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_Digital mobile communication s’yst‘em-

Eie of Invent ()

"The present invention relates to a dJ.g:Ltal mobile
communication system in which mobile stations and the
fixed_network_comprise speech coders, the speech coders of

the fixed network being located remote from_ the base

stations in transcoders, and especially to controlling the
transcoders in a mobile to mobile call. |
- Back of Invention _
* In recent: ‘years, digital . mobile communication
systems. for fully digital speech and data’ transmission
have been introduced, resulting in a uniform quality of
speech. As far as the mobile communication network is
conc_erned',- the most limited resource is. the radio path’
between the mobile statio'ns and the base - stations. To

) _ reduce the bandwidth requlrements of a radio connect:.on on

the “radio path - speech transmission utilizes speech
encodlng prov:.dlng a lower transmission rate, for example

16 or 8 kbit/s 1nstead of the 64 kb:l.t/s, transmission rate
i 'typlcally used in telephone networks For speech encoding,

both the mobile’ stat:Lon and the fixed network end must

~ have a speech encoder'and a speech decoder. On the network

side, the speech coding- functions may be- located in
several alternatlve places, for example ‘at ‘the base

-stat:.on or in the mobile serv:.ces sw:Ltch:Lng center. The

speech encoder and decoder are often located remote from -

the base stat:l.on in so called remote transcoder units. In

the latter case, speech encod:.ng parameters -are sent
between the base stat:.on and ‘the transcoder unlt in

o spec:.f:.c frames.

_ In each mobile or:Lg:.natJ.ng or mob:Lle term:.natlng
spe'ech call, a remote transcoder is .connected to the
speech connection orn the network ~side The remote
transcoder decodes the moblle or:.g:.natlng speech s:.gnal'
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(upllnk d;rectlon), and encodes the moblle termlnatlng'
speech signal (downlink dlrectlon) This type of an
arrangement  causes no. problems as 1ong as only one of the

.speech partlclpants is a mobile station and the other, for
example, a subscrlber of a publlc sw1tched telephone;

network (PSTN) _

- If the call takes place between two moblle.statlons
(Moblle to Mobile Call, MMC) , ‘the operatlon of the mobile
communlcatlon network 1nvolves & remote transcoder on the
connection - between. the call:.ng mobJ.le ‘station and the

. mobile services sw1tch1ng center, and correspondlngly, a

second - remotej transcoder between the called mobllej'

- subscriber and the (same or . another) mobile' services
_switching center. These remote transcoders are then 1nter-
. connected by the moblle serv1ces sw1tch1ng center

(centers) as.a result of normal call ‘switching. In other

.words, for each MMC call there-are two ‘transcoder units in
;a series connectlon, and speech encodlng and. decodlng are
- performed twice for the call. This is known as tandem

coding.  Tandem: coding presents a. problem in mobile

__communication_networks_as_it_degrades the speech quality
., due:. to the extra speech encoding'and decoding. 'So far,

tandem codlng has. not been a- major problem_ because

relatively few. calls are MMC calls. However, as the number -
. of mobile statlons 1ncrease, the number of MMC calls w1ll
';_also be hlgher and. hlgher.,f o

It.ls an. object of the present 1nventlon to prevent

~tandem codlng and consequently to. improve speech quality

in mobile: to mobile calls. . .
This . object is - achleved by a dlgltal 'moblle

-communlcatlon system comprlslng moblle statlons and first

speech’ coders in sald mobile statlons,.a radio network
1nc1ud1ng base stations and second speech coders, said
second speech coders belng remote from the base statlons
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- in transcoders which communicate with the base Stations.by

transmitting frames contalnlng control 1nformatlon. and

' speech ‘coding 1nformatlon, -and in which moblle

communlcatlon system the uplink direction is the traffic
direction from the base station to. the transcoder and the
downlink direction is the'reverse direction. The mobile
communlcatlon network according to the invention is
characterlzed in that | |
n the- upllnk frames from the base statlons of the
calllng and called mobile station contain a speech codlng
dlsabled 1nd1cator in a mobile to mobile call, ' |
the transcoder is responslve to .the occurrence of
said speech coding disabled- 1nd1cator in an. upllnk frame
received from the base station, for not carrying out the

"speech decoding for the speech 1nformatlon of the frame in

the upllnk ‘direction and the speech encodlng in the
downlink direction, and forwards the - frame, pos51bly'

‘modified according' to the control information in  the
respective uplink frame, further to a second transcoder or

base station. : _
‘In- the preferred embodiment of the present

" invention, an MMC call can be connected according to the -
‘normal procedures of the mobile ‘communication network so
- that - the connection. has- two transcoders in a tandem

conflguratlon. In a second embodlment cf the 1nventlon,
the~speech_cod1ng functions: are distributed in a new way

' between the tandem connected transcoders, and in a third -
embodiment the speech'coding functions are combined into

One transcoder. ‘Tandem . codlng can’ be av01ded in- the MMC
calls by forwardlng the frames that are received from a
first base station, with minor modifications through two

N tandem .connected transcoders to: a s_econd' ‘base station
- without the transcoders' carrying out any speech.encoding

or decoding. Consequently, speech encoding is carried out -

~ solely in the mobile stations, and the speech parameters
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are 51mply passed through the mobile communication
-network, whlch conslderably 1mproves speech-'quality _

compared . to the conventional tandem coding. The
transcoders are 1nformed of the fact that they are to
operate in the anti- tandem preventlon mode. This may, for

_example, be accompllshed by prov1d1ng the frames: sent from
_jthe base statlons to the transcoders. (upllnk frames) with

nformatlon that the frames are: assoc1ated with an MMC

.call and speech decoding is - not to be carrled out for
“.them.. The frames are sent forward from- the transcoder to a

second.transcoder. Thus, the dec1sion on the. handllng of

'each frame is based on the 1n£ormatlon in the partlcular.'
- frame. Furthermore, the . frame handllng may vary accordlng

to control 1nformatlon contained: in them. As. examples of -

special- handllng, bad frame handling and. d;scontlnuouS'r
_transmlss1on {DTX) are. mentloned.n.

