» UK Patent Application

(19) GB (11) 2 440 982 (13) A

(43) Date of A Publication 20.02.2008
(21) Application No: 0616477.6 (51) INT CL:
H04B 7/204 (2006.01)
(22) Date of Filing: 18.08.2006
(52) UK CL (Edition X ):
H4L LRPTA L203 L204 L213 L221
(71) Applicant(s):
Fujitsu Limited (56) Documents Cited:
(Incorporated in Japan) WO 2006/065069 A1 WO 2004/056013 A1
1-1 Kamikodanaka 4-chome, Nakahara-ku,
Kawasaki-shi, Kanagawa 211-8588, Japan (58) Field of Search:
UK CL (Edition X ) H4L
(72) Inventor(s): INT CL H04B, H04J, HO4L
Michael John Beems Hart Other:
Yuefeng Zhou
(74) Agent and/or Address for Service:
Haseltine Lake
Lincoln House, 300 High Holborn, London,
WC1V 7JH, United Kingdom
(54) Abstract Title: Wireless multi-hop communication system
(57) An OFDM/TDM transmission format for a wireless
multi-hop network comptrises a Transmission interval psos
having a plurality of windows each occupying a different 8s |} hs | s MoGs | MoDs | Meas ‘:’;
o . s
part of the transmission interval and having a frequency m m

/bandwidth profile over the window. The different
windows of a particular transmission interval are used
to transmit data link by link through the system.

T
RS P wmap BS-RS G&

ey © cm (]

N ERN
NS

BSMS | RSMS

Pl map
MS ol @ m m

[A wransimi zone
DRmu’va:mo
Qsomm:ma

Figure 2: Node Activity Within Each Zone

Original Printed on Recycled Paper

V 286 0¥¥ ¢ 99



1/6

ainonug awedd ;| ainbi4

au0z uoissiwsuen podsuen eyeq = (1)
8U0Z UDISSILSUEY) joRua) = (D)
suoz jseapeoid = (8)

(6) (8) (2) (9) (s) ) (€) 2) (1)
() w (0) w (L
S8-SW w Su-SsW | su-sw SW-SY W SW-s8 @ la| smoms
(o) | Ssw w ) w SWS8 | (g | W |d swesd
sa-sy sa-sw | sasn SW-sg sy-s8
1 1 1
r owey-qng 1N | I ewes-qns 10 I



2/6

au0Z yoe3 Uy ANAIOY SpON :Z anbid

ooz wswas [
§§¢D

sgﬂ_._.ﬂ

w kows] @ a{ SW

10}
S9-65Y

Lucmmsoo& (10} ig) AQL

yo11 | suss | am |4 SY

SB-SIN

wy
sasy

(8 a{ sg

2c
I
E




3/6

180 auQ uiynA\ abesn suoz jo sidwex3 ¢ ainbi4

Sd



4/6

¢ ainbi4

}.\HU\M %Z\Hut
8poN Aejay voresaseg
I, - %
o ..:-.!m NYBN'Y
fffffff . 4 .4.1;..& NEg
sikts B Il“:f

_— e e,
ST e calteee.
— e



516

G ainbi4

'abeJanod Kieiodwa) ;

[ 1
[9]21Y3A 211qOy uo abelano)

aBwisao) Aresodwoy

18A029Y s835ESIA J AoueBiow]

uoisuajx3gy

usamieq KejizA il.' o

abuey

—

Buping spisu|

iy N ==

e oBesonon | & T

—
 |l9PON obes( 94NoNJ)SeIJU| POX| ] e

' 12POIN abesn abeianod Buip|inq-u| ke




6/6

psepue)s 91°z083331 8y jo 1ahe) jeaisAuyd YNG40 woly ainjonais swel adl s|dwex3 :g ainbi4

