1. . " A BASE STATION FOR A FREQUENCY HOPPI NG TDVA 1o1315-3 sfos
RADI 'O COMMUNI CATI ON SYSTEM ~ TECHNI CAL FIELD  The present invention
relates to a base station for cellular frequency hoppi ng TDVA radio
comuni cati on systens. BACKGROUND OF THE | NVENTI ON-  Base stations in
cellular frequency hoppi ng TDVA conmuni_cati on systens often conprise
frequency hopping transmtters and brodd band conbiners, in which case the

frequency hops are Ipeg],{ﬁ.]r @i'rkantf@kti m&h@gn%éﬁgg Pkatransmtters

capabl e of sending on S|n uency a ter conbiners, in

whi ch case the frequency h ﬁ%ﬁob Y§FEFchi ng the signal to
different transmtters, so cal I ed base band hops A di sadvant age of these
syst ens i&gthgzcmxﬂms that is associated with each conbi ner stage,
approximately 3 dB for broad band conbi ners and approxima- tely 4 dB for
filter conbiners. Since especially broad band conbi ners usually accept only
two i nput TegrIesenke iavenkifRt E812ERS ©9 3cbhaseal stakinmefont egfelnliay a base

stati on-carehaetty WamEpialronAi fadbe dombduticatibn angstemser s exceeds
approxi mately 4.

BACKGROUND OF THE INVENTION

Base stations in cellular frequency hopping TDMA communication
systems often comprise fregquency hopping transmitters and broad
band combiners, in which case the frequency hops are performed in
the transmitter itself, or transmitters capable of sending on
only a single frequency and filter combiners, in which case the
frequency hops are performed by switching the signal to different
transmitters, so called base band hops. A disadvantage of these
systems is the power loss that is associated with each combiner
stage, approximately 3 dB for broad band combiners and approxima-
tely 4 4B for filter combiners. Since especially broad band
combiners usually accept only two input signals the accumulated
loss in several combiner stages in a base station can be un-
acceptable if the number of transmitters exceeds approximately 4.

SUMMARY OF THE INVENTION

Thus, an object of the present invention is to provide a base
station for frequency hopping TDMA xadio communication systenms,
in which the transmitter output power is better utilized and
which furthermore provides transmission with space diversity.

The above Sbject.is in accordance with the present invention
solved by a base station that is characterized by at least two
transmitter groups, each containing at least one transmitter,
connected to individual antennas in an antenna group of a cell,
and by means for controlled frequency hops in at least one TDMA
channel such that its signal bursts are distributed on different



SUMVARY OF THE | NVENTI ON  Thus, an object of the present invention is to
provi de a base station for frequency hopping TDVA radi o communi cati on
systens, in which the transmtter output power is better utilized and which
furthernore provides transm ssion with space diversity. The above obj ect
s in accordance with the present invention solved by a base station that
Is characterized by at least two transmtter groups, each containing at

| east one transmitter, connected to indiVidual antennas in an antenna group

of a cell, gaqehyagmquhﬂmpEhgogﬁgg%ﬁ;xgggugquency hops in at | east one TDVA
channel such that its signal bursts are distributed on different

2 antennas within the antenna group. From U. S. patent specification 4
545 059 it is known per se to connect two antennas to a frequency hoppi ng
transm tter Frdawevs! , paterdthepeettiicapied af ushobb a8t €8 NAsowt Per se to

si mul t aneougunEO0NER! Shltdthdd oS F-eQHERE) HUpP13L transmitter. However,
in the known apparatus both antennas are simultaneously connected
to the same output signal. ' '

Furthermore, from European patent application 91 850022.4 it is
previously known to order an antenna change in a base station
from a mcbile station in case the reception is poor. However, in
this previously known apparatus a switch is not provided until
after the transmitter section, which means that no gain in power
is possible.

BRIEF DESCRIP.TION OF THE DRAWINGS

The invention, together with further objects and advantages
thereof, may best be understood by making reference 'to the
following description taken together with the accompanying
drawings, in which: '

FIGURE 1 diagrammatically shows a previously known structure
for a base station in a TDMA mobile radio communi-
cation system;

FIGURE 2 diagrammatically shows another previously known
structure for a base station in a TDMA mobile radio
communication system;

FIGURE 3 diagrammatically shows an embodiment of the present
invention based on the structure in Figure 1; and

FIGURE 4 diagrammatically shows another embodiment of the
present’ inventidn based on the structure of Figure
2.