“An advantage of the: 1nventlon is the posslbllity

qfor ‘the mobile communlcatlon network to. utilize the

ex1st1ng' ‘network elements -and transcoder archltecture,
such as a remote transcoder. It is p0531ble to 1mplement
the invention: w1th 1n51gn1f1cant modlflcatlons to present

_moblle communlcatlon networks.. Above all, .the target of

the modlflcatlons-1s,the.1nformatlonnw1th1n the- frames and
the frame.handling'in the.transcoders; In principle, -it is

_poss1ble. to have control over such modlflcatlons by
j=fs1m11ar modification procedures as in.a case where a new
' codlng method such as half rate coding, is 1ntroduced”1n-
L a moblle communlcat1on network. - '

. By the present 1nventlon, prevention of tandem .
coding can easily be 1mp1emented in various kinds. of

:dlscontlnuous transm1351on modes: (DTX)

The prevention. of tandem coding accordlng to the

invention may be used. either within one moblle services
. switching center or, if ‘the. requlred 31gna111ng is

forwarded between mobile services switching centers, the
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method-according to the invention may be used in all MMC
calls. The mobile services sWitching' center has the
information that the call w111 be an MMC, and it 51gna1s
this information to the other network elements

- Brief Description of the D;aw1ngs

In the following, the invention will be described

u;bysmeans'cf the preferred embodiments with reference to
. the accompanying drawings, in which

~ . Figure 1 shows a mobile communication 'system
according to the invention, |
Figure 2 shows a TRAU speech frame in accordance
with the GsM Recommendation 8.60,

Figures 3 and 4 show the block diagrams of TXDTX

" and RXDTX handlers.

The Preferred Embgdimen;g of the Invention

' The present invention can be applied to any mobile:
communication system which utilizes: digital speech
transmission and - speech encoding techniques reducing the
transmission rate. A ‘speech- coding unit associated with
the speech coding techniques located remote'from the base

- station in, for'example, the mobile serv1ces switching
- center or the base station controller..The speech coding
) techniques further- involve sending the coded speech signal

'between the transcoder and the base: stations in frames.

- One example is- the European digital cellular mobile
communication system -GSM" (Global System . for Mobile

' Communications) whiCh-is'becoming-a;wcrldrwide-standard :

for mobile communication systems. The basic elements of

' the GSM system are described in the.GSM'Recommendations;

For a closer_”description' of the GSM: system, the GSM

‘recommendations - and ‘ "The ' GSM: System .for Mobile

Communications", by M. Moﬁly*’&- M. Pautet, Palaiseau,

" France, 1992, ISBN: 2-9507190-0-7 is: referred to.

‘The GSM- and a modificaticn. thereof, - DCS1800
(Digital'Communication System) operating atithe 1800 Mhz
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frequency range;;=are;-the primary- targets for the
finvention, but it is not intended that the 1nvent1on be

restr;cted to these ‘radio- systems.--- . _
_ Flgure 1 very briefly descrlbes the baslc elements
of the GSM. system._A mobile serv1ces sw1tch1ng centre MscC

. handles the connectlng of incomlng and outgolng calls. It

performs funct:ons similar to those of an exchange of a

jpubllc_sw1tchedrtelephone-network.(PsTNL, In addition to

these, it also performs functions characteristic of mobile

- communications  only, -such---asmf-subscriherf-;iocation
management. . The mobile stations“MS'are;connected to the .

center MSC by' base statlon; systems.f The' base 'station-”
system: conszsts of a. base statlon controller BSC and base
stations BTS. One ‘base statlon. controller is used to

' control. several base: stations BTS

The GSM system is entirely dlgltal and speech and_

~data transmission are: also carried out entirely dlgltally,'
‘which results -in-a unlform quallty of. speech 'In speech

transm1851on, the: current speech.encodlng method in use is

‘the: RPE-LTP (Regular Pulse - Excltatlon - Long  Term

Predlct;on) which utlllzes both short: and -long ‘term

. prediction - The - coding: - produces LAR 'RPE . and LTP
.parameters which. are .sent. . 1nstead.of the actual speech.
Speech :transm1ss;onh..isr dealt‘: with. in the GsM. .

recommendations in chapter 06,? and' speech encoding
particularly. in the recommendat:.on -06.10. In the near
future, other-codlng ‘methods-- w1ll be employed such as -

' half rate methods, : w1th.wh1ch the present 1nventlon can be

used as such. As the actual 1nventlon does not relate to
the speech encodlngnmethod ‘and as 1t is lndependent of
it; any speech'coding method will not_be_descrlbed in any

"further detail herein.

' Naturally, the moblle station must have a speech

' _coder-and'decoderhfor speech coding. As the 1mplementatlon

of the mobile station is neither essential to the present .
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inventicn nor unusual, it is not dealt with here in ahy
closer detail. '

~ 1. Transc r_and TRAU Frames

on the network 31de, various functions relating to
speech coding and rate adaptation are concentrated in a
transcoder unit TRCU (Transcoder/Rate Adaptor Unlh)..The'
TRCU may be located ih several altefnative'locations in

~ the system according to choices made by the manufacturer.
The interfaces of the transcoder unit include 64 kbit/s

PCM (Pulse Code. Modulation) interface towards the mobile -
services.switching center MSC. (A interface), and a i6 or 8
kbit/s . GSM interface towards ‘the base étaticn BTS.

Relatlng to said 1nterfaces, the terms upllnk and downlink

‘are also used in the GSM recommendations, the uplink belng_

the direction from the. _base station BTS . to the mobile
services sw1tch1ng center MSC, whlle the downllnk 1s the
reverse dlrectlon."' ' :

In cases the TRCU is placed remote from a base'
station BTS, 1nfcrmatlcn.1s sent between the base station

'and-the.txansccder/rate adaptor'unit'TRCU in so-called
' TRAU frames. The TRAU frame-includes 320 bits according to

the recommendation 08.60° and- 160 bits according to the
fofthcoming:recommendation_08.61. There are presently four

‘different frameitypes,defined'acccrding'to information

content in them. These'are.speech- operations/maintenance,'-

: data, and the so-called idle speech frame.

Typically, the transcoder. unit. TRCU is located at
the'mobile'services sw;tchlng center MSC, but. it may also

'Station_BTS;VA.trahscoder unit placed remote from the base
‘station BTS must receive information on the radio
‘interface for efficient decoding. For such control and
-synchfonization of the transcoder, a special kind of in-
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' state wim,

band ‘signalling is used on the 16 kbit/spchannel between
the base station and the tranSCoderfunit. This channel is

~also used for speech and data transmissions. Such remote

control of a transcoder unit is described .in the GsM
recommendation 08.60. To carry out SYnchronizatiOn; the_
first two octets of each frame. comprlse 16 synchronlzatlon
bits. In. addltlon, ‘the first bit. of the 16-bit words (2

~octets) . that constltute a frame is a synchronlzatlon check

bit. In addition . to the bits containing the actual speech,
data orj,operatlon/malntenance 1nformatlon,- ‘each frame

.. comprises control bits in which information'oﬁ the frame

type_and a varying amount'of-other framektypeespecific

information. is'conveyed Furthermore, the last four bits

T1-T4 of for example, speech and. 1d1e frames are as91gned

"~ for the above mentioned tlme allgnment.