01y n DLl 14
. — - —-
[puueydqns Fufury = )4
41509 10 o
H ”
P4 1580 N s4 154nq 10 z#1500q 10 -
S o
cl = 2l = F
z| & Cisang N #5159 10 | % F
- = s 2 b=
] lm-- & m -
% «
141540 710 "
m ——
T4 1snq 1N : o
4 C
T S n
t# 1510 1A C
1415109 N 2o
__|Hod . H)D4 e
CX+aV 1Ly SO+ Tj? ey Al A A AL AN AN A= A S A A Y

\ 1quinu PQUAS YINGLO0

12quiny jeaifo) jauueyNns




10

15

20

25

2440982

1

COMMUNICATION SYSTEMS

Introduction

Currently there exists significant interest in the use of multihop techniques in packet
based radio and other communication systems, where it is purported that such
techniques will enable both extension in coverage range and increase in system

capacity (throughput).

In a multi-hop communication system, communication signals are sent in a
communication direction along a communication path (C) from a source apparatus to a
destination apparatus via one or more intermediate apparatuses. Figure 4 illustrates a
single-cell two-hop wireless communication system comprising a base station BS
(known in the context of 3G communication systems as “node-B” NB) a relay node RN
(also known as a relay station RS) and a user equipment UE (also known as mobile
station MS). In the case where signals are being transmitted on the downlink (DL) from
a base station to a destination user equipment (UE) via the relay node (RN), the base
station comprises the source station (S) and the user equipment comprises the
destination station (D). In the case where communication signals are being transmitted
on the uplink (UL) from a user equipment (UE), via the relay node, to the base station,
the user equipment comprises the source station and the base station comprises the
destination station. The relay node is an example of an intermediate apparatus (1) and
comprises: a receiver, operable to receive data from the source apparatus; and a
transmitter, operable to transmit this data, or a derivative thereof, to the destination

apparatus.
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Simple analogue repeaters or digital repeaters have been used as relays to improve or
provide coverage in dead spots. They can either operate in a different transmission
frequency band from the source station to prevent interference between the source
transmission and the repeater transmission, or they can operate at a time when there

is no transmission from the source station.

Figure 5 illustrates a number of applications for relay stations. For fixed infrastructure,
the coverage provided by a relay station may be “in-fill” to allow access to the
communication network for mobile stations which may otherwise be in the shadow of
other objects or otherwise unable to receive a signal of sufficient strength from the
base station despite being within the normal range of the base station. “Range
extension” is also shown, in which a relay station allows access when a mobile station
is outside the normal data transmission range of a base station. One example of in-fill
shown at the top right of Figure 5 is positioning of a nomadic relay station to allow

penetration of coverage within a building that could be above, at, or below ground level.

Other applications are nomadic relay stations which are brought into effect for
temporary cover, providing access during events or emergencies/disasters. A final
application shown in the bottom right of Figure 5 provides access to a network using a

relay positioned on a vehicle.

Relays may also be used in conjunction with advanced transmission techniques to

enhance gain of the communications system as explained below.

It is known that the occurrence of propagation loss, or “pathloss”, due to the scattering

or absorption of a radio communication as it travels through space, causes the strength
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of a signal to diminish. Factors which influence the pathloss between a transmitter and
a receiver include: transmitter antenna height, receiver antenna height, carrier
frequency, clutter type (urban, sub-urban, rural), details of morphology such as height,
density, separation, terrain type (hilly, flat). The pathloss L (dB) between a transmitter

and a receiver can be modelled by:
L=b+10nlogd (A)

Where d (metres) is the transmitter-receiver separation, b(db) and n are the pathloss

parameters and the absolute pathloss is given by 1 =101,

The sum of the absolute path losses experienced over the indirect link SI + 1D may be
less than the pathloss experienced over the direct link SD. In other words it is possible

for:
L(SI) + L(ID) < L(SD) (B)