Furthernore, from European patent application 91 850022.4 it is previously
known to order an antenna change in a base station froma nobile station in
case the reception is poor. However, in this previously known apparatus a
switch is not provided-until after the transmtter section, which neans
that no gain in power is possible. BRI EF DESCRI PTI ON OF THE DRAW NGS

The invention, together with further objsects and advantages thereof, my
best be understood by nmaking reference to the follow ng description taken

t oget her WPERATRED RRSEIRTETNIPNgOR ' BEF rRREFERRERhEMBODIMENISURE 1

di agrammatically shows a previously known structure for a base

station i nTﬁrg%thb h8 ?%‘9’5%0 o ano??le drawin Ca%hﬁg Pe¥Fhce

FI GURE 2- rammti ca r prev ougf
structure 98?1%? ShavieoheeR %FQQwﬁQﬁﬂEBFFQSP%Rﬁ*9g %1ements.
conmmuni cati on system FI GURE 3 di agrammatical ly shows an enbodi nent

ngt heFlprGngﬁeﬁre 1 dlagr?.mmat{.ém%t 'sﬁ@wbaé ‘i%eﬁio{elgfyﬁ%{ tgﬁfu%ﬁh{éh%'be L
o osent | 1 nOGRAFSSHALEH i oy, T0A BoBALe BIOq fAmBuRLeation systep. In

this structure four signals A-D are directed to corresponding
transmitters SY~TRX 10-13. These transmitters can perform the
frequency hops themselves. Such a transmitter is often called
"synthesizer hopping transmitter®*. The output signals from each
pair of transmitters 10, 11 and 12, 13, respectively, are
directed to corresponding broad band combiners HCOMB 13 and 15.
Such combiners are often referred to as hybrid combiners. The
output signals from these hybrid combiners 14, 15 are directed to
a. further hybrid combiner 16, the output signal of which is
directed to an antenna 17. In each combiner stage about 3 dB of
the output power is lost (half of the power). If more transmit-
ters are desirable,.e.g. if the call capacity is to be increased,
‘the number of combiner stages has to be increased, since hybrid
combiners only can have two inputs. Thus, this structure is most
suitable for base stations with a low call Qapacity.

Figure 2 diagrammatically shows another previously known
structure for a base station in a TDMA mobile radio communication
system. In this structure signals A-D are directed to a number of
transmitters BB-TRX 20-23 over a switch 28. These transmitters
are capable of transmitting on only a single ‘ frequency. Such
transmitters are often referred to as "base band hopping
transmitters". The reason for this is that the frequency hops in
this case are not performed in the transmitter but in switch 28,
which switches different signal bursts or time slots of signals
A-D to different transmitters 20-23. Signal A can for instance
during one time slot be connected to transmitter 20, during the
next time "slot to transmitter 22, then to transmitter 21, etc.
The output signals from transmitters 20, 21 are directed to
associated filter combiners 24, 25, while the output signals of



3, DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS  Throughout the
Figures of the drawing the sane reference designations have been used for
correspondi ng el enents. Figure 1 diagrammatically shows a previously
known structure for a base station in a TDVA nobile radi o conmunication
system In this structure four signals A-D are directed to correspondi ng
transmtters SY-TRX 10-13. These transnmtd4ers can perform t he frequency
hops thensel ves. Such a transmitter is often called "synthesizer hopping
transnitter "tTNFRIGELEEL 23i FFarFef dbneetrt trairssotiateth filtesr sompiners and
12, 13, respa&tizel yThar euthuecs Bghdis COFdne SPINKHN Cdaindrband, cegbigiers

'HOOMVB 13 NG by i raldC RGO i—é@cre% ‘i:ro Qxfet%HFﬁ@f&f rs?%if%lﬁs cgﬁﬂﬂxé’r 3;”’0' el S

The output signals fromthese coml recte

further hybri cBHBT né’Fylé:het tfﬂytﬁﬂtpuflﬁadﬁal LXAm WAPRPLREE S| $8ct 24 taé’ean
antenna. 17. dirested tontheo@ther atpputh @ft hgbxii gfomblisen Ul uThpoortpits dfost
(hal f of theny¥r bombindPris ticaBsfhbetdEto ahCafdesndalle, e.g. if the call
capacity is to be i.ncreased, the nunber of conbiner stages has to be

i ncreased, since hybrid conbl ners only can have two inputs. Thus, this
structure i SEThB4EUER|3 AHRY FOHT BABUL sFiamadssAvp (anda LPuY, transnitters 2p-
Figure 2 di aap amaeei asddry shonmt aHOWEesr pr eheouddts kKifddcstid UChat € thak a

base stati orgeﬂ;%&%sgym Sl ihe" HBPA 553bECR 15U £ nd Thddl SdlC! Ur e

S|gnals A-D aire Irected to a nu ..
ters. A transmitter group, e.g. the group containing, trans-

mitters 20, 21, can comprise e.g. up to 16 transmitters.