Figure 2 111ustrates a TRAU. speech frame hav1ng 21

econtrol bits C1-C21 and, in- addltlon, the last 4 b1ts_T1-7
" T4 of the frame are asszgnedf for time . alignment. The

actual speech information;bits_arefin.the octets 4-38. In .
practiée;:the7speeCh'information consists of LAR, RPE and .
LTP parameters of the RPE -LTP. (Regular Pulse: - Long Term -
Prediction) speech encoding method.. The 1d1e speech frame
is. 51m11ar to the speech. frame illustrated in Figure 2,
except that all the traffic blts of the frame are in logic

The GSM recommendatlon 8 60 deflnes control blts as

: follows.“The bits Cl-C4 determlne the frame type, i.e.
. €1C02C3C4=1110= downllnk speech . frame and .

C1C2C3C4=0001-up11nk speech frame.'Blt Cs determlnes the
channel type,.l e. C5=0= full rate channel and. CS =1=half

rate channel' Bits C6-Cll. are control ‘bits for time

alignment.. Bits c12- C15 are frame lndlcators for upllnk

" direction, - and C16 is the frame . 1nd1cator for downllnk

direction, " prlmarlly relat;ng ~ to d;scontlnuous
transmissione The coding and use of the frame indicators
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are described:in'the-GSM recommendations 08.60 and‘06.31.'
Cl2 is a Bad Frame Indicator BFI, which is also used in

continuous transmission, i.e. BFI=0=good frame and

BFI=i=bad_frame.'C13 Cl4 establish the SID code (Silence
Desdriptor) Cl15 is a time. allgnment ‘bit TAF. C17 is a
downlink DTX bit 1nd1cat1ng whether the discontinuous
transmission DTX is in use in the downllnk (DTX=1) or not
(DTX=0). Bits C18-C21 are spare ‘bits in the uplink

'direct:i'.on. Cl6 is a SP bit J.ndJ.cat:.ng in the- downllnk
dzrectlon. whether ~said frame comprises speech. In the.

downllnk dlrectlon, the other control b1ts are spare bits.
: . For the ' recommendatlon 08.60, . a newer GSM

'recommendatlon 08.61 is currently‘belng prepared in which
several TRAU frame types are also defined, but in which

the control bits used differ from the ones of the GSM
recommendation 08.60. All the basic: solutions relatlng to
the 1nventlon of this appllcation can, however, easlly be
implemented in a mobile communication system according to
the 'GSM. recommendation 08.61. - |

2, Discggtingogg Transmiggign DTX

| ;DiScontinuous-transmission DTX .refers to a method
by which a transm1531on. on the .radlo path may ~ be

hlnterrupted for the- duratlon of pauses in speech. The aim

is to decrease transmitter power consumption, a prime
concern for moblle stations, and general n01se level on -
thefradic path, which effects the. system capacity. DTX

causes certain distinctive -features in'the'anti tandem

operatlon of the present invention, and thus the follow1ng
at flrst examines an ordlnary DTX by using the- GSM system
as an example _ ' : , '

The dlscontlnuous transmission is carried out by
means of three major elements. on the'transmitting:side, a

' Voice Activity Detection VAD is required, which is used
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_for checking. whether a signal under examination contains

speech or. solely. background noise. The VAD function is

-'determlned in the GSM recommendatlon 6.32 and it 'is
' ba51ca11y based on analysls of signal energy and spectral

changes. In- addition, 'a function for. calculating the

~ background .'noise parameters'l.is ) required' .on  the
_transmlttlng ‘gide.. -On the basis of. the noise parameters

obtalned from the transmlttlng slde, so-called comfort

‘noise is generated.on the rece1v1ng side in order not to
. subject the llstener to unpleasant sw1tch1ng between

speech w1th background ‘noise and total silence. All the

,elements of dlscontlnuous transmlss1on are largely based

on a  RPE-LTP speech codec.. 1mplement1ng and its 1nternal

.varlables.
2.1 Functions Transmitting Side (T anscode

.down f T

The function which handles the - 'diScontinuous
transmission on. the transmltting s;de, i.e the - TXDTX _
handler (Transmlt DTX) , 1s illustrated in Figure 3. It -

sends speech frames to - the communlcatlon system a

COntinuouslyr;Thehspeech.frames are marked wlth-an SP
(Speech) flag in the control bits, indicating whether said -
frame includes speech: or: whether it 1s a _so- called SID

. frame (Sllence -Descriptor). whlch contalns information on
i the background noise for comfort noise- generation on the -
-rece1v1ng end. The SP flag 1s determlned on the basis of a
VAD flag obtained. from a. v01ce activ1ty detectlon unit. As

the VAD flag goes to zero,_lndlcatlng that no speech is
detected in the signal, a transition of the SP flag into
zero will also occur after the number. of frames required
for calculatlng the background noise - parameters. The -
transmitting unit of the radio system further sends -this
frame, whlch is marked by zero- SP flag and. lncludes the
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noise parameters, .after which transmission on the radio
path'is_discontinued.'The TXDTX handler does, however,

. continue to send frames containing noise information to

" the radio system which, at predeterminéd time intervals,

sends one of them over the radio path in order to update

the noise parameters of the rece1v1ng side. When speech is

again detected in the s1gna1 the SP flag is set to 1 and"

'cont:l.nuous transm:.ss:.on is recommenced

In discontinuous transmission, a function is thus

| required- on the transmitting side for calculating the

background noise parameters: The aforementioned encoder at .

"the transmitting’ side"generates the parameters that
"represent background noise. Out of the- normal parameters,

those-parameters that prov1de.1nformatlon on the level and

' spectre of ‘the noise are ‘selected to represent-backgroundf

noise, i.e. block maxims- and reflection - coefficients,

' "which have been converted into LAR coefficients. Over a

time period of four speech frames, average values are
further calculated for the selected parameters. One common
value of four block maxims is calculated over the time

. perlod of four speech blocks. These parameters ' are

" transmitted over the radio path as descrlbed above. Thus,

'-only part of the speech parameters are sent,. and some of

the parameters are substltuted for a SID code word which

ot used are coded to 0.

