L3N c. Rudolph 3
sy £f AASL o
13th April, 1995

PN 2401

P/00/011.28/5/91

Patents Act 1990

" ORIGINAL
' COMPLETE SPECIFICATION
~ STANDARD PATENT

Invention_Titlé:

© "ATDMABASE STATION ARRANGEMENT"

The foliowing statement is a full description of
thls 1nvent10n mcludmg the best’ method of

performmg it known to us:-

©Reguiation32 . .



15

20

- 25._.

30

- ACKGROUND OF THE INVENTION

This mvenhon relates to an arrongement for provudmg an extended range

TDMA radio commumccmon system, cmd will be descnbed in the context of the digital

GSM cellulcr radio system.

Our earher Austrohan Appllccmon PM 61 28 descnbes an orrongement for

| ex’fendmg the range of a GSM cell to’ approxrmcn‘ely 'rwnce the 35 Km radrus
' obiomable by the 63 bit up- I|nk odvance specnf' ed i in the GSM stcmdords In this

arrangement two transceivers are set up to cover a number of concen’mc oreos The

“transceiver for the i inner area operoies of a first frequency pcur (up-link and down- Imk)
_' '-and has an addmonal receiver tuned to.the up-hnk frequency of the outer cell but w:ih_
its channels synchromzed to the fime base of the inner transceiver. The' ironscelver for.

_the outer cell operq’_res ata second frequency pair, the down-link being synchronized

to the ﬁme base of the inner transceiver and the up-link receiver bein'g delcryed by the
round trip ’rlme for 1he radio signals to traverse ’the inner cell (~ 63 bits). In order to

ensure that communication can be estabhshed wﬂh idle mobiles fhey are forced to

| _ comp on the BCCH (Broodcost Con’rrol Chonnel) of the outer cell preferobly by -

- transmitting @ "no-camping" message on the BCCH of the inner cell.

' However we have found that in cerfom crrcums’ronces where the outer cell i is

" not fully ommdrrec’nonal or does not fully cover 'rhe area of the inner cell then |d|e

moblles within the inner cell but outside the covercge of the ou’rer cell are unable to.

: estobllsh commumcc’non becouse they are bcrred from camping on the inner cell.

In the GSM system a time frame mcludes 8 fime slots of e.g. 256 bits provudmg

8_chonnels. The first transmit or down-link channel is usually reserved for supervusrqn

and control functions and is referred to as the Broadcast Control Channel or BCCH. |

~ The remaining 7 channels are USed for felephene calls. The up-link mobile-io-base'

station channels are delayed by three time slots with resped to the correspondmg

'_down fink channel formlng a duplex commumcchon

In our application PM 6128 we describe a pair of such Base Statlons but in

'whlch the receiver for receiving up-link ironsmlssmns from the outer coverage area is

delqyed by an opproprlofe amount e.g. 62 bifs with respect to the inner receiver.
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SUMMARY OF THE INVENTION

This spean co’non descnbes fi rst ond second co- Iocofed IDMA fransceivers

' 'operohng on respechve first and second up- hnk and down-link frequencnes

the first 1ronsce|ver mcludmg a first tronsmlﬂer and a first receiver ond fi rst
oink:hory recelver means, ihe hme frames of the first auxiliary receiver means being in
synchronlsm with the time ‘frames of fhe first receiver, the first ouxlhory receiver means
being tuned to the second up-link frequency, ond |

the second 1ronsce|ver mcludnng a second 'fronsmlﬂer and a second receiver <

_ond second auxiliary receiver means, the time frames of fhe second auxiliary receiver

-. meons being in synchronlsm with the fime fromes of the second receuver the second

ouxnllory receiver means being tuned to the first up hnk frequency
BRIEF DESCRIPTION OF THE DRAWINGS

Flgure 1 shows an ommdlrechonol inner cell ond a pne _slice" outer cell

* Figure 2 shows a block dlogrom represenhng an orrongement of an
ommdlrechonol cell and a directional cell embodying the invention.

Figure 3 shows 'the relative tlmlng of the chonnels of fhe elements of the
arrangement of Flgure 2. '
DESQRlETION OF THE INVENTION

Flgure 1 shows a first omnidirectional coverage oreo ond a second dlrechonol
coverage area 2. The application of fh_e invention, however, is not limited fo such an

asymmetric arrangement. Thé invention may be equally applied to concentric

-omnidirectional cells as well as to other configurations having a pair of co-located

cells.

Flgure 2 shows a polr of co- Ioco’red tronscewers 14 and 15. Tronscelvers '|4

has ommdlrechonol antenna 10 serving coveroge area 1 with transmitter TX] ond RX1 |
-operohng on respechve first down Imk and first up-hnk frequencnes and first auxiliary

receiver means ARX] whlch operotes on the second up-hnk frequency of tronscelver

15.