Splitting a single transrﬁission link into two shorter transmission segments therefore
exploits the non-linear relationship between pathloss verses distance. From a simple
theoretical analysis of the pathloss using equation (A), it can be appreciated that a
reduction in the overall pathloss (and therefore an improvement, or gain, in signal
strength and thus data throughput) can be achieved if a signal is sent from a source
apparatus to a destination apparatus via an intermediate apparatus (e.g. relay node),

rather than being sent directly from the source apparatus to the destination apparatus.
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If implemented appropriately, multi-nop communication systems can allow for a
reduction in the transmit power of transmitters which facilitate wireless transmissions,
leading to a reduction in interference levels as well as decreasing exposure {o
electromagnetic emissions. Alternatively, the reduction in overall pathloss can be
exploited to improve the received signal quality at the receiver without an increase in

the overall radiated transmission power required to convey the signal.

Multi-hop systems are suitable for use with multi-carrier transmission. In a multi-carrier
transmission system, such as FDM (frequency division muiltiplex), OFDM (orthogonal
frequency division multiplex) or DMT (discrete multi-tone), a single data stream is
modulated onto N parallel sub-carriers, each sub-carrier signal having its own
frequency range. This allows the total bandwidth (i.e. the amount of data to be sent in
a given time interval) to be divided over a plurality of sub-carriers thereby increasing
the duration of each data symbol. Since each sub-carrier has a lower information rate,
multi-carrier systems benefit from enhanced immunity to channel induced distortion
compared with single carrier systems. This is made possible by ensuring that the
transmission rate and hence bandwidth of each subcarrier is less than the coherence
bandwidth of the channel. As a result, the channel distortion experienced on a signal
subcarrier is frequency independent and can hence be corrected by a simple phase
and amplitude correction factor. Thus the channel distortion correction entity within a
multicarrier receiver can be of significantly lower complexity of its counterpart within a
single carrier receiver when the system bandwidth is in excess of the coherence

bandwidth of the channel.

Orthogonal frequency division multiplexing (OFDM) is a modulation technique that is

based on FDM. An OFDM system uses a plurality of sub-carrier frequencies which are
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orthogonal in a mathematical sense so that the sub-carriers’ spectra may overlap
without interference due to the fact they are mutually independent. The orthogonality
of OFDM systems removes the need for guard band frequencies and thereby increases
the spectral efficiency of the system. OFDM has been proposed and adopted for many
wireless systems. It is currently used in Asymmetric Digital Subscriber Line (ADSL)
connections, in some wireless LAN applications (such as WiFi devices based on the
IEEE802.11a/g standard), and in wireless MAN applications such as WiMAX (based on
the IEEE 802.16 standard). OFDM is often used in conjunction with channel coding, an
error correction technique, to create coded orthogonal FDM or COFDM. COFDM is
now widely used in digital telecommunications systems to improve the performance of
an OFDM based system in a multipath environment where variations in the channel
distortion can be seen across both subcarriers in the frequency domain and symbols in
the time domain. The system has found use in video and audio broadcasting, such as

DVB and DAB, as well as certain types of computer networking technology.

In an OFDM system, a block of N modulated parallel data source signals is mapped to
N orthogonal parallel sub-carriers by using an Inverse Discrete or Fast Fourier
Transform algorithm (IDFT/IFFT) to form a signal known as an “OFDM symbol” in the
time domain at the transmitter. Thus, an “OFDM symbol” is the composite signal of all

N sub-carrier signals. An OFDM symbol can be represented mathematically as:

l N-1
x(t)=——=Y ¢, 0<t<T, (1)
22

where Af is the sub-carrier separation in Hz, Ts = 1/Af is symbol time interval in

seconds, and c, are the modulated source signals. The sub-carrier vector in (1) onto



10

15

20

6

which each of the source signals is modulated ¢ € Cy, ¢ = (Co, C1..Cn1) IS @ vector of N
constellation symbols from a finite constellation. At the receiver, the received time-
domain signal is transformed back to frequency domain by applying Discrete Fourier

Transform (DFT) or Fast Fourier Transform (FFT) algorithm.