The dlscontlnuous transmission: of the rece1v1ng__
side is correspondlngly handled by'a RXDTX (Recelve DTX)

'handler whose structure is illustrated in Figure 4. It

receives frames from the radio: system, and handles them on
the basis of the three flags obtalned in the control bits.
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The BFI. ‘flag (Bad Frame ;Indicator) indicates

'whether the . frame ' in question' contains sensible

| lnformatlon I.e. if the frame has been corrupted for

example, on the radio path in such.extent that it cannot

- be reconstructed in the radlo sectlon of the base station,

-the BFI flag is used for marking. sald frame defectlve As
-.such a bad frame is recelved, i.e. a frame with a BFI flag

value 1, . the speech parameters;_of _said frame are

' substituted. for the speech parameters  of the prev1ous
frame before decodlng If several frames that are marked

- by a BFIL flag are recelved muting operatlons according to

15

- the GSM recommendations.are. performed The only ‘exception

to the aforementloned handling ‘of a BFI flag is an upllnk-
DTX: 31tuatlon, ji.e. a valid SID updatlng frame has been
received, but no. normal speech frame with a BFI value 0

has Dbeen- recelved afterx that In such an uplink DTX

“51tuatlon, a frame with a BFI flag only means that comfort
~ noise generatlon should be continued. Alternatlvely, thls
'.can be carried out by sending idle. frames.

. The: SID. flag consists of two blts and_it is used
for classlfylng the SID frame _sent.. by the radlo system

pased on errors in the spec1f1cally formed code word in
the frame. A decision - is made .on the bas1s of this
'jclasslflcatlon on haow the frame w1ll later be used. If the
. 81D has the: value 2 and the BFI has’ the value 0, it is a

a11d SID frame that can be used.for updating the noise

parameters. . - o
A TAF_ flag (T1me Alignment Flag) is used for

1nd1cat1ng whether the frame in questlon,has been used in

s1gna111ng outside of this sub- system, i.e. 1ts purpose: is

- mainly to lndlcate.when the next SID updatlng is expected

The - operatlons relatlng to comfort. noise.

:generatlon, such as mutlng,,are carrled out. 1n accordance”
‘with the GSM. recommendatlons 06.11 or 06 21 and 06.21 or
- 06.22 and 06.31 or: 06. 41 dependlng on. the comblnatlons of
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the aforementloned three flags, but generally speaking it
: can be sald that the comfort nolse generatlon is started

or comfort noise is. updated upon rece1v1ng a new valld SID
frame. '

The comfort.:noise':generation correspondingly

 employs the decoder described above for generating

background noise. The averaged parameters received from

‘the transmitting side are used in the normal manner, and -
~ they are maintained unchanged until the next updating. The

other'parameter'values are set so'that the location of a

~ decimation grid and 13 RPE. samples are frame- -specifically
.allotted integers uniformly . ‘distributed w1th1n the range
. 0-3 'and 1-6, respectlvely_ The delay parameter g of the

" long term residualfsignal is' set in the sub-frames  to
values 40, 120, 40, 120, in that order, i. e. the minimum

and maximum values in turn, and the gain parameter of the
long term re31dual 81gnal is set to zero in all the sub-

frames._

3. p ior’art MMCl 11

‘When a moblle station MS orlglnatlng call is made

'-in the prior art mobile 'communlcatlon system, the
associated 31gna111ng is forwarded from a base station BTS
:to a moblle services sw1tch1ng center MSC whlch in turn
-establlshes connectlon, for example, between the PSTN line

and the 11ne of the aforementioned A interface. At the

. same tlme, the transcoder unit TRCU is’ allocated and
: connected to the. A 1nterface llne The moblle serv1ces

sw1tch1ng center MSC further commands. the base  station

-controller BSC to connect the base station BTS which the
- calling moblle statlon_MS communicates wlth, to the A
interface line allocated. The base station controller BSC

establlshes connectlon between the A" 1nterface line and
the - base station BTS which the calllng MS. communlcates
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"w:.th The base stat:Lon BTS J.ndependently handles call

establ:.shment on the rad:l.o path. Thereby, a. connection is
established hav:.ng in series a mob:Lle stat:.on MS, a base

~ station BTS, a base stat:Lon controller BSC, a transcoder

unit TRCU and a. ‘mobile serv1ces sw:Ltch:Lng center MSC.

-' Thus, this connect:l.on is- ‘used. for sending coded speech

between MS- TRCU P and TRAU frames between BTS TRCU
If the prior. art mob:.le commun:.cat:.on - system
handles a- MMC (Mob:.le to Mob:.le Call) between two. mobile

~stations MS, the call connect:.ng proceeds, as far as the

calling mob:.le station 1s concerned, s:.m:.larly to. aboire,

o but now the mob:.le serv:.ces sw:.tch:mg center establ:.shes. :
, _'the connection. between the A :Lnterface line allocated for'
o ‘the call:.ng Ms and the A J.nterface l1ne allocated for the'

called MS. The A 1nterface l:Lne of the called ‘MS is
connected to a second transcoder unJ.t From said second

__transcoder unJ.t, a connect:.on: w:.ll be establn.shed to the

base station of the called mobile station MS._ In other
words, for each IVMC call two transcoder units are

.connected in series and the: call. 1s encoded and decoded

twice. This is known as tandem codlng, which deteriorates .

..sp_eech ‘quality due to the extra:encoding and decoding.

4, MM 1 According to the Inventi

. In the. present lnvent:.on, _an- MMC- call can be
connected accord:.ng' to normal procedures of the mob:.le
communication network so that: the connect:.on compr:l.ses two .

: : 'transcoders TRCU in a tandem conflguratz.on. Tandem coding

30

' from a base station BTS with m:.nor changes through said i
two tandem coded transcoders TRCU to a second base station.

'BTS without ‘the. transcoders carrylng out. any speech

can be avoided in MMC calls. by send:mg the frames received

encoding or decod:.ng ‘As a result, speech encod:.ng is only

y _carr:.ed out in the mob;.le station MS and the speech
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parameters"are :simply' forwarded. through the mobile

communication network, whlch cons1derably improves speech

‘quality compared to the conventional tandem coding.