Also in this structure there is a power loss in two stagés,
namely approximately 4 dB in the filter combiner stage and
approximately 3 dB in the hybrid combiner stage.

Figure 3 diagrainmatif:aily shows. an embodiment of the present
invention based on the structure of Figure 1. In this embodiment
. the hybrid combiner 16 closest to the antenna 17 in Figure 1 has
been eliminated. Instead the output signal from hybrid combiner
14 is directly fed to the antenna 30, while the output signal
from hybrid combiner 15 is directly fed to an antenna 31. This
division is possible due to the fact that the TDMA transmission
schedule for a cell guarantees that two transmitters do not
simultaneously transmit on the same frequency.

If the base station contains more transmitters and therefore also
more combiner stages the method could be repeated, so that the
combiner closest to the antenna 1s eliminated and replaced by two
antennas. For each combiner stage that is eliminated there is a '
doubling of the number of antennas. For each combiner stage
eliminated one also obtains a power gain of approximately 3 dB.

The obtained power gain can be used either for an increase of the
output power or for an increase of the number of transmitters
without changing the output power.



transmtters BB-TRX 20-23 over a switch 28. These transmitters are capable
of- transmtting on only a single frequency. Such transmtters are often
referred to as "base band hopping transmtters”. The reason for this is
that the frequency hops in this case are not performed in the transmtter
but in switch 28, which switches different signal bursts or tine slots of
signals A-Dto different transmtters 205 23. Signal Adcan forhi nst ance
during-one onnected to transmtter 20, during the next

time- gl ot trtéhlt@a%m%?tef’g DINEEINAF 1304 rInstia 1@cased afca FHELHEASHRLY
signal s fr drARgeaddFianee sEPOm @achr ethiér.eci.ed tao rawdbeci atedateldmeyths,
conbi ners 2lg.25, diditdrod b oné OiEaSt Qﬁabst:fr more for carrier frequen-

4 transmt , C ciated filt ners 26, 27.
The out put i‘l%rssg%g From ?’ﬁ??ée{rfc%)ﬁg kﬂ gg 'L‘§5 Jglre %%?%’rbﬁeenqa"nd’%arlé’ct ed
to one i npdP &% m&nEOﬁB"ﬁEF’-HS 'F'h“E hés sahkaimed the mqﬁ%lsggﬁal s
from conbi mwitchaR8 Defare thier randmittéde 10t-hmraudnamezﬂ-fad&)1br$tﬁh

16. ‘The outypet sﬂéni'wbbéwﬁmﬁ@{sm]ﬁ:tbx? ci6d 4 tO ;8 q’f%’l'have been

f 2 I t A-D and f odr transm
slhg\l/J\nrwe Hoa/g:verflou ’ﬂ%’tj tﬁﬁg’?gﬁ? FSENPE %tTPHét‘EFP%‘“IfsluHFH/ RGN EMLYs nor e

i nput  si gnaqh@naﬁdfmnqyahyt alsoctranshittensantérgra.group, e.g. the group
containing, trans- mtters 20, 21, can conprise e.g. up to 16 transnmitters.

If more than two antennas are used the signal bursts can e.g.
cyclically be switched between the antennas in the antenna group.

In another embodiment the signal bursts can randomly be switched
between the antennas in the antenna group.

In a further embodiment the switching can be performed on demand',
e.g. when a mobile station has detected that the signal from an
antenna is unacceptable and ordérs change of antenna within the
antenna group. The signalling can e.g. be performed in the same
way as is described in European patent application 91 850022.4.

One reason that the described antenna diversity is so efficient
is that the bit interleaving that usually is used in digital
radio communication systems. In e.g. the US standard IS-54 for
;digital mobile telephony the bits in a 20 ms speech frame are bit
Ainterleaved over two consecutive time slots in a traffic channel.
In the European GSM system the bits in a speech frame are
interleaved over eight time slots. However, in both cases half
the number of signal bursts will be tfansmitted on one antenna
and the remaining signal bursts will be transmitted on the other
anténna. Hereby it is avoided that all the bits in a speech frame
are received by the mobile station on a rapidly fading channel.
Due to the redundancy of the coding the speech frames can be
feconstructed from the correctly received bits.

Figure 4 diagrammatically shows another embodiment of the present



Also i.n this structure there is a power loss in tw stages, nanely
approximately 4 dB in the filter conbiner stage and approximately 3 dB in
the hybrid conbiner stage. Figure 3 diagrammatically shows an enbodi nent
of the present invention based on the structure of Figure 1. In this

enbodi nent the hybrid conbiner 16 closest to the antenna 17 in Figure 1 has
been elimnated. Instead the output sigral from hybri.d conbiner 14 is

directly feg, et shile the out na m hybri d

conbi ner 15 18 i rgc?’l%tsggegj t o &h anf‘én%‘?f%l Pﬁl%u i V%SI Bh=Ps1PoddiiF e due
to the fact’?ﬁﬁ?mﬁﬂé FERRRY PRI TR idieTs dfe daBe PRER 8l ERiNatadaramdt ewe t hat
two transniaombinedo signadi Mxomangiditslry domdiasts aa,t [es saaxfm fe®qUeNGh | f

the base staitiefRaC80t @hAStHB' 8ifhalls Eiduf S 1888 &
conbi ner st%%%nghg}mat hod coull%lﬁbe r epeat ed, 5_1 gﬁ%t t he COH%I gle?:r &osest

to the anténna 1e I'm nated and repl aced by tmo antennas. For each

conbi ner stage that is elimnated there is a doubling of the nunber of
a][ltennas Anusgach pewdl: ngalﬁtgae 2| api natse bt éxkéeﬁl;{&t 6&1&5% ay ﬁ gain
of appr oxi B t,ai Qwer _gain_can used eit or an
i ncr ease o%ﬁéxggxﬁg Pt F\-/%g% 8r f’o?ﬁ’gnéol%%wre ase oy Tk Rungsd 0F°r an
transm tter’%’cﬂe?ﬁ%upfch i APtPRe BOVPETt IpSRethe base station. As an

alternative the number of transmitter groups can be increased
with a further hybrid combiner stage without increasing the power
loss as compared to the case in which only one antenna is used.

The embodiment of Figure 4 has the further advantage that the
antenna diversity is easily obtained since switch 28 is already
present in the structure.

Another advantagé of the space diversity obtained by the
invention is the increased flexibility in the planning of the
'TDMA-transmittlng ‘schedule. Since diversity, namely space
diversity, is obtained already by the antenna change between two
time slots, it is e.g. possible to refrain from frequency hops
between these time slots or to reduce the number of hopping
frequencies. A reduction of the number of hopping frequencies can
be of special interest in connection with base stations that are
equipped with transmitters that are sending only on a single
frequency, since in this case the number of hopping frequencies
is limited to the number of transmitters.

It will be understood by those skilled in the art that various
modifications and changes may be made to the present invention
without departure from the spirit and scope” thereof, which is
defined by the appended claims.



Furthernﬁre“"++—aﬂfeﬂnas 30; 31 are located at a sufficiently large
dlstance a. a number of wavelengths, e.g. a distance of
the order igﬂﬂg uﬂor carrier frequen- cies of approximtely 900
VHz, [ 0:0btain space or antenna diversity. This is
obtalned by connecting a switch 28 before7the transmitters 10-13 and
alternately switching the signals between'transmtter groups 10, 11 and 12,
13, respec- tively. Hereby the signal hedastyg of a TDVA channel will not
only change frequency but also transmtter antenna. If nore than two
antennas are usgd t he S|%nal bursts can e.g. cyclically be switched between
the ant ennas™1t n®*t RBS8nERRARr 585, celilplarottermuensndherping HED) gradio
bursts can reermiralidoswesystens hatheeastehizamttgnnas i n the antenna group.
In a further enbodlnent the switching can be performed on demand, e.g. when

a -nobi |l e statlon 3 %e ect.ed tha the signal froman antenna is
unaccept abl e and- a‘é‘ YR s §ﬁf'e?ﬁf’o’fgﬁ't ARFh (FARtAPLIRG AtyAsapt e
signalling can %r@sng@tggr f(3O0redli mnhelasanms W0 ,aRl sardesz, b)) | neach