OFDMA (Orthogonal Frequency Division Multiple Access) is a multiple access variant
of OFDM. It works by assigning a subset of sub-carriers, to an individual user. This
allows simultaneous transmission from several users leading to better spectral
efficiency. However, there is still the issue of allowing bi-directional communication,

that is, in the uplink and download directions, without interference.

In order to enable bi-directional communication between two nodes, two well known
different approaches exist for duplexing the two (forward or download and reverse or
uplink) communication links to overcome the physical limitation that a device cannot
simultaneously transmit and receive on the same resource medium. The first,
frequency division duplexing (FDD), involves operating the two links simultaneously but
on different frequency bands by subdividing the transmission medium into two distinct
bands, one for forward link and the other for reverse link communications. The second,
time division duplexing (TDD), involves operating the two links on the same frequency
band, but subdividing the access to the medium in time so that only the forward or the
reverse link will be utilizing the medium at any one point in time. Both approaches
(TDD & FDD) have their relative merits and are both well used techniques for single
hop wired and wireless communication systems. For example the IEEE802.16

standard incorporates both an FDD and TDD mode.
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As an example, Figure 6 illustrates the single hop TDD frame structure used in the

OFDMA physical layer mode of the IEEE802.16 standard (WiMAX).

Each frame is divided into DL and UL subframes, each being a discrete transmission
interval. They are separated by Transmit/Receive and Receive/Transmit Transition
Guard interval (TTG and RTG respectively). Each DL subframe starts with a preamble

followed by the Frame Control Header (FCH), the DL-MAP, and the UL-MAP.

The FCH contains the DL Frame Prefix (DLFP) to specify the burst profile and the
length of the DL-MAP. The DLFP is a data structure transmitted at the beginning of
each frame and contains information regarding the current frame; it is mapped to the

FCH.

Simultaneous DL allocations can be broadcast, multicast and unicast and they can also
include an allocation for another BS rather than a serving BS. Simultaneous ULs can

be data allocations and ranging or bandwidth requests.

This patent application is one of a set of ten UK patent applications filed on the same
date by the same applicant with agent reference numbers P106752GB00,
P106753GB00, P106754GB00, P106772GB00, P106773GB00, P106795GBO0O,
P106796GB00, P106797GB00, P106798GB00, and P106799GBQO, describing
interrelated inventions proposed by the present inventors relating to communication
techniques. The entire contents of each of the other nine applications is incorporated
herein by way of reference thereto and copies of each of the other nine applications are

filed herewith.
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When a node is required to support two independent links to two different nodes, e.g. a
relay station communicating with a basestation and a mobile, the existing TDD or FDD
frame structures require some modification in order to make realization of the relay

practical.

The invention is defined in the independent claims, to which reference should now be

made. Advantageous embodiments are set out in the sub claims.

Preferred features of the present invention will now be described, purely by way of

example, with reference to the accompanying drawings, in which:-

Figure 1 shows a frame structure;

Figure 2 shows node activity within each zone;

Figure 3 shows an example of zone usage within one cell;

Figure 4 shows a single-cell two-hop wireless communication system;

Figure 5 shows applications of relay stations; and

Figure 6 shows a single hop TDD frame structure used in the OFDMA physical layer

mode of the IEEE 802.16 standard.
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Embodiments of the invention provide a frame structure (format) for a muitihop
communication system that is an extension of the standard TDD frame structure. The

proposed frame structure has numerous benefits, as described later in this description.

Details of the frame structure and system operation

The proposed frame structure is designed for the case that the control information
originating from the head node that controls the overall medium access is receivable by
all subordinate nodes operating in the network. It is further designed in a manner that
enables legacy single hop TDD mobile devices that have no knowledge of a relay

station to operate within the new relaying enabled system.