" The - transccders can .1mplement several different
coding types, such as full rate and half rate, and contain

' an anti-tandem mode according to the invention for each

coding type. Alternatively, transcoders TRCU representing |

- different types may be grouped in. pools from which an
‘appropriate transcoder may be selected on a call by call
‘basis. - o

An Abis interface may be maintained'the.same with
the exception of the additions to the signalling

-procedures described here., In the TRAU frames.of the Abis
' interface, the only additions in the primary embodiment of
~ the invention will in the uplink be indication of the

anti-tandem mode, and in the downlink informing of lack of

:synchronlzat1on or synchronization errors in  the 2
interface, as will be descrlbed below.

The follow;ng w111 " describe an arrangement’

”accordlng to the preferred embodiment of the:invention for

preventlng tandem codlng in an MMC call within one ‘mobile -

' gervices switching center Msc. For reasons: of clarity, a
" ;,three-part*description.Will be given: uplink transfer BTS-

TRCU) transfer between transcoders TRCU TRCU, and downllnk

”transfer TRCU-BTS

At first, in Flgure 1 it is assumed that there is

"w1th1n a base. station BTSI coverage area a mobile station
‘MS1 wh1ch 1n1t1ates an: MMC ‘call set up to a second moblle-
'statlon MS2 whlch is located. w1th1n a coverage area of a
" base station BTS3. In such. a- case, the normal call

establlshment for a- moblle orlglnatlng call MOC is carried

 out accordlng to the GSM - recommendations. The call

establlshment involves s;gnalllng between the MS1 and the

. base . station controller BSCl, as well as signalling
between mobile services switching center MSCl  and the
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-visitor location register'VLR (not shown) for the purpose'

of subscriber authentication and exchange of.- encryption'

_keys. The MSC1l receives from the MS1 the. directory number

of the B subscriber, and as . it. notices that the B
subscriber- is another mobile subscriber it performs an-

Iinterrogation according to the GSM,recommendations_to the.

home location = register HLR . {(not shown) . of the B
subsc_riber... Due to the - fact that the B subscriber is

" within the MSCl area, the. HLR'responds by giving the MSC1
~as  the routing address. Consequently, the MsCi performs,V

according to the GSM recommendations, call establishment

" of a mobile terminating call MTC, which call establishment .
.involves-a database enquiry to a VlSltor location register
' VLR, paging.of the mobile: station’ MSZ,;authentication, ”

-'exchange.of encryption keys, etc.

‘The MSC1l reserves a dedicated A interface line for

iboth mobile stations MSl: and MS2. In addition, the MSC1
‘reserves the transcoder unit TRCU1 . for the MSl1l, and for
" the MS2-the transcoder TRCU2 which.is connected to the

corresponding A interface.-lines. The MsC1 establishes the_

'connections MSl TRCUL and . MS2- TRCU2. as_.well s a

connection.between the~A interface line which is allocated

"for the MSlxandythe A interface_line.which,is.allocated

. for theaMSZ;TThus}:betweenxtheQMSIﬁand.the,MSZ-there is a
'speeéh'connectibn having'two.transcoders TRCUL and TRCU2

: connected 111. series.

30"

35 -

In the call establishment, GSM recommendations are

'strictly followed except-. that. as the. MSCl detects an MMC

call- and a need for. preventing tandem coding it Signals
information concerning it to the base stations BTS1 and
BTS3. ‘This piece of. information ‘may be included in someh
existing messages. ' :
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4.1.“Uplink Transfer BTS-TRCU

- In the following, only the uplink transfer BTS1-
TRCU1 is ~described. The uplink transfer BTS3-TRCU2 is
carried out 'by the very  same principle. as the BTS1
channel codec unit CCU, ‘determined in the GSM

- recommendation 08.60, reeeives”information on the tandem

10

prevention mode, it provides the uplink TRAU frames with
information that indicates to. the transcoder TRCUl that

the frames are associated with an MMC call and no speech

decoding is to be carried out to them. This information
can be transferred in one of the free control bits C18 Cc21

‘of the uplink TRAU. frame, or a combination of them. For

the- anti-tandem operation; it . is  also possible to

determine a new frame type, of which control bits Ci1-C4

notify. In the5primary embodiment of the invention, anti-
tandem mode is- indicated by the. control bit C21, i.e.

- C21=0=anti-tandem mode ahd C21l=1=normal mode.

"As the transcoder TRCUL receives the TRAU speech
frame from theVbese.station BTS1, it checks the state of

'the:control'bit €21 in the frame. If the state of the

control bit C21 were 1, the: TRCU1 would ih:the normal

.manner-carry'eut"all;the procedureS'asadefined in. the GSM
- récommendations, . including speech[ decoding, - to the
received TRAU frame.

:ij however, the BTS1 - has set the TRAU £frame

h’control blt C21=0, the TRCUL: goes to anti-tandem mode. In
“the- ant1 tandem mode, the TRCUIX handles the TRAU frames it

recelves from the base station BTSl, as will be. descrlbed

' below in connectlon w1th the: transcoder TRCU1l, and knows

'~the 1nformatlon received from the A 1nterface to be TRAU

frames and handlee them in the downlink dlrectlon,.as will

-"be; describedﬂ’belowﬁ in connection with the transcoder

TRCUZ2.

' In anti-tandem mode, the TRCUl carries out all the
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functions determined'by the GSM recommendations, except
decodlng, and produces a TRAU frame in accordance with the
GSM recommendatlon 08.60 (or 08.61) to be forwarded
through the A _interface-'to a second transcoder. As

‘decoding is not performed, the TRAU frames that are"
forwarded to.the A interface comprise essentially the same -

speech parameters and control data as the frames received
from the base station BTS1. The TRCUL does, however, check
the control bits of the recelved. TRAU frame and may

- depending on. the;r contents carry'out addltzonal functions

which may change ‘the contents of the TRAU frames that are

sent to the A lnterface _ :
Upon receiving-a bad upllnk TRAU frame, in other

words a TRAU. frame marked with a BFI_flag_value'l, the

TRCU1 - substitutes the speech'parameters of said uplink
TRAU frame with the speech parameters 'of the previous

“upllnk TRAU frame and sets the value of the BFI flag to 0 _
prior to sendingy said . TRAU --frame  forward to the A

interface and TRCU2. If'severalluplink'TRAU frames that
are marked w1th a BFI flag are received, mutlng procedures o

according to the' GSM recommendatlons are carried out te

the values ‘of the speech parameters, and the-BFI flag
values are set to 0.in. the bad. TRAU frames prlor to their

';sendlng to- the ‘A 1nterface, but decodlng is not performed
_1n thls case elther.

The only: exceptlon is a 91tuatlon of an upllnk TDX

_7whereby an idle speech frame or a TRAU frame marked with a
 BFT flag value 1 only mean: that the TRCU1l should contlnue-
f generatlng comfort. noise. I '

, When the TRCUL recelves a valld SID updatlng,_ _
functlons the way it does - in a normal .uplink DTX

's1tuatlon,'1 e, comfort n01se generatlon is activated or

" comfort noise is updated to the parameters, but decodlng_

is yet again not performed.
' In-a nutshell, it . can- be sald that all the
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operations détermined by the GSM fgéommendation 06.11 or
" the forthcomlng recommendatlon 06.21 are performed with -

the exception of decodlng, and the BFI flag. is set to 0

and the uplink DTX is handled as follows. Upon. receptlon

of SID frames accordlng to the GSM recommendation 06.31 or
the forthcomlng recommendatlon_-06.41f comfort noise .

'generation according to the GSM recommendation 06.12 or
; the forthcoming" recommendation .06.22. is performed, but

again in such a manner that. decodlng is not carried out,
but the modlfled parameters are packed. back.to the frames.

 Control bits are not changed at all in these’ flags that
-will be sent’ forward to-the A 1nterface.

~In the TRAU frames accordlng to: the forthcomlng GSM

" recommendation 08.61,. the control bits further comprise a

UFI flag and a check;-sum:_fgr&.cyclic;_redundancy check
(CRC), -which may cause.changes_inmtheﬁspeech'parameters7of
thesreceived-TRAU'framenprior.t0“sending.the TRAU frames
forward 4to.-the__A;-interface;. For . the»_TRAU-dframes in

- accordance :with- the GSM. recommendation: 08.61, - the
" transcoder TRCU1 must,. among other things, calculate a new

CRC check sum in case it has ‘been necessary- to change the

_ parameters assoc1ated w1th it. . T

4.2, nsfer b en T coders, TRCU-

Informatlon is transferred from the transcoder

:TRCUI to the transcoder TRCU2  through. the A interface by -

u51ng . TRAU frames in:: accordance w1th_ the GSM

'recommendat10ns 08.60 or 08.61. The transfer. between the
' transcoders TRCUL and TRCU2 addltlonally employs the same

synchronlzatlon methods of the GSM. recommendatlons 08.60
or 08.61 that were used between the base station BTS1 and
the transcoder TRCUL .. In.- other words, the TRCU2
synchronlzes-lnto the TRAU frames_lt recelves_from the A

. interface by means of the sYnchronization.bits within the
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frames.
The TRCU2 handles the upllnk TRAU frames it

recelves from the base statlon BTSB the ‘same manner as
--descrlbed above 1n connectlon wzth the transcoder TRCUL,
'and goes to anti-tandem mode upon: detectlng that C21=0.

Slmllarly, ‘on the basis of the type of TRAU frames
recelved from the base statlon BTS3 dlrectlon, the TRCU2

_chooses an approprlate mode of - operatlon for: handllng the
A 1nterface 1nformat10n In- other words, as  the TRCU2

receives from the base statlon TRAU frames that are marked

‘with the’ co_ntrol. b1t,C21=q1 ‘to be forwarded to the A

interface in theftandem-prevehtipnrmode, the TRCU2 knows

that the data from the A interface should consist of TRAU -
‘frames, too. If the TRCU2 notes that the data received

from the TRCU1l through the A 1nterface is not' in the form

-0f ' TRAU frames, the TRCU2 signals 1nformatlon about this
fact to the BTS3 in the .downlink,: as. soon as a
-predetermined-timéfout.has:expiredrﬁThis_information.can

bé transferred by using a. free control bit, for example a
free TRAU frame bit, -such ‘as bit C13 of the ~GSM

: reeommendation-=08'60 The BTS signals' in the uplink

dlrectlon lnformatlon on the error s1tuat10n to the moblle

services switching ‘center MSC which ascertains that the.

BTS1. functions: in. the anti- tandem. -mode and/or. changes
transcoder TRCUI._Time supervision is performed by a timer

. which is activated upon going to tandem prevention mode .
'7If the tlmer value ' exceeds . a predetermlned threshold--
value, and no- TRAU frames are: recelved from the - A'

1nterface,_t1me superv1slon explres.¢~

"In the follow1ng, only downllnk transfer TRCU2 BTS3
w111 be descrlbed The very same pr1nczple can be applled

" to the downllnk transfer BTS1- ‘TRCUL..



wooenes2t e o PCT/FI95/00641

- 15

‘20

21

‘In the tandem prevention mode, the TRCU2 receives

-'TRAU frames from the A interface and carries out all the
procedures determined'fcr'it_in'the'GSM recommendations,

except speech. encoding, and produces a TRAU frame in
accordance with the GSM recommendatlcn 08.60 (or 08.61) to

' be forwarded through Abls 1nterface to the BTS3. As the

"speech encoding is not carried out, the TRAU frames to be

25

30°
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forwarded contain essentially the same speech parameters

'aﬁd'controlfdata.aS'the”TRAb frames received through the A
interface. The TRCU2 does, however, check the control bits
of the TRAU frame received from the A interface and may

depending on their'ccntents carry out additional functions

which may change the contents of. the TRAU frames that are

sent to the BTS3.- : : -
If the: TRCU2 by means of the upllnk TRAU frames

'sent by -the: BTS3,  or by .som_e.. other means, is set in
downlink DTX off mode;tthevTRCUz_forwards the TRAU frames

received'from.the,A.interfaceiby'only changing the;tyﬁe of
the frames to that of normal downlink speech frames. In

other words, in the frames according to the GSM
recommendatlon 08. 60 the TRCU sets the control bits C1-C4
" to indicate. that the.TRAU frame is a downllnk frame, i.e.

ClC2C3C4 1110, and the SP bit. and the’ spare bits always to

if- the downlink DTX is. set on, the TRAU frames'are'

.-sent forward by chang:.ng the: type- of the' TRAU frames
'recelved,from the A interface to that of normal downlink
speech'frames, if they  are normal speech frames as to

their control information. In: all ‘the TRAU frames received.
from the A~ 1nterface that can, on the basis of control
bits, be interpreted as’ comfort noise: generation frames,
i/e. in frames that the.TRCU1~would'interpret as belonging

- to comfort noise generation frames of the uplink DTX, the

SP flag 1s kept 0 and ‘a SID code word is set to

. unnecessary speech parameters, "and the rest of the
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" speech frame is received from: the A 1nterface, the SP is

~.again set to 1 in these downllnk frames.

It is also possible to. transfer the functlons of

the transcoders TRCUl and TRCU 2 descrlbed above so that

the TRCU2 carries -out all the.modlflcatlons to the frames

-recelved from the BTSl, and the TRCU1 carries out ali the

-modlficatlons .to the TRAU frames recelved from the BTS2

.10

whereby a conflguratlon sllghtly different regarding the'

location of;the.functlons is obtained. In such a case the

- TRCUL forwards the uplink frames as such to the TRCU2, and

15 -

the TRCU2 correspondlngly to :the TRCUl

Furthermore, it is posslble to comblne the TRCU1

and the TRCU2, 1 e. to transfer all the features of the

TRCU2 to the TRCU1, whlch makes 1t feaslble to carry out '

all the functions desorlbed above—by just one_TRAU unit.

 This can easiest be understood:by taking all the TRCUL and
:TRCUZ.featuresidescribed'above, and ‘placing them as one

‘unit- to repiace*the_TRCUI.,At the -higher level, ' this can
“only be noticed by the fact'that”in the coding prevention
mode the. MsCl takes care that the second TRAU unit is not

- connected but the channel is connected through..

25

. 35

.centers.. _ : _ : oo
' o Let us assume that in the system accordlng to

The example above. describes an MMC call within the

area of one moblle services sw1tch1ng center MSCl. The
' 1nventlon,can also be applled to an MMC call with moblle"
stations Ms located in dlfferentnmoblle services switching .

Figure 1a MSl located within: the'area of a base station

" BTS1 and a mobile services switching center MSCl places a
- call to:aemobile-station MS3 located.withingthe;area of a

“base stationuBTS4wand mobile services switching center.
- MSCZQ The_beginningfof'theTMMC callﬂproceeds-as,in the

previous example, but now the home location register HLR

returns the address of the-:mobile services switching

_'?
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center MScz’tcmthe_mobile services switching center MsSCi.

The MSCl routes the call to the MSC2 and includes.
information in the signalling that the call is an MMC

- call. The MSCl performs the allocation of the transcoder

TRCU1 and the call establishment_tc the mobile station MS1

direction, as in the previous example. The'MSCZ,:in turn,
‘allocates the transcoder TRCU3 and carries out. the call

- establishment to the mobile station MS33the same way that

10

_the MSCl.pefformed the allocaticn of the transcoder TRCU2

and the call establishment to the mobile station MS2 in
the preVious example. A connection is established between
the mobile services switching'centers MSC1 and MSC2, andﬂ
the transcoders 'TRCU1 and the TRCU3 are connected in

'series. Following thls, the TRAU frame uplink transfer

between BTS-TRCU, the downlink transfer between TRCU-BTS

- and the transfer between the transcoders are performed, "as

in the previous example. .
The Figures and thelr description are only 1ntended

' to illustrate the present 1nvent10n. It should,; however,

be understood that changes can  be made to the primary
embodiments of the  invention without departlng from the

"scope and Splrlt of the attached clalms.
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1. A.dlgltal moblle communlcatlon system comprlslng

mobile  stations  and flrst speech coders in said mobllej

stations,  a radio network. 1nc1ud1ng' base statlons and
second speech coders,  said second speech coders being -

' remote from. the base stations in transcoders which

10
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communicate with the base stations by transmlttzng frames
contalnlng ‘control - 1nformatlon. - and. speech coding

1nformatlon, and. in which: mobile: communlcatlon system the
upllnk dlreotlon is the: trafflc dlrectlon from the base

station ‘to the: transcoder and the: downllnk direction is
‘the reverse dlrectlon, ¢c ha rac t.e.r ized in that’

the upllnk frames from: the base.statlons of the

*calllng and ‘called mobile- statlon contaln a: speech coding .

disabled Aindicator in a mobile: to moblle call,
the transcoder is respon31ve to the, occurrence of

wsald ‘speech.- codlng dlsabled 1nd1cator.1n an uplink frame

received from the base statlon, for not: carrying out the
speech decoding for'the speech informatlon of the frame in

'the upllnk direction and the- speech encoding .in. the

downllnk ‘direction, ‘and. forwards: the frame, possibly
modlfled accordlng to the control information in the
respectlve upllnk frame, further to a: second transcoder or
base statlon. .
_ 2. A mobile communlcatlon radlo system as clalmed
in. clalm 1, characterized 1n that

a radlo network - allocates in a mobile to moblle
call a flrst transcoder for the calllng mobile statlon and
a second transcoder for the called moblle statlon, and
connects them in series, _ '

transcoders are responsive to the'occurrence'of
said speech coding dlsabled 1nd1cator in the recelved.
uplink frames, for not carrylng out speech decoding in the
first transcoder, forwardlng the undecoded.speech coding
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'1nformatlon in the frames to a second transcoder, not

carrying out speech encoding in the second transcoder, and
inserting the speech J.nformat:Lon received in. the frames

_from the first transcoder 1nto downlink frames.

_ 3. A moblle communication system as claimed in-
claim 1, characterlzedlnthat

the mobile communication network allocates in a

N mobile to mobile call a first transcoder for the calling

mobile statlon and a’ second transcoder: for the called
mobile station, .and connects them in series,

the first transcoder - is responslve to . 'the'
occurrence of said speech coding disabled indicator in the
received upl:.nk frames, for not carrying .out: speech

‘decoding, and forwards the upl:.nk frames unchanged to the

second transcoder, _ _
the second ' transcoder is responsive to . the

occurrence: of said’ .8peech - coding - digabled indicator

received in the upllnk frames of the base station of the
called mobile station, for not carrying  out speech
decod:Lng and encod:.ng, and forward:.ng the speech
information of the upl:.nk frames ‘received from the first
transcoder, poss:.bly modified according to the- control

information of said ule.nk frame, to the base station of
the call:Lng mobJ.le .8tation in the downlink: frames.

©< 4. A mobile communication- system as claimed in

' cla1m1 characterlzedlnthat

the mob:.le ‘communication network allocates J.n a

"mob:l.le to ‘mobile call one .combined: . transcoder th.ch
'handles the frames received from the base stations of both'
'the calling and the called: mob:.le stat:.on,

the combined transcoder is - respons:.ve to the

- occurrence of said. speech encodlng prevent:.on indicator
"~ received in the uplink frames of a base station, for not

carrylng out speech decod:.ng and encoding, and forwarding
the’ speech 1nformat:|.on, possibly modified ‘according to the.'
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_control information’of said uplink frame,_to the second

base station in'the downlink frames. . _
. 5. A mobile communlcatlon system as claimed in any

- one of clalms 1, 2, 3or4, characterize d in

that-

bad,upllnk frames comprlse a bad frame 1nd1cator,
the . transcoder ‘is responsive. to the occurrence of

-the bad frame 1nd1cator in. the- received upllnk frame, for
1nsert1ng—the speech encodlng 1nformatlon of the prev1ous-

frame in.the frame to be sent forward, and removing the
bad frame 1nd1cator.

6. . A mobile commun:.cat:.om system as clan.med in

'clalm 5, character 1 z. e d 1n that

_ the transcoder is respon31ve to the occurrence of
the bad frame indicator in several successive upllnk

. frames - it: has received, for carrying out predetermined

muting operatlons to the speech encodlng 1nformatlon

without decodlng it prior to packing them. into. frames, and

_ sendlng themr forward, and for remov;ng._the, bad_ frame

indicator.: : . : i
7. A. moblle communlcatlon system as clalmed 1n 6,
ch a r a c.t er iz e din thatu _ .

.the frames are,TRAU frames. . 1n accordance w1th the
GSM recommendatlon 08. 60 or. 08 61,

_ . said’ mutlng operatlon: corresponds w1th the GSM
recommendatlon 06.11 or 06.21 w1thout “decoding. '
| - 8. A mobile communlcatlon system as claimed in any'"
'one of clalms 1, 2,3 or 4, character iz e d in
_that. ' |

. GSM- recommendatlon 08. 60 or 08.61,.

all the operatlons, such as mutlng, assoc1ated w1th
comfort n01se:generatlon are carrled out as determlned in
the GSM recommendatlons 06. .11 or 06.21 and 06.12 or 06.22
and 06.31 or: 06.41. : :

the. frames are TRAU.frames 1n accordance w1th the_
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9. A 'mobile communication ‘&ystem as claimed in

c1a1m 8, ch aracterizedin that _
~ the transcoder is responsive to rece1v1ng, durlng

discontinuous transm1391on in the upllnk direction, a TRAU .
frame which is a valid SID frame according to the'GSM"

recommendation 06.31 or 96.41, for carrying out comfort

- noise updating and~fgeneration according to the - GSM

recommendatlon 06.12 or 06.22, without decodlng
' '10. A mobile communlcatlon system as claimed in

-claim8, characteri z-e d in that

. the transcoder is responsive to receiving, during -
discontinuous transmission in the uplink direction, a
frame which is marked with'a BFT bit value 1 indicating it
as.a.bad-frameQOr“an"idle speech frame, for continuing
generation . of comfort noise according to the GSM

"'recommendatlon 06.12 or 06.22 without. decoding.

fthat

1. A mobile communlcatlon system-as claimed in any
one of claims 1, 2, 3 or 4, c h aracterizedin

‘the frames are. TRAU frames corresponding with the
GSM recommendatlon 08.60 or: 08.61, '
the transcoder is respon81ve to rece1v1ng from the

A interface a TRAU frame, which is a normal speech frame,

'~ for changing the type of" frame to a normal downllnk speech

frame and sendlng the frame forward to the base station.

12; A moblle communlcatlon system ‘as - claimed 1n
clalm 1, ¢ haracterizedinthat
- 'the frames are TRAU frames correspondlng with the

'GSM recommendatlon 08. 60 or 08.61,

the transcoder is responsive to rece1v1ng from the

A interface a TRAU frame, which is a normal speech frame,

for changing the type of frame to a~norma1 downlink speech

fraﬁe,'Setting the SP bit and the-spare bits to 1.

'13. A mobile. communication system as. claimed in
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claim 12, char.ac ter iz e d in that

the transcoder is respon51ve to receiving a TRAU
frame, dur:.ng discontinuous transm:l.ss:.on in. the uplink

'dlrectlon, from the A 1nterface, which TRAU frame can be
_1nterpreted as a frame for comfort noise updating or

generatlng according to the’ recommendatlon 06.31 or 06.41,
for changlng the = frame downlink: dlrectlon to a frame

having the SP bit value 0, and a SID code word set to the
“not used speech parameters, and the rest of the not used

parameters. hav1ng the value O.; _
14. A mobile communlcatlon system as claimed in any
one of clalms 1, 2 ox 3, c h aracterized in that
the transcoder is respon51ve to the fact that the

-data recelved from the second transcoder does not comprise

frames due to the uplink frames the transcoder receives
hav:.ng a speech enccd:Lng disabled indicator, for sending

an error message in the- downllnk dlrectlon to the base
-"statlon which sends the error message to the moblle
services switching center in the uplink direction.

15. A mobile communication system as claimed in any
one of claims 1, 2, 3 or 4, characterizedin

the mobile services switching center_or_centers
controlling - the <call ' send(s) information to the base '

;_statlons 'of the calling and called: moblle statlon, and

possibly other network elements associated with the call
as well, that speech encodlng preventlon is to be used

':durlng'the call.

16 A mobile communlcatlon system as claimed in any

" one of the prev1ous clalms, c h aract e rizedin '
“that- - ' '

the frames-areHTRAU frames;ccrresponding with the

GSM recommendation  08.60 oxr '08. 61,"and that the said

speech encoding disabled 1nd1cator comprlses a value
determlnlng the new TﬁAU frame type 1n the frame type



wo96n6s21 | - ': . PCT/FI95/00641

10

15

[T

field, or a TRAU frame of free control bits or a
combination thereof according to the GSM recommendation
08.60 or 08.61. _ .

17. A mobile communication system as claimed in any
one of the previous claims, character izedin
that S .
the frames are TRAU frames corresponding with the
GSM recommendation 08.60 or 08.61, and that the transcoder .

‘carries out all the normal operations to the uplink frames

comprising a speech disabled indicator, except decoding.
~ 18. A mobile communication system as claimed in any

one of the previous claims, characterized in-

that the frames comprise synchroniéationainformation, and
that there eﬁists synchronization between the transcoders
essentially similar to synchronization between the base

: statlon and the transcoder.

20

30

35 .

_ 19. A uwblle communlcatlon system as- clalmed in
claim 18, c¢character ized in that  the
synchronization between the base station' and the
transcoder as well as synchronization ~between the

‘transcoders correspond with the GSM recommendation 08.60

or 08.61.