Tronsceiver 15 hos a directional anterina 20 servi'ng'covero'ge area 2 with

'_tronsmmer TX2 and receiver RX2 operohng on respechve second down Imk ond

_' second up- -link frequencnes and second ouxnllory receuver means ARX2 operohng on
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| fhe f'rsf up-link frequency

As shown in the tlmmg duogram of Fugure 3 fronsmmers TX1 and TX2 operote
in synchronism i.e. BCCH] and BCCH2 storf at the same time, ond RX1 and ARX1
have their confrol channels RACH'I 2 and RACH'I 3 delayed with resped to BCCH] by
three time slots buf fhe time slots align in 'nme with time slofs of TX1. RX] opercn‘es on
the first up-llnk frequency and ARX1 operofes on the second up-lmk frequency

However in our example’ RX2 and ARX2 are delayed by the three time slots plus

- an oddmonol hme delay t, with resped TX2 and hence TX1. The additional t, moy in

focf be zero in the instance where coveroge area 2 is 'rofolly wuthln coverage area 1.

This may be necessary where fhe base stohons are locofed on the top of a hill and the

' -elevohon of onfenno 10 is such fhof there is an area close to fhe foot of the antenna

10 Wthh is not covered effechvely by the radiation pattern of antenna 10.

In such a case antenna 20 may be directed to a lower elevohon to provnde
near field covercge for the radio shodow oreo of antenna 10 '

In a fuither qpphcohon ty may be, e.g., 62 bits to provude on exlended
coveroge oreo of opproxnmofely 70 km | |n a specxflc direction. .

The benefits of this orrongemenf are thof both fronscelvers now mclude
|denhco| equnpmenf snmpllfylng requwemenfs for ihe monufadurer who can now |
produce a smgle standard type of equnpmenf In addition it is no longer necessary. to

force idle mobtles to camp on the outer cell frequency by fransmlh‘mg a "no- compung |

-signal on the inner cell BCCH Thus idle mobiles can rove freely within eliher

coveroge area and still be able to sef up calls.
_For example, in the case whére coverage area 2 exfends to 70 Km an idle
moblle oufsnde coverage area 1 but inside coveroge area 2 is oble to send on access

requesf on either the first or second up-link frequency and it will be received by elther'

- ARX_2 of RX2 respechvely beccl_use these_ receivers are delayed _by _62_ bits thus

permiﬂing the requesf to be received in ﬁme slot RACH23' or RACH22 respectively. |
Slmrlorly a mobile anywhere in coveroge oreo 1 can send an access request on

either the first or second up-llnk frequencnes and this will be recelved by RX'( or ARX2

respechvely in hme slots RACH12 or RACH13. | |

Rondom access requests are shorter than the full 'nme slot so that even when
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B deloyed-by the full 63 bits they can still be receiveol wlfhin a random access Ehonnel :
RACH. | B

The orrongement is in theory odop’roble fo any number of conceninc cells up fo

" the limit of radio range from the base station iower However a d|rect opphco’non of )

~ the orrongement to n concentnc cells would requnre nxn recewers That is each.

receiver would need to be capoble of recelvmg access burs'rs on eoch of the oiher n-

1 cell frequencnes as well as its own.

_In practice, one woy of cvo:dlng ihe need for sO mony recelvers would be to

" make use of the ability of the mobile receiver to discriminate between ’rhe sfrengfhs of |

 the signals which it receives. While such discrimination may not be entirely reliable in

areas where there are radio ob'sicjcles such as buildlngs or hills to ¢005e multi- path

_ fodmg, this problem is not so serious on more level ground where the mulhple cell

arrcngements would find greo’tesi use.

Thus technxques such as beom tilting and frcnsmlﬂer power dlfFerenhohon may

' 'be applied to reduce the number of auxiliary receiver meons ‘required for eoch cell. A

further techmque to dlfferenhate between the signal sfrengths from eoch cell s bose

transmitter onfenno isto ploce the antennae cf mcreosmg helghts as the cells service
areas are located further from the cenire of the set of concentric cells. Thus the |
signals from the inner cells’ antennae which are located at the lower posiﬁons' would

have a shorter ronge than the signals from the outer cells’ antennae which are

" locoted higher up on the mast.

" In addition, a beéam shape may be ophmlzed elec’rromcolly or mechomcally to
reduce 'rhe overlap of propogoﬂon poﬂerns - |
By using one or more of 1hese 'rechnuques the moblle sfohons are able to more

readlly distinguish between the cell broodcasf chonnels so that ﬂ'\ey will aﬂempt to

" access on only those cells in their |mmed|ote vicinity. The mobiles achieve this by

onolysrng the sngnal s’rrengths of the bose sfotlon signals which it receives. The srgnol

- strengths received from the vorlous ironsmlh‘ers by a moblle in any cell can thus be

' od|usred by the obove techniques to increase fhe probability 1hoi the mobile will

attempt to access the oppropnote base 'rronscewer for the cell area in which the

‘mobile is l_ocoted. Thus the need for the bose_tronscenvers to be _oble to receive access
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bursts on all o_fl‘ier frequénciés used by thé_co-loécte_d _transceivers', F'cjr' instance where

if :
5 C'I Cdn 'receive dc'cess 'bulrs'f-S' for CTorid c2;
| C2 can recelve access bursts for C] C2 and c3;
C3 can receive access bursts for C2 C3 and C4; ond
.C4 can receive access bursts for C3 and C4. _
'_ That is, each cell transceiver is adapted to receuve access burs'fs for its

10 geographlcolly |mmed|otely od|ccent cells

there are four cells C1, C2, C3, and C4 in order from the c_enfre, it ._'m'dy be sufficient .
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- The claims defining the invention are as follows - |
1. A TDMA base stcmon orrongemenf to enab!e moblle transceivers 1o mom'fcm
_ commumcaﬂon with a base stohon oufsrde the range defmed by ﬂ'\e limit of relotrve

~ time od|usfmen1 of the 1rensmrssrons befween the mobile trcnscewers and the bose .

station, the orrongement mcludmg first and second substenﬂqlly co- Iocofed bose

| frenscervers operating on respechve first and second up- hnk and down hnk

' frequencres,

-the first base tronscelver mcludmg a first fronsmmer ond a first recezver ond

first ouxrlrory receiver means, the time frcrmes of the first ouxrhory receiver means '

-~ being in synchronrsm with the time frames of the first receiver, the first auxiliary

recewer means bemg tuned to the second up-link frequency, and
“the second base trenscerver mciudnng a second transmitter and a second

receiver and second auxiliary receiver means, the time fromes of tha second euxshory _

receiver means bemg in synchromsm with the time frames of the second recewer, the

second ouxrllory receiver means being tuned to the fi rst up-hnk frequency
2. An orrongemenf as c!cnmed in claim 1, whereln the time frames of the first and

sacond ouxiliary recelver means are deleyed by a predetermined hme delay of the

. order of the round frlp deloy of radio signals over a predefermmed distance.

3.  Adigital mobile telephone base stohon arrangement including two or more co-

located bqse transceivers, each irenscelver operoﬂng ona correspondmg up- Imk ond

_ down link frequency,

each bose transceiver rncludmg a tronsmmer and a main receiver being
arranged fo communicate with a correspondlng one of @ plurohfy of concentric
coverage areas by-mcludmg in the time sirudure a relative delay of the mom receiver
hme structure with respect to the time strudure of the ossocraied iransmnﬂer sufﬁcnenf
to ollow for the round trrp signal transit hme to the inner edge of the correspondmg

coverage area, wherein eoch ironscewer mcludes one or more oddmonal recewer

: meons synchromzed to its mom recenver,

whereln ot least one of ihe oddmonql receiver means of eoch cell is tuned to

recerve an access burst on the up-link frequency of an od_pcent,_coverog_e a_rea.‘

‘4. An arrangement as claimed in claim 3 wherein each transceiver other than -
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those for the mnermosf and oufermosf ‘coverage areas includes two additional

receiver ‘means, each tuned to a different one of the ad|ocenf covercge areas.

5. An arrangement os clolmed in cloum 3 wherein each frunsceuver mcludes an

additional receiver means for each of the ofher co-located fronscewer up-hnk

frequencnes

6. '_ ~ An arrongement as clcumed in any one of claims 1 to 5, whereln the sugnol

strengths of the down-link mgncls of af least some of the 1ronscewers ot their
correspondlng coverage areas are dlfferenhcned |

7. Anarrangement as claimed in claim 6, whereln the Signul strengihs are

: dlfferenhafed by one or more of the followmg

f) beam hlhng,

i) antennae height: | .
i) transmitter power: . o _- o0
iv) beom-sheping | |
8 A mefhod of providing’ two or more co- locaied dnglfo! moblle telephone ,

' 1rcmscewers covering correspondmg concentric coverage areas;

each transceiver including a transmitter operating on a correspondmg down.
link frequency and a main receiver operchng on a corresponding up-link frequency;

delaying the method mcludlng the fime structure of each receiver by a delay’

- which takes account of the slgnal round tnp delay fo the inner edge of the

_ correspondmg coverage areaq;

“providing each transceiver w:th one or more oddmonal recewer means

_'synchromzed to its main recelver,

tuning each oddmonol receiver means to up- hnk frequencies of the other

transcewers

9. A mefhod as dcnmed in claim 8 wherem one of the cddmonol recewer meadns

is tuned to the up-lmk frequenCy of an odpcenf coverage area’s ironscewer N