If control information is not receivable from the head node (or source apparatus) then
an extra frame period is required for two-hop transmission. This is because control
information sent by the source apparatus to the intermediate apparatus cannot then be
received by the destination apparatus in the same frame. The destination apparatus
(especially a legacy apparatus) will be designed to receive such control information at
the beginning of the frame and therefore an extra frame period is required for the
intermediate apparatus to transmit the control information on to the source at the
beginning of the frame (in the preamble) and then transmit the data. Thus a frame

latency of 1 is incurred.
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A preferred frame structure is shown in Figure 1.

It is composed of a number of transmission and reception zones for both the downlink

and uplink sub-frames. The zone types are either’

B  Broadcast of control related information such as: synchronization sequences,

commands, information and details of the structure or layout of the frame.

C  Dedicated control information that is transmitted in a non-broadcast zone (i.e.

either to individual or a group of receivers)

T  Dedicated user-data (transport) transmission

The 9 different zones identified in Figure 1 are described in Table 1.

Zone Label Description
Number
1 P Preamble or synchronization sequence transmissions for

cell identification

2 MAP Frame format description (zone boundaries, allocations

within the zones, etc)

3 BS-RS / BS- | BS to RS transmission zone. Can also be used for BS to
MS MS transmission if spatial division multiple access is

supported (i.e. the same transmission resource can be




1"

used to communicate with more than one entity)

4 BS-MS BS to MS transmission zone. RS is not active during this
period, it is processing any received information and
turning around prior to transmission.

5 BS-MS / RS- | RS to MS transmission zone. Can also be used by the BS

MS to transmitted to MSs that do not experience significant
levels of interference from RS transmissions.

6 MS-BS / MS- | MS control information transmission zone. Information can

RS be received by both the RS and the BS. Control
information can be information or requests from the MS.

7 MS-BS / MS- | MS to RS transmission zone. Can also be used by MSs

RS who do not cause interference to the RS to transmit to the
BS.

8 MS-BS MS to BS transmission zone. RS is not actively
transmitting or receiving during this period; it is processing
any received information prior to turning around.

9 RS-BS / MS- | RS to BS transmission zone. Can also be used for MS to

BS BS transmission if spatial division multiple access is
supported (i.e. the same transmission resource can be
used to communicate with more than one entity)

Table 1. Description of the zones.
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Figure 2 illustrates a preferred operation of the BS, RS and MS in terms of its activity

within each of the zones described in Table 1.

Figure 3 indicates one particular realization of the proposed frame structure in terms of

how different user types may be allocated for transmission or reception within the

various zone types.

In this case there are five link types identified (A-E), as illustrated in Figure 3. A

description of the zones that are used in this example is given in Table 2.

Link | DL Zone | UL Zone | Comments
Usage Usage

(A) [(1),(2),(5) |(6)(7) MS and RS are spatially separated and therefore
significant interference isolation exists. User does
not support SDMA.

(B) 1(1).(2),(3) {(6),(9) MS and RS are spatially separated and therefore
significant interference isolation exists. User does
support SDMA.

() [ (M), (2), (3).|(6).(7).(9) |RS receives data in (3) and (7) and then transmits

(5) in (5) and (9) thereby enabling in-frame relaying.

(D) 1(1),(2),(5) |(6).(7) MS communicates with BS via RS. Transmission

to the RS happens at the beginning of the UL
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subframe (7) to allow sufficient RS relay

processing time.

(E) [(1).@2).4) |(6)()

MSs that communicate directly with the BS that
are not isolated from the RS use zones (4) & (8) to
prevent RS interference from impairing link

performance.

Table 2. Description of example of zone usage within one cell.

One of the key advantages of adopting the proposed frame structure of invention

embodiments is that the BS can make use of all of the transmission resource all of the

time to communicate with the RS and MS nodes in the network. This is enabled by

reusing the transmission resource used on the RS to MS link for BS to MS

communications. In order to effect this, and prevent such a reuse approach from

causing excess interference, the BS must ensure that the users it communicates within

this reuse zone (i.e. zones (5) & (9)) are sufficiently isolated from the users

communicating with the RS. Thus, the BS essentially requires a mechanism to decide

whether the users with which it communicates should be in the reuse zone (i.e. zones

(5) & (9)) or the normal zone (i.e. zones (4) & (8)).

There are numerous algorithms that can be conceived to form such a mechanism,

some are listed below:

1. Ask the MS to perform a carrier-to-interference-plus-noise (CINR) measurement

on the BS transmission during the reuse zone and during the normal zone. If the
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CINR is much higher in the normal zone then allocate the user to the normal

zone. If the CINR is similar, then allocate the user to the reuse zone.

2. Start with all users in the normal zone. If the normal zone becomes fully loaded
and cannot accommodate more users without the risk of imposing a reduction on
the quality of service new and existing users will experience, then identify
candidate users to move from the normal zone to the reuse zone.
subsequently the reported CINR for a user communicating with the BS in the

reuse zone falls below a particular threshold then move that to the normal zone.

Summary of benefits

In summary the benefits of invention embodiments are:

) Enables the construction and operation of simple, low cost relays that do not

need to generate any control information or perform scheduling

) Maximises spectral efficiency by ensuring that the BS does not have any time in

the frame when it is idle

) Minimises latency by enabling two-hop relaying to occur within one frame

) Enables the system to potentially provide transparent operation to a legacy

single-hop TDD users

) The possibility to further improve spectral efficiency through using SDMA based
techniques to enable the same transmission resource (frequency & time) to be

used between the BS and the RSs and MSs within a cell.
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o  Provides a mechanism to enable reuse of the RS-MS communication zone by the
BS to communicate directly with MSs that will not cause a degradation in RS-MS

link performance by performing such communications.

Embodiments of the present invention may be implemented in hardware, or as
software modules running on one or more processors, or on a combination thereof.
That is, those skilled in the art will appreciate that a microprocessor or digital signal
processor (DSP) may be used in practice to implement some or all of the functionality
of a transmitter embodying the present invention. The invention may also be embodied
as one or more device or apparatus programs (e.g. computer programs and computer
program products) for carrying out part or all of any of the methods described herein.
Such programs embodying the present invention may be stored on computer-readable
media, or could, for example, be in the form of one or more signals. Such signals may
be data signals downloadable from an Internet website, or provided on a carrier signal,

or in any other form.
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CLAIMS:

1. A transmissiop method for use in a two-hop wireless communication system, the
system comprising a source apparatus, a destination apparatus and an intermediate
apparatus, said source apparalus being operable to transmit information along two
links forming a communication path extending from the source apparatus to the
destination apparatus via the intermediate apparatus, and the intermediate apparatus
being operable to receive information from the source apparatus and to transmit the
received information to the destination apparatus, the system having access to a time-
frequency format for use in assigning available transmission frequency bandwidth
during a discrete transmission interval, said format defining a plurality of transmission
windows within such an interval, each window occupying a different part of that interval
and having a frequency bandwidth profile within said available transmission frequency
bandwidth over its part of that interval, each said window being assignable for such a
transmission interval to said source or intermediate apparatus for use in transmission,
the method comprising:

employing said format to transmit information along the path as two successive
transmission signals, link by link, said signals being transmitted using different

transmission windows of a particular such transmission interval.

2. The transmission method according to claim 1, wherein the frequency bandwidth
profiles of at least two of said transmission windows encompass a common part of the

available transmission frequency bandwidth.

3. The transmission method according to claim 1 or 2, wherein the frequency
bandwidth profiles of at least two said transmission windows extend over substantially
the entire transmission frequency bandwidth for the respective interval parts.

4. The transmission method according to any preceding claim, further comprising:

prior to said transmission, employing said format to assign a particular
transmission window of the particular transmission interval to the source apparatus for
transmission of the information to the intermediate apparatus, and to assign a
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subsequent transmission window of the particular transmission interval to the
intermediate apparatus for transmission of the information to the destination apparatus.

5. The transmission method according to any preceding claim, further comprising
employing the format to assign a control window to the source apparatus for
transmission of control information to the intermediate apparatus.

6. The transmission method according to claim 5 when read as appended to claim
4, wherein said control window occupies a part of the particular transmission interval
preceding the part of the particular transmission interval occupied by the particular
transmission window.

7. The transmission method according to any one of claims 4 to 6, wherein said
particular and subsequent transmission windows of the particular transmission interval
are either side in time of a further transmission window of that interval.

8. The transmission method according to claim 7, further comprising:

performing processing in said intermediate apparatus during the part of the
particular transmission interval corresponding to the further transmission window, so as
to configure the information for transmission in the subsequent transmission window
based upon the information received in the particular transmission window.

9. The transmission method according to claim 7 or 8, wherein said communication
path is an indirect communication path, and wherein the system comprises at least a
further destination apparatus, and wherein said source apparatus is operable to
transmit information directly to the or each further destination apparatus along a

corresponding single link forming a direct communication path.

10. The transmission method according to claim 9, comprising:

employing said further transmission window to transmit information from the
source apparatus to a said further destination apparatus along such a direct
communication path, so that information is transmitted from the source apparatus
during said processing in the intermediate apparatus.
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11. The transmission method according to claim 9 or 10, comprising:

employing said particular transmission window to transmit information from the
source apparatus to a said further destination apparatus along such a direct
communication path, so that information is transmitted from the source apparatus to
both said intermediate apparatus and said further destination apparatus during the part
of the particular transmission interval corresponding to the particular transmission
window.

12. The transmission method according any one of claims 9 to 11, comprising:

employing said subsequent transmission window to transmit information from the
source apparatus to a said further destination apparatus along such a direct
communication path, so that information is transmitted from said intermediate
apparatus to said destination apparatus and from the source apparatus to said further
destination apparatus during the part of the subsequent transmission interval
corresponding to the subsequent transmission window.

13. The transmission method according to claim 7 or 8, wherein said communication
path is an indirect communication path, and wherein the system comprises at least a
further source apparatus, and wherein the or each further source apparatus is operable
to transmit information directly to the destination apparatus along a corresponding
single link forming a direct communication path.

14. The transmission method according to claim 13, comprising:

employing said further transmission window to transmit information from a said
further source apparatus to said destination apparatus along such a direct
communication path, so that information is transmitted from that further source

apparatus during said processing in the intermediate apparatus.

15 The transmission method according to claim 13 or 14, comprising:

employing said particular transmission window to transmit information from a said
further source apparatus to said destination apparatus along such a direct
communication path, so that information is transmitted from the source apparatus to
said intermediate apparatus and from that further source apparatus to said further
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destination apparatus during the part of the particular transmission interval
corresponding to the particular transmission window.

16. The transmission method according any one of claims 13 to 15, comprising:

employing said subsequent transmission window to transmit information from a
said further source apparatus to said destination apparatus along such a direct
communication path, so that information is transmitted from said intermediate
apparatus to said destination apparatus and from that further source apparatus to said
destination apparatus during the part of the subseguent transmission interval
corresponding to the subsequent transmission window.

17. The transmission method according to any one of claims 7 to 16, comprising
employing a space division multiple access technique in one or more of said

transmission windows of the particular transmission interval.

18. The transmission method according to any preceding claim, wherein the time-
frequency format is a format for a downlink or uplink sub-frame in a time-division-
duplex communication system.

19. The transmission method according to any preceding claim, wherein said system
is an OFDM or OFDMA system, and wherein the time-frequency format is a format for
an OFDM or OFDMA downlink or uplink sub-frame of an OFDM or OFDMA time-
division-duplex frame.

20. The transmission method according to any preceding claim, wherein each said

discrete transmission interval is a sub-frame period.

21. The transmission method according to any preceding claim, wherein each said
transmission window comprises a region in an OFDM or OFDMA frame structure.

22. The transmission method according to any preceding claim, wherein each said

transmission window comprises a zone in an OFDM or OFDMA frame structure.
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23. The transmission method according to any preceding claim, wherein the or each
source apparatus is a base station.

24. The transmission method according to any preceding claim, wherein the or each
source apparatus is a user terminal.

25. The transmission method according to any preceding claim, wherein the or each

destination apparatus is a base station.

26. The transmission method according to any preceding claim, wherein the or each
destination apparatus is a user terminal.

27. The transmission method according to any preceding claim, wherein the or each

intermediate apparatus is a relay station.

28. A transmission method for use in a two-hop wireless communication system, the
system comprising a source apparatus, a destination apparatus and an intermediate
apparatus, said source apparatus being operable to transmit information along two
links forming a communication path extending from the source apparatus to the
destination apparatus via the intermediate apparatus, and the intermediate apparatus
being operable to receive information from the source apparatus and to transmit the
received information to the destination apparatus, the system having access to a time-
frequency format for use in assigning available transmission frequency bandwidth
during a discrete transmission interval, said format defining a plurality of transmission
windows within such an interval, each window occupying a different part of that interval
and having a frequency bandwidth profile within said available transmission frequency
bandwidth over its part of that interval, each said window being assignable for such a
transmission interval to said source or intermediate apparatus for use in transmission,
the method comprising:

employing said format to transmit data and control information together as a
transmission signal along the link from the source apparatus to the intermediate
apparatus and to transmit data information as a transmission signal along the link from
the intermediate apparatus to the destination apparatus, said signals being transmitted

using respective transmission windows of two such transmission intervals.
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29. A two-hop wireless communication system, the system comprising:

a source apparatus, a destination apparatus and an intermediate apparatus, said
source apparatus being operable to transmit information along two links forming a
communication path extending from the source apparatus to the destination apparatus
via the intermediate apparatus, and the intermediate apparatus being operable to
receive information from the source apparatus and to transmit the received information
to the destination apparatus;

format-access means operable to access a time-frequency format for use in
assigning available transmission frequency bandwidth during a discrete transmission
interval, said format defining a plurality of transmission windows within such an interval,
each window occupying a different part of that interval and having a frequency
bandwidth profile within said available transmission frequency bandwidth over its part
of that interval, each said window being assignable for such a transmission interval to
said source or intermediate apparatus for use in transmission; and

transmission means operable to employ said format to transmit information along
the relayed path as two successive transmission signals, link by link, using different

transmission windows of a particular such transmission interval.

30. A suite of computer programs which, when executed on computing devices of a
two-hop wireless communication system, causes the system to carry out a
transmission method, the system comprising a source apparatus, a destination
apparatus and an intermediate apparatus, said source apparatus being operable to
transmit information along two links forming a communication path extending from the
source apparatus to the destination apparatus via the intermediate apparatus, and the
intermediate apparatus being operable to receive information from the source
apparatus and to transmit the received information to the destination apparatus, the
system having access to a time-frequency format for use in assigning available
transmission frequency bandwidth during a discrete transmission interval, said format
defining a plurality of transmission windows within such an interval, each window
occupying a different part of that interval and having a frequency bandwidth profile
within said available transmission frequency bandwidth over its part of that interval,
each said window being assignable for such a transmission interval to said source or
intermediate apparatus for use in transmission, the method comprising:
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employing said format to transmit information along the relayed path as two
successive transmission signals, link by link, said signals being transmitted using
different transmission windows of a particular such transmission interval.

31. A transmission method substantially as hereinbefore described with reference to

the accompanying drawings.

32. A two-hop wireless communication system substantially as hereinbefