0.5 DEC 2005 1 Communi cations Systens and Transcei ver devices for the
Commruni cations Systens Field of the Invention The present invention rel ates
to a cellular data conmunications systemof the 5 sort hav@6gDEC 008ral ity
of user-operated nobile interface devices, such as nobile tel ephones.
Background of the Invention In this document the term "nobile interface
devices" will be used to include nnbile,}elephones, p mmmm m

assi stants (PDAs), notebook PCs, and 10 audi o-vi sual mmm m Mﬂ ralthough
it is not exclusively limted to such devices. It is knowjl®. provide data
communi cation to nobile interface devices by providing a fixed network of

radi o base stations, each defini ng a cell. Each mobi | e | nterface device is
located in one of the EeMmmunige Syste . Br 9evIcen s ef or
t wo-way conmuni cation with the t| n%f ht ceII Typlcally, t he

nmobi l e interface device may be ingle antenna and a
single transcei ving channel. The ability of this type of nobile handset is
di sadvant agepield wf theninvedtitvpwever, since it is difficult to satisfy the
required data rates of future video and internet services either in
macro-cells &Hhat I.s ce|lls a radius of 1-10km or in mcro-cells
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interface unit wt t1ve ant enna
mobile telephones.

Background of the Invention

In this document the term “mobile interface devices” will be used to include
mobile telephones, personal digital assistants (PDAs), notebook PCs, and

10  audio-visual (AV) devices, although it is not exclusively limited to such
devices.

It is known to provide data communication to mobile interface devices by

providing a fixed network of radio base stations, each defining a cell. Each

mobile interface device is located in one of the cells, and is provided with
15  antenna(s) for two-way communication with the base station of that cell.

Typically, the mobile interface device may be a handset having a single
antenna and a single transceiving channel. The ability of this type of mobile
handset is disadvantageodsly limited however, since it is difficult to satisfy the
required data rates of future video and internet services either in macro-cells

20 (that is cells having a radius of 1-10km) or in micro-cells (that is cells having a
radius of 0.1-1km).

Many advanced technologies have been proposed to alleviate this problem,
such as providing the mobile interface unit with adaptive antenna arrays,
sophisticated interference suppression systems and space-time coding. To
25 use an adaptive antenna array for a mobile handset, there is a basic
requirement that the distance between antenna elements is about one half of
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sophi sticated interference suppression systens and space-tinme coding. To 25
use an adaptive antenna array for a nobile handset, there is a basic

requi renent that the distance between antenna el enents is abpgitprengygyal f of
0 5 DEC 2005 2 the wavel ength. The distances for the current wreless
communi cations (using a 1 Giz to 2GHz carrier frequency) range from 15cm
to 7.5cm Thus, even a four-elenent antgpna array will require a distance
of 45cmto 22.5cm This is definitely tdo large for current nobile
handsets. 5 Moreover, since many different cellular comunication protocols
such as GSM 1S-95, PDC, WCDVA and cdma2000 exist, a nobile handset should
preferably be able to operate according to all of these protocols to as to
enabl e gl obatherwawelaggtha Tietdistances écprf ees:ucn@mt wed:eas garnmunicatioss (using

requi renment Ry 0_as. to_adapt
to different 311(5:"\#}(2%9}22 ﬁg{ lﬁgq\rgg %mt %ﬁq??ﬁ‘%a}qﬁus even a
sophi sti cat efousiederbnt antepaasariy Wil ﬂ@q@&e@alsltarﬂ:ecemwrﬁqa@zr&w This is
sophi sti cat ed transcei ver structures and great er power supplies. Wthin

the confi nesdefinitphetoniarge iriausiesy noilrdwndsetiui renent's can only be net by
I ncreasing the size of the handset, but users will not accept |arger

handset s.5 15\ ghamwdry sﬁﬁcbé 'Fﬁaﬂ)mé“i’ffgrbﬂp cbﬂlé@?rl?drﬁrln E:Laﬁﬁpt&%éapt e?“utch as

|nvent|on proposes a ' e t’ranscel ver device
communi cat e @WSM, B850 PDEr WERMA andtddma2@i0 exist,oa maobite haatsetl shlould
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\'MOtCﬁlt ﬁd Wi t hgRaRegIBal rgéﬁﬁr\"d‘%nﬁbulbhﬁte'ﬁé'éé'd’ev?creaéh??ﬁllfﬂetﬁls%&hﬁ‘@m%ﬁt By
using so-called “software radio” technology, so as to adapt to different

10 wireless networks. However, software radio and sophisticated signal
processing methods require correspondingly sophisticated transceiver

structures and greater power supplies. Within the confines of present

technology, these requirements can only be met by increasing the size of the

handset, but users will not accept larger handsets.

15  Summary of the Invention

In general terms the present invention proposes a mobile transceiver device
which is adapted to communicate with one or more base stations of one or
more cellular communication networks over long distances (e.g. up to at least
0.1 km), and also with one or more mobile (e.g. handheld) interface devices

20 located within a short distance of the mobile transceiver device (e.g. within
100 metres of the mobile transceiver device). The transceiver may be
provided with one of more of: a multiple-element antenna array, signal
processing capability such as interference suppression capability, and a larger
power supply than the mobile interface units.

25 Specifically, the invention provides in a first aspect a mobile transceiver
device having:



100 netres of "the nobile transceiver device). The transceiver may be
provided with one of nore of: a nmultiple-elenment antenna arr%y si gnal
processing capability such as interference suppression capagile@, nd a

| arger power supply than the nmobile interface units. 25 Specifically, the
i nvention provides in a first aspect a nobile transceiver device having: O
5 DEC 2005 3 a first conmuni cation appar af us for wirel ess comruni cation
with at |east one cellular base station™of a communications network
according to a first comunication protocol, a second wreless

communi cati on apparatus for communication 5 according to a second

communi cation protocol with at | east one nobile interface unit which is
operabl e to i nput aafifgt consnupicatien appasaiys clonwireless aammynicetion oMitherati ng

or ovi do | nt oFFS Sec-aLfhrbat SiefloR 'S, R GG RO RMARlCa TR o) o

the robi | e i fitsecbmmeunication pidtedatr ably at | east one of the nobile
interface units is for two-way data comrunication with the transceiver and

with a user, and the transceiY is for two way data comunication with

er (
the base station. 3QF€COAAI Wyreless |commupication PRearIBS | &N rAsPMapEatiant s
are arrangeda¢Mrdfiy $51a s'le'é.o%r&grﬁﬁﬁhn‘? nPF%Bb&nwitﬁoaf héhstC BABVRoBAL | ON
y the loca

on a local scale 1s not limted ata communi cati on capacity of
t he transcei inderfage/unibwhidh islopesable to snputand toautputidada, amd on t he di st ance
scal e of the maxi mum separation between the transceiver device and the

]:L(L)IB'[ Pneats '; egf the nggr'nlleersi'orrlltn%;ﬁsc ﬁ)r%%'nglgrting a'tg %G&V\Slegrll’ ﬂeeﬁ%?cl)é/olg,o more than

wherein the conversion means is arranged to provide interference

suppression.

10 Preferably, there are a plurality of the mobile interface units. Preferably at
least one of the mobile interface units is for two-way data communication with
the transceiver and with a user, and the transceiver is for two way data

communication with the base station.

Optionally, at least two of the mobile interface units are arranged for direct

15  wireless communication, so that communication on a local scale is not limited
by the local data communication capacity of the transceiver device. By “local”
is means communication on the distance scale of the maximum separation
between the transceiver device and the furthest of the mobile interface units,
which is preferably no more than 100 metres.

20 The first communication apparatus may comprise a multi-element antenna
array. The multi-element antenna may be of any configuration, such as a

linear array, or a two-dimensional array such as a triangular or circular array.

By means of the multi-element antenna and interference suppression, the
system can markedly improve the downlink performance of mobile
25 communication systems, for example providing a higher data rate and/or a



20 The first. communi cation apparatus nmay conprise a nulti-el enment antenna
array. The nulti-elenent antenna may be of any configuration, such as a

| i near array, or a two-dinmensional array such as a triangul arg 9'p | ar
array. By nmeans of the nmulti-elenment antenna and interference sugg i on,
the system can markedly inprove the downlink performance of nobile 25
communi cation systens, for exanple provi d‘{)ng a higher data rate and/or a 0
5 DEC 2005 4 lower bit error rate (BER), by using the adaptive antenna
array and nore sophisticated signal processing techniques. Preferably, the
transceiver device is re-configurable to change the first conmunication

pr ot ocol , by incorporating software radio technology so 5 that the
transcei ver rcifnairarcrate ( , iyeusing ethst adaptivebgnignnehawvay asid more

e, The P?%%é’i%“g%?& SRRk R A Do, 1ot om endor at that

supply conpared with that of the nobile phones. The |arger the total
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conmuni cation Wt one or nore el n ace unit rou

second comuprezietéronined sphobprotocasis udez loy ﬂfwtrbasba;ttatmryamd/beamhheﬂmet
possible to provide a long 15 battery life The present invention S
suitable in Egl lcations d@gld udi br I el eph t he I nternet,

and mul ti medi' 3¢ YANSCRIVEL device. Br 652 B vely f%{ng?ﬁ eLEYPRIRd t he
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the transceiver and the nobile interface units is
the battery of the transceiver stores, the longer the battery lifetime. The power
10  supply powers the long distance (e.g. at least 100m, but with no lower limit)
communication with the base station through the first communication
apparatus, and the short distance (e.g. up to 100m) communication with the
one or more mobile interface units through the second communication
apparatus, and the greater battery size makes it possible to provide a long

15  battery life

The present invention is suitable in applications including mobile telephone
systems, the Internet, and multimedia. The wireless communication between
the transceiver and the base stations is generally by radio. The wireless
communication between the transceiver and the mobile interface units is also

20 preferably by radio but is not limited in this respect and may for example in
principle be by infra-red communication.

Brief description of the Figures

A non-limiting embodiment of the invention will now be described for the sake
of example only with reference to the following figures, in which:

25 Fig. 1 is a schematic view of a mobile terminal architecture according
to the present invention;



20 preferably by radio but is not limted in this respect and may for
exanple in principle be by infra-red conmmuni cation. Brief description of
the Figures A non-limting enbodi ment of the invention wll 0 2005
described for the sake of exanple only with reference to the foll ow ng
figures, in which: 25 Fig. 1 is a schematic view of a nobile term na
architecture according to the present invention; 05 DEC 2005 5 Fig. 2 is
a bl ock diagram of the transceiver of the enbodinment of Fig. 1; Fig. 3 is
conposed of Fig. 3(a) illustrating a linear antenna array, Fig. 3(b)
illustrating a triangular antenna array, and Fig. 3(c) illustrating a
circular antenna array; and 5 Fig. 4 is a block diagramof an interface
devi ce of the enbbigi @daw lock giagram. of tae fansceivesef thptanbodimebtbbHigrdnt s | n
t he enbodi nent of the invention illustrated in Fig. 1, a base station 1 of

i cati { K. 1 0 Nt | -di st an e.q. 0. Lkmto
T0 ok communi chl oneudTPERbRY b P8R EBSroBR adal e dra¥eFigk at i on
1 defines a3@ylillustraingea Widriguidrehhtefna rfy0 amel Fig. 8(d)Nilustrdtingha toireular
transceiver device 3 i1s |located. The transceiver nmay al so be within the

respective ca8MesNgfare¥eape nore other base stations (not shown) of the
sane communi cati ons network or separate 15 commruni cations network(s). In

this casey the L reieuei/@bistk/biaGrafbr i ffibriaddbelicaor'tNe dBGuiRtaMt Igtns ©
conmuni cate with, &.g. by a seleCtion of 1ts [ong- distance operatlng
frequency, ofFigin. principle even comunicate with nore than one of the base

stations sinultaneously.
Detailed Description of Embodiments

In the embodiment of the invention illustrated in Fig. 1, a base station 1 of a
communication network is shown in two-way long-distance (e.g. 0.1km to
10  10km) communication with a mobile transceiver device 3. The base station 1
defines a cell e.g. a macro-cell or micro-cell, within which the transceiver

device 3 is located.

The transceiver may also be within the respective cells of one or more other
base stations (not shown) of the same communications network or separate

156 communications network(s). In this case, the transceiver device may select
which of the base stations to communicate with, e.g. by a selection of its long-
distance operating frequency, or in principle even communicate with more
than one of the base stations simultaneously.

The transceiver device 3 is provided with a multi-element antenna array 5 for
20 communication with the base station 1, and with the base stations (not shown)
of any other cell(s) within which the transceiver device 3 is located.

The transceiver device 3 is further provided with a separate antenna 7 for
short-range (e.g. up to 100m) two-way communication with a mobile
telephone 9, and any number of other user-operated mobile interface devices
25 11, 13 (for simplicity only two are shown, but the invention is not limited in this



The transceiver device 3 is provided with a nulti-elenent antenna array 5
for 20 communication with the base station 1, and with the base stations
(not shown) of any other cell(s) within which the transceiver device 3 is
| ocat ed. The transceiver device 3 is further provided with a,se ar%&@i
antenna 7 for short-range (e.g. up to 100m two-way communi 83t @ﬁ_ h a
nobi |l e tel ephone 9, and any nunber of other user-operated nobile interface
devices 25 11, 13 (for sinplicity only t are shown, but the invention is
not limted inthis 0 5 DEC 2005 6 respect). This two-way comruni cation is
operated using antennas 15, 17 of the nobile interface devices 11, 13.
Optionally, the nobile interface devices 11,13 may be arranged for (e.g.
two- way) di Fespectoihistwemwayhcormsmynicatioar istdperatadausing antemsaeilGed7dsfvi ce

3. The 5 two; uni.cation. channel,s between the transceiver device 3,
nobile tel e%%@%g%ﬁﬁé?ﬁg?ﬂcﬁﬁgﬂf ilée devices 11, 13 (and optionally also
between any two or nore of the interface devices 9,11,13) constitute a

| ocal area @ptehabg mernwniie:aﬂémeﬂeémégnmsenig@l@@aﬁaﬁgé’d&aﬁ(é.g.%ﬁdlna"y

any other of the nobile interface devices 11, 10°13) are optionha _
enabl ed to c¥@direst eommusigatipnweit ather thaseviatthe itnsceiveodevicard! dhen t he

t hat ' j £ th ' [ S r e, d..
because (he. Ny oeoRfhubiéqtion ol IS EEEL, o berSbghet Befite Botibbie som
obstacle is t&lephmimmtmﬁdgemertihtjegfagé&wm " M,att? (éﬂiwtobglaﬂi@lﬁe%g@{bhem?gce
3). The tel eph 9 . wWth neans to establis et her
s%ort-gi s?aﬁ BSMTBE E?%%ﬁEBErta‘n}’/!t'ﬂteeﬂ|i?§et‘i’%\fi%%igvmr"é)a\ﬂoﬁét'tytﬁ@ regdiasead, and
if not to Cms%ﬁﬁn%fclatibﬁ‘ﬁeﬁﬁé& station 1 directly. The wireless

oca

comuni cation wthin the area network, i.e. between the transceiver
unit 3, tel egl)_hone 9 and other interface units 11, 13, may be by any
he telephone 9 (and optionally any other of the mobile interface devices 11,

10 13) are optionally enabled to communicate directly with the base station 1, for
example in the case that communication with the transceiver 3 is interrupted
(e.g. because the telephone 9 is too far from the transceiver 3, or because
some obstacle is provided between the telephone 9 and the transceiver
device 3). The telephone 9 may be provided with means to establish whether
15 short-distance communication with the transceiver device 3 is possible, and if

not to communicate with the base station 1 directly.

The wireless communication within the local area network, i.e. between the
transceiver unit 3, telephone 9 and other interface units 11, 13, may be by any
protocol, particularly protocols well-adapted for short-distance communication

20 such as Bluetooth, IEEE 802.11, or HomeRF. This protocol may be fixed, or
alternatively it may be possible to reselect the protocol, for example in the
case that a new mobile interface device is added which is not capable of
communicating in the existing protocol.

Turning to Fig. 2, the transceiver device 3 is shown in detail. The multi-
25 element antenna array 5 is represented for simplicity by only two antenna
elements 19, but the number of antenna elements may in fact be any number
greater than two. Note that there is in principle no direct link between the

number of antenna elements 19 and mobile interface units 9, 11, 13. Each



protocol, particularly protocols well-adapted for short-distance

comuni cation 20 such as Bluetooth, |EEE 802.11, or HonmeRF. This protocol
may be fixed, or alternatively it may be possible to resel e@b B8t
protocol, for exanple in the case that a new nobile interface device is
added which is not capable of comunicating in the existing protocol.
Turning to Fig. 2, the transceiver devic§,3 Is shown in detail. The nulti-
25 el enment antenna array 5 is represented for sinplicity by only two
antenna el enents 19, but the nunber of antenna elenents may in fact be any
nunber greater than two. Note that there is in principle no direct |ink
bet ween the nunber of antenna elenents 19 and nobile interface units 9,
11, 13. Eachaotennerelepemt 19 igrin dwoawvay eimﬂﬁcawonynumcatjm weth alrespedtitval
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down- conver si on, E adaptive processing and FEC (forward error 10
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net wor k, h are S t it 29 igital 15 transmtter unlt

whi ch pr?eé)a Qﬁoﬂ% %ectpé})ri/g %@ %de,?glfsnarq ﬂrégré\rﬂa§§e 1P oA (Lt 26 Which
transmlts the processed signals via the antenna 7 to the devices 9, 11, 13
with the local area wireless network.

When signals are received by the antenna 7 from the devices 9, 11, 13 across
the local area wireless network, they are passed by the unit 29 to a digital
15 transmitter unit which prepares them to be transmitted using the array 5 to the
base station 1. Specifically, the unit 31 comprises a DSP and FPGA and is
arranged (by techniques known in this field) for data modulation/pulse
shaping, sampling-rate conversion and symbol timing/FEC encoding, etc..

The outputs of the unit 31, which are directed to different ones of the antenna
20 elements 19, are passed to respective digital-to-analogue converters (DAC)
33, from there to respective power-amplifiers 35, and from there to the TX

duplexers 21 which pass them to the antenna elements 19.

In particular, the digital receiver path (which includes the convertors 23, the
oscillators 25 and the digital receiver unit 27) and the digital transmitter path
25  (which includes the digital transmitter unit 31, the convertors 33 and the power
amplifiers 35) are each software re-configurable. Specifically, they are
arranged to receive/transmit signals to/from the base station 1 according to a
selected one of a plurality of communication protocols. The selection is



base station 1. Specifically, the unit 31 conprises a DSP and FPGA and is
arranged (by techniques known in this field) for data nodul ati on/ pul se
shapi ng, sanpling-rate conversion and synbol tim ng/FEC encoding, etc.. The
outputs of the unit 31, which are directed to different on§§ @% ?@ ant enna
20 elenments 19, are passed to respective digital-to-anal og % ters
(DAC) 33, fromthere to respective power-anplifiers 35, and fromthere to
the TX duplexers 21 which pass themto the antenna elenments 19. In
particular, the digital receiver path (which includes the convertors 23,
the oscillators 25 and the digital receiver unit 27) and the digital
transmtter path 25 (which includes the digital transmtter unit 31, the
convertors 3Brefa@biyhea pQﬁANthfhrfmmf aeplurality of epredetersinadiezammunication
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used 5 by t hee-basfiguratidon oonttdl,urdt@l7.or sel ected by an input nade to a
user-operated re-configuration control unit 37. Al elenents of the
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Wthin the scope of t he vention antenna arra one ver al
possi bl e conin tpjalathaonthat Mlclexampha!enhlqnaﬂgypml@dl wntlamr aemobilé ynterfaced

10  unit.

Within the scope of the invention antenna array 5 may be one of several
possible configurations. For example, it may be a linear equally-spaced
antenna array as shown in Fig. 3(a), a triangular antenna array as shown in
Fig. 3(b), or a circular antenna array as shown in Fig. 3(c).

