DI G TAL RADI O COVMUNI CATI ON STATI ON ) Thi s invention

concerns digital radio communicatign. It applies in particular to
prof essional nobile radi o comuni cation systens. In
general, two requirenents are to be satisfﬁed inthis field. 5

On the one hand, a radi o comunicati on network nust provide ~radio
coverage which is as extensive as possible, while using the snall est
possi bl e nunber of base stations t her hand, the

radi o comuni cation syst cRIGHTAL BMCOMMUMQAWQ%'&RE@@ bl e nunber of

si mul t aneous conmuni cations in a given 10 frequency band. This calls for a

spectral efficiency whi ¢hidifvémfsh Eorttefhs BIRAI radio coMPn@il¥ation) "R abphésin?
hi gh communi cation density, as Is often the case in ur ban areas.
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10 frequency band. This calls for a spectral efficiency which is even higher when
-the environment has a high communication density, as is often the case in |

_urban areas. ' _
The two requirements referred to above are difficult to reconcile,
since they correspond to conflicting conditions for the definition of the

15 parameters of the radio communication system. Indeed, a reduction in the
spectral occupancy of the communications entails a reduction in the sensitivity
of the radio receivers. This causes a reduction in the rangé --of_.transmitters,
and the need to increaée the number of base stations for a given coverage
and quality. '

20 An object of the present invention is to overcome these
drawbacks, by proposing a particular method of organising the radio
transmission channels.

The invention thus proposes a digital radio communication

‘station including a coded speech signal source having a given digital rate, and

25 modulating means for producing a signal from the ‘coded speech signal
| provided by the source. 'According to the invention, the station further includes

a redundancy encoder having a coding rate of the form K/N, where K and N

are integers such that 0<K<N, and control means for selecting an operating
mode of the station from at least a first operating mode where the modulating

30 means directly receive the éoded speech signal provided by the source and
convert it into a radio signal occupying a determined fraction of time on a
carrier frequency, and a second operating mode where the redundancy



25 nodul ati ng means for producing a signal fromthe coded speech signal
provi ded by the source. According to the invention, the station further

i ncl udes a redundancy encoder having a coding rate of the formK/N,
where K and N are integers such that £<K<N, and control neans for
sel ecting an operating node of the station fromat |east a first

operating node where the nodulating 30 neans directly receive the coded
speech si gnal epeasiaregeiyest the gpgech signal (P(S‘HY)@?TI by ?'i"?ltsBuéc% éﬂﬁoﬁ!‘e
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and a second operati fig node ere the Feduhdancy .
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case, the above-nentioned determ ned fraction of time on a carrier
looked for. .
The invention is advantageously applied to frequency-division or
code-division multiple-access (FDMA or CDMA) radio communication systems.

15 In this casé, the above-mentioned determined fraction of time on a carrier
frequency is equal to K/N. The time occupancy of the carrier is divided into
uniform time intervals. A éommunication uses 100% of these time intervals in
the second mode, and only a proportion K/N in the first mode. It is convenient
that these time intervals each correspond to a frame of the coded speech

20 signal.

The invention may also be applied to time-division multiple-
access (TDMA) radio communication systems. A communication may then be
allocated a larger or smaller fraction of timé on a given carrier by reserving a
suitable number of elementary TDMA timeslots on the carrier.

25 Other features and advantages of the invention will become -
apparent from the following description of non-limiting embodiments, with
reference to the attached drawings where:

- Figures 1 and 3 are block diagrams of the transmitting and
receiving sections, respectively, of a radio communication station according to

30 the invention;

- Figure 2 is a timing diagram showing the structure of radio
communication channels used by a station according to the invention; and

- Figure 4 is a partial diagram of an advantageous alternative of



-frequency Is equal to K/'N. The tine occupancy of the carrier is divided

into. uniformtime intervals. A comunication uses 100% of these tine
intervals in the second node, and only a proportion K/ Nin the first
node. It is convenient that these timg_intervals each correspond to a
frame of the coded speech 20 signal. ' The invention may

al so be appligd to fine-divisi l.tiple- access (TDVA) radio
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transmtting section of the station shown jn Figure 1 conprises a
source 10 of %*Eﬁféﬁt%ﬁ%%ﬁfﬁ'leg?ﬁqo%@%ﬂr?"phﬁexarrpl e shown, the source

Bncoder 110 The conpr oo 10q el LA SFhal SUTED 0 RO A FIOUES 103y be,
the one included in a portable terminal, whereby the signal S is provided by
the terminal microphone. It may also be included in a base station if the
speech signal S is available at such base station. On the other hand, if the
coded signal SN but not the original signal S is available at the base station,

15  the coded speech signal source is constituted by the receiving and brocessing_
sections of the station which restore the digital signal SN to be transmitted.

The transmitting section of the station comprises a modulator 15 |
which receives the digital signal obtained from the' coded speech signal SN.
The modulator 15 conventionally delivers two baseband quadrature

20 components |,Q which an associated radio stage 16 mixes with two quadrature
waveforms at a carrier frequency, in order to produce the radio signal SR
transmitted via the station antenna. '

| The radio communication station has two operating mode_s, as
illustrated by the two switches 17 on the schematic diagram of Figure 1.

25 In the first mode, the coded speech signal SN is fed directly to
the input of the modulator 15. In the second mode, this signal SN is fed to the
in'put of a redundancy encoder 18. whose output provides the signal applied to

“the modulator 15. The redundancy encoder 18 has a coding rate of the form
K/N, where 0<K<N, i.e. for K symbols of the coded speech signal SN received,

30 ityields N symbols to the input of the modulator 15. _

In a simple embodiment of the invention, the redundancy
encoder (18) may be a convolutional encoder. In the example shown, it is a
CC(2,1,3) convolutional encoder of rate 1/2 (K=1, N=2).



channel encoder 12 which, in a known manner, applies error-correcting

codi ng and/ or interleaving. The coded speech signal SN is consists of
“the signal from t he channel encoder 12. It has a given digital rate D
determ ned by the characteristics of_ghe encoders 11 and 12. 10

The coded speech signal source 10 shomn In Figure 1 may be t he one

included in a portable rmn Si 0

the term nal m crophone. Hay’a&?f ﬁé '?\%ﬁ?ﬁjggm%nm?db@ast@n %(%?ﬂﬁwibo{rhe
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t he codeg 5| gnal SN but not the original signal Sis available at the
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via the stati ghatpfrafis with a Iength At of 10 to 30'ms,' fofl eRamplerat: 2B riso Ninsdrdét on
has two operating nodes, as illustrated bK the two switches 17 on the
e

schematic di a@a deAvef sna@iufer redungancy bits when the encodes 18 issusagdenly:enre

e PRal o B hetiRl (Gt B0 h ik g b8 is ogeubief B trarfe ds tie g1 AP
redundancy enmﬁvéd 3PpinBASSyrMbGIB &t aPrinstaffidols rated®l 6 Rbisi ed to the

nodul at or 15. The redundancy encoder 18 has a coding rate of the form
K/'N, where O<K<N, i.e. flouskinstheptirst operating mededisihecsintian qing ragie signal

n s sl o eSEbdeRENHE o estridon, Siite. Sand N et dbHoutde 10,y
may be a COﬂVﬂieltMOdalatdrndﬁdedjnlylﬁcctdme@@nfﬂéamhwﬂtmiet K/N @n the carrier

2,1,3 convol utional_encoder of ra K=1,
o ) frequency. Th?s is ?lllustrated in tei'ne first (lme of Flguz'e 2 which represents a

communication 1 for which the successive frames 1a, 1b, 1c, etc. occupy one
time interval At out of two. The other time intervals may be used in order to
create another logic channel which can be used for another radio
communication (frames 2a, 2b, 2c, etc. of another communication 2).
20 In the second mode, the redundancy encoder 18 transmits a full-
time 16 kbit/s signal to the modulator 15. Each frame 15, 1b, 1c¢, etc. occupies
“a period (N/K).At = 2.At, so that the 'radio signal SR resulting from the output of
the source 10 occupies the whole time on the carrier frequency, i.e. N/K times
the corresponding fraction in the first mode. As shown in the second line of
25 Figure 2, the physical channel is unable to accommodate another
communication in the second mode. |
The first operating mode thus increases the traffic capacities,
compared with the secohd mode. The first mode is suitable for areas with a
. high traffic density such as urban areas. -
30 ' On the other hand, because of the redundancy introduced by the
encoder 18, the second mode improves the sensitivity of the receivers by 3 to
S dB if KIN=1/2. In other words, the range of communication may be
increased, so that the second mode is well suited for areas where the