Eur opean patentcmf&dt@at N 2l FRIAR. 430; YIF 1RAaANahE@Ind NR-JES W hed
ant enna di ver 5|éé/ c%iﬁ efficient is that the bit interleaving that usually
is used in digit I 0 comruni cation systens. In e.g. the US standard
| S-54 for di gital m)blle tel ephony the bits in a 20 ns speech frane are bit

i nterl eaved ovemeanso (26hstmtiidontrbilied stmiguehBy shégafinhi &t qra@&ehnelfb@e
Eur opean GSM SYQidi{Hetlheszﬁ Sthdt wgﬁgﬂaﬁe 5 I%r %hb?éc?f 'a@%"ﬁ sQr f

time slots. Howev in th cases ha si gnal urst
transnitted on %’h? §ﬁF§ﬁﬂ 2PN (3fi ﬁ?‘hd”s’i I, Ehe Arienng; 9F-‘°BE-

transmtted on the other antenna. Hereby it is avoided that all the bits in
a speech frane arfel dageVastatiohNodIdia St At sRdrftetika8 hY dhadi NGy

channel . antennas in the antenna group are always sending on the different
frequencies.

3. The base station of claim 2, characterized in that the
distance between antennas in the antenna group exceeds mo.re than
a few carrier wavelengths.

4. The base station 'of claim 3, characterized by means (28) for
cyclic distribution of the signal bursts on antennas (30; 31)
within the antenna group.

5. The base station of claim 3, characterized by mea_hs (28) for
randomly distributing the signal bursts on the antennas (30; 31)
within the antenna group.

6. The base station of claim 3, characterized by means (28) for
demand controlled distribution of the signal bursts on the
antennas (30; 31) within the antenna group.



Due to the redundancy of the coding the speech franmes can be reconstructed
fromthe correctly received bits. Figure 4 diagranmatically shows anot her
enbodi mrent of the present 6

i nvention based on the structure of Figure 2. Also in this enbodinent the
hybrid conbi ner 16 has been elimnated and tne conbined signal fromfilter
conbiners 24, 25 are fed to an antenna %0 and the signals fromfilter

conbi ners 26, 27 to an antenna 31. Thus, a power gain of 3 dB has been
obtained al so in the enbodi nent of F#g%ﬁg%ﬁ Thi s power gain can be used
for an increase of the output power 3 base station. As an
alternative the nunber of transmtter groups can be increased with a

further hybrid %Wrsﬁ% Wdﬂ‘%UtFﬂEf&fE‘i\ft? ST IS conpared

to the case in only one antenna 1S used. The enmbodi nent of Figure 4
has the further advantage thatCOMYEINELGATHON diFSEMy is easily obtained
since swwtch 28 is already present in the structure. Anot her advant age of

the space dkvggggt%tggg%kn%%rb%.%Qﬁlular frequency hoping TDMA radio
communication system comprises at least two transmitter
groups, each containing at least one transmitter (20, 21
and 22, 23), connected to individual antennas (30; 31) in
an antenna group of a cell. Furthermore, means (28) are
included for controlled frequency hopping in at least one
TDMA channel such that its signal bursts are distributed on
different antennas (30; 31) in the antenna group.

(Figure 4)



invention is the increased flexibility in the planning of the
TDMA-transm tti ng schedul e.
obt ai ned al ready by the antenna change between two tine slots, it is e.g.
possible to refrain fromfrequency hops between these tinme slots or to
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means (28) for controlled frequency hops in at |east one TDVA channel ,

such that the signal bursts thereof are distributed on different
antennas (30, 31) within the antenna group. 2. The base station of claim
1, characterized in that all antennas in the antenna group are al ways
sending on the different frequencies. 3. The base station of claim 2,
characterized in that the di stance @gfsken antennas in the antenna group
exceeds nore than a few carrier wavel engt hs. 4. The st station of claim
3, characterized by means (28) for cyclic distribution\af/ the signal bursts
on antennas (30; 31) within the dfl enna group. 5. The\Ybase station of
claim 3, characterized by means/(28) for randomy distrijouti t he signal
bursts on the antennas (30; §,L) in the antennzl"grou . 3€ The base
station of claim3, chpracieri z & P mgans (28) }6r demgng” control | ed
di-stribution of ggne sipnal DUrsts on the anferrds—]30; ) within the
ant enna group. \ 11 HCOMB
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