156 Turning to Fig. 4, the construction of any one of the interface units is
illustrated (for concreteness, interface unit 11). The interface unit 11 includes
one or more input devices 41 (two input devices 41 are shown, but there may
be more than two) such as any one or more of a microphone, a keyboard for
typing input, a touch-panel input, or a video camera for video input. By the

20 input devices 41 the user may input data, which is processed by an input
processing unit 43, and transmitted to a unit 45 which transforms it into a
format suitable for transmission via the antenna 15 to the transceiver device 3
(or optionally to another of the interface devices, e.g. device 13). Signals
received from the transceiver device 3 (and optionally also from another of the

25 interface devices 13), are transmitted to the unit 45, which passes them to the
output processing unit 49, which processes them into a format suitable for one
of one of more data output devices 47 (two output devices 47 are shown, but
there may be more than two), such as speakers for audio output or displays



antenna array as shown in Fig. 3(a), a triangular antenna array as shown in
Fig. 3(b), or a circular antenna array as shown in Fig. 3(c). 15 Turning to
Fig. 4, the construction of any one of the interface units i '#Izg@rated
(for concreteness, interface unit 11). The interface unit 11’55\ R{é S one
or nore input devices 41 (two input devices 41 are shown, but there may be
nore than two) such as any one or nore of, a m crophone, a keyboard for

typi ng i nput, a touch-panel input, or a Wl deo canera for video i nput. By
the 20 i nput devices 41 the user may input data, which is processed by an

i nput processing unit 43, and transmtted to a unit 45 which transforns it
into a format suitable for transm ssion via the antenna 15 to the

transcei ver tRbvimagedvideorouwput. d¥etel that @pdinoaliera singledevice (¢ gca tudhees,
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transmtted gevieBazunit 45, which passes themto the out put processi ng
unit 49, which processes theminto a fornmat suitable for one of one of
nore data output devices 47 (two out put devices 47 are shown, but there
may be nore Aﬁaﬂugfmy\e iaventiers f?ﬁehﬁemsdersmb&dda@o‘cmt"pmelaitondt@pﬁ #ngles DEC
2 9 for igmg t t hat t I Si d C
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relation to aéﬁ na 5 enbodi nent, the invention is not limted in this
respect and 98KIIGHLCALS  fi cati ons are possible within the scope of the
invention as will be clear to a skilled reader. 05 DEC 2005 10



CLAIMS 1. A.nmobile transceiver device having: a first comrunication
apparatus for wireless communication with at |east one cellular base
station of a comrunications network according to a 5 fi rsm%ﬁ@énﬁmti on
protocol, a second w rel ess comruni cati on apparatus for co ication
according to a second communi cation protocol with at | east one nobile
interface unit which is operable to input and to output data, and
conversion nmeans for converting data between the protocols, 10 wherein the
conversion neans is arranged to provide interference suppression. 2. A
nobi | e transcei ver device according to claim1 wherein the first
conmmuni cati on apparatus conprises a nulti-elenent antenna array. 15 3. A
transcei ver device according to claim gwgrsein the nulti-element antenna
array is an adaptive antenna array. 4. A transceiver device according to
claim2 or 3 in which the -configuration of the elenments of the antenna
array is subdtant ifamopilpitiasgeeivet gewagiadindor circul ar. 20
a first communication apparatus for wireless communication with at
least one cellular base station of a communications network according to a

5 first communication protocol,

a second wireless communication apparatus for communication
according to a second communication protocol with at least one mobile

interface unit which is operable to input and to output data, and
conversion means for converting data between the protocols,

10 wherein the conversion means is arranged to provide interference

suppression.

2. A mobile transceiver device according to claim 1 wherein

the first communication apparatus comprises a multi-element antenna
array.

15 3. A transceiver device according to claim 2 wherein the multi-element
antenna array is an adaptive antenna array.

4. A transceiver device according to claim 2 or 3 in which the
configuration of the elements of the antenna array is substantially linear,

triangular or circular.
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