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. BACKGROUND OF THE INVENTION 

This invention relates to an arrangement for providing an extended range 

TOMA radio communication system, and will be descri.bed in the context of the digital 

5 GSM cellular radio system. 

Our earlier Australian Application PM 6128 describes an arrangement for 

extending the range of a GSM cell to ~approximately twice the 35 Km .radius . 

obtainable by the 63 bit up-link advance specified in the GSM standards. In this · 

arrangement two transcei:vers are set up to .. cover a ~umber of concentric areas. The 

0 transceiver for.the inner area operates at a first frequency pair (up-link and down-link) 

and has an additional. receiver tuned to. the. up-link frequency of the outer cell but with 

its channels synchronized to the time base of the inner transceiver. The transceiver for 

the outer cell operotes at a seco.nd frequency pair, the down-link being synchronized 

to the time base ~f the inner transceiver and the up-link receiver being del~yed by the 

15 round trip time for the radio signals to traverse the inner cell (- 63 .bits). In order to 

ens_ure that communication can be .established with idle mobiles they are forced to 

camp on the BCCH (Broadcast Control Channel) of the outer cell, preferably by · 

transmitting a "no'.'"camping" message on the BCCH of the inner cell. 

· However, we have found that in cert~in circumstances where the outer cell is 

20 not fully omnidirectional or does not fully cover the area of the inn.er cell then idle. 

mobiles within th~ inner cell but outside th~ coverage of the outer cell are unable to 
. . 

establish communicatio~ because t_hey are _barred from camping on the inner cell. 

In the GSM system a time frame includes B time slots of e.g. 256 bits providing 

8 channels. The first transmit or down-link channel is usually reserved for ~upervision 

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

· The remaining 7 channels are used for telephone calls. The up-link mobile-to-base 

station channels are delayed by three time slots with respect to the corresponding 

down link channel forming a duplex communication. 

In our application PM 6128 we describe a pair of su~h Base Stations but in· 

30 ·which the receiver for receiving. up-li·nk transmissions from the out~r coverage area is 

del~yed by an appropriate amount e.g. 62 bits with respect to the inner receiver. 
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SUMMARY OF THE INVENTION 

This specification describes first and second co-l<_>cated TDMA transceivers· 

operating on respective. first and. second up-link and down-link frequencies, 

5 the first transceiver including a first transmitter and a first. receiver and .first 

auxiliary receiver ~eons, th~ time frames of the first auxiliary· receiver means being in 

synchronism with the time.frames of t~e first receiver, the first auxiliary receiver means 

being tuned to the second up-link frequency, and 

the second transceiver including a second transmitter and a. second receiver 

10 and second auxiliary receiver means, the time frames of the second auxiliary receiver 

15 

20 

· means being in synchronism with the time frames of the second receiver, the second 

auxiliary receiver means being tuned to the first up-link frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

. Figure 1 shows an omnidirectional in.ner cell and a 0pie-slice11 outer cell. 

Figure 2 shows a. block diagram representing an arrangement of. an 

omnidir~ctional cell and a directional cell embodying the invention. 

Figure 3 sh~ws the relative. timing of the ch~nnels o~ the elements of the . 

arrangement of Figure 2. 

DESCRIPTION OF THE INVENTION 

Figure 1 shows a first omnidirectional coverage area and a second directional 

coverage area 2. T~e application of the invention, however, is not limited to such an 

asymmetric arrangement. The invention may be equally applied to concentric ·. 

omnidirectional c~lls as w~ll as to other configurations. having a pair of co-located 

cells. 

25 Figure 2 shows a pair of co-located transceivers 14 and. 15 .. Transceivers 14 

has omnidirectional antenna 10 serving coverage area 1 with transmitter TXl and RXl 

operating on respective first down-link and first up-link frequencies, and first auxiliary 

·receiver means ARXl which operates on the second up-link frequency of transceiver · 

15 . 

. 30 Transceiver 15 has a directional antenna 20 serving coverage area 2 with. 

transmitter TX2 and receiver RX2 operating on respective second down-link and 
. . ~ 

second up-link frequencies and second auxiliary receiver means ARX2 operating on . 
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the first up-link frequency. 

As shown in the timing diagram of Figure 3, transmitters TXl and TX2 operate 

in synchronism i.e. BCCHl ond BCCH2 start at the same time, and RXl and ARXl 
.. . 

5 have their control channels RACHl 2 and RACHl 3 delayed with respect to BCCHl by . 

three tinie slots but th_e time slots align in time with time slots of TXl. RXl operates on 

the first up-link frequency and ARXl qperates on the second up-link frequency. 

However in our example ·R><2 ·and ARX2 are delayed by the three time slots plus 

an additional time delay td with respect TX2 and hence TXl . The additional td may in 

10 fad b.e zero in th~ instance where coverage area 2 is totally within coverage area 1. 

This may be necessary where the base stations are located on the top of a hill and the 

elevation of arite.nna 10 is suc;:h that there is an area. close to the foot of the antenna 

10 ~hich is not covered effectively by the radiation pattern of antenna 10. 

In such a case antenna 20 may be directed to a lower elevation to provide 
. . 

15 near field coverage for the radio shadow area ·of antenna 10. 

In a further application td may be, e.g., 62 bits to provide cin extended 

coverage area of approximately 70 km .in ·a spec;:ific. diredion. 

The benefits of this arrangement are that both transceivers now include 

identicc;il equipment, simplifying requirements for the manufacturer who can now 

20 produce a single standard type of equipment. In addition it is no longer necessary to 

force idle mobiles to camp on the outer cell frequency. by tran_smitting a 11no-camping11 

signal on the inner cell BCCH. Thus, idle mobiles can rove freeJywithin either 

coverage area and still be able to set up calls. 

For example, in the case where co.verage area 2 extends to 70 Km, an idle 

25 mobile outside coverage area 1 but inside coverage area 2 is able ~o send an access 

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

·. ARX2 of RX2. respectively because these receivers are delayed by 62 bits thus 

permitting the request to be received in time sfot RACH23 or RACH22 respectively . 

. Similarly a mobile anywhere in coverage area 1 can send an access request on 

30 either the first or second up-link frequencies and this will be received by RXl or ARX2 ' 

respectively in time slots RACH 12 or RACH 13. 

Rondom access requests are shorter than the full time slot so that even when 
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delayed by the fuli "63 bits they ~an still be received within a random access channel 

(RACH). 

The arrangement is iri t~eory adaptable to any ·number of concentric cells vp to 

5 · the limit of radio range from the base station tower. However 6 direct application of 

the arrangement to n concentric cells would require n x n receivers. That is each 

receiver would need to be capable of receiving access bursts on :each" of the other n - . 

1 cell frequencies as.wellas its own . 

. In practice, one way of avoiding the need for so many recei~ers would be to 

10 .· make use of the ability of the mobile receiver to discriminate between the strengths of 

15 

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

areas where there are radio obstacles such as buildings or hills to cause multi-path 

fading, this problem is not so serious on more level ground where the multipl·e cell 

arrangements would find grea~est use. 

Thus techniques such as beam t_ilting and transmitter power differentiation may 

be applied to reduce the number of auxiliary receiver means required for each cell. A 

further technique to differentiate between the signal strengths from each cell's base 

transmitter antenna is to place the antennae at increasing heights as the cells' service 

areas are located further from the centre of the set of concentric cells. Thus the 

20 signals from the i~ner cells' antennae which are located at.the lower positions would 

have a shorter range than" the signals from the outer cells' antennae which are 

located higher up on the mast. 

25 

In addition, a beam shape may be optf~ized electronically or mechanic~lly to 

reduce the overlap of propagation patterns. 

By using one or more of these techniques, the mobil~ stations are able to more 

readily distingu_ish between the cell' broadcast chanriels so that they will attempt to 
. . 

.. access on only those cells in their immediote·v,dnity. The mobiles· achieve .this by 

analysing the signal strengths of the base station signals which it receives. The signal 

strengths received from the various·transrnitters by a mobile in any cell cqn thus be 
. . . . 

30 adjusted. by the above techniques to increase the probability that the mobile will 

<;1ttempt to. acce~s .the appropriate base transceiver for the cell area in which the 
. . 

mobile is located. Thus the need for the base transceivers to be able to receive acce~s 
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bursts on oil other frequencies used by the co-located transceivers, For instance where 

there are four cells ·cl, C2, C3, arid C4 in order from the centre, it may be sufficient 

if: 

Cl can receive Occess bursts· for Cl and C2;. 

c2 can receive access bursts for Cl, C2 and C3; 

C3 can rece_ive access bursts for C2, C3 and C4; and 

C4 can receive access bursts for C3 and C4. 

·. That is, each cell transceiver is adapted to receive access bursts for its 

.· 10. geographically immediately adjacent cells . 

. . . 
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The claims defining the invention are .as follows: 

1 . . A TDMA base station arrangement to enable mobile transceivers to maintain 

communication with a bose station outside the range defined by the limit of relative 

5 time adjustment of the tronsmissiOns between the mobile transceivers and the base 

station, the arrangement including first and second substantially co-located base 
. . . . 

transceivers operating on respedive first and second up.;link and down-link 

frequencies, · 

the first base transceiver including a first transmitter and a first receiver and 

10 first auxiliary receiver means, the time frames of the first au~iliary receiver means 

being in synchronism with the time frames of the first receiver, the first auxiliary . 

receiver means being tuned to the second up-link frequency, and 

the second base transceiver indudlng a second transmitter and a second 

receiver Cind second auxiliary receiver means, the time frames of the second auxilkuy 

15 receiver means being in synchronism with the time frames of the second receiver, the · 

second auxiliary receiver means being tuned to the fi~st up-1ink frequency. 

20 

2. An arrangement as dciimed.i~ claim 1, wherein the time frames of the first and 

second auxiliary receiver means are delayed by a predetermined time delay of the 

order ofthe rou.nd trip delay of radio signals over a predetermined distance. 

A digital mobile telephone base station arrangeqient including two ·or more co;. 

located base transceivers, each transceiver operating on a corresponding up;.link and 

down-link frequency, 

each base transceiver including a transmitter and a main receiver being 

arranged to communicate with a corresponding one of a plurality of concentric 

. ·25 coveroge ·areas by including in the time structun~ a relative delay of the main receiver 

time struc:ture with respect to the time strudure of the assodated transmitter. sufficient 

to allow for the round trip signal transit time.to the inner edge of the corresponding 

coverage area, wherein each transceiver includes. one or more additional receiver 

· means synchronized to its main receiver, 

.30 wherein at least one of the additional· receiver means of each cell is tun~d to . ' . . . . 

receive an access burst on the· up-link frequency of an adjacent coverage area •. 

4. An arrangement OS claimed in claim 3 wherein each transceiver other than 



"' . 

l·lll\111 111111 Hlllltlm 11 llll. 
* c L tl S * 

8 

those for the innermost and outermost coverage areas includes two additional 

· receiver means, each tuned to a different one of the adjacent coverage areas. 

5. An arrangement as claimed i.n claim 3 wherein each transceiver includes an. 

5 additional receiver means for e·ach of the other co-located transceiver up-link 

frequencies. 

6. An arrange.ment as claimed in cmy one ofclainis 1 to 5, wherein the signal 
>. . 

strengths of the down-link signals of at least some of the transceivers at their 

corresponding coverage areas are differentiated •. 

10 7. An arrangement as cl<'.'limed in claim 6, wherein the signal strengths are 

differentiated by one or more of the following: 

15 

I) beam tilting; 

ii) . antennae height: 

iii) transmitter power: 
.., 

iv) beam shaping. 

8. A method of providing·two or more co-located digital mobile telephone 

transceivers covering corresponding concentric coverage· areas; 

each transceiver including o transmitter operatin.g on a corresponding down­

link frequency and a_ main receiver operating on a corresponding up-link frequency; 

20 delaying the method including: the time structure of each receiver by a delay 

25 

which takes account of the signal round trip delay to the inner edge of the 

corresponding coverage area; 
. . . . 

providing each transceiver with one or more additional receiver mean.s 

synchronized to its main receiver; 

tuning each additional receiver_ means to up-link frequencies of the other 

transceivers. 
. . 

9. . A method as doimed.i~ claim 8, wherein one of the additional receiver means . 

. is tuned to the up-link. frequency of ari odjQcent coverage area's transceiver. 

I'·. 


