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Thi s 1nvent|on relates to an arrangement for extending the range of radio
COAVerage in a TDVA (Tinme division Miltiple Access) system The invention
Wil - be described with reference to a digital GSM cel lul ar radio
system using TDVA, but is applicable to certain classes of TDVA systens
general ly. Radio TDVA systens are particularly useful when a central
transceiver deals with a plurality of r te transceivers. However, the
di stance between the renpte transceivers and the central transceiver

i ntroduces propagation 10 del ay which varies in direct proportion to the
di stances_the renpte transceivers (nobiles) are |located fromthe central
transcei n%nprevent adj acent transm'ssions from nobiles

over| apping i gTdﬁi%gﬁv ot ?elg&%o?cg?b a‘?Fbrf@trR%(nt'ﬁor rﬁtﬁﬁgﬁ\ésﬂ{eyrat&fcgﬁtéo%. the

times all ocat ransm ssion i mes 0 nmaxl m se

i nf or mat | gsvérigeue ROVDMA (Timeé Wivisionaultplercddea) spseiini MHevindieakiohewill e
transcei ver can be instructed to advance the starting tine of its
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may be only a few kilonetres in dianeter, cell size
deals with a plurality of remote transcewers However, the distance between
the remote transceivers and the central transceiver introduces propagation’
10 delay which varies in direct proportion to the distances the remote transceivers
(mobiles) are located from the central transceiver (base station).

To prevent adjacent transmissions from mobiles overlapping in time due
to propagation delay it is necessary to control the times allocated for
transmission (timeslots) from the mobiles. To maximise information throughput

15 it is well known that each individual remote transceiver can be instructed to
advance the starting time of its transmission in order to compensate for the
propagation delay ahd to maximise spectrum efficiency.'

Cellular radio telephone systems divide a coverage area into a plurality of
contiguous or overlapping cells each served by a base station. In urban areas,

20 the coverage of each cell may be only a few kilometres in diameter, cell size
being reduced as the communication traffic density increases.

As the traffic density decreases the size of the cells can be increased
provided radio coverage remains adequate for successful communication. The
protocol adopted by GSM permits mobiles to advance their timing by a

25 maximum of 63 communication bits. This is equivalent 10 approximately 35
kilometres. Once the mobile exceeds this distance it cannot be instructed to
advance its timing any further. Consequently the base station receiver will
eventually be unable to correlate the received mobile transmission once the
optimum timing advance becomes too great. Transmissions from beyond 35

30 Km will then overlap into the following timeslot at the base station receiver.

Radio propagation conditions are favourable for extending the range of a



bei ng reduced as the conmunication traffic density.increases. As the
'graf,.fi"c density decreases the size of the cells can be increased provided
radi-o coverage renmi ns adequate for successful comruni cation. The protocol
adopted by GSM permits nobiles to advance their timng by a 25 maxi mum
-of 63 comruni cation bits. This is equivalent to approximately 35

kil ometres. Once the nobile exceeds thi3distance it cannot be instructed
to advance its timng any further. Consequently the base station receiver
W'l everG8M comraunicatips systesorbeyomde3’ ilomateds/ whemothie base atatinrsisi on

once the opti timng, adyance .becones 0 great. TJransm ssions from
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base st atj ' | | 0 hid I
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whenbt he émoremicatd extensl thecadwatrage gpea of ahe reselstgtipnibeyone. 85 kildbdetres
netres) and the, surroundj nn%hi ntended coverage area is largely flat. Under

t hese ci rti@amstoyinseall agdditiongl, sitgg)epd base stations.
Summary of the Invention
This specification discloses a method of increasing the range of a TDMA
base station having a first transmitter associated with a first receiver, and a
10 second transmitter associated with a second receiver, the first
transmitter/receiver pair operating on first allocated up link and down link
frequencies, the second transmitter/receiver pair operating on second allocated
frequencies, wherein the base station is capable of communicating with each of
a plurality of mobile stations over either the first or the second
15 transmitter/receiver pa:r, the first transmitter/receiver pair being adapted to
communicate with mobile stations within a first radius from the base station,
and the second transmitter/receiver pair being adapted to communicate with
mobile stations between the first and second radius from the base station, each
mobile station communicating with the base station being allocated an uplink
20 time slot in an uplink channel with either the first or the second
transmitter/receiver pair, each uplink time slot including a time buffer
approximately equivalent to the round trip delay between a mobile at the first
radius and the base station,
uplink transmissions from each mobile being adjustable within the
25 corresponding time burfer to enable correct reception at the base station,
the method including:
causing all idle mobile stations to camp on the second allocated uplink
and downlink frequencies; enabling the first receiver to receive both the first
allocated uplink frequencies and the second allocated uplink frequencies,
30 synchronizing the epoch duration and commencement of the time slots of the
epoch second allocated downlink frequencies with the duration and

commencement of the time slots of the first allocated downlink frequencies,



first or tWi

5 econonic to extend the coverage area of the base station beyond 35

ki l;oméfres than to install additional sites and base stations. Summary Of
the I.nvention This specification discloses a nmethod of increasing the range
of a TDVA base station having a first transmtter associated with a first
receiver, and a 10 second transnitter associated with a second receiver,
the fi rst transmitter/receiver pair oper#ting on first allocated up link
and down |ink frequencies, the second transmitter/receiver pair operating
on second whereiathe tine sletscfche sah:endlmladaeedaaphnlstfeaqmqwaf@a@ﬂwed of
comuni cat i n% w th each of a gll ural it S over t}‘er t he
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and t he second

transyi t t efrbires eholsile seitionbwiithin adaparge betweemthée daseand tsecoodiradii mtheons
between the first and second radius fromthe base st nobi | e
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wherein a mobile station is allotted to the first or second

10 transmitter/receiver pair depending on whether its uplink access signals were
| received by the first or second receiver.
Brief description of the drawings.
The invention will be more fully described with reference to the

accompanying drawing, in which:

15 Figure 1 shows concentric coverage areas around a base station;
Figure 2 shows several mobile stations at differing distances from a base
station;
Figure 3a to 3 shows the time relationship between various transmissions

in accordance with an embodiment of the invention;
20 Figure 4 is a block diagram illustrating the co-location of two
transmitter/receiver pairs embodying the present invention;
Figure 5 shows the frequency/time relationship of an inner receiver
embodying the invention;
Figure 6 shows a block diagram of a receiver used in a one embodiment of
25 the invention;
Figure 7 shows the time slot arrangement of the embodiment of Figure 6.
Figure 8 shows a block diagram.of a receiver used in a further embodiment
of the invention.
Figure 9 shows an alternative receiver block diagram.
30 Figure 10  shows a radio-in-the loop telephone service.
Figure 11  shows an overlapping cell configuration.

Description of the Invention



radi us and the base station, uplink transm ssions from each nobile being
adjastable within the 25 corresponding tine buffer to enable correct
reception at the base station, the nethod including: causing all idle

- nmobile stations to canp on the second allocated uplink and downl i nk

- frequencies; enabling the first receiver to receive both the first
~allocated uplink frequencies and the secomd al |l ocated uplink frequencies,
- 30 synchroni zi ng the epoch duration and comrencenent of the tinme slots

- of the epoch 'second Hl boe @reisodimenitj kol GSRLUeENs ase Wwichted be othersite.oMhand
commencenent of the tinme slots of the first allocated downlink frequencies,

4 wher ei n PHEeT ¢8ikhas g conrok hannet dRECH Q) oaRd cutilg base-FHEGUERIN dhe
delaved  AAnEIARIBsd Syl 0 Mol 'S Ll Db L) BOATHRE g
upl i ng accestctirgH shé uplink T@IGbAe TBBdse StheibhPn THerdinfay be 4 megaeheyween
the first and second radii on the
offset between the uplink and downlink channel frequencies. As an example
there is always a 45 MHz offset between the associated uplink and downlink
frequencies in the GSM system. The Outer cell maintains communication with
mobiles in area 3 shown in Figure 1.

10 The inner cell has a control channel (BCCHi) at frequency (Fi) and a
downlink timebase structure and a corresponding uplink timebase structure.
The Inner cell maintains communication with mobiles in area 2. While areas 2
and 3 are shown as circular, the coverage need not be over the whole of the
area.

15 Both cells may have a fixed time offset between the uplink and downlink
timebase (Tf) depending on the TDMA system. In GSM there is a fixed offset
of 3 timeslots between the transmission by the base station and the
commencement of transmission by the mobile. In addition, in accordance with
our invention, there has been introduced into the Outer cell an additional delay

20 (Td) which delays the commencement of reception by the Outer cell receivers.
in GSM, by introducing a delay equal to approximately 63 GSM transmission
bits the Outer cell receiver's reception windows are ablé to receive
transmissions from mobiles located within the 35-70 kilometre radius of the
base station. _

25 In a TDMA system there are usually a number of pre-defined periodic
timeslots (t0, t1, t2, t3, t4,....tn). On the receiver control channel a number of
these timeslots (not less than 1) are assigned the function of detecting Mobile
Access attempts on the uplink and sending Channel assignments on the
downlink. On the simplest GSM implementation only one timesiot out of the 8

30 possible timeslots is used for this control function.

When located outside a radial distance equivalent to the propagation

delay Td, if the Mobile attempts an access on the Outer cell uplink control



second ,al | ocated uplink frequency can be received by the second receiver,
and whereby uplink access signals froma nobile station within the first
radi us on the second allocated uplink frequency can be received by the
first receiver, wherein a nobile station is allotted to the first or second

10 transmtter/receiver pair depending on whether its uplink access
signal s were received by the first or segpnd receiver. Brief description of
the drawi ngs The invention will be nore fully described with reference to
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coverage areas around a base station; Figure ows several nobile
stations allogatésaiClipntied tassigrenéntowhichhisssertai ithe Outegoek deavitink3and
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Figure 1 shows the coverage area of two GSM transmitter/receiver pairs

or transceivers located at base station 1.
The transmitter of the inner transceiver operates at F;, and the receiver of
10 the inner transceiver operates on a frequency displaced from F, by a fixed
amount e.g. - 45 MHz. This receiver is arranged to receive transmissions from
mobiles within the inner coverage area 2 which has a radius of approximately
35 Km determined by the GSM time buffer of 63 bits.
The outer transceiver's transmitter operates on a frequency F, and its
15 receiver at F - 45 MHz. This second receiver is arranged to receive
transmissions from mobiles within the outer coverage area 3. This is achieved
by delaying the time slot windows for this second receiver by an amount
approximately equal tc the buffer time. The second receiver may be delayed by
slightly less than the buffer time to provide an overlap zone to prevent the
20 mobile "hunting” betwveen the coverage zones.

While only two concentric zones have been shown, a plurality of
concentric zones may be allowed for by having a plurality of transceivers, each
having its receiver deiayed by a multiple of the buffer time.

According to the invention, the timeslots of the transmitter of the second

25 transceiver (i.e. the second downlink) are synchronized with the timeslots of
the first downlink, and the timeslots of the receiver of the second transceiver
(i.e. the second uplink) are delayed in time relative to the time slots of the first
uplink by an amount approximately equal to the time buffer. This enables the
second receiver to receive signals from twice the maximum distance that the

30 first receiver covers. Additional receiver means tuned to the outer cell uplink
frequency (Fo - 45 MHz) and synchronized with the inner cell uplink receiver

are also provided.



Fi guré__t6 shows a bl ock di agram of a receiver used in a one enbodi ment of

25 & | the invention; Figure 7 shows the tinme slot arrangenent
of the enbodi nent of Figure 6. Figure 8 shows a bl ock di agram of a
receiver used in a further enbodi nent of the invention. Figure 9 shows
an alternative receiver block diagram 30 Figure 10 shows a
radi o-i n-the | oop tel ephone service. Figu?e 11 shows an overl appi ng cel
configuration. Description of the Invention 5 In one enbodi nent, two GSM
cells are |ocat %t%fe&ﬁ@n%ﬁ te Figure 2ua eturality ofimphilecerations MBAreeMSERaEHo)

and a tine Lok (hase-gtation to nobile) at a
frequency ﬁg@@ﬁﬁaagfé%g{\gg%??rﬁé%aggﬂghase §§$fﬁﬁ Eée on the upli nk (rmobile to
base station). TherBS iitritas2achamBsié Yo YdvaRce P REWRSshidgid#PWitHin 2R8
downl i nk channel frequencies. As an exanple
b buffer time in proportion to the distance between the mobile and BS.
MS1 is in the immediate vicinity of BS {<500m) and it is instructed to

advance its transmission by zero bits. lts message is received in TS11 as

M11.
MS2 is approximately 17.5 Km from BS and it is instructed to advance
10 its transmission by about 0.5 Td (e.g. 31 bits). Its message is received in TS12
as M21.

MS3 is at 35 Km from BS, i.e. at the limit of the inner cell radius and,
assuming it is communicating with the inner transceiver (TX1, RX1) on
frequency Fi, it is instructed to advance its transmission by 63 bits. Its

15 message is received in TS13 as M31.

MS4 and MS5 are out of range of the inner transceiver, being at about
52 Km and 70 Km from BS. Message signals from these mobiles arrives at the
inner transceiver ovérlapping into the following time slots, even when fully
advanced by 63 bits, as shown in Figure 3a by M41 and M51, which overlap

20 into the adjacent time slots,

Figure 3a represents the five mobiles, M1 near the base station, M2 at -
about 17.5 Km from the base station, M3 at about 35 Km (R1) from the base
station, M4 at about 52.5 Km from the base station, and M5 at about 70 Km
(RO} from the base station. - The contiguous rectangles at the bottom of the

25 figure represent the time slots TS11, TS12 ... of the receiver RX1. The vertical
lines represent the starting points of the time slots.

The vertical distance of the mobiles from the top of the time slots may be
visualised as their physical distance from the base station and their horizontal
displacement is an indication of the time displacement of their transmission

30 burst with respect to the start of time slot TS11.
The sloping dotted lines joining the mobiles M1 to M5 to the time slots

TS11 ... can thus be considered as a representation of the radio waves



there,js always a 45 Mz of fset between the associated uplink and downlink
frequencies in the GSM system The Quter cell maintains comunication with
nobiles in area 3 shown in Figure 1. 10 The inner cell has a
control channel (BCCHi) at frequency (Fi) and a downlink tinmebase structure
and a correspondi ng uplink tinmebase structure. The Inner cell maintains
communi cation with nobiles in area 2. WBle areas 2 and 3 are shown as
circular, the coverage need not be over the whole of the area. 15

Bot h cel | saveling deeweeni thedmbbites ahtistée HesevstanionheThglangle andhibdwthie nk

ti mebase (Tf@dﬁ&endi n% on the TDVA system In GSMthere is a fixed offset
of 3 tine¥PB t BN theReRzantallings isrlefNedkb¥tati on and the
commencenent of transm ssion by the nobile. In addition, in accordance with
our invention, there has been introgp]cegi i=nt_@ the Quter cell an additional
del ay 20 (Td) which delays the conmencenept of reception by the Quter
cell receivers. In GSM by introducing a delay equal to approximately 63
GSM transnmi ssion bits the Quter cell receiver's reception wi ndows are able
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5 hypotenuse and the base of which is t, which is proportional to the time for the
radio signals to travel the round trip distance 2D.

Thus:

where C is the speed of the radio waves. From this the time t by which a

transmission is to be advanced can be calculated as :

2D
c

.t o=

10 ~In other words the sloping line originating at the start of one of the time
slots of RX1 indicates the amount by which a transmission must be advanced
in order for the transmission to be receivable in that time slot. Because the
maximum advance available in GSM is 63 bit periods, corresponding to the
advance of M3 at Rl, mbbile’s outside Rl cannot be received by RX1. This is

15 illustrated by the fact that the sloping lines from M4 at angle e do not coincide
with the start and end of TS14 but overlap across TS14 and TS15, even
though M4 is advanced by the maximum 63 bits. Thus RX1 cannot receive
information from M4. Similarly M5 cannot be received by RX1.

However, transmissions from M1, M2 and M3 arrive at the correct times

20 to be received in time slots TS11, TS12 and TS13 respectively.

Figure 3b shows the effect of delaying the time slots of RX2 by 63 bits
with respect to the time slots of RX1. The delay can be illustrated as having

the effect of moving the receiver RX2 out to the distance whose round trip



25 . In a TDVA systemthere are usually a nunber of pre-defined
periodic tineslots (tQ tl, t2, t3, t4,...,tn). On the receiver contro
channel a nunber of these tinmeslots (not |less than 1) are assigned the
function of detecting Mbile Access attenpts on the uplink and sending
Channel assignnents on the downlink. On the sinplest GSMinpl enentation
only one tinmeslot out of the 8 30 pos9ible timeslots is used for this
control function. Wen | ocated outside a radial distance equivalent to the

propagat i delagakaqulvhient td 63 Biodi i@ R bergrhes ahe alatesslins féhRXQut Thusel |
uplink control . 6 channel Fo, this is received on the Quter cell uplink
recei ver . Mihewhich isnpRysicely at distanes Rbfrom sheg mesite (ane froms R¥it iSAOMhe

uter ' LSBTl b WS SRR S L ARERFL AR
cont gnuesrgigticRTBLRX tatia o bh vidids OB et Havanzérecadvieridenrrlbé Iregeived)byand
tinmeslot. Figure 1 shows the coverage area of two GSMtransmtter/receiver
pairs RX2. The radius R1 now becomes the datum line for RX2. Thus M4 is
' effectively 17.4 Km from the datum line and needs to be advanced by 31 bits
while M5 is 35 Km from the datum line and needs to be advanced by 63 bits.
The sloping lines from M4 and M5 to the intersection of the time slot lines with
10 the datum line make thie same angle e as the sloping lines in Figure 3a.

Figure 4 shows a block diagram illustrative of an arrangement in which
the invention may be implemented. '

The arrangement includes a first transceiver, TX1/RX1, arranged to serve
the inner cell, and a second transceiver, TX2/RX2, arranged to serve the outer

15 cell.

Clock C1 controls the time bases for the uplink and downlink time slots
for the two transceivers.

The uplink time slots for the second transceiver's receiver, RX2, are
delayed by delay Td, as shown in Figure 3 (d). The downliink timeslots for TX2

20 are restored to synchronism with those of TX1 via clock advance Ta.

Base station controller C2 supervises the overall operation of the base
station, and may be programmed to control the switching of the inner uplink
between Fi and Fo. The uplink selector S1 may be used in one embodiment to
tune RX1 to the inner or outer uplink frequency as required. In another

25 embodiment it may be used to select the output of one of a pair of receiver
devices each tuned tc a difference one of the inner and outer uplink -
frequencies.

Figure 4 shows schematically an arrangement for implementing the
control of the transmission and reception channels of the inner and outer

30 transceivers. The time base for the transmission timeslots of TX1 is derived
directly from clock C1, as is the time base for the receive time slots of RX1.

The time base for the receive time slots of RX2 is derived from C1 via



or transceivers located at base station 1. The transmtter of the inner

transcei ver operates at [err] and the receiver of 10 t he i nner
transcei ver operates on a frequency displaced fromJ[err] by a fixed anount
e.g. - 45 MHz. This receiver is arranged to receive transm ssions from

nmobiles within the inner coverage area 2 which has a radius of

approxi mately 35 Kmdeterm ned by the GSMtine buffer of 63 bits. The outer
transceiver's transnmtter operates on a frequency [err] and its 15

recei ver ahe [delay Td%eduvat to Tbr sligedw teksr eaeil) the buffartimed€d bits); aciie/the
transm ssions fromnobiles within _the outer coverage area 3. This is

achi eved BiMe b9 ifap thedime slots0fiT Xy ivdaeved framitbesestargd cdeek &k b¥y an
anount apprLexi e f ti [ 0. [ be
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prevent thg.20 mobi | e "hunting"” between the coverage zones. Wile only
two concentric _zones have been shown, a plurality of concentric zones may
be al | owed for ThushBXilrapdaTR2utransmit iof sxnchieoisny enscoreesnenting fepquencies
receiver | a q? by a nultiple of the buffer tinme. According to the
invention,'?ﬁé @nmeslots of the transmitter of the second 25 transcei ver

(i.e. the secombddvdt rRY)is Yelay WHORIsHBEL Yh RX T BG Td ERE! RKS i8Mtuned to
Fo - 450 MHz during its access-channel time slot and RX1 is tuned to Fi - 450
10 MHz for other time slots. Thus RX1 is capable of receiving access requests
sent on the RX2 frequency from mobile stations within the inner cell, while RX2
receives access requests on its own frequency from mobiles in the outer cell.
Figure 5 shows the frequency/time slot relationship of RX1 according to
an embodiment of the invention in which the frequency of RX2 is switched
15 from its "normal” frequiency Ff - 45 MHz to Fo - 45 MHz during its access
channel time slot to. For tito t n, RX2 returns to its normal frequency.
Figure 6 shows an alternative embodiment to achieve the result shown in
Figure 5. In Figure 6, RX1 includes first and second receiver devices, R and
Re,, Which are permanently tuned to the inner and outer uplink frequencies
20 respectively. A switch SW1 switches between the receiver devices according
to the pattern shown in Figure 5. Thus the appropriate signals are passed on to
the following stages 60 of RX1 for processing. In Figure 7, (a) is the output of
RFi, (b} is the output of RFo and (c)is the input to 60.
Figure 8 shows an alternative embodiment to that shown in Figure 6. In
25 this embodiment the first and second receiver devices, R and R, of RX1 are
again tuned to the inner and outer uplink frequencies respectively. In this case
R and Rg, both try to correlate with the input signal, and only the output of
the successful receiver device is passed on for further processing.
When a mobile phone is idle it must maintain basic communication with
30 the network to enable it to make and receive calls. To this end an idle mobile
needs to "know" which cell it is in and what the adjoining cells are, i.e., it

needs to know what frequency to listen to or to camp on. The basic manner in



the first downlink, and the tineslots of the receiver of the second
transceiver (i.e. the second uplink) are delayed in tinme relative to the

time slots of the first uplink by an anpunt approximately equal to the tine
buffer. This enables the second receiver to receive signals fromtw ce the

maxi mum di stance that the 30 first receiver covers. Additional receiver
means tuned to the outer cell uplink fredquency (Fo - 45 MHz) and
synchroni zed with the inner cell uplink receiver are also provided. 7

W th ref ereieh sonbbieideriifies it$ iscdtidryisofy middsueingt thlel sigaalMitehgthMbnabe
shown at different di stances frombase station BS. The BS instructs each
mobi | e to SERMMEECEIS IR thalagality.oepch cell having & differant ffegquenay . | Normally a
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transhi ssi be dffeczed dybgésgraphicales sreitéstur &icsistasttidhsTadd, IwhenMhé: mobile
is engaged on a call, it needs to take account of these factors by e.g.,
incorporating a time delay before initiating a handover. This helps to avoid
unnecessary handovers.

Thus when a mabile is idle it will tend to camp on the strongest

10 broadcast control chann'el'f.r'equency.

Mobile stations may be caused to camp on the outer cell frequencies in a _
number of ways by sending “information" from the base station. One method
is to cause TX2 to transmit at higher power than TX1 as mobiles are
programmed to home on the strongest signal.

15 The power difference required will depend on the cell selection algorithm
hysteresis. An additional "safety factor" may be used to allow for random
radio variations. | '

We have found that, due to radio shadows, the simple expedient of
relying on the programming of the mobile phone to select the strongest signal

20 and causing the base station to transmit the outer cell at higher power did not
cause the idle mobiles to always camp on the outer cell BCCH.

We therefore cause the inner cell to transmit a cell barring signal on the
BCCH at the inner celi frequency. This consists of a flag in the BCCH which is
recognized by the mobile as an instruction not to camp on that frequency. This

25 has the result of forcing the mobile to camp on the outer cell frequency
irrespective of the relative signal strengths from the inner and outer cell
transmitters.

In a preferred application we use equal power for the inner and outer
transmitters.

30 As an alternative method of causing the mobiles to camp on the outer
cell, use may thus be made of a féature of GSM. This feature involves

transmitting a message: which indicates to the mobile stations not to camp on



M52 is, approximately 17.5 KmfromBS and it is instructed to advance 10

| t's.transm ssion by about 0.5 Td (e.g. 31 bits). Its nessage is received in
TS12 as M21. MS3 is at 35 KmfromBS, i.e. at the limt of the inner cell
radius and, assuming it is comrunicating with the inner transceiver (TX1,
‘RX1) on frequency Fi, it is instructed to advance its transm ssion by 63
bits. Its 15 message is received in X513 as MB1. M54 and MS5 are out of
range of the inner transceiver, being at about 52 Kmand 70 Km from BS.
Message shgpatticdlaooell.hddeisnmbbiles canrberesusdd tdavoiththe inmenoedi aret
overlapping into the followng tinme slots, even when fully advanced by 63
bits, as%%%ﬂ“itﬁelﬂ‘ﬁﬂff gea by MA1 and MB1, which overlap 20 into the

dj t ti UL, | i h
base stati on. 'Np 4Eo fesr sy {AIERAE tné Miobile Srefol whifgh Mps BERE SHDE |
(R1p froactéss bepeesttisiabnto Meabe ahe diccbss grarn inessagd eropathe Hagki on, and

Mb at about 70 Km (RO fromthe base station. The contiguous rectangles at
t he bott §AUAN.t he 25 figure represent the tine slots TS1 1, TS1 2 ... of

the recei ver Rtk il fnofie!is Sampdd' 8% $h8P5GRF Bon'ddfin 3¢ Abldrfith BR HeSoller! M@
down link contro! channel fo.r the access grant, i.e. it is tuned to Fo. However,
if the mobile is within the inner cell, its access request sent on Fo - 450 MHz

10 will be received by RX1 which is tuned to Fo - 450 during its access request
reception time slot. Thus, when the mobile is in the inner cell, an access grant
' message will be sent by TX1 on Fi. The mobile is not able to receive this
information. _ | _

Thus according to one embodiment of the invention, the base station

15 control causes the accass grant to be transmitted on both Fi by TX1 and Fo by
TX2.

According to an alternative embodiment, the base station control causes
TX1 to transmit access grants on Fo.

It had been assumed that when an idle mobile was in a concentric cell

20 arrangement and transmitted an access request then the request would be
received by the receiver tuned to the frequency on which the request was sent,
if the mobile was within the range covered by that receiver, and if a specified
number of such accesy attempts were unsuccessful, the mobile would
automatically attempt to access the other of the concentric cells, so that the

25 call could be established in this manner. However trials proved that calls could
not be established reliably in this manner under some circumstances.

To overcome this problem we have developed an arrangement in which
idle mobiles within the service area of concentric cells are caused to camp on
the BCCH frequency of the outer cell. This means that access attempts from

30 mobiles in the outer area can be processed normally, but the system required
modification to enable calls to be established from a mobile in the inner cell as

the uplink random access channel of the outer cell could not properly correlate



The vertical distance of the nobiles fromthe top of the time slots may be
visual i sed as their physical distance fromthe base station and their
hor.i zontal di splacenent is an indication of the time displacenment of their

t-ransm ssi on 30 burst with respect to the start of tinme slot TS1 1. The
sloping dotted lines joining the nobiles ML to Mb to the tine slots TS1 1
can thus be considered as a representdtion of the radi o waves 8

travel ling between the nobiles and the base station. The angle e which the
sl opi ng | iacesssredapuests Hrarhahbanobibmirathé inmes dedl. dE6ithisdehy we provideflerr] =
[err] where D is the vertical distance of a triangle of which_t s| opi ng
i ne” f or middifional receiyghMmannsciuned tOr e HERUBRCAT dhe uteT C%?ﬁﬁ'shup

propor ti olighchforibéu i Bnd Wiett fife [l LeRSOCHS ThuS kRY Huattisha FeBeveF | P

di st ance
5 means is able to receive access requests on the outer cell frequency from

mobiles located within the inner cell.

While the third receiver means has been described and illustrated as
consisting of a separate receiver, it may in practice be implemented by
switching the tuning of the inner receiver to the outer uplink frequency RFo

10 during the Random Access Channel (RACH) period (i.e. time slots after the
inner downlink BCCH). Reference to the third receiver means should be
understood to include this implementation. '

The additional receivers for the intermediate coverage areas may be
implemented in a similar manner.

15 It should be noted that the idle mobiles are barred from camping on the
inner cell so no access attempts would be made on the 'RACH of the inner
receiver at the inner receiver fréquency RFi.

A further application of the extended cell technique is in a "radio-in-the-
loop" telephone service (see Figure 10). In some applications, particularly

20 where there are a few remote subscribers, (RS1, RS2, RS3), the cost of running
wire cable to the subscribers may be large, and the cost of maintenance may
also be large. .

The base statior: BS need provide only sectional coverage, as shown in
Figure 10.

25 We therefore\propose'the use of a base station to provide GSM coverage
to the remote subscribers who may have fixed transceivers powered from a
local generator or from the electricity supply lines, thus obviating the
inconvenience of the limited life of portable batteries.'

The arrangement would also have the advantage of permitting a person

30 working at a distance from a farmhouse to communicate with the farmhouse by
telephone via the GSIVl base station as long as the person remained within radio

coverage of the base station.



tan [err] D = Ct . 2 where Cis the speed of the radi o waves.
Fromthis the time t by which a transm ssion is to be advanced can be
calculated as 2D C 10 In other words the sloping line originating
at the start of one of the tinme slots of RX1 indicates the anpbunt by which
‘a. transm ssion nust be advanced in order for the transm ssion to be
receivable in that tine slot. Because tH& nmaxi rum advance avail able in GSM
is 63 bit periods, corresponding to the advance of M3 at R1l, nobiles
outside Rl canThé Haddooeebpethtinh <3 .nubhber bBsgécific dildunsstaates viiy Behe fact
that the sloping lines fromM at angle e do not coincide with the start
and end ofleswibpdwithoraierenseaisy bigsradl4 and TS15, even though Mt is

d d by th 63 hus RX1 tion f
S o TR TP G 2 b SRS SRR S A RN T o .

M agd Wo@éﬂé%ﬂ gtcetllhﬁ @%ﬁu@ﬁtm%r'uﬂﬁ infd botﬁ 8rt 1 ?F%Vﬂb' ntime slots
TS1 1, TS12 and T313 respectively. Figure 3b shows the effect of del aying
the tinme sl ot sHehde&¥er nytresfdliaveing circumstances will be considered:

A: A mobile station MS moving from cell 1 to cell 2;
A mobile station moving from cell 2 to cell 1;
A mobile station moving from cell 1 to cell 3;
10 A mobile station moving from cell 3 to cell 1;

A mobile station moving from cell 2 to cell 3;

mmo ow

A mobile station moving from cell 3 to cell 2;

The GSM system'has a requirement that handover can be triggered by a

number of factors including distance, signal level, signal quality
15 (synchronization}, and power budget and these may be implemented in different
ways by different manJfacturers.

In case A where a mobile is'moving from cell 1 to cell 2, the mobile will
report back to the base station control that it is approaching the time advance
limit of 63 bits e.g. wt.en it reaches 62 bits. The base station control then

20 instructs the mobile to switch to the frequency of cell 2. If the mobile cannot
successfully achieve the hand-over for any reason it is programmed to try the
next best cell from a list of adjoining cells sent by-ihe base station controller to
the mobile and the mobile monitors the level from these cells during the time
slots when it is not receiving or transmitting. In this exampie the second choice

25 would be cell 3.

In case B the mobile is moving from cell 2 to cell 1. One way in which
the hand-over couid be triggefed would be to program the base station to
instruct the mobile to switch to cell 1 when the time advance fell below 1. In
an alternative, both the base station and the mobile monitor signal quality and

30 this can be used to trigger the hand-over. The mobile will report a deterioration
in quality as the mobile moves across the O bit advance boundary or the base

controller will detect it to trigger the hand-over because of the loss of



with respect to the time slots of RX1. The delay can be illustrated as
having the effect of noving the receiver RX2 out to the di stance whose
round trip 9 delay is equivalent to 63 bits, 'i.e. Rl becones the datum
tine for RX2. Thus M3, which is physically at distance RL fromthe centre
{and fromRX2), is now electrically in the equival ent position wth respect
to RX2 that ML has in 5 relation to R&. In other words, M3 nust have
zero advance to be received by RX2. The radi us Rl now becones the datum
line for ByAchronizatidh.is effectively 17.4 Kmfromthe datumline and needs
to be advanced by 31 bits while M6 is 35 Kmfromthe datum|line and needs
to be advanced G8}l 320gin yould desthepserpnd abeictr om M4 and M to the

Ler oLl on ohalBfele o 1 KRS, 2 0100 SR OGP TRERRARE, S
e Sty SheoumiggraAE g RothOLONA, WU eIk piomar IS
fading etc. The hand-over could be triggered on any criteria except distance
where the normal first try hand-over would be to cell 2 with cell 3 as second
choice as for case A. If the mobile reports that it has reached the threshold of
any of these criteria, and that cell 3 is the best option, the changeover to cell 3
10 will be initiated by the base station controller.

In case D the mobile is moving from cell 3 to cell 1. The mobile if
programmed to try the best neighbouring cell from a list of cell frequencies sent
to it by the base station controller and will request the base station controller to
authorise a change-over to the cell which provides the best power budget for

15 the mobile, i.e. to the cell where the mobile is required to use the least power
to transmit./ Thus if the mobile is closer to the antenna of cell 1 than that of
cell 3 it will be switched to cell 1.

In case E the mobile is moving from cell 2 fo cell 3. This is similar to

case C. |
20 In case F the mobile is moving from cell 3 to cell 2. This is similar to

case D.



the inner cell, and a second transceiver, TX2/RX2, arranged to serve the
outer 15 cell. Cock Cl1 controls the tinme bases for thﬁ,Mlli u ﬂ
downlink time slots for the two transceivers. The uplink sml I“" ll””"ls
second transceiver's receiver, RX2, are delayed by delay Td, &s shotwn in*
‘Figure 3 (d). The downlink tinmeslots for TX2 20 are restored to

synchronismw th those of TX1 via clocki@dvance Ta. Base station controller
C2 supervises the overall operation of the base station, and may be

progr ameThé elaieBtdefinibanswhvedtior agd akfeliowser uplink between Fi and Fo.
The uplink selector S1 may be used in one enbodinent to tune RX1 to the

i nner or but erAgslivia rediggemnyunisatieq @irrangenentanetusing ascellulambase nent it
may be us§d to.select the out recei ver devices each

Eut (%f one of a E)ai r._of :
tuned to FogPPAVIE SWonEr BIOTETHANONS A LYRITEPINP CONR IR (RATTRL 3 Fi gure
4 shgws W@%dnﬁﬂhbWm@fréﬁﬁ%%ﬂbsééﬁiaié@bﬁﬁ%ﬁémgowr%g‘ég%'r‘eraQ'inélf:dﬁﬂ;e

transm ssion and reception channels of the inner and outer
transcei vatrieasThe time base for the transm ssion tineslots of TX1 is
derived dir ecté iggeq'n%r§$g§el§vgli’nc?usdiriug at Hresttriecr:r:asivlejﬁfj1 ?neeafnosra appeteaet%elie\c/:%i\}ei e
sl ots of RXI. _
'ﬁrst incoming signals from an inner coverage area the first transceiver including
a first transmitter means adapted to transmit first outgoing signals at least to
10 the inner coverage area; and
an outer transceiver having a second receiver means adapted to receive
second incoming signals from an outer coverage area-and a second transmitter
adapted to transmit second outgoing signals at least to the outer coverage area;
and an additional third receiver means adapted to receive third incoming
15 signals from the inner coverage area;
wherein the first and third receivers operate according to respective first
and third receiver time frames which are synchronized;
| wherein the second receiver operates according to a second time frame
which is delayed with respect to the first and third time frames by a
20 predetermined delay period;
wherein the first receiver receives first incoming signals at a first uplink
frequency associated with a first downlink frequency transmitted by the first
transmitter; '
wherein the second and third receivers receive respective second and
25 third incoming signals at a second uplink _frequency associated with a second
downlink frequency transmitted by the second transmitter; and
wherein idle mobile telephones in each of the coverage areas are caused
to camp on the secord downlink frequency, whereby access requests from the
idle mobile telephones are transmitted on the second uplink frequency, and are
30 received in an appropriate time slot by the second or third receiver depending
on the location of the mobile telephone transmitting the access request.

2. A cellular radio communication arrangement as claimed in claim 1



The tine base for the receive tine slots of RX2' is derived fromCl via

10‘the delay Td equal to (or slightly Iess than) the buffe [ AT ﬂ
while the tine base for the tinme slots of TX2 is derived f:““‘“[ﬂ““l“ﬂll& Il
cl ock Cl1 by advancing the output of delay Td by the same angunt as the s *
del ay period of 5 Td. Thus TX1 and TX2 transmt in synchroni smon
correspondi ng frequencies Fi and Fo. Rec&Vver RX2 is delayed with respect
to RX1 by Td and RX1 is tuned to Fo - 450 MHz during its access channel

time slot inclddR¢lone drunerk Fitermbiald coveldde dmasdidievedn the Finer andTouter RX1
I s capabl e of receiving access requests sent on the RX2 frequency from
nobi | e st ROVERRIHRTEASHEAGTE NAMING @ COrespRAfing iRkerediaie, #anseewes tP@%éQt s

o 2 oo BT o RTREE U 7 B gk s 012 5 st 1P,
invergion in whhefe beid fRrBEINCNteMENEtd Boseddgeh®@a an additional receiver
adapted to receive intermediate uplink signals originating from the
c'orresponding intermediate coverage area and having a frequency the same as
the second uplink frequency.
3. An arrangement as claimed in claim 1 or claim 2 wherein the first
10 downlink signal includes a first downlink time frame having a first broadcast
control channel which includes a camping bar flag signal which instructs idle
mobile phones not to camp on the first downlink and 'upIink frequencies.
4, An arrangement as claimed in any one of the preceding claims wherein
the time frame of each receiver adapted to receive incoming signals from the
15 outer coverage area and the intermediate coverage areas is delayed with
respect to the time frame of the inner coverage area by a period equal to or
slightly less than twice the time of travel for radio signals from the base station

antenna means to the inner edge of the corresponding coverage area.

5. A cellular radio communication arrangement substantially as herein
20 described with reference to the accompanying drawings.
6. A method of increasing the range of a TDMA cellular radio base station in

a network arrangemen: in which the timing of transmissions from mobile
telephones can be adjusted over a predetermined range, the base station having
a cellular radio communication arrangement including a cellular base station
25 having two or more contiguous or overlapping coverage areas and a
corresponding TDMA transceiver associated with each coverage area, including
at least
an inner transceiver including a first receiver means adapted to receive
first incoming signals from an inner coverage area the first transceiver including
30 a first transmitter means adapted to transmit first outgoing signals at least to
the inner coverage area; and

an outer transceiver having a second receiver means adapted to receive



15 dromits "normal" frequency Fi - 45 MHz to Fo 45 Mz during its
access channel time slot to. For t i tot n, RX2 returns to its nor mal
frequency. Figure 6 shows an alternative enbodi ment t?i”Mcqu"uUﬂ’”HmH
'shown in Figure 5. In Figure 6, RX1 includes first an

-devices, [err] and [err] which are permanently tuned to the inner and out er
upl i nk frequenC| es 20 respectively. Agswtch SW. swi tches between the
receiver devices according to the pattern shown in Figure 5. Thus the

appr opr i a§gearidtomiAgSiGRSIS SfoANar 9uEé}ec6\férb@év'amga ehagﬁgeé@n@&rdﬁ&hherr
processing. In Figure'7,"(a) is the output of "RFi, (b) is the output of RFo
and (c)i sadamedmmnransmmsedemmetgbne@smmaaleaes:t rtattheeomeb@owmge atea; hat

shown in Fi gure& (% th| enbodi ment the first and d_receiver
Govi ces. [ err] sahan aidfiop! ford saENaIAMROYS A0aPIes 1 £SreE RER dnGaTaNg
upl i gk fr@i%H%ﬁcfrﬁﬁw 158 Rifdr cReYa égdéé‘ll s case [err] and [err] both try to
correl ate th the 1 nput signal, only the output of the successful

recei ver devi cwheeelpaﬂ'teeﬂrsmranfdorhufwredWerprcmeesw accordirey ta respgedtivepiiste i s
idle it nmust nmintain basic communication with 30 the network to enable
it to maka8ndibirddseepiver ¢ine frames ywhich afel sYAChINizedsbi | e needs to "know

whi ch cell it bﬁwér&mamel %lfot {b%e?\%r %ﬁécrggescg#&gﬂﬁegebaa Secorld tn%%eﬂﬁn{e

know what frequency t or 't Si'c manner
which is delayed with respect to the first and third time frames by a

10 predetermined delay period;
wherein the first receiver receives first incoming signals at a first uplink
frequency associated with a first downlink frequency transmitted by the first
transmitter;
wherein the second and third receivers receive respective second and
15 third incoming signals at a second uplink frequency associated with a second
downlink frequency transmitted by the second transmitter; and
wherein idle mobile telephohes in each of the coverage areas are caused
to camp on the second d'ownlink frequency, whereby access requests from the
idle mobile telephones are transmitted on.the second uplink frequency, and are
20 received in an appropriate time slot by the second or third receiver depending
on the location of the mobile telephone transmitting the access request.
7. A method as claimed in claim 6 wherein the coverage areas include one
or more cellular radio communication arrangements as claimed in claim 1
including one or more intermediate coverage areas between the inner and outer
25 coverage areas each having a corresponding intermediate transceiver tuned to
respective intermediate uplink and downlink frequencies,
there being for each intermediate coverage area an additional receiver
adapted to receive intermediate uplink signals originating from the
corresponding intermediate coverage area and having a frequency the same as
30 the second uplink frequency.
8. A method as claimed in claim 6 or claim 7 wherein the first downlink

signal includes a first .ownlink time frame having a first broadcast control



which.a nobile identifies its location is by neasuring the signal strength

froma group of cells in the locality, each cell having a diffe

freguency. Normally a nobile will canp on the cell hqvi llm“i m“i"HM|
'signal. Signal strength may 5 be affected by geograpHe@g W
*architectural obstructions and, when the nobile is engaged on a caII It
needs to take account of these factors g e.g., incorporating a tinme delay

.before initiating a handover. This hel ps to avoid unnecessary handovers.

Thus when, r?adﬁélpwtﬁchﬁnél%ﬁ 'atcéﬂ‘nhlnﬁ Sﬁ/bgég s?i’dﬁgt\ﬁﬂmmﬂsﬁh&?g‘ﬂﬂétm&ﬂue

br oadcast contr annel reque Ions may be caused to canp
on the ouylhlwnesehdt fo eaognon akeiftstdowniek arfd uwplisk inequendiesy "i nf or mati on”
fromthe base station. One nethod is to cause TX2 to transmt at hlg’her

povver t ha?r TXIA J8etios F%§|"’é'?”@drif‘oaﬁyaﬁﬁéd>ftfﬂaiﬁbﬁ¢§ 198 (viaerein ottigetitnes
al ot eJ{lFré’éé“‘@ér %&Jgtgg%cr%cg ilncﬁ ﬂz M\bfsa%t or ?Hﬂnocﬂgg ue??ok/eﬁag o "

al gorl thmhysteresis tiona
for randagrea and the intermediate coverage areas is delayed with respect to the time

frame of the inner coverage area by a period equal to or slightly less than twice
the time of travel for radio signals from the base station antenna means to the
inner edge of the corresponding coverage area. |
10 10. A method as claimed in any one of claims 1 to 6 wherein the radio site
causes access grant messages to be transmitted on the frequency of the outer
downlink. "
11. A method as claimed in claim 7, wherein the radio site causes the access
grant message to be transmitted on the inner down link frequency by the first
15 transmitter and on the outer downlink frequency by the second transmitter.
12. A method as claimed in claim 7, wherein the radio site causes the access
grant message to be transmitted o.n the outer downlink frequency by the first
transmitter.
10. A method as claimed in any one of claims 6 to 9 wherein the base
20 station causes access grant messages to be transmitted on the frequency of
the outer downlink.
11. A method as claimed in claim 10, wherein the base station causes the
access grant message to be transmitted on the inner down link frequency by
the first transmitter and on the outer downlink frequency by the second
25 transmitter. '
12. A method as claimed in claim 10, wherein the base station causes the
access grant message to bé transmitted on the outer downlink frequency by the
first transmitter..
13. A method of increasing the range of a TDMA cellular radio base station
30 substantially as herein described with reference to the accompanying drawings.
DATED THIS TWENTY-SEVENTH DAY OF APRIL 1995
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radi o.variations: W have found that, due to radio shadoWs the sinple

expedi ent oWgram ng of the nobile phane to select the

strongest si and causing the base station to § : TE—oterT]
cell at hi ghgemgghe' &S e¢guse the idle nobiles to .
~outer cell B _ e cause the inner cell to tix ' (

barri ng si gnal t t1he | NABSTRAIGT f r equency. Th| s consi sts of a
flag in the BCCH which is recognized by the nobile as an instruction not to
canp on that frequency. This 25 has the result of forcing the nobile to

-canp on the outer cell frequency irrespective of the relative signal
strengths fromthe inner and outer cell transmtters. I'n a preferred

. application weaUsBVR rddioROMMUNEatidHEsYS1BAT sBEK a8UESM haS RSHitbartime 30
As an alternative nethod of causing the nobiles to canp on the outer cell,

use may tprréobétdimmer ovhighf et tarsoiss&@Mrotmiasmbbile statiomiMSies MS5) can

transmttln e  whi indicates.to th stati ons no
on & 8dVanced 10 allow ?or the transit time o tﬁe s:gnal%etween the motblle and"P

the base station (BS), and this limits the maximum range of the system to RI.
By co-locating a first trahsceiver (TX1/RX1) operating on a first frequency band
(F1) and a second transceiver (TX2/RX2) operating on a second frequency band
(FO), and delaying the reception' time slots of RX2 by td, the first transceiver
can be used for communication up to Rl, and the second transceiver can be

- used for éomrﬁunication for mobiles between Rl and RO. Idle mobiles are
instructed to camp on FO and RX1 is switched during access request periods to

look for access requests on FO.



12 the part|cuLaL—ceL#——¢hus—nDbtIes can be caused to avoid the inner cel
*and .canp on the outer ceII $ al so necessary to ensure that the

Station which “ emﬂzaCcess request is able to feg gwe pheuéb@eéﬁ
grant message fr atlon The idle nmobile is. ¢ ﬁ% mnthﬁi@ute
outer down-link control ch '

cell soit is
access grant, i. . |s tuned to Fo._However, if the nobi e s mﬁthln t he
inner cell, its access request sent oh/®o - 450 Mz 10 will be received
by RX1 mhich is tuned to Fo - 450 during its access request reception tine
slot. Thus, when the nobile is in the i aQ_access grant nessage
wll be sent by TX1 on Fi. The nobil eAs not abIe to ™eceive this

i nformation. Thus according to one &nbodi nent of the invention, the base
station 15 control causes the gCcess grant to be transmtted on both F
by TX1 and Fo by TX2. According } [ ,, the base
station control causes

i

FIG. 1

N R Fo
< o»3-R Fi T
> RFo |

FIG. 9



TX1'tQ transmt access grants on Fo. It had been assuned thatvwgg_'ﬁf
-mebi.le was in a concentric cell 20 arrangenent and transnltt g;_ :
‘request then the request woul d be received by the receiverTtu
frequency on which the request was sent, if the nobile was within the'T
covered by that receiver, and if a speC|f|ed nunber of_f%EiLfggfgngiLgﬂpLs
wer e unsuccessfuL;m;Je—nnb+le woul d automatically attenpt to access the

er Ux

ot her of the concentr|ficagel{ls, so that2/8he 25 cal | co ggeuﬁeablk
il

in this manner. als proved that calls could no
reliably in this manner Ender some circunmstances. To overqu

we have devel oped an larrangenent in which idle nobiles wt servi ce
area of concentric cells are caused to canp on the BCCH frequency of the
outer cell. This nmeans that access attenpts from 30 nobiles in the outer
area can be processed nornmally, but the systemrequired nodification to
enable calls to be established froma nobile in the inner cell as the
uplink random access channel of the outer cell could not properly correl ate
N
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13 access requests fromthe nobile in the inner cell. To this end we

provi ded addi tional receiver neans tuned to the frequency of-the_ QUL
BCCH, but synchronized in time with the inner cell BCCH. Thus_Lhé°

addi tional receiver 5 nmeans is able to recei ve access red
outer cell frequency fgom nobiles |located within the inner ¢
third recei ver neans KW@s been described and illustrated as G
separate receiver, it gay in practlce:y@ i npl enented by swit

uest s

I-JI = p’b—FID:N
R %‘35;

onsj| st
chi hg

tuning of the inner reteiver to the outer uplink frequency RFo 10
t he Random Access Channel (RACH) period (i.e. time slots aft®Er—the inner

downl i nk BCCH). Reference to the third receiver neans shoul d

eII; VWhil e the

ing of a
t he
during

be: under st ood

to include this inplenentation. 'thsaebdmslaanale lesdei vers for the
i nternmedi ate coverage areas nay be n a simlar jmanper. 15
It should be noted that the idle red fron1canpin3 on the
inner cell so no access attenpts wou nade fred from canping on the
receiver at the inner receiver frequency RFi . A further appllcaiion of the
extended cell technique is in a "radio-in-the-
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| oop" .tel ephone service (See Figure 10). In sone applicati

: @@EFTMSGB&*E;N
20 - where therthrsgeepi_I;sg\génq@ § sSubscribers, (RS1l, RS2, !

1R,

el &

of runni ng wmre cCa

scrii bers may be | arge, and-
mai nt enance may al H he base station BS need prov de'only
sectional coverage! Figure 10. 25 = = W t herefjore propose
the use of a base station to provide GSM coverage to the renpte {subscriberf
who may have fixed transcei vers powered/from a |ocal generatpr qr fromthe
electricity supply lines, thus obviating the inconvenience of the limted i
|ife of portable batterdes. The arrangerent woul d al so have Haresadvant age
of permttlngapersonéﬁ wor ki ng at ia di stance froni'a farnhquse to i
communi cate with the faEnmhouse by tel ephone via the GSM base}st4tion as
l ong as the person remained within radio coverage of the base stjation.
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T
The handover operation in a nunber of specific C|rcunstancqs'MAJ$ 1DET HeS BEEN
‘described with reference to Figure 11. Figure 11 shows a pdir of #epo&enbric
cells 111 and 112 and an 5 overl apping cell 113 which intrudes==

areas 111 to 112 andpver in Fhe follomqng C|rcunstances_MLLL_QQ____~_______

consi dered: A A mobile station M5 noving fromcell 1 to cel

nobi | e station noving fromcell 2 to cell 1; C A nobile aﬂheet)Haeraui
fromcell 1 to cell 3; 10 D: 5/# nobile station nov

tocell 1; E A nmobile station noving f cell 2 to cell 'ﬂ
mobi | e station nmoving fromcell 3.to cell 4; The GSNIsysten1has a

requi rement that handover can be triggered}lby a nunber of factors |nclud|ng
di stance, signal level, signal quality 15 (synchroni zation), and power

budget and these n pe TTprenented i m arfferemt—ways Joy o ferermt
manuf acturers. In |case A where a nobile |s moving fromcell 1 to cell |2,
t he nobil e wt—report—back tg—the—Base—stati on—eortrt—thah it IS
approaching jthe time advhnce [imt of 63 dlts g.g. when it reaches 62 bits.

The base stdti ntrollthen
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20  Linstructs the nobile to svmtch,ﬂ]ls
'nUblle cannot successfully achi eve the

programmed to try the next best cel

the base station controller to the nDb

iy

fromthese cells during the tine slots when it
transmtting. In this exanple the secogﬂichoice 25
I 0

k0

case B the nobi
hand- over could
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quality and 30

this can be used to trigger the hand-over.

The nobil e

W ll report a deterioration in quality as the nobil ross the 0 bit
advance boundary or the base controller wll deteci It to trilgger the
hand- over because of the |oss of 15 synchroniz‘tion.
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Cel I'",3 again woul d be the second choice. In case Cthe SrevRg-f L oM
‘céll. 1 to cell 3. This would normally 5 only occur mhga—}E@$BHQEma§S@§§h
first choice due to propagation problenms e.g. fading etc. [The h&i®iaven
could be triggered on any criteria except distance where the ' f :
try hand-over would be to cell 2 with cell 3 as second cheitee—asfor case

A. If the nobile reports that it has reached the threshol d, of amof t hese

criteria, and that cell 3 is the best éfion, the changeoJBfShst enReplaced -
will be initiated by the base station controller. In case 1] l ,ﬂﬁ:
nmoving fromcell 3 to cell 1. The nobile if programmed to t

nei ghbouring cell froma list of cell frequencies sent to it by the base
station controller and will request the base station controller to

aut hori se a change-over to the cell which provides the best power budget

for 15 the nobile, i.e. to the cell where the nobile is required to use
the |l east power to transmt./ Thus if the nobile is closer to the antenna

of cell 1 than that of cell 3 it will be switched to cell 1. In case E the
nmobile is nmoving fromcell 2 to cell 3. This is simlar to case C. 20

In case F the nobile is noving fromcell 3,&0’EEI ?l This is simlar to
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ca‘sé’bm““ 16 The clains defining the invention are as follows: 1. A
‘cel l.ul ar radi o comuni cation arrangenent including a cellu }
havi.ng two or nore contiguous or overl appi ng coverage ar ey WS&:ET HAS BEEN
correspondi ng TDVA transcei ver associated with each coverage ar EPLACED
including at least an inner transceiver including a first recerver—mears——r
adapted to receive first incomng signals froman inner coverage area the
first transceiver including a first tré&8nitter neans adapted to transm t
first outgoing signals at |least to 10 t he i nner cover agthieShea Hashen Replaced
outer transceiver having a second receiver neans adapted to

i ncom ng signals froman outer coverage area and a second t

adapted to transmt second outgoing signals at |east to the outer coverag

area, and an additional third receiver neans adapted to receive third
i ncom ng




15" ~- ~sirgfiial s fromthe inner coverage area, wherein the first and third
receiv@rs operate according to respective first and third receiver ti miss
fr.ames whi ch are synchroni zed; wherein the second receiver +ES
according to a second tinme frane which is delayed with res eﬁﬁptkfﬂméhTﬁrﬁﬁT
and third tine frames by a 20 predeterm ned del ay periog;  wher

first receiver receives first incomng signals at a flrst-|p$Wﬁk'g @%Q?%@ﬁ
associated with a first downlink frequency tragsmtted by e frrst
transmtter; wherein the second and third recer~ers receive respective

second and 25 third incomng signals at a second uplink frequency
associated with a second downlink frequency transmtted by t tond
transmitter; and wherein idle nobile tel ephones in each of tiheggoyerage

areas are caused to canp on the second downlink freque eweby access
requests fromthe idle nobile tel ephones are transmtted ontti?s=cond

uplink frequency, and are 30 ~ received in an appropriate ot by the
second or third receiver depending on the |location of the nobile tel ephone -
transmtting the access request. 2. A cel lul ar radi o comuni cation
arrangenment as clainmed in claiml :
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N A YR T

_ﬂ'”lhcludlng one or nore internedi ate coverage areas\betﬁee Cimner and
outer coverage areas each having a correspondi ng |nte¥ned|ak§d§gi elver
tuned to respective internedi ate uplink and dommllnk.freque §
cthere being for each internedirate coverage area an addi:ti ofial receiver
" adapted to receive intermedi ate uplink-&ignals originating fromthe
correspondi ng i nternedi ate coverage area and having a freggtency the sane as
t he second uplink frequency. 3. An arrangenent as clained |n claim1 or
claim2 wherein the first 10 downl i nk signal includesa f{rst downlink
time frane having a first broadcast control channel which ingludes a
canpi ng bar flag signal which instructs idle nobile phonds npt to,canp on
the first downlink and uplink frequencies. 4. An arr angeneht gggclained

h

in any one of the preceding clains wherein the tine frang of| eacCh’receiver
adapted to receive incomng signals fromthe 15 out er lcovpragé&larea and
the internediate coverage areas is delayed with L
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respect’to the time franme of the inner coverage area by -period_equal
or slightly less than twice the tine of travel for radio i#ﬁ#@kﬁrﬁﬁﬂﬂL |
base station antenna neans to the inner edge of the correspondi ng COVerdage |
area. 5. A cellular radio comunication arrangenent subjstgpt.ial|lEGg995 f

g

herein 20 described with reference to the acconpanyin —dr-awi-ngs. B TA L
nmet hod of increasing the range of a TDMA cellular radi o base stationin a

network arrangenent in which the timng a_transnissions fr nobil e
t el ephones can be adjusted over a predeterm ned range, thelbage station
having a cellular radio comunication arrangenment including ajcellular base
station 25 having two or nore contiguous or overlappi ngicoyerage aregas
and a correspondi ng TDVA transcei ver associ ated w each coverage area),
including at |east an inner transceiver ,including ‘irst [ecegiver nmeans
adapted to receive first incom ng signals froman izmer colerage area tjhe
first transceiver 'including 30 a firqt transni ttté+ neanp adlapted to
transmt first outgoing signals at |least to the inner covefag¢ area; a N
outer transceiver having a second receiver neans adapted tp re¢ceive
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18 second i ncom ng S|gnals froman outer coverage area and a second
‘transnitter adapted to transmit second outgoi ng S|gnals

“receive third inconing 5  signals fromthe inner coverage areaf RERrein
the first and third receivers operate according to respegtPve f|¥st and
third receiver tine frames which are synchroni zed; whereimthé second ™
recei ver operates according to a second tine franme which is del ayed mnth
respect to the first and third time frages by a 10 ‘predeterm ned del ay
period; wherein the first receiver recefveg.first incomng signals at a
first uplink frequency associated with a frt&t downlink frequency
transmtted by the first transmtter; wherein the second and third
receivers receive respective second and 15 third incomng signals at a
second uplink frequency associated wth a second domnllnk frequency
transmtted by the second transmtter; and

outer coverage area; and an additional third receiver ne nEEadéﬁfﬁlhfbu_L;ﬁ]
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_wheréin idle nobile tel ephones in each of the coverage areas are caused to - :
canp on the second downlink frequency, whereby access regﬂﬂstsﬂ#FaﬁFt
~i.dl e nobile tel ephones are transmtted on the second upHunk”f%équeﬁcyH‘éhd!
.are 20 received in-an appropriate tinme slot by the sebond or:ﬂﬁch,-
recei ver depending on the | ocation of the nobile telephone ey g = he
access request. 7. A nethod as claimed in claim6 whererm=the CDVéTage
areas include one or nore cellular radi @3comunication arrangements as
claimed in claim11 including one or nore internedi ate coverage areas
between the inner and outer 25 . coverage;areas each having a
corresponding internedi ate transceiver tuned to respective internediate
uplink and downlink frequencies, there being for each internedi ate coverage
-area an additional recg ver adapted to receive internediate uplink signals
originating fromthe cgrrespondi ng i nternmedi ate coverage area:andﬂhavimg a
frequency the same as&gb .the second uplink frequency. 8. F~A Bt ho
claimed in claim6 orHYedaim 7 wherein the first downlink S|gwmﬂ lcupludgs a

first downlink tine frame having a first broadcast cqntrol . .
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-iig cﬁahnel mhlch |ncludes a canplng bar flag signal whireh=tastxtet

‘nobi | € phones not to canp on the first downlink and upllnkrmmmﬂmamtsasafg__ o

A-method as claimed in any one of clainms 6 to 8.whereif the tipe, Jﬁ&ﬁ@;
~of each receiver adapted to receive inconing signals frommehé‘auiet ............
coverage area and the internedi ate covegage areas is deéeFred=wth=
to the.time frame of the inner coveragearea by a period equal to or
slightly less than twice the time of travel for radio signals fromthe base
station antenna nmeans to the inner edge of the corresponding coverage area.
10 10. A nethod as clainmed in any one of clains 1 to. 6 wherein the
radi o site causes access grant nmessages to be transmtted on the frequency
of the outer downlink. 11. A nmethod as clained in claim?7, wherein the
radio site causes the access grant nmessage to be transmtted on the inner
down link frequency by the first 15 transmtter and on the outer
downl i nk frequency by the second transmitter. 12. A nethod as clained in
claim?7, wherein the radio site causes the access grant nessage to be
transmtted on the outer dowg( nk frequency by the firséFi
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‘transmitter. 10. - A nethod as clained in any one of C|aIﬂEF ‘i:
t he base 20 station causes access grant nessages to
the frequency of the outer downlink. 11. A nethod as cl
“wherein the base station causes the gccess grant nessageil ﬂ@“%e
on the inner down link frequency by 4=he first transnltte.*and on the outer
downl i nk frequency by the second 25 transmtter. 12. A nethod as
claimed in claim10, wherein the base station causes the access grant
message to be transmitted on the outer dommlfpkfff—a ncy by the first

transmtter. 13. A nethod of increasin e rang TDNA cellular radio
base station 30 substantially as ei n descri fth reference to the

acconpanyi ng draw ngs. DATED THIS Y¥§EVHi§11) APRI L 1995 ALCATEL
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N REPL e Il
THIS SHEET HAS BEEN LACEMENT SHEET ||
RiEPLAGED Date :.... - 5 DEC 1995

ABSTRACT
AN EXTENDED RANGE TDMA SYSTEM

A TDMA radio communication system such as GSM has a
limited time period (td) over which the transmission from a
mobile station (MS1 .. MS5) can be advanced to allow for the
transit time of the signal ‘between the mobile and the base
station (BS), and this limits the maximum range of the system
to Rl. By co-locating a first transceiver (TX1/RX1l) operating
on a first frequency band (Fl) and a second transceiver
(TX2/RX2) operating on a second frequency band (FO), and
delaying the reception time slots of RX2 by td, the first
transceiver can be used for communication up to R1l, and the
second transceiver can be used for communication for mobiles
between R1 and RO. Idle mobiles are instructed to camp on FO
and RX1 is switched during access request periods to look for
access requests on FO.

This Sheet Has Been Replaced
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ABSTRACT
AN EXTENDED RANGE TDMA SYSTEM

A TDMA radio communication system such as GSM has a limited time period (td) over
which the transmission from a mobile station (MS1 .. MS5) can be advanced to allow for the
transit time of the signal between the mobile and the base station (BS), and this limits the
maximum range of the system to distance RI. By co-locating a first transceiver (TX1/RX1)
operating on a first frequency band (FI) and a second transceiver (TX2/RX2) operating on a
second frequency band (FO), and delaying the reception time slots of the second receiver
(RX2) by td, the first transceiver can be used for communication up to Rl, and the second
transceiver can be used for communication for mobiles between distance RI and distance RO.
Idle mobiles are instructed to camp on the second frequency band (FO) and the first receiver
(RX1) is switched during access request periods to look for access requests on the second
frequency band (FO).

Figs. 1,2




