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Base station (BS)

Base station area (BSA)
Calling channel (CC)
)@

Control unit (CU)

o

Data channel

dBmO

. Fast freduency shift
keying (FFSK)

@“.51 gnal strength receiver
(SR) :

Fixed subscriber (SF)
Free traffic channel

Home mobile telephone
exchange (MTXH)

Home traffic (TAH) area

Idle radio channel
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channel may be used as a traffic channel.

I
The unit whieh comprises the terminating
equipment for the radio path 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.

Normally one of the channels assigned
to a base station is a calling channel
used for setting up calls to mobile
stations. During peak iraffic a calling

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

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,

Modulation principle-used between the
MTX and MS, utilizing the frequencies
1200 Hz for logical one and 1800 H=z
for logical zero,

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

A subscriber in the ordinary telephone
network.

Traffic channel positively marked as
free.

The MTX where the mobile station is
registered. Controls the home traffic
area. '

Traffic area in which the mobile station
is registered.

Radio channel assigned to a base station
and not in use, i.e. not occupied and
not free marked. :
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'Local excﬁaﬁge
Mobile station {Ms)
Mobile subscriber (SM)
Mobile telephone exchange
{MTX) .
MTX~area-

’: Qulti—frequency code
signalling (MFC)

X

. Multi-frequency pulse
i signalling (MFP)

! Nordic mobile telephone
system (NMT)

Occupied treffic channel

Push-button mylti-frequency
signalling (MFT)

Radio frequency (RF)
.oami ng mobile subscriber

Supervisory signal
(@ signal)

Supervisory unit (Sy)

Switching call in progress

v
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An exchange in which subscribéfg:afﬁe%”
terminate. ‘

The equipment used by a mobile sub-
scriber,

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 6 frequrncies.

Signalling system used between exchanges
in the telephone network, utilizing 2 °
out of 6 frequencies in Pulses,

The public automatic mobile telephone
system in the 450 MH2 range, common to
the four member countries.

Traffic channel engaged for conversa-
tion or tall set~up. -

Signalling system used for éignalling
from subscriber sets in the telephone
networik according to CCITT Rec Q 23,
utilizing 2x1 out of & frequencies in
pulses, controlled by push-buttons.

The frequencies in the 450 MHz

range on
the radio path.. -

Mobile subscriber having ieft his heome
traffic area.

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

Part of the base station, providing

the interface between the signal
strength receiver on the one side, 1
and the MTX or CU on the other side. E

Method of securing the continuity of
an established call when the mobile
subscriber moves out of one base
station area into anather.




Gwitching logic unit (SLU)

Traffic area (TA)

Traffic channel (TC)

.runk exchange

Visited mobile telephone
.xchange (MTXV)

Visited traffic ares (TAV)
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| Functional part of the MTX, deciding

to which base station & call should be
transferred, in the "Switching call in
progress" -procedure.

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

Channel sssigned to & base station and
primarily intended for conversation.
Traffic channel is also used for call
set-up from ardinary mobile sub-
scribers.

An exchange, the principal fupction of
which is to control the switching of
trunk traffice.

The MTX controlling the visited
traffic ares.

Traffic area, other than the home
traffic area, serving the mobile sub-
scriber.
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-A-subscriber

B-subscriber
BS

BSA

ccC

€v

FFSK

MFC
MFP
MET
M5
MTX
MTXH

CMTXY

NMT
PMS

RF

- 5F

SLU
SH
SR-
SU
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_Traffig channel

Calling subscriber

Called subscriber

Base station

Base station area

Calling channel

Control unit

Fast frequency chift keying
Multi frequency code signalling
Multi frequency pulsed signalling
Push-button multi frequency signalling
Mobile station

Mobile telephone exchange

Home mobile telephone exchange
Visited mobile telephone exchange
Nordiec mobile telephons system

Mobile station with prioricy
Radio frequency

Fixed suhscribes
Switchiné logic unit
Mobile subscriber

Signal strength receiver

. Supervisory unit

Traffic ares
Home traffic area
Visited traffic area

TMS

@ signal

Test mobile station
Voice frequency
Supervisory signal
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1. INTRODUCTION

The Nordic Mobile Telephone System (NMT) is developed jointly
by the Telecommunications Administrations of Denmark, Finland,
Norway and Sweden in order to establish a compatible. automa-
tic public mobile telephone system in the Nordic countries.:
The system is planned to be put into commercial operation in
the Nordic countries in the early eighties.

The mebile stations of the system are fully compatible with
the landbased part of the system, regardless of which Nordic
country the mobile subsecriber happens to be in at the moment.

"+ All mobile subscribers are given full roaming capability in
all the participating countries.

Mobile stations to be used in the system are to be type
approved by the Telecommunications Administration. The mobile
stations ars to be purchased or leased by the subscribers.

: O Four kinds of subscriber niobi'le stations can be accomodated
in the system: ,

- ordinary mcbile stations
~ mobile stations with priority
~ portable mobile stations, and
- coin~box mobile stations

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

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

.' Technical specification for the mobile telephone exchange
{NMT Doc. 2)

Technical specificatibn for the mobile station (NMT Doc. 3)
. ~ . Technical specification for the base station (NMT Doc. 4)
Basic requirements: : ' !

- Setting up and charging of calls to and feom the mobile
station shall be automatic.

- 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.
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The gystem 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
of fered.

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

The system concept is based upon close interworking with the
fixed telephone network. For reascns of compatibility, the
interface between the mobile 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 1o absordb the differences between the variocus inter-
faces to the national networks.

The base :ztations, serving as the interface between the radio
path and the landbased 4~wire transmissicn systems, pérform .
no switching of the speech path. They are grouped into
traffic areas, each connected to only one point in the tele-
phone network, in which an MTX controls the traffic to and
from the mobile stations. In some cases, however, one MTX
will be in contreol of two 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 calling channel
and is marked with a special identification signal. One or -
several of the other channels, when free, are marked with a
free traffic channel identification signal. Stand-by mobile
stations in an area under a base station are locked t¢ 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 1likely to be utilized only
in base stations with few channels at times when all traffic
channels are busy.
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Base station 2

. Traffic area 2

|
I Base station 3
|

Traffic area 3

|

I' Base station & |

X
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MTX 13 exch. 1 exch.
|
I Fixed telephone network
|
|/
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MTX 2 exch, 2y—

|

Base statiom 5

Fig. 2.1

SYSTEM STRUCTURE
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In addition to the signals designating the channels as
calling or traffic channels, there are signals in order to
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. :

2,2 " RADIO FREQUENCIES

2.2.1 Frequency band

The radic frequencies available consist of the bands
453-457.5 MHz and 463-467.5 MHz, which will be used for the
paths mobile station to base station and base station to

(g@ - mobile station respectively. With a channel separation of
25 kHz, these bands accommodate 180 channels.

2.2.2 Radio coverage

Because of the limited number of radio frequencies avajilable
for the system, the total traffic capacity
is expected to become insufficient in densely populated
areas over a longer period of time, judging from past experi-
ence in mobile telephone systems. In order to increase the
traffic capacity, the system is designed for small coverage
areas {("small-cells") in those areas. As a consequence, the
probability of reaching the coverage limit of a base station
during a call increases. In order to reduce the inconveni-
.-ence of this, the system is designed to switeh calls in pro-
gress from one base station to another base station, control-
led by the same MIX. 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 come close to
base stations with cohventional coverage areas.

@ 2.3  CALL SET-UP PROCEDURES

2.3.1 Call to mobile station

Calls to all kinds of mobile stations are sent cut in paral-
lell 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 identi-
fication, it returns a call acknowledgement on the return
frequency of the outgoing calling channel, whereupon MTX
allocates a traffic channel in the base station area where
the mobile station has answered the call. The channel number
is received by the mobile station, which then switches to
the allocated channel.
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Thereafter, all exchange of signals between MTX and the
mobile station takes place on the traffic channel. The
calling channel, on which all other mobile stations remain,

is immediately available for the next call. :

Call from mobile stations

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 sigpals are

exchanged and the conversation takes place.

NUMBERING AND ROUTING

The numbering scheme is designed to meet the following
cbjectives:

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.

¢. to enable the mobile station to respond to a call from
the MTX,. _

d. to i1dentify a calling mobile subscriber to the MTX.

The existing equipment in the telephone networks in some
countries limits the number of digits, preceded by the

-trunk prefix P (0 or 8), to be dialled by a calling sub-

scriber in the landbased network, to a maximum of 7. With
an access code consisting of trunk prefix plus 2 digits,
i.e. PyM/M,, the available capacity for the subscriber
number’ is g digits. It has been found, howevér, that a
six=-digit subscriber number series X1X X3XQX5X nust be fore-~
seen from the outset, even though sucﬁ 4 number structure
cannot at the present time be implemented in the telephone
networks in Denmark, Finland and Norway. In The parts of

the system between MTX and MS, including both units, the.

full six~digit number 1s used in &ll four countries, as
described below.’

In Sweden the routing in the telephone network is performed
by the existing exchange equipment, utilizing the digits

PM, M, X, X,, the latter two thus designating

tge MT% to wﬁich the subscriber belongs. In .
Lenmark, Finland and Norway, the routing in the telephone

network is performed by analysing the digits PNM1M2(M3)X2(X3).

This structure satisfies the requirement b. above.
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Identification of mobile subseriber requires more information
than the digits PyMyM, (M) (X;)... X, dialled by the calling
subscriber, since i% %us% be possible for MTX as well as
" for the mobile station to distinguish between identical.
subscriber numbers (X,) ... X belonging to different coun-
tries. Therefore, a nationali%y digit Z is added to the
subscriber number (X.) ... X. for communication on the vadio
.path. The digit Z is only usgd internally in the system
and is not dialled by a calling subseriber. For communica-
tion towards a mobile subscriber, Z is added to the sub=-
scriber number (X,) ... X. in his home MTX, even when he is
visiting another MTX areg. For communication from a mobile
subscriber, it is automatically sent by the mobile station
legic.

Since the digit X.is not dialled when calling mobile sub-
scribers belonging to the networks in Denmark, Finland and
Norway, it must be added to the subscriber number by the

MTX in those countries, in the same way as Z. In all coun-.
tries, therefore, mobile subscribers are identified by the
number Z X1 X X3 X X5 X, within the mobile telephone system,
that is in all signalling brtween: - .

MTX - MTX
MTX - MS
MTX - BS

The combination Z X

... X, satisfies the requirements c.
L B
and d. above.

To summarize, in order to set up call to a mobile subscriber
the calling subscriber shall dial the following numbers to
reach the relevant MT'XH: ' :

Calls to Swedish MS:

N*™M 1 2 b
international + 1'1 I2 M,1 M2 X1 X2 X3 Xq X5 X8

'national P, M M2 X X XB Xq X5 X

In MTXH the nationality digit 7 is added in front of
X1 X2 X3 Xu XS XS' .

Calls to a Danish, Finnish or Norwegian MS:

national Pty My (M) Xy Xg Xy Xe Xg
international * I, 12(13) M, M2(M3)X2X3XHX5X6
In MTXH the nationality digit Z and a digit X, is added in
front of X Xy X, X Xg. When in future six-digit mobile
subscriber numbers are required in Denmark, Finland and

Norway the same will apply as for Sweden.
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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 traffic area than his own. This
requirements necessitates introduction of facilities which
the telephone network does not possess today, and the solu-
tion 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 in control

of the new traffic area. From that MTX, information is for-
warded through the telephone or data network to the sub-
scriber's home MTX about his change of "adress". The up-
dating communication which takes place between the mobile
station and the visited MTX does normally not 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. .

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 t0 the MS, where it is looped back to
the BS. The received return signal is detected and evaluated

to noise ratioc integrated over a certain period of time)
necessitates switch-over to another BS or disconnection of
the call. BS sends information about the evaluation result
to the MTX. '

In case switching call in progress shall be performed the
MIX orders the surrounding base stations to perform signal
strength measurements on the radic. 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.

The measuring action is also ordered to the BS in use imme- ;
diately at the start of a call set-up in order to determine i
whether the used 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 giver high level in which case the MTX orders
the MS to change to the low output power level mode.
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Charging of calls from fixed to mobile subscribers is perfor-
med 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 accord-

ing to the dialled digits and the locaticn of the calling

subscriber. This information is stored for each call by the
MTX for further debiting purposes (toll ticketing).




-

10.

1580-02-26
TRANSMISSION MEDIA

Besides 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 sta-
tion and the mobile 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 Y-wire lines, analog or digital. Nor-
mally, the lines are through-connected tc 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 essen-
tially the same as for other u-wire circuits used for speech
transmission, except that an upper limit is set on the accept-
able group delay distorsion in the band 900~2100 Hz because

of the data signalling between MTX and base station, respecti-

‘vely 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 2 Hz must be taken into account.

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 cowchannel interference-~ratio
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 1s 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. Consider-
ing 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 reascnable value.




11.

4. SIGNALLING SYSTEMS 1980-02-26

This chapter describes the signalling between the MTX BS
and MS.

‘This signalling can be divided in 3 groups (see fig. 4. 1a,b)

- Signalling between MTX and MS
- o BS "™ MS
- " . MTX L BS....
The signalling between the MI'X and the fixed telephone net-

work will follow the normal natlonal telephony signalling’
procedure

u.ﬁ_ FUNCTIQNAL DESCRIPTION OF SIGNALS

A u.1.1  Ssignalling between MTX and MS

4.1.1.1 Signalling from MTX to all stand-by MS's

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

- Channel indication. The MS's must be able to distinguish
between a calling channel, a free traffic channel or an .
occupied traffic channel with data transmission, and
therefore a channel indication must be transmitted.

- Traffic area number. In order to discover a change in
traffic area, for roaming updating, thls information
must be transmitted.

4.1.1.2 Signalling from MTX to a specific MS

t@ - Identity. In order to get in touch with one specifiec
mobile there is a need of an identification. This con-
sists of seven digits (nationality digit Z and mobile
number X1 - XE). This is also needed for charging pur-
poses.

- Channel order. In order to get an MS to change to a specific
channel there is needed a channel order, which contains
the mobile subscriber number and the channel number to
which the mobile has to go.

- 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
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-~ Roaming updating confirmation {proceed to send)
- Cleariﬁg
- Answer to coin-box (only for coin-box category
MS's) o
4.1.1.3 Signalling from an MS to MIX
- Number of actually used channel

- Mobile subscriber identity

- (Call acknowledgement. This signal is a reply from an
@ MS .to a call

- Seizure. This signal informs MTX that an MS wants to
make a call

@ . - Seizure from coin-box MS

- Roaming updating. This signal is sent from an MS to
inform the MTX that the MS is now in a new traffic area

- Clearing, release guard

- Answer acknowledgement {(coin-box)

- Answer (when mobile subscriber answers)

- Digit signals : ' ’ !

- MFT converter in/out. Thesé fwo signals are used in-ofder
to call in/out an MF?T converter in the MTX when the

push-button set of the MS is used for transmission of
data into the ordinary telephone network.

4.71.2 Signalling between BS. and MS

reiginty =Jhar gL - SR ey - g,

- Each established connection is supervised by a continuous
supervisory signal (@ signal) transmitted from the BS to
the MS, where 1t is looped back tc the BS. If the S/N of
the received signal is below a predetermined value, or no
signal is received, the result 1is reported to the MTX (se
paragraph 4.51}. :

4,1.3 Signalling between MTX and BS

The signalling between MTX and BS can be divided into three
different types:
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- 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“signailing"ié'déscribed‘Eh para 4.2.3 and 4.2.4.
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15.
DEFINITIONS AND FUNCTIONS OF SIGNALS 1980-02-26

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 for-
mated into frames, the format being such that each frame
contains 16 hexadecimal digits of information in addition
to the synchronjzation and check bits. The details concer-
ning 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 modenm. :

Signals in the direction MTX to MS

- Calling channel indication (frame 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 indicarion.

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

Indicates 2 channel which can be used either as a
calling channel or as a traffic channel.

- 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 2¢).

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 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. '

- Identity request on traffic channel (frame 3b).

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

- Free traffic channel indication (frame 4 continuously).

This signal marks a “ree traffic channel, on which
mobile stations can make calls. There may be several
freemarked traffic channels on one base station.

I —————————...
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Line signal {(frames 5a and 5b). 1980-02-26
Tpe 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 class information,

-and informs the coin-box that the charging can start.

Roaming updating confirmation (proceed to send).

The signal cuts off the roaming alarm (if set) in
the MS. This signal also orders MS to send the dialled

number,
Address complete.

This signal.informs MS that the necessary digits are
received.

Ringing order,

This signal initiates the generation of a ringing
signal in MS. .

Clearing.

This signal informs MS that the connection shall be
released.

Idle frame (frame 6).

This signal is used in the signalling sequence e.q.
in waiting situations.

Signals in the direction MS to MTX

-

Call acknowledgement from MS, and seizure from MS
with priority on calling channel (frame 10a).

This signal is used when an MS answers a 'call from
MTX, and when an MS with priority initiates a call.

Seizure 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.

Roaming updating seizure on traffic channel ‘{frame 11}

If an MS moves into another traffic area, this signal
will be sent to the MTX to indicate that an automatic
updating call is made.

‘Seizure 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 segquency {tariff class
information). .
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- Line signal (frames 13a and 13b)

These signals are similar to the line signais in
paragraph 4.2.1

Clearing, release-guard

This signal informs MTX that the connection shall be
released. '

.......

After receiving answer with tariff class information
from MTX, the coin-box MS sends this signal containing

the received tariff class information, for control
purpose. :

MFT converter in -
"and '

MFT converter out

These two signals are intended for use when the mobile
subscriber uses his push-button set for data transmis-
sion. 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 SM has recognized the
ringing signal, and lifted the handset.

- Digit signal (frames 1%a and 14b)

This signal is used to send the pre-dialled digits

{including *, # , A, B, C, D) to MTX. One aigit"

is sent in each frame. The first digit is sent in frame

14a, second digit in frame 14b, third digit in frame 1k%a
- Idle frame (frame 15) ' ‘etc.

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 indi-
cates & message to a BS, and not to an MS.

- Channel acfivation 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 @ signal, control of BS receiver squelch
function).

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

- Signal strength measurement order on traffic channel
" actually used (frame 21c¢)

- Other management/mainténance orders on idle channel
or data channel (frame 22)
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Signals in the direction BS to MTX

All these signals have a special Z-value (i15) which in-
dicates a message from a BS, and not from an MS.

status information {(frame 25)

‘Informs the MTX about the BS equipment status, and ¢
_signal alarms (see _paragraph 4.5) on the traffic channel

-  Channel

- Signal strength measurement result (frame 26)

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

- Other maintenance 1nformatlon from BS
(frame 28)

If a message is initidted at the BS, e.g.

in connection
with alarms, this signal will be used. 0

Frame for test channel indication (frame 30)

This signal indicates that the channel is reserved
test purposes. A test-marked channel can “o+ be usec
any other MS than a test MS.

FRAME TYPES AND CODING OF SIGNALS

Abhbreviations and notations used

The following abbreviations and notétions are used in
describing frame tyrpes and coding £f signals whereby
all notations represent hexa-decimal digits:

-  Number of actually used traffic or calling

channel (Channel No.) (see para 4.3.3.1): N N,N

1

N, = N2 = N3 = 15 means separate data line MDGBS

N& = Nz z N3 = 14 peans empty channel nunber register in BS

3

- Number of traffic channel allocated for a call

or for measurement (TC No.}: NaNch

- Traffic area number (TA No.): Y Y_

- Mobile subscriber No.: Z X XX X, XX

273747578

- The value 15 of Z, 2(15), is used to
indicate that the infermation concerns
a base station (BS)

- Tariff class information {for coin-box) Q,Q,

- Each type of frame is hharacterized by
a prefix: : P(0....15)
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- Line signals are indicated: L
- Digit signals are indicated: S
- 1Idle information is indicated:. ' J
- Channel activation orders and channel ,
status information are indicated: A
- Management and maintenance orders and
other information are indicated: V1V2..
+ = Signal strength measurement results are
indicated: R(n1)R(n2)
- The notation P (n) indicates value n of
prefix P '
- Notations N,N,N, and N_N.N_ indicate
successive N aigits a’b'e
-~ Supervisory signal frequency fg

b.3.2.1

Frame types

The information part of the frames sent from MTX to MS

and from MS to MTX contains 64 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 call-
ing channel, only 12 ‘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.

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
- Mobile identification field
- Information field

Channel No Prefix and TA No | Mobile sub- Information
scriber No

3 digits 3 digits 7 digits- 3 digits
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1.a Calling cﬁannel indication '
Channel No. Prefix TA No. Idle
N1 N2 N3 o P(12) Y1 Y2 o JJJJJJJ JJJd
1.b  Combined calling and traffic channel indication
Channel No. Prefix TANo. =~ = . Idle
N1 N2 NS . P(H)....Y1 Y2 JJJJJIJJ JdJdJd
2.a Cail to mobile subscriber on calling channel
Channel No. Prefix TA No. Mobile subscriber No. Idle
N, N, Ny P12) Y, Y, ZX, X, Xy X, X X JJaJ

2.b Traffic channel allocation on calling channel

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

N1 N2 N3 P(12) Y

1% 2 Xy Xy X XpXo Xg N Ny N

.2.¢ Queueing information o HE wit

rity on calling
channel ;

. Fistitious
Channel No. Prefix TA No. Mobile suﬁngiber No. TC No.

N, N, N P(12) Y, Y, 2 X, X, Xg X, X, X,

2 N3 1 19 3 My Xg Xgo Ny Ny N

3.a Traffic channel allocation ‘on traf%ic channel

Wiy
~ Channel No. Prefix TA No. Mobile subsé¢riber No. TC No.

N1 NZ-N3 P(5) Y1 Y2 2z X1 X2 X3 XH XS XS N Nb Nc
3.b Identity request on traffic channel
Channel No. Prefix TA No. Mobile subscriber No. Idle
N1.N2 N3 P(5) Y1 Y2 Z X1 X2 X3 XM'XS'XS J JJ
4, Free traffic channel indication
Channel No. Prefix TA No. Idle

. JJJd
N1 N2 NB . P(3) Y1 Yg.. JJJIJITJJTJ
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5.a Line signal 1980 -02-26

Channel No. Ppefix TA No. Mobile subscriber No. Signal No.

N1 N, N - P(B) Yy X Z X X2 X3 X, X X

2 3 2 1 3 5 76 L{n)L(n)L(n)

5.b Line signal: Answer to coin-box:

U Tariff
Sign. class
Channel No. Prefix TA No. Mobile_subscriber Ne. No. info

N, N2 N3 P(6) .Y1 Y2 Z X1 X2 X3 Xu X5 Xe L(0) Q.1 Q%

6. Idle frame

Idle Prefix : Idle

JJ dJd P(0). J J JJJJJJJ Jg JJd

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

Channel No. Prefix Mobile subscriber No. Information

3 digits . 1 digit 7 digits ‘ 5 digits

10.a Call acknowledgement from MS and seizure from MS with
. priority on calling channel (shortened frame).

Channel No. Prefix Mobile subseriber No. Idle

N N, N P(1) Z X, X, X Xy X X J(J J J J)

1 3 1 72 73 5 76

10.b- Seizure from ordinary MS and identity
on traffic channel

N N N P (1) Z X4 X2 X3 Xy Xg Xg .J JJJdJd

1 2 3

Channel Ne. Prefix Mobile subscriber No. Idle l
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11. Roaming-ﬁﬁdatihg seizure on traffic channel
Channel No, Prefix Mobile .subscriber No. Idle
N, N, Ny PO Z X, X, Xy X Xg X T3d04
12, Seizure from coin-~box~on traffic channel .
Channel No. Prefix - Mobile subscriber No. Idle i
N1 N2 N3 P(11) Z X.1 X2 Xs Xu Xs XG J J’J Jd J |
13.a Line signal ;
Channel No. Prefix Mobile subseriber No. Signal No. !
N, N, Ny P8 ' ZX, X, Xy X, Xe Xg L(n)L(n)L(n)b(n)L(§)}

i
13.b Line signal: Answer acknowledgement from coin-box j

_ . Tariff
Channel No. Prefix Mobile subscriber No. Signal No.class info
N1N2N3 P(3)=f Z X1X2X3XuX5XE L{2)YL(2)1L(2) Q1Q2
1%.a Digit signal (1st, 3rd, 5th ..... digit)

" Channel No. Prefix Mobile subscriber No. Pos.ind. Digit value

N1 N2 N.3 . PLMY 2 ){.,1 XQ XS xu.xs Xg S(0)S(o) S(n)S(n)S(n)

14.b  Digit signal (2nd, 4th, B6th ..... digit)

Channel No. Prefix Mobile subscriber No. Pos.ind. Digit value

1 72 73

Ny N, Ny PC7) 2 X, X, X3 X, Xg X S(15)8(15) 8(n)S(n)S(n)

— e Tt

' 15, Idle Frame

Idle Prefix Idle

JJ J P{(0) J J JJJJJJ J J JJd

Frames used between MTX and BS

For communication between MTX and BS the same frame formats
are used as between MTX an MS.
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20. Channel activation order
, Pre- . BS Activ,
Channel No. fix TA No. ind. Idle order
N, N, 3. B(18) Y, Y, Z(15) q JJ ﬁ(n) fgfgfgfgfg

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

Pre- - BS Meas.
Channel No. fix TA No. ind. 1Idle ind. Idle TC No.
N1 N2 NS' P{3) Yj Y2 Z(15) J J g v(15) J J Na Nb Nc

29¢ Signal strength measurement order on traffic channel
actually used

Pre- _ BS
- Channel No. fix TA No. ind.  Idle Manag./maint. Order.
N1 N2 N3 P(14) Y1 Y2 Z(15) J J J V1 V2 VS Vu V5 VG

Pre- BS Meas. '
Channel No. fix TA No. ind. Idle ind. Idle TC No.
N1'N2 Na P(5) Y{ Y2 Z{18) J J J v(1s) J J Na Nb Nc
22 Other management/maintenance order on idle chanhel or

data channel.

In frames -21b and 21c¢, V(15) is used to indicate signal
strength measurement order. Therefore, in frame 22 V4 must not
take the value (15) in order to discriminate from frame 21b
and 21¢ respectively.
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15. Idle frame '
Idle Prefix ' Idle _
JJJ P(O) J J JJJJJJITJ JJJ
25, Channel status information
Pre- BS _Status )
Channel No. fix ind. Idle info Idle
N1N2N3 P(9) Z2(15) JJ A(n) J g JJIJJJJ
26. Signal strength measurement result
Pre- . BS Channel Measurement
Channel No. fix' ind, Idle No. result
N1N2N3 P(2) Z(158) J 4J NaNch R(n1)R(n2)R(n1)R(n2)

R(n1)R(n2)

27. Response on other management/maintenance order on, idle
channel cor data channel

Pre- BS Manag./maint. rdl
Channel No. fix ind. Tdle information _ €
"N1N2N3 P(u) Z(15) J_J ' V1 V2 V3 Vu JJJ J-J-
28. Other maintenance information from BS.
Pre- BS Maint.--
Channel No. fix ind. Idle . information = Idle
N1N2N3 P{13) 2¢(15) J J V1 V2 V3 Vl+ JJJJJ

Frame 28 is used for maintenance information, e.g. alarms,

initiated by BS. If the channel number register in BS is empty

N1 = N2 = N3 = 14 1s sent from BS.

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.

Pre-
Channel No. fix TA No. Idle
N1N2N3 P(10) Y1 Y2- JJIJJIJJI I JIJTJTJ
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Coding of signal information

~Digits of numerical information

1980 -02-26

The 16 hexa-decimal digits in a normal frame and the .12 digits
in a shortened frame consist|each of 4 bits. These 4 bits are
coded according to -paragraphs 4.3.3.1 - 4.3.3.7.

.

The table below applies to dlgltS of the following numerlcal
information. .

- Channel No. N, N2 N31)

- TA No. - Y, ¥,

- Mobile subscriber No. Z X, X, Xy X, Xg Xg°)
- TC No. (Channel order) N, Ny N 1’

- Tariff class information Q, Q,

- Measurement results R(n1)R(n2)

Digits in N1N2N31), Digits in ¥, Y,, Binary code
NaNbN;)' and R(nOR(N,) 2 X XX X, XcXg Bit No.
and Q4 Q, 1234
0 (18) | 0000
1 1 . 0001
2 2 0010
3 3 0011
Y ‘y 0100
5 5 0101 U
6 6 06110 f
7 7 0111 -
g 8 1000 J
g g 1001
(10) 0 1010
(11) €11) 1011
(12) (12) - 1100
(13) (13) 1101
(14) (14) 1110
(15) (15) 1111

(note on next page)
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1) In digits N, and N_ the least significant bit (bit nlﬂag)gz o
denotes the hundrefls digit in the channel number and the bits
no. 2 and 3 denote the output power level at which the MS is
ordered to transmit (high power 11, low power 10,01 and 00).
Only the bit configuration %1 and 10 will be used from the’
outset. Bit no. 1 shall be reserved for future application
but from the outset have the value "0",

In the signalling between MTX and BS the first three bits in
N1 and Na shall have the wvalue 011 in both directions.

However, between MTX and BS speciéi vaiues and meanings of N1
may be used (see para 4.3.1).

The power level indication in N, corresponds to the actual
NS power level on channel N N,N,, while the power level indication
“)Lfﬁ’ in N, denotes the orderea ower level on channel NaN N_. The
' 'same combination N,N,N, is returned from the MS to tRecMTX.

Example: N,N,N 0111 0000 0101

19273
h)ff@ means =~ high power indication

channel number 105.

2) The values for digit Z are:

Z(5) indicates Denmark
Z(6) indicates Sweden
Z(7) indicates Norway
Z(8) indicates Finland
Z2(15) indicates BS

ﬁﬁfj’ The other values of 2 are spare values.
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4.3.3.2  Prefixes _ 1380-02-2%
Meaning in direction
Notation Coding '
MTX -— MS3/BS MS/BS —e MTX
P(0) 0000  Tdle Tdle
: P(1) 0001 Spare - ~ Call acknowledgement,
! seizure and identity
. P(2) 0010 Spare Measurement results
P(3) - 0011 Traffic channel Spare
- /’ P{y) 0100 Combined calling and Response on management/
: traffic channel maintenance orders
P(5) 0101 Channel allocation Spare
: and identity request
mj-?’ : on traffiec channel
N
i P(6) 0110 Line signal Spare
| P(7) - 0111 Spare Digit signal
P(8) 1000 Spare Line signeal
F(8) 1001 Spare Channel status infor-
: tion
F{10) 1010 Test channel Spare
P(11) 1011 Spare Coin-box seizure
P(12) 1100 Calling channel Spare
, P(13) 1101 Spare Other maintenance
' information
) 3 P(14) 1110 Measurement/ Roaming updating
AN _ maintenance
orders
P(15) 1111 Channel actlvatlon Spare

))J 3 : : order
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, _ qan o
Line signal number L(n) in frames 5 and 13 1930-02-26

Notation Coding

Meaning in direction

MTX — MS MS — MTX
L(0) 0000 Answer to coin-box Spare
L(1) G001 Spare —  Clearing, release-
guard
L(2) 0010 Spare Answer acknowledgement,
(coin-box)
L(3) 0011  Reoaming updating Spare
confirmation (proceed
to send)
L{4) 6100 Spare Spere
L(5) 0101 Spare Spare
L{6) 0110 Address complete Spare ]
L{7) 0111 Spare MFT converter ocut
L(8) 1000 Spare MFT converter in
L{9) 1001 Ringing order Spare
L{10) 1010 Spare Spare
L(11) 1011 Spare Spare
L{12) 1100 Spare Spare
L(13) 1101 Spare Spare
L{1u) 1110 Spare Answer
L(15) 1111 Clearing Spare

i
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u,3.3.4 Digit value S8{(n) and position indication S$(0/15) in Frames
14a and 14b :

Notation Coding Meaning _
S(0) 0000 D or position indication (1st,
3rd- .... digit) '
S(1) o001 1
S(2) 0010 2 _
$(3) 0014 3 ‘ | ' %
§ | s(s) 0100 4 '
S(5) 0101 5
P s(e) 0110 6
" S(7) 0111 7
3(8) 1000 8
S(9) 1001 9.
S(10) 1010 0 é
S(11) 1011 ¥ ;
S(12) 1100 # ;
S(13) 1401 A
-, S(14) 1110 B
) S(15) 1111 C or position indication (2nd

?

uth LI ... digit)

3 3.3.5 Idle information

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 — BS (frame 20) BS — MTX (frame 25)

A(0) 0000 Idle radic channel  Spare
(stop BS trans-—
mitter, open line
locp, stop sending
of @ signal, switch
squelch function in)

AQ1) 0001 Spare Acknowledge idle
radio channel ]

A(2) 0010 Spare Acknowledge start
@ signal

A(3) 0011 Send ¢ signal (f £4 ° Spare

1,2,3,4) Switch
squelch function

out)
A(u} 0100 Suppress @ signal Spare
alarm A (7)
A(5? 0101 Loop line in BS Acknowledge "suppress
@ signal alarm A (72"
A(8) 0110 Spare Spare ‘
A(T) 0111 Spare Received @ signal below
1:8t limit but above
2:nd limit .
A(8) 1000 Spare Received @ signal below
2nd limit
A(9) 1001 Spare : Reserved for: .acknow-
ledge squelch function
out
A1) 1010 Cancel suppression  Spare
of ¢ signal alarm
A(T)
A(t1) 1011 Reserved for: - Acknowledge "Cancel
Switch squelch suppression of ¢ 51gna*
function out alarm A(7)"
A(12) 1100 Stop sending @ sig- Spare
nal, switch squelch
function in
A(13) 1101 Spare Acknowledge stop sen-
' ding ¢ signal
A(1h) 1110 Spare Acknowledge start BS
' transmitter
A{15) 1111 Start BS trans- Spare

mitter
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Note: Coding &nd meaning of @ signal frequency in frl&%nﬁy 26
(A=3)
Notation Coding Meaning
0000 Reserved for future use in BS
fa1 0011 Send ¢ signal frequency 1
fg2 1100 Send @ signal frequency 2
fg3 1001 Send § signal frequency 3
fou 0110 Send ¢ signal frequency 4
Other management;maintenance‘6rders
Notation Coding Meaning in direction MTX-BS (frame 22)
V1 (0} 0000 Idle
V1 (13 0601 Alarm reset
V1 (2) go10 . Reserved for SU/SR alarm reset
v, (3)-V1(5) Spare
Vv, (6) 0110 RF test loop in
V1'(?)~V1(8) Spare
V1 (9) 1001 RF test loop out
Ve -vo ) Spare
V1 {(15) Not used, reserved for frame 21b and
21¢c.

Note: Alarm reset means that &ll alarm indicators in BS shall
be reset. This makes it possible to see if alarm stat
has been changed. :

Response on other management /maintenance orders

Information indicated in V

4 V2 ..... in frame 27 will be
specified later. _

Other maintenance information from BS

Notation Coding Meaning in direction BS-MTX (frame 28)
V1 (10) 1010 Don't care

V1 {(8) 0110 Block the channel

vy (8) 1001 Deblock the channel

V1 (12) 1100 SU/SR alerm via channel line

V1.(15)I 1111 Shall nct be used

V2 {(15) 1111 NMT~alar:s

v2 (1) 0001 House-alarms

VQ (8) . 1000 Exterral alarms

R S———————.....
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, 1500-02-20 o
Notation Coding V, Meaning in direction §
BS-MTX (Frame 28) }
v, (10) Vv, (15)Vy (0) 0000 Antenna fault level 1 :
: I
" "V (1) 0001 Transmitter Yevel 1 1
v, (6) " vy (2) 0010 @-signal test loop ]
" vy (3) 0011 - : Spare :
"V, (4) 0100 . Spare ;
" V3 {5) 0101 - Spare
Vi (6) " v, (6) 0110 Local blocking j
v, () v " 0110 | Local deblocking | |
v, (6) "V, (7) 0111 Receiver . i
" vy (8) 1000 Spare
v, (6) " Vi (9) 1001 cu
" "V, (10} 1010 SU, via data line E
v, (12) " " .1010 SU, via channel line :
' and CU a ]
V1 (6) n v3 (11) 1011 SR, via data lipe H
V1 {(12) " " 1011 SR, via channel line
and CU
V1 (6) " Va (12) 1100 Power supply
" " V3 (13) 1101 . Receiver multicoupler
" " V3 (14) 1110 Transmitter level 2
" " V3 (15) 1111 ' Antenna fault level 2
v, (10) v, (1) vV, (0) 0000 " Pire alarm
V1 (6) " V3 (1) 0001 Maings break-down alarm
V1 (10 " V3 {2) 0010 Intruder alarm
" " V3 (3) 0011 Cbhbstruction lighting
_ alarms
V1 {9) V2 (1) V3 (4} 0100 Mains return
Vi (10) V2(1) vy (5) 0101 Mains break-~down &t
" channel with battery
back-up
" v V3 (6) 0110 Spare
n n ’ "
. V3 £7) .0111
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Notation Coding V,  Meaning in direction
BS-MTX (Frame 28)
vy (10) V,(8) v, (8) 1000 Spare
" "V, (9) 1001w
n "Vy (10) 1010 "
n "y (1) 1011 "
" "y, (12) 1100 o
" "V, (13) 1101 "
n "V, (1) 1110 "
" "V, (15) 1111 "

All other combinations of V1 v, VB shall be spare.

It shall
using vy,

Note 1.

Note 2.

Note 3.

be possible to increase the number of alarms by

Character V not specified in the alarm above shall
have the vaiue 0000,

Level 1 Degradation which not requires an immedizte
service actioen

Level 2 Not in function

Blocking, deblocking, don't care (see also NMT
Doc. 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 not
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
1t receives this information, i.e. the channel is
now available for traffiec again.

- Don't care, the MTX shall not act on this informa-
tion.
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Note 4.

Note 5,

34
19800224
bifferent 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 on the station by
using the NMT signalling system for alarm informa-
tion.

It shall be possible to forward information in frame

28 together with circuit identity both to remote and
to local I/O-devices.

Idling of radio channel at blocking alarm.

After the CU has sent an alarm containing V, (6},
block the channel, the radio channel equipmént shall

- be idled locally. This has the same function as

reception of frame 20(A=0) from the MTX.
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b.b SIGNALLING PROCEDURES ‘ 35
. L ) .
Lob1 Signalling between MIX and MS 1930 -00- 7
L.k.1.1 Call mobile station — mobile telephone exchange
SCHEME A
. Signalling conditions -
&r g
23 Direction Direction e &
2 MTX = M'S MS e MTX 35
Signalling [ cc € TC cc |%2
stzte S 9] Calling | Trattic channel | Traffic channel | Calling f.a 3 2
o Ef channel |, signal - @ signal | Shannel L
& 571200 Baud |BS == MS[1200 Bsual 1200 Baud |MS—e-BS [1200 Baua| @ = =
: 1a/b | 4 i x

1. M5" on heck" resting x) 1. [1e/d 1 T | )
on CC/combined CC/TC Ta/b | T :

2. MS goes " off hook" :ajg ! %
and starts hunting e T _
for a free TC 2.1abL__ r l__-______._- :

3. HMS locks on TC and '_ : MS 1 N | MS
sends identity for ' I & 3. [1oe T
seizure b | E_ T §

i L. |3b i

4, MTX requests |
identity, max. T ms %

T \L\__

5. M5 sends identity [ Fﬁ 5. [10b T .

_ N TR g T

6. MIX ready to receive 3b 10b
aigies i [ o | |

3b I s
6a, Dialling tone ";’m: 6. |[Sa(1=3) 75 |
LWl

7. Transmisslon of 4 e I T.Il"g‘

. 7.1 st digit ’Ga.. \ﬁ |
7.2 2nd digit ! T.1 [Tha T
7.3 3rd aigit | ks | :
. | - T.2 LD I

15y L

7.n nth dgit } 7.3 [ila |

| i [ha
; 8. Address complete I | ‘i

S. MTX sends ¢ signal | l : .
order to BS and | |y
throughconnects |
speech pa_th—_ - [ ! 7.2 v}ﬁ.:—/:

[ - | t 15 !
10. BS sends ¢ signal : . |
acknowledgement i . I i 1_5_. i
t1. Sigpsl strength 1a/b | 115 |
messuremnent procedure 1a/b l 1S i
Ecﬁcrding o para 1a/b 'f' | 8. [Ba(L=6) rlz |
ha2.2 . Ta/o ol ___?"““!\‘ﬂ_i .“
12. Ringing t 18/D 02 1| :
+ WiDging tone 1a/b | Sa " :
13. Ansver la/b { 6 !
18/b m 9 !
4. Speach ia/b _L | % |
12/b
[Ta/b I'g, [20(A=3) MIX ~ BS
la/d ! B
1a./b (11, 10, [25(A=2) BS -~ MTX
. 12. '
- ‘ { 1
f13. % I
bk, Sk,
Note! T 2 1107 ms (8 trames

%} . T* = 553 ms {4 frames

For details, see para L.6 T 2 30™2,5ms
T***=2 277ms (2 frames !}




4.4.1.2 Call mobile telephone exchanze —= mobile station

SCHEME B

—

36

194

0-02-235

! x Signailing conditions -
- ‘ g
H - Direction Direction - 2
= e MTX = M S MS —— MTX S5
. - - o
Signalling | cc TG TC cc %=
state @ 8] Calling | Tratfic channel | Traitic channei | Calling |5 g'g
[ ]
& £ cheonel {g signat | @ signai| channet J5 2 =
& 0{1200 Baua |BS == M5 {1200 Baunl 1200 Baud | MS—=B8S 1200 Bauaiay = =
1e/b! -
1. M8 “on hook” resting | X) ' x)
1. [1a/b,

[ %]

0

10.

1i.

12.

13,

14.

is.

X}

- MS (X X

o CC/combined CC/TC

(¥R X XX )

is called in traffic

area Ylyz

. MS sends call

acknowledgement TV
after reception of 2a

« MIX activates TC

N1N2N3 on BS

MTX sends channel
order after trans-
missicn of 20{A=15)

. BS acknowledges

activation order

. MTX requests identity

{max T ms)

MS mpoves to WL N1N2N3

. MS sends identity

after reception of 3b

MIZ sends ringing
ordar

MS generates ringing
locally

Idle frames, according
to para 8.6 in
NMY boc., 2

Answer

MIX sends @ sigmal
order to BS and
throughconnects
speech path

B sends @ signal
acknowledgement

- Bignal strength

measurement procedure
according ‘o para
b.h,2.2

. Speech

1a/b

For details, see para L.§

i
I
1
!
I
I
I
l
!
|

T.ll

[1a/b L, [20({a=15) MTX — BS
5. [2b I
18/b 7. [3b ?@(Aﬂu) BS — MTX,
la/b W o _ 3b e — T
I 8. 3 t8.
! 151 9. 10p -T
. /130 10b
1130 /eOb T
T 10 [5a{=)]!  [ion i
e L= |
TF lj&i n~\h-i‘“wm
Hoa . 1. Ringing
.l. |8 ! in MS
12°|§.,, ! :
I"g' l
T 10/ 5a(z=9) :
Iig._"" R
¥ =,
T 2 " 1T
j. ';EE " I
12.|£i ! B
I 13. [13a(1=1L) }
"
'éLﬂ—F“'ﬂ’T"’-J_JE " T
-r 6 | 13a
S T |
T !
14.120(A=3) MTX — BS
T ——
16£| 15. P5(4=2) BS — MTX
i [
?T.t bi7.
|
: |
| [
| I
! . !
Not&! T = 1107 ms (8framoag
T' = 553 ms (4 framesz
T = 20%2,.5ms
= 277ms (2 frames )
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1960-02-25
k.4.1.3 Clearing secquences
L Signaliing conditions
e ' 3
g'.': Direction Direction - -
£EE MTX = 4§ MS venma MTX = §
Signailing - - ce TC TC ce e &
state £ ¥l Calling | Trattic channal | Traffic channet | Calling f,.g'g
§ g chann®l | 5 5ignal @ signa | Shannel =§ .
& 0]1200 Bave {BS = MS|1200 sauc| 1200 Bavd | MS—e-B85 [1200 Bava| @ = =
x}) x?%h ' ' x)
. 15. : I,Jl ) 1
1. Speech, 1. ’TET\? 13a( n b ) :
18/b " T
2. Mobile clearing 12/b " l
3. ‘Release—g\mrc_l .}:/2 e -t ~— -
o | b - -
Talt ' |
L. MS returns to CC Ta/b : ) |
5. .Stop @ signal ‘1:: | :
‘ ‘1a'§'o" : 5. [20(A=12) MTX ~ BS |
: 1a/b
€. "Stop @ signal" \
acknovledgement Voo LJB ?E(AI‘IB} B§ ~= MTX |
from BS ) M5
!
[
. 1. 1
1. Speech
2. Fixed (MTX)
clesring, or
~ Torced release
from MTX
3. Release-guard
k., MS returns to CC
S. Stop 0 signal -
| C
6. "Stop B signal” ;- 6. [25(A=13) BS - MTX |
acknowledgement P MS . MS
from BS '

X) For details, see para h.6'

Note! T = 1107 ma (8 framcsg
T* 2 583 ms {4 tramas

" o= 30:2.5-111?
Trs 277ms (2 trames )




hbh.1.4 Switching call in progress

11. Speech on N/N!N!

123

If M5 does not receive reguest identity on the new TC, it will return

the previous TC and througheonnect speech path.

SCHEME C
é: Signaliling canditions -E
3% Trattic channet N N_N Trattic channel N N_K. = £
s 1723 172 2 8
Signalling - - . U — -
state 23 MTX —= MS MS—= MTX| MTX MS MS— MTX |c gg
- )
SE 1o signai ‘ @ signal -
& 5{1200 Baug |BS == MS|1200 Baud {1200 3sud{BS == MS{ 1200 Baud |0 = =
T T
x) : - x)
1. Speech on TC N1N2N3 1. | 1.
1 M3 2. [20(a=15) MTX
'a. MTX decides to switch k. [Ra : ( } — BS
r ] 1 —
] the call toN1N2N3 and Ra ] =) P £ ]
allocates the channel 3a ] n 3\5( A=1LY) -
3a I 3 BS — MTX
3. BS acknowledges g | D
,’ activation order 3e 35 2\10‘0 T
v | ol PR ©. 10D
4. MTX orders MS to change %ﬂ i %_./’/ 10b T
to TC N,R.N  (=N]NN1) e T B -f 10b _1_
{max T ms) z T : % Y 10
5. MIX requests identity z l L J.
on N!N!N! (max T ms) — ‘ - ~
17273 8. p0(A=12) MIX -= BS _. {{7. [20(A=3) MTX — BS
6. MS sends identity T' ms | _\
7. MTX sends ¢ signal 10. [25(A=13) BS —= MTX ?[EE(AF?)
order to BS on NiNéNé | » BE — MTX
and throughconnects ;H * *
speech path i
8. MTX sends stop § signal I
order to BS on N NN I
17273
99. BS sends ¢ signal 1
acknowledgement ]
1 [}
on NIN5N3 l
‘@0. Stop @ signal |
: acknowledgement from |
BsS on N1N2N3

I# MTY does not receive identity on the new TC within T =s, it will
throughconnect speech path on the previous TC and send forced release

on the new TC.

Hote that the supervisery signel will control the previous TC in the
last case when the speech path is throughconnected.

X) For detsils, see pera k.6

Note|

1107 ms { 8 framas

T = 553 ms (4 frames
T'* = 30%2.5m
Trr =z 277ma ?2 frames

l

)
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L.4.1.5 Roaming information 1530 ~07- U
SCHEME D
§o Signaiiing conditions -
".5.:- . u
2 = Direction Direction - 2
te MTX = M S MS e MTX ss
- @
Signalling o T Tc TC ce |%e
state < o] Calling Trattic -channel Traftlc channel | Cailing |5 gg
g £| chamnal |5 signal | @ signal | Ghannel EE -
g% 8{1200 Baud {BS o MS 1200 Baud! 1200 Boud | M S==-EBS |1200 Baug{w = —~
1. fa/n ! _t_ - !
1e/b | I
1. MS "on hook® resting Ha/t i by |
on CC in TA Y!¥} Ralb | T
Ja/b | 2. L |
2. 7j¥) + ¥y, la/b 4 N
MS starts hunting for ge/l | Y -
free TC in YiYé na/b . - ~ b - -
ia/b L |
la/B [ s
3. M5 locks on TC N NN [ nd
et 17273 .Ja' -3 f £ I 3. {1 ?;nl
in Y1Y2 and sends reaming I]a./h .)i 1 T _?_
updating and seizure fa/b e 1"
identi la/b 4. |38 I
4. MTX requests entity Ha/B 3k
bl
{max T me} . . : 3B |
5. After reception of b : K1} I\\,__
ME sends roaming updating |38 | 5.11 T
for T' ms | | 38 /3..1_ o
11 i
6. MTX romming updates Tm6. t15a{1=3) | ki J_
M5 and sends roaming Sa M 75
updating confirmation T 7. f é.(L=1S)\L\1S
for T"' mg . | 2“-'1 | 1_2’
. min. T* e ,,"‘“'\15
7. MIX initiates forced mex. 2 5 | " b
release | 58 ) . 1.,3(#'-1) T
l -5-5’—--'-""'-J —*-—13& ‘ T
B. Release guard 1 | 138 " l
13& "
9. MS returns to CC in /J L=
the new Y'Y - - ‘ = -
1*2 r 9. 9. -
! f
! |
Note; T 1107 ms ( 8 frames
T 553 ms (4 frames

TIH

30T 2,5ms
277ms {2 frames )
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L,4.1.6 Call coin-box MS —= mobile telephone exchange +J ey
'é > Signalling conditions - I
- : :
5: Direction Direction 2 E
te MTX = MS MS e MTX E 8
Signalling "] cc TC TC cc 1.5
state G 4] Calting | Trattic channet | Tratfic channel |Calling |3 3 9
H g channel | 5 signal @ signal | Ghannsl § @ &
@ 6]1200 Baud {BS —e MS]1200 Baud] 1200 Bauc | MS—=-BS J1200 Bave] @ = =
18/b | 4 - \
' . X} 1. fafs | L ! x)
1. Coinbeox MS "on hook Ha/p | T t
resting on CC/ Me/b ! T |
comiined CC/TC Tasb | n
. . 2, fJaf® | 13 -
|F D 2. Coinbox MS goes "off - - T
. hoock™ and starts . Ms ~ T
hunting for a free TC P . | T
(I [
3, Coinbox M5 locks on TC L ;TD'/
and sends identity for " E
"’[\I. ," seizure ! %:E\
| 1
T 4. MTY reguests identity | %
(max T ms) i 3 |
3t
%. MS sends idemtity ';m| 6. [Sal1a3) |
6. MIX i + ! 2™\ !
Y ready to receive
digits ! éa. !
| | :
6a. Dialling tone | - ‘
: 1
7. Transmission of [ —{1.20i g+ l
| 7.1 1st digit | @ ‘
i 31
| 7.2 2nd djgit [ 7.3 3 : :
: 7.3 3rd digit | : 0 |
} | b |
N I : |
7.n nth digit { 1 |
. | T.o(1ke/d |
D:[.i ; 8. Address complete | | I_L};&b :
: : | i I
! 9. MIX sends £ signel - | l 15 ‘
[ erder to BS and I 15 y
| throvghconnects : : | | % |
: speech path ‘ [ 1 i
o [1a/b 8. Be(1=6)} ]} f15 . |
D 9 10. BS sends @ signal 1a/b TT-. ' Sa """‘"—I\_lﬁ_ ‘I
acknowledgement 1a/b | 5 ™
12/ | ca " ]
. Ja/b !
11, Signal strength 1a/b |
measurement procedure a/b T §
according to para Ta/b Li |
b.h,2.2 ] [
a/b 9. [26(A=3) MTX — BS
la/b Ty
12. Ringing tome Ta/b :11. W(A=2) BS —e MTX
13. Answer } : i12° ; :
t
. i
14. Aaswer acknowledge : T i13. {1=0)} 4%
. - Sh
15. Speech _t M 5 ‘b, [i3b(1=2) Q.6, T
| LB | @ -
' | T i
18 <
t [ 1%,
- Note! T £ 1107 ms {8 l‘rumns‘
x) 4 . T* = 853 me (4 frames
For deteils, zes para k.6 Tvez 30%2,5ms
T*r=2 277Tms (2 trames )




b1
L.4,7.7 Cell from mobile station with priority (PMS
£ : Signalling conditions T
>
3: Direction Direction & g
te MTX == MS MS e MTX S §
. - a
e B W e Te e 5%
< g| Catling Tratfle channel Traftic channei | Calling | gg
ig channel | 5 signat @ signal | channe! s =l
- t 01200 Baud |85 ——= MS[1200 Baud| 1200 Raud | MS—eBS {1200 Bauwd [ @ =~ —
. | -
1. Priority-Ms -~ x) _2,, I(-‘FM-/O, 2a/t or 2c) : x)
rasting on CC, prierity ;
butten activated 1. 1e/b 75 I - |
2. Call from PMS, on CC e - = |
T"' after reception = i 2. 12 |
of a/b o - 'g '
S c
3. MTX informs PMS that = 1. |
the call is gqueued. e |
visual indication in e | |
PMS.- 1f an idle TC is E S
available ar once, 2b b, |2a | |
" is sent instead of 2¢,&0 X ' - |
10 signulling state T SE Aeticn on TC 5. [10a
X | ; !
X 6. [20(A=15) MTX —= BS
4. PM3.. (ZX e 5) is 7. .Z.E i 6 |
called in traffic area x L 9. E W(A= L) B§ — MTX
Yinwben an idle TC i, - ~; 3 R -
is available on the BS I N Er r
L : 3b |
5. PMGs sends call i | -3?-\____-\%
acknowledgement T" after | Eﬁb |10. oo ¥
recepuon- of 2a ' 3—13’_’_’_}',/-13; .lv'
€. MIX activates ¢ Foomfsalimon]! Db
N,N N, on BS me ..?E i I 10 ,L
1z | Sg " H\ .
l | ';_a' " .
T. MTE allocates the -6— ,'12 ..
selected TC to PMB | }_ e E_hnﬁ;ng
. . ; in
[N
B. BS acknowledges ) J : |
D activation erder ] 1. [ .
. 2 < LB i
Q, MITK requests 11. 5&(I.-'-'9)
identity (max T ms) P "5";\"\; 1
) T | = o .
10, PMS sends identity .1'. : %i" . b1\2\
; ' !
9 (e o
) 11. MTX sends ringing i : [ ( L)
ordex Ve 13, {13a(L=1 T
| B AT
‘ =] ANe]-3 T
mnt i “'h 53(3;'-'-3) ! 13z " 1
12, PMS  generates - i 'S—a‘un | T2g " |
ringing locally i 15 -(-. H : 1128 3
.
13. Answer l S 116, 11:9. Y
Ta T
14, MrX ready to | — 11 L—‘{ub 3
* N
receive digits | I 1kt
15. Dialling t " i 18
S. 1 Ang 'one ! | -.m;
I
16. Transmission | | b
of digits | | !
CONTINUES AS l %
SIGHRALLIRG SCHEME A | | ‘
Note! T = 1907 ms (8 trames
%) Tt = 552 ms (4 frames
T etal es para b.5 T = 30%2.5m
ror details, s T THi s CaTTma (2 tramas )
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1980-02-26

4L.4.1.8 Chenge of MS output power level cn same channel

:' : Signalling conditions <
2= £
2 Trattic channel Ny Ng Ny £c
£ £ -4 ]
Signatiing = ' ; £
state 'SE MTX == MS M3 ——= ¥MTX § gg
J. o0
E::: @ signal | @ signal :.LE =
o 0] 1200 Beud |BS =—e MS| MS~e-BS | 1200 Baud. 9 ==
" —— L
x) x)
1. Speech on N1N2N3 1.
W @2 ¥TX decides to 2.
© change MS output _
powver level 3. 38 _ |
| 3. MTX sends 3a on 38 L. T
W oA TC N, N N, with 8 T 10b
D)j D 17293 %g #_________-"/ _:I__a:a T i
informaticn about M l
new M5 output power L
level in N_ {max T
s ) .
..50 5-

4. MS sends identity
with information
gbout new MS output
pover level in I\I.l

5. Speech

)9

-— - - e

x) For details, see para 4.6

Notei T = 1107 ma (8 framas
T =2 553 ms (4 framaes
o= 30T 2,5ms
Tveszs 2T7ms (2 frames )




)

=

9

L

43

B T T Signaliing procedures between MTX and BS

4.L.2.1 Signalling on each channel

1980-02-2¢6

Signalling state

Signalling condition

MTX —— BS BS — MTX

1.

8'

———————

' 5.7¢ signel alarm

10.

11,

12,

13.

1k,

grért—gg transmitter -

. BS sends "transmitter

started" acknowledge

Send ¥ signal

. "% signal start"

acknowledged from BS

Suppress @ signal alarm
{frame 25(A=T)) from BS

"Suppress @ signal alarm"
acknowledged from BS

. Cancel suppression of @

signal alarm in BS

"Cancel suppression of
% signel slerm” acknow-
ledged from BS

— —

from BS

Stop sending of
@ signal -

"Stop @ signal"
acknowledged from B3

Stop BS transmitter
and open "line loop"

"Stop BS transmitter”
acknowledged

Loop line in BS

1. Eﬁiéilil;ﬂ

2, [25(a=1k) x

3. |20(a=3)

k. [25(A=2) X

. B
T

T Bolasio) |

8. |25(a=11)

9. E(A-?—’T or A=8)

10. [2o(a=12
&\c
t1. [25(a=13)

12. [20(a=0)

13. 25(A=1) X

4. [20(4=5)

X No reception of frame 25 within T' ms sfter frame 20
indicates BS or line fault.

Note: Some of the signalling states described above are

normally included in other signalling procedures.




bl
h,h.2.2 Signal strength measurements
£l - _Nno
(on date channel, idle or free marked TC, 1930 -02 A
or the TC actually in use)

Signalling condition

Signalling state MTX == BS . BS e MTX

m O 1. Signal strength

measurement order

2. BS starts sending

. - . measurement result
Pl ‘ - within T"' after

' reception of 21 b/e

Note: Several measurement orders may be given in sequence, |
as indicated above.

Moete] T = 1107 ms (8 trames
T = 553 ms (4 irames
Ty = 30T 2.5ms
Tom  277ms (2 tiames )
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4.4,2.3 BS management, maintenance and alarm

L5

1980-02-2¢

Signailing condition

Signalling state MTX BS 8BS — MTX

1. Management /mainte- 1. Eﬁi___‘q;—

nenee order "

2. T

2. Response on manage-

ment /maintenance

order if so specified

' X
.

3. BS alarm 3 Eg )

)

Frame 15 is sent for synchronizstion purposes.




)

: Le,
SUPERVISCORY SIGNAL BS - MS - BS 1980-02- 25

As supervisory signal (g signal) on the radio path, a tone
is used. The frequency of this tone is selected among four
possible frequencies (3855, 3¢85, 4015 and 4C4% Hz) in such
a way that it differs for two nearby base stations having
the same radioc frequencies. The signal is inserted into the

" speech channel at the base staticn upon reception of a command

from the MTX. In the mobile station, the  signal is separated
from the speech signal and re-inserted into the speech channel

ir 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 at the base station is performed on the basis

‘of the signal-to-noise ratio (8/N) for the supervisory tone

in 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 P signal below 1:st limit but not below 2:nd
limit.
b) Received @ signal below 2:nd limit.
The two messages are alsc called "@ signal alarm". Message

a) starts signal strength measurement procedure and message
b) starts clearing procedure.

1200 BAUD SIGNALLING EQUIPMENT

_For the c,change of messages between MTX, BS and MS binary

signalling is used. The necessary equ1pment at MTX has the
following function blocks (fig. 4.6.1): encoder, modu-
lator, equalizer, demodulator and decoder. The BS and MS have

the same equipment functionally as the MTIX except for
the equalizer.

The various blocks are specified below. Concerning such parameters
as frequency response and group delay distorsion except for the

. equalizer, nc explicit requirenents are given. These parameters are

inciuded in the requirements for overall error rate performance when
connected to reference counter parts (4.6.3 and 4.6.7).
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. < Decoder latop Equalizer .

Fig. 4.8.1 Functional block diagram of the 1200 Baud signal-
ling equipment at MTX

Reference data transmitter and receiver

The reference data transmitter and receiver fulfil the error

‘rate performance in para 4.6.7. In the freguency band

600-24800 Hz the group delay distorsion is less than 200 MS
and the shape of the spectrum of the transmitted signal
deviates from the theoretical by less than 1 dB.

Encoder

In order to combat errors on the radic 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 ccde is convolutional. The correcting
capability of the code is 6 bits when there are at least 1¢
"errorfree” bits between the bursts. The encoder output bits
Y. are obtained from the encoder input bits X, according to
the following formulas 1

~
X. for i = 1 to 3 :
" |
|

Xi @ Xi-3 for i = 4% to 64 > " parity check bits

i-3 for i = 65 to 87 -

. 1T for 1 = 68 to 70

1 to b

2i : information bits

\mmxy__/\_#m_W,-

N

® denotes addition modulo-2. Thus for every information bit
two output bits are obtained, one delayed information bit and
cne 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 (1% bits), frame
synchronization (11 bits) and the encoded message (140 bits).




vy -

N, = 1 representing binary 0001
Ny =3 | 0011
N, =5 G101
CP(12) = 12 1100
Y,l = b 0119
Y, =4 - 0100
J = _ 0000
X = x1, Xz, Xs’ XL‘, Xs’ XB" X? L I I L BN T B ) Xes, XB“

_ | P
bit sync. © frame sync, encode meL%g%Jn £v
15 bits 11 bits 140 bits
101010101010101 11100010010

Fig. 4.6.2 TFrame disposition

The bits in a frame are transmitted in the order from left to
right.

The bit pattern for the bit synchronization is 501010101010101
and for the frame synchronization 11100010010,

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 alsc
when the specific frame synchronlzatlon sequence has been lost

due to transmission errors.

To illustrate the encoding procedure an example is given.-
Frame number 1. Free calling channel indication.

N1 N2 N3 P(12) Y1 Y2 JJJJIJIJIJIJTJTJ

0001001101011100 ..... 0O
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According to the formulas above the encoded message will be

L A T A A

Y1 = 1 3 Y2 = 0 Y11 = 1 Y12 = 0

Yo=Y =05 Yoo=1; v, =0

Yg= 15 Y =05 Yo=0; Y=o

Y5203 Yg =05 Y, 13 Y=o

Yool Tozo0; v =g Y, = 1

Tezg =15 Yogy o g Yi39 =1 3 Y4 =0

Tigs =13 Yi36 = 05 Yyag =15 Y.0=0

The bits in the full frame one are thus

101010101010101111000100101010610001041010061019 ...... 10901010

Modulator

The modulation rate is 1200 f0,1 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

below.

The level from the modulator in+the MTX including transmitting
filters if so equipped is - 17 - 0,25 @3m0. The output level
of the modulator in the BS is -~ 11 - 1,5 dBm0. The performance
requirement of the modulator including transmitting filter,
expressed as maximum increase at requiredé S/N ratio for an
_error rate of 10~% measured with a reference receiver is

0.5 dB compared with a reference data transmitter.
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1 bit = 0,83 ms 1 bit = 0,83 ms

Fig. 4.6.3 Line diagram for the FFSK signal

Transmitting filter

" The spectrum S(f) of the signal from the modulator as a

function of the frequency is shown in figure L.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 out-
side the necessary band (600~2400 Hz).
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Fig. 4.6.4 Spectrum S(f) of the FFSK signal

Equalizer

The path between the MTX and the BS consists normally cof
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 1100 ps. Such an

“equalizer is foreseen in both the transmitting path and

receiving path of the MTX,

Relative group delay ms

-l.2l e o T SRR et -~
1000 1200 1500 1700 2000 frequency Hz

Fig. 4.6.5 Relative group delay of equalizer

frequency Kz -

- B i TLE SN s R R O S TTr LT
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Receiving filter

In order to improve the signal t¢ noise ratio before demoduia-
tion 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.

Demodulator and signal level detector

_1.
-2
-3

-5

-7

The performance requirement 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 fui-
filled 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 )

~11 IZ dBmO. For BS the input signal level is -17 13

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 -35 = 3
dBmO. The detector shall permit decoding and the mocem shall
operate if FFPSK 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 speci-
fied in the first paragraph. '

dBmO.

§ Error rate

wlp 4o

-6 1. .

-
4

+ $ } > S/N dB
8 10 12 14

Fig. 4.6.7 Error rate versus signal to ncice ratic at input
from line (S/N) measured in bit rate bancuwigt)
(1200 Hz) for noise with an even distrinution a<+ .
least from 300 <o 3500 Hz.
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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. o '

After reception of frame synchronization it is checked whether
the subsequent six informatiorn bits all have the value 0.

.~ 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 250-300 ms after the last frame syne.,

- If so in the MS the audio cutput is muted. Reconnection of
the audio path is delayed T''' (277 ms) after reception of
the last framesynec. ' )

- In the BS no splitting in the transmitter in the direction
MTX — BS —=MS takes place.

The decoding continues even if the six first information bits
differ from the value 0.

Deleted

Muting of speech path

When the 1200 Baud signalling equipment in MTX is sending,'the
audio signal from the MTX towards the BS is muted. '

In the MS the azudio 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.
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ACCEPTANCE OF SIGNALS

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

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

Mobile in standby condition

"Before locking to a channel the MS checks that N. N. N. P(12)

Y, Y, of the received frame 1 a/bis correctiy rebeibea’ Stayving
at a“channel the MS is primarily looking for an identity match
i.e. if there is a call to the MS. The criteria to continue to
be locked at the channel is that N, N Na P(12)Y1Y is received
regularily. However, two complete ;tamés 2an be losf between “wo
correct frames. '

Acceptance of signals after entering a particular signalling
scheme

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

. The frame shall be accepted as a frame by the MTX if it consists
of 140 bits in the encoded message. However, on CC from MS/BS

to MTX also a shortened frame consisting of at least 106 bits
in the encoded message shall be accepted as a frame. In the

MS and BS other acceptance criteria are used.

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.




4,7.2.1

Signalling scheme A, call M§ ——n MTX . 1980-02-23

- MTX receives seizure from ordinary MS
(N1 N2 N3 P(1) 2 X1 X2 X3 Xu X5 X6 J J J.J J)

The call from Z X, ... X§_is accepted if it is a valid_moﬁile
refi -

number, N1 N2 N3 énd p X are correctly received.

- MS receives identity request
(N1 N, N, P(5) f1 Y, 2 X4 X, X3 Xy Xg Xe J J J)

The frame is accepted if prefix P(5) and -identity
yi X1"'X6 are correctly received. :

- MTX receives identity(N1 N, No P (1) 2 Xq voe X;d JJJ J)

MTX accepts identity if prefix ang identity are correctly
received.

- Roaming updating confirmation (see 4.7.2.32)

- The MTX can during the dizlling phase receive
-Digit (N1N2N3 P(7) 2 X1X2X3XHX5X6 S(0/18)8(0/15) S(n)

S{n) S(n)
-Mobile (N_N,N, P(&) 2 X X.X.X ¥X.X LOIYLCHILCIYLEIILE))
clearing 17273 17278767578 (see 4.7.2.3%1)
-ldle (JJJIJPOY T I JTIJITTIITIJTJ J)
frame )

The digit frame is accepted if the following conditions
are satisfied:

" a) P(7) is correctly received

© b -N,!NQN3
or
4 X1 X2 X3 Xu X5 X6
cr ‘ -
éix out of the ten characters N1N2N5 Z X1X2X3XHX5X8

are correctly received.

¢) S(0)S{0) (or S{(15)S(15)) are cerrectly received

d) s(n) S(n) S(n) are equal.

Further a new digit frame is only accepted when S(Q)?(O)/
S(18)8(15) have changed relative to the previous digit,
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b.7.2.3a

“.7.2.3b

5A,

1980-02-286

- The MS c¢an during the dialling phase receive

- Idle frame (J J J P(O) J J ... J)

- Forced (N1N N., P(6) Y1Y2 Z X X X X, XX

release

(see 4,7.2.3a)

- Address (N, N, N, P(8) Y Y, Z X X, X, X X.X. L(6)L(B)L(6))
complete 172 12 1.2 3THTST6 {(see 4.7.2.3a)

Signalling scheme B, call MTX — MS

‘- Call to mobile subscriber on calling channel

(N1N2N3 P(12) Y1Y2 Z X1X2X3XHX5X5 J J J) ard
- : 1 1
Call acknowledgement (N1h2N3 P(1) Z X1X2X3XuX5X5 JJ JJ I3
The frames are accepted if identity Z X1 oo Xg iz correctly
received. '

- Channel order (N1N2N3 P(12) Y1Y2 A X1X2X3XHX5X5NaNbNC)
The frame is accepted if identity Z X, ... X, is correctly
received and NaNch is a valid channel numbe?.

- Identity request (N1N2N3 F(5) Y.]Y2 Z X1X2X3XHX5XE J Jd J)

(see 4.7.2.1)

- _Identi?y from MS (N1N2N3 P(1) Z X1X2X3XHX5X6 JJIJ I T
. (see W.7.2.1)

After the identity check the

.= MS can receive

- Ringing order (N,N,N, P(6) Y,Y, Z X1X2X3XMX5XSL(9)L(9)L(93

- ?orced release (N N N, P(8) Y ¥, 2 X1X2X3XHX5XQIAﬂ5)
(see 4.7.2.3a)

.=
1

. 3
oo

L(%5)
L{%3)

.= Idle frame (J JJPOY JJ ... )"

- = MS transmits

Answer (N1N2N3 P{1) 2 X1X2X3XHX5X6L(1N)L(14)L(1Hi%§1§;

Line signals in the direction MTX —— M5

The line signal is accepted if the prefix P(6) and the

identity Z X, ... X; are correctly received and at least
two of the tﬂree characters L(n) are equal and meaningful.

Line signals in the direction M5 — MTX

The frame is accepted if prefix P(8) and identity Z X1...Xc
[ - - - =
are covrectly received and at least three cf the characters

L{n) are equal and meaningful.
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Signalling scheme C, switching call in progress

- Traffic C???nilYaléciation on traffic channel
(N NpNg P 172 % A XXX K XN N Ny

(see 4.7.2.2 chanﬁel order)

Signalling scheme D, roaming information

- Roaming up-dating seizure on traffic channel
(N, NN, PCIH) 2 X X X X X X g JIID

(see L4.7.2.7 seizure)

Coin-box

P(173)
1 seizure)

- MTX receives seizure from coin-box MS (N.N N

_ 1,23
Z X1X2X3XMX5XB JJ JJJ) (see 47,2

Y4¥2 7 X1X2X3XyX5Xs
L(O) Q1Q2)

Z Xy ...X

- MS receives answer (N4NgN3 ‘P(8)

The coin-box accepts answer if P(8), L(0O), 6

- Answer acknowledgement from coin~box: -
(N1N2N3 P(8) Z X1X2X3XHX5X L(2YL{2IL(2) Ql Qz)

B
‘The MTX accepts answer acknowledgement if P(8), Q, Q, and
2 X, ...X; are correctly received and 2 of the 3 L(n? are
equ%l to 9.

Q1 Q2 must be identical to the values trans-
mitted tc the MS, N
Call from mobile station with priority

- Seizure from MS with priority (N
J(J-J J 3J))

1N2N3 P(1) Z X1X2X3X”X5X

(see 4.7.2.1 seizure

-~ Queueing information tec MS with priority on calling |
channel (N,N N%'Piif) Y, Y, T X KoY X X XN NN)

{see ul?.Z??zc annel orae%) 14273747576

Change of MS output power level on same channel

zffic channel

T b
X.N NN D

- Traffie channel r
ny
4757872 ' h ¢

aliocation on
I h's hr - . r

(Nih2N3 P{5) Yi‘? Z xlxzxax r

(cee 4,7.2.72 chanrel order)

. . . . . _ - . T T
- MIX receives identity (N I N P(1) I N X KX X Kgd J JJ

(cee L.7.2.1) .

6
}

T T T T T T T T T Y T T T T T T T T T T T T T T T T T T T T T T T T T T T e e T T T T T T

e L emeTm  mmmat gt s STITIISL D
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Signalling in the direction MTX —= BS

- Channel activation order

(N1 2N P(15) Y1Y2 2(15) J J J A(n) ;¢ ¢f¢f¢f¢)

The frame is accepted if P(15) and Z(15) JJJ are
correctly received. f? is valid if two of the last three
n

f¢ are equal and meaningful, and A(n) takes the value (3).

- Signal strength measurement order on data channel or idle
or free marked traffic channel
(NN N, P(3) Y Y, 2(25) J J J V(15) J J N N N)
17273 172 a
The frame is accepted if F(3) and Z(i5) JJJ V(15) - are
6 : & correctly received. _

~ Signal strength measurement order on traffic channel
g

actually usec :
(N1N2N3 P(5) Y1Y2 2(15) J J J V{18) § J N N N )

@: J The frame is accepted if P(5) and 2(15) J J J V(15) are
correctly received.

- Other management/maintenance order on idle channel or

data channel
(NiNzN PC44) Y1Y2 Z{15) J J J V1V2V VHVBVG)

The frame is accepted if P(14) and Z(15) J J'J are
correctly received,

4.7.2.10 Signalling in the direction BS — MTX

- Channel status information
) (N N2N3 P(8) 2(18) J J A(n) JJJ J JJ 3 J)
@t . The frame is accepted if N, N N., P(9), Z(15) and A(n)
are correctly received.
- Slgnal strength measurement result

: ' N,N,N, P(2) 2(158) J J N N N R(n ) R(n ) R(n ) R(n
" R(% 3 ﬁ(n )

The frame 1is accepted if N,N_ N,, P(2), Z(15) and N_N.N
are correctly received, ané %wo cut of the three p irs
R(n ) R(n,) are identical.

C

- Response on other management/malnteﬂance order on idl
channel or data channel
(N N2N3 P(4) Z(15) J J V1V2V,V JJdgJdagJaga
The frame is accepted if N, NQNB,P(H) and Z(15) are
correctly received,

- Other maintenance information frem BS
(N1N2N3 P(13) Z{15) J J VﬂV,V,V,J JJ J J)
The frame is accepted if Ny N, Na,r(ZC) and a{’S) are
correctly received.
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