-4 - The nodul ator 15 applies the sanme nodul ati on schene
in both operating nodes of the station. By way of
exanpl e, the case of a FDVA systemis consi dered, wher e t he nodul at or
15 admits an input digital rate of 16 kbitds, with radio 5 channels of
width 12.5 kHz. The average digital rate D of signal SN fromthe

source 10 is |lower thanp, 16 .kbit/s, in.a ratio K/ N, In the exanple _
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frequency. Thér?\/iﬂo%rﬂéﬂt“St rated in the first line of Figure 2 which -
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2. At, that_t di 0. Si [, SR [ ti f t put _of t h;
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of 25 Figure 2, the physical channel is unable to accormpdate another
comuni cat i orNeverthelessedb mayrbgenoted that a given base stetionf supporting rseveral

mode thus,gl NGantinicaliEnd Wil b6rt&5IBAEHAINGRs at a given time can certainly operate

using different modes for those communications. For instance, the definition
of the operating mode may Hepend on parameters such as a priority allocated
to a communication compared with others (for example, provision could be
made for a priority communication to take place in the second mode, with
20 Dbetter sensitivity, even in areas with a high traffic density). It is also possible to
design protocols where the operating mode used for a given communication
would depend on the quality of the radio link noted during the communication.
_ Once the two stations know the operating mode to be adopted,
their modules 20 control the -on/off setting of their redundancy encoders 18
25 and assbciated decoders, for the transmission of speech signals on the traffic
channel. | '

If the radio communication system supports communications in
the walkie-talkie mode, i.e. direct communications between portable terminals,
it is preferable to carry out those communications in the second mode in order

30 to simplify synchronisation problems.

The common signaling channels, used in particular by the basé
station for notifying portable terminals of the operating mode to be used, are
based on the second operating mode, that is to say the signaling signals are



conpared with the second node. The first node is suitable for areas with a
high traffic density such as urban areas. 30 . On the other
hand, because of the redundancy introduced by the encoder 18, the
second node i nproves the sensitivity of thqsfeceivers by 3 to 5dB if
K/N=1/2. In other words, the range of conmmuni cation may be I ncreased,
so that the second node is well %ﬁf d for ar s1ghen€ th. . h
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nodul e 20 is dief mdwdencnanmgelt A8, so that dhraurecrjvingcstatior qas detest andipre

station and port bI e t at i on
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whi ch oper at | ﬂél'ndﬁﬂ%@ mrbalybgppﬁesi a Biedk wode vidH as, egeseseamnabr \Repend
on the site at_which the base station is |ocated. Nevert hel ess, it may

be noted that 30lgmAmCotse station supporting several 15 communications
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different nodes for those ctonmuni I ONns I nst ance initlon
of the oper at i trgnsmitingrsectiomw ds cshmwrpaliagratrenaticallg hinaFigurer 3.0Thay reteivingt ed

section is designed to handle the radio signal SR’ received from a transmitter

in accordance with Figure 1. A radio stage 21 conventionally converts this
sighal 'S'R' into two baseband quadrature com'p_onents Q' which are

15  transmitted to the demodulator 22. A control module 20 activates a decoder
24 selectively in accordance with the operating mode used. An estimate SN’
of the coded speech signal SN is restdred at the output of the demodulator 22
in the first operating mode, and at the output of the decoder 24 in the second
operating mode.

20 The demodulator 22 carries out operations dial to those of the
modulator 15. The decoder 24 uses the redundancy introduced by the
encoder 18 for detecting and/or correcting possible transmission errors. It
consists, for example, of a decoding trellis operating in accordance with the
Viterbi algorithm. The estimate SN' of the coded speech signal is fed to a

25 processing chain 25 comprising, for example, a channel decoder 26 and
source decoder 27 corresponding respectively to the encoders 12 and 11 of
the transmitter.

in the embodiment of Figure 3, the encoder 24 provides a
receiving gain, in the second operating mode, of some 3 dB over the first

30 mode in the case where K/N=1/2.

| This gain may be further'improved by using two demodulators 22
and 30 selected by the control module 20 in accordance with the operating
mode, as shown in Figure 4. The démodulator 22 used in the first operating



to a communi cati on conpared with others (for exanple, provision could be
made for a priority communication to take place in the second node, wth 20
better sensitivity, even in areas with a high traffic density). It is also
possible to desi gn protocols where tRe operating node used for a given
conmmuni cati on woul d depend on the quality of the radio |ink noted
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the transm ssion of speech signals on the traffic channel
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protection is pI’OVI ded, The data 5 is thus applied to anot
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encoder 18, t can. det ect 0 correct

transni ssi on%gﬁ d rﬁnggﬁ(gﬁg%{ﬁg%a L\?g ?a'i ng ﬁt@gf'ésr n&é%rﬂfmqpaor 30
provides receiving gains, in the second operating mode, of up to some 5 dB
over the first mode in the Case where K/N=1/2.



'encodEL_pI—eier—aH—y—arpm’“‘es a bl ock code such as, e,g, a BCH or Reed-

Sol onon code. The receiving section of the station of

whi ch mm“ﬁ”“‘mm'uut transmtting section is shown

di agra I re 3. That receiving. section is designed to
handl e the Yadio si gnal SR received froma transmtter I n accordance
wth Figure-1l. A radio stage 21 conventionall y converts this si gnal

SR into two ‘baseband quadrature conpone EA Q which are 15 transmtted
to the denodul ator 22. A control nodul e vat es a decoder 24

s](cal eﬁtlve:jydl n accgrdance with the operati ng node used. An estimte SN

of the coded speech signal .SNis restored ut

22 in the }irst dfge‘?a‘ﬁ n@dﬂﬂ)&gmrgmfcﬁ oq ﬁgaetg)&, %ﬂﬁ%ﬁgm#%& ggd#le%&ﬂr
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out operations to those of nodul at or 15. The decoder 2 'é S
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24 provides a operati ng sone

dB over the firgiedly reteile the dddedcsmecwrsagual wromded by the source and converrntl s
gain may be further “i nproved by using two denodul at.or
sel ect ed by1& heind®ra rradiansigna %@M%Qc@opﬁﬁwgﬂa "?'HB ghdime |9ﬂ; 8 Carrier

mode, as shown fquEér%V Cafd o RecHRIBIEraRY Mm3deSRlele’ thd delilnddnyPehabddly
receives the coded speech signal provided by the source and the modulating
means receive the output signal from the redundancy encoder and convert it
into a radio signal occupying N/K times said determined defined fraction of

15  time on a carrier frequency.

2. A radio communication station in accordance with claim 1, further
comprising an error-correcting encoder to which signaling data is applied, and
wherein said signaling data is transmitted in the second operating mode, the
output from said error-correcting encoder being fed to the input of the K/N-rate

20 redundancy encoder (18). -

3. A radio communication station in accordance with claim 2, wherein

said error-correcting encoder applies a block code.

4. A radio communication station in accordance with any one of the
preceding claims, wherein K=1 and N=2.

25 b “A radio communication station in accordance with any one of the:
| preceding claims, wherein the K/N-rate redundancy encoder is a convolutional

encoder (18).



r to the one used in the enbodi nent of Figure 3.
H!llﬂﬂﬂﬁl“aﬁmﬂh a denodul ation trellis using the Viterbi algorithm
on the b states of the digital nodulator 15 of Figure 1.
The ot her denodul at or 30 directly pr Q\él des the estimate SN of the
coded speech signal fromthe 5 corrponents ™", Q@ in the second operating
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recei ving gains, i'n the second operating no up to sone er
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CLAI M5 1. A digital radi o comuni cation station, conprising a

coded speech %l’adl Ouc{rﬁﬁtu“c%)nonas\fé% th gl’:?fr?r'aaﬂbg vtn?rt a%%eS(%ere?ﬁd

Si
nodul ati ng mea?ns (15,
said time intervals (At) correspond to a frame of the coded speech signal.

8. . A radio communication station in accordance with claim 6 or 7,
10  wherein said time intervals (At) are of 10 to 30 ms.

9. A radio communication station in accordance with any one of the
preceding claims, further compristng reception means (21-25) for processing a
radio signal (SR') transmitted from another station which also has the two
operating modes, the reception means comprising a first demodulator (22)

15 which, in the first operating mode, carries out oberations.dual to those of the
modulator (15) of the other station, and a second demodulator (30) used in the
second operating mode and combining the states of the redundancy encoder
(18) and of the modulating méans (15) of the other station.



*

i6) for producing a radio signal (SR) fromthe coded speech signal (SN) 5
provi ded by the source, characterised in that it further includes a

r'edundancy encoder (18) with a coding rate of the formK/'N, where K and
N are integers such that O<K<N, and control neans (20) for selecting an
operating node of the station fromat |least a first operating node
wher e t he nodul ati ng neans directly receive the coded speech signal

provi ded by the source and convert it 10 into a radio signal occupying a

determned fraction of tinme on a carri ?EEIRACHI equency, and a second
operating node where the redundancy en receives the coded speech

signal provided by the source and the nodul ating nmeans receive the
out put signal fromthe redundancy encoder and convert it into aradio
si gnal occupying N K ti neDIGITAL RARIOTCOMMUNICAIAON STATIONof 15 tine on
a. carrier frequency. 2. A radi o conmuni cation station in
accordance with claim11, further conprising an error-correcting

encoder to which signali i8n lirfclGdeY b : (A=Y i ,.@‘ ,g{%aél ng
data is transmtted in t@ %g?:'grr‘lﬁ%per até?!réljgeram ee,ec?ﬁédm s%hgcuetsgfﬁ romsaid
error - corr ect igigeredigitak ratb emugiutatingt meahe (15,06) farfprodecikigha radie sighal (SR)

dund der. (18),. 3. di, icati tati j
odundancy. o et bed aneesh dignal (S PASSeE BRRK sEftdengral £ HBhdaBey s o
a bl ock code. gngoder gsg havirfy é%@dﬁrg%'féfbf'tfkafohﬂw,%ﬁé{g X angg&ag@mwg@%ﬁ th

any one of the ceding clalis, wherein K=1 an

radi o communi cachdhat0sKiin Contielaoeans (20)welect amoperating mede of the station

P oot domar Moin atfighs 4 nfet Spirdling Bt WA RE mERGRHSG réar (15) directy
receive the coded speech signal (SN) and convert it into a radio signal
occupying a determined fraction of time on a carrier frequency, and a second -
operating mode where the redundancy encoder (18) receives the coded
speech signal (SN), and the 'mbdulating means (15) receive the output signal
from the redundancy encoder and convert it into a radio signal occupying N/K

times said determined fraction of time on a carrier frequency.

Figure 1



-9 - 6. A radi o conmuni cation station in accordance with any one

.of the precedi ng clains, wherein said determ ned fraction is equal to
K/'N, and the ~occupancy of a carrier frequency is distributed in
uniformtime intervals (At), fultglxllocated to the coded speech
signal source (10) in the second operating 5 node, and uniformy allocated
in the propQrtion K/'Nin the first operating node. 7. A
radi o commu Qﬁ station in accordince with claim6, wherein . said

8. A radi o cqnmu tion stati cor danceowi t hglfai m@ or 7, 10
N QD.

wherein said tjne i fteryal s ([qgi th a of 10 to
radi o conmuni cp s@ionin r ith
' afion ) roddssing

time intervals (At) coryespond to[a_ixﬁﬂnaof t he coded spgech signal <&
. 0 "

precedi ng qixj rEEEr conpri siin
a radi o s ( ) trangqitt ¢ anot i g ichh g4l so has

the two o]  ng nodes, elr n nea
denodul ator (33 which, int =t oper at
oper ati ons dua hose of the dul jat or N,
and a second denoduljator (30) us®d ff )
conbi ni ng the t@ﬁe of the redth cloder
nmodul ati ng hg=(1%) of the othe .
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