(n)L(n]

The frame is accepted if prefix, identity ZX4...Xg are correctly received and at
least three of the characters L(n) are equal and meaningful.

Frame 13b
N1N2N3P(8)ZX1 X2X3XaXs5XsL(2)L(2)L(2)3182

The frame is accepted if prefix, identity ZX4...Xg are correctly received and two
of the three L(2) are equal to 2. @132 must be identical to the values
transmitted to the MS.

Frames 14a and 14b
N1 NaNaP(7)2X1X2X3X4X5XgS(0/15)S(0/15)S(n)S(n)S(n)
The frame is accepted if the following conditions are satisfied:

a) Prefix is correctly received
b) N1N2N3g

or
ZX1XpX3X4X5Xg

or

six out of the ten characters Nq{NaNgZX1XoX3X4Xs5Xg are correctly received.
c) S(0)S(0) (orS(15)5(15)) are correctly received

d) S(n)5(n)S(n) are equal

Further a new digit frame is only accepted when S[0)S(0)/S(15)S(15) have
changed relative to the previous digit. The first digit to be accepted shall contain
S(0)S(0).

Frame 16

N4NoN3 P(12) R4RoR3R4R1R2R3R4R1R2R3R4

The frame is accepted if prefix is correct and two of the three R1R2R3R4-
groups are equal and correctly received.
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4.7.6.1
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NMT DOC 800-1, 1985-01-25

Acceptance of frames received by BS from MTX

Frame 20

NqNoNg
NqNoNg

NqNoNg

or [OPTIONAL] for Ais 3 or 14

NqNoNg

NqNoNg

P(15)
P(15)
P(15)

P(15)

P(15)

P(15)

Y4Ys
Y1Yo
YqYs

YqYo

YqYa

YqYo

Z(15)
Z(19)
Z(19)

Z2(15)

Z(15)

Z(15)

JJd

JJd

JJd

JJd

JJJ

JJd

Al0,1,2,4-13)
A(3)
A(14)

A(15)

A(3)

A(14)

88

JJJJJ
fofofaleiz
ILHfe e

I g

ILILIHF1F2

The frame is accepted if prefix and Z(15) JJJ are correctly received.
f is valid if A is 3 or 14 and the last two fi are equal and meaningful.

|| is valid if Ais 14 or 15 and if the two I_ are equal and meaningful.
iy is valid if Ais 14 or 15 and if the I is meaningful.
FqFo [OPTIONAL] is valid if A is 3 or 14 and the last F4Fo is meaningful.

Frame 21b

N1N2N3 P(3) Y1Y2 Z(15) JJdJ V(15] J fz NaNch
or [OPTIONAL]

N1N2N3 P(3) Y1Y2 Z(15) JJJ V(15) F1F2 NaNch

The frame is accepted if prefix, Z(15) JJJ and V(15) are correctly received. f
or F4Fs is valid if f or FqFo is meaningful.

Frame 21c
NqNaNg P(5) Y1Yo Z(15) JJdJ V(15]) Jfy NgNpNe
or [OPTIONAL]
NqNoNg P(5) YqYo Z{15) JJdJ V(15) FqFo NgNpNg

The frame is accepted if prefix, Z(15) JJJ and V(15) are correctly received. fy
ar F1 Fo [OPTIONAL] is valid if fB or FqFo is meaningful.

Frame 22

N1NaNg  P(14) Y4Ya Z(15) JJJ V1VaV3VaVs5Vg

The frame is accepted if P(14) and Z(15) JJJ are correctly received.
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4.7.6.5 Frames 1, 2, 3d and 4

4.7.7

4.7.7.1

4.7.7.2

4.7.7.3

The frames are accepted if N{NaN3 and prefix P(11), P(12]}, P(13), P{4), P(3) or
P(7) respectively are correctly received.

Acceptance of frames received by MTX from BS

Nq=No=Nqg=0 (empty channel register) shall be accepted as correct
information in the frames below.

Frame 25

NqNoNg  P(S}  Z(15) JJ A(2.6) JJJ falHlL JJd
NqNoNg  P(S)  Z(15) JJ  A(14) JJJ Jigi Jd
N4NoNg  P(S)  Z(15) JJ A0, 35,7-13,15) JJJ Jdd  JJ

or [OPTIONAL] for A = 2,6 and 7,8
NqNoNg P(S)  Z(15) JJ Al2,6) JJ FqFalyly JJ

NqiNoNg  P(8)  Z(15) JJ A[7,8] JJJ CCC JJ

The frame is accepted if NqiNoNg, prefix, Z(15) and A(n) are correctly received.
When A is 2 or 6 also fz/F4Fn, |y and || must be correctly received. When A is
14 also Iy and || must be correctly received. When [OPTIONAL] A is 7 or B also
at least two out of three values of C must be equal.

Frame 26

NiNoNg P(2) Z(15) Jfy NgNgNg RingIRIng)RingIRNoIR(ngR(no)
or [OPTIONAL]

NqNsNg P(2) Z(15) FqFo NoNNg RinqJR(no)R(n4IRINoIR(N4IR(NG)

The frame is accepted if NgNoNg, prefix, Z{15], fp/F4Fo and N NpN,, are
correctly received, and two out of the three pairs of R(n4]R(no) are identical.
Measurement is valid if fz/F1 F2 is the same as sent in frame 21 or if fB/F1 F2
=(0/00.

Frame 27
N1NaN3P(4)Z(15)JJV1VaVaVy JJJdd

The frame is accepted if N9\NaoNg, prefix and Z(15) are correctly received.
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4.7.8

4.7.8.1

4.7.8.2
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Frame 28
N1N2N3 P(13) Z{195) JdJ V1 V2V3V4 JJdJdd

The frame is accepted if NqNoNg, prefix and Z(15) are correctly received, and
V4VoVg is one of the combinations listed in paragraph 4.3.3.9, starting from
V1(10) Vo(15) V3(0) and ending to V4(10) Vo(8) V3(15). V4 shall not be
included in the acceptance criteria.

Acceptance criteria on_a_handover request channel {HC} [QPTIONAL

The BS shall not accept frames specified for signalling between
BS and SSE (frames 50, 51, 52, 54 and 55]) if they are received at
HC/HC's which are connected directly to the MTX.

Acceptance criteria of frames received by BS from MTX

Frame 46 is accepted if the following conditions are fulfilled:
- B4BoBg and P(2) are correctly received.

- two out of three "C" cause shall be equal and correspond to the
cause value in the handover request alarm which was sent up to
240+5 ms earlier.

- TCno shall correspond with the TCno in the handover request
alarm which was sent up to 240+5 ms earlier.

- status A[7) is correctly received

Frame 20 is accepted if prefix, Z(15) and A(O, 2 or 5} are correctly
received.

Frame 22 is accepted if prefix, Z(15) and V1[1 or 4) are correctly
received.

Acceptance criteria of frames received by BS from SSE.

Frame 51 is accepted if B4BoBg and P(1) are correctly received and the
value of UqUs is valid. The acceptance criteria of the activation
information is specified in NMT Doc S00-1 paragraph 4.7.6.1.

Frame 55 is accepted if 818283 and P(B) are correctly received, The
Check information is valid if two of three Cy, is equal and valid.
The acknowledge is valid if the check information, Cy,, is the

same as in the frame 54 which was sent up to 240+5.0 ms
earlier.

Frame 46 is accepted if the following conditions are fulfilled:

- B4BoBg and P(2) are correctly received.

- two out of three "C" cause shall be equal and correspond to the
cause value in the handover request alarm which was sent up to
24045 ms earlier. '
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- TCno shall correspond with the TCno in the handover request

alarm which was sent up to 2405 ms earlier.

- status A(7,8) is correctly received

4.7.8.3 Acceptance criteria of frames received by SSE from BS

4.7.8.4

4,7.8.5

Frame 28

Frame 41

Frame 50

Frame 52

Frame 54

is accepted if B4BoBg and P(13) are correctly received.

is accepted if B1B_283 and P(3) are correctly received and A is
7.

is accepted if 818283 and P(12) are correctly received and the
value of Uq Uo is valid.

is accepted if B4BoBg and P(B) are correctly received and the
value of U4Up is valid.

is accepted if B4BoBg and P(15) are correctly received. The
check information is valid if two or three Gy, is equal and valid.

Acceptance criteria of frames received by SSE from MTX

Frame 47

is accepted if BqBoBg and P(3) are correctly received. The

acknowledge is valid if the information in the frame corresponds
with the handover offer message (frame 42 or 42b) which was
sent up to 240+£5.0 ms earlier.

The acceptance criteria of frame 20 and 22 are specified in paragraph

4.7.8.1.

Acceptance criteria of frames received by MTX from BS/SSE

Frame 41

Frame 42

Frame 42b

is accepted if B4BoBg and P(3) are correctly received. The
procedure is performed if NgNpN,, is used on the actual base

station and if A is 7 or 8. C is used if two of three C are
meaningful, else C=0 is used.

is accepted if B4BoBg and P(5) are correctly received and JJJJ

is equal to OOOX. G is accepted if both G are equal and
meaningful. If not, G=0 is used. F4Fo is used if it is meaningful.

is accepted if B4BoBg and P(5) are correctly received and
actual BS [BaBbBc]is not 00O0. (The three last positions are

ignored). G is accepted if both G are equal and meaningful. If
not, G=0 is used. The procedure is performed if the
combination of BgBB, and N3NpN, is meaningful. Else the

message is ignored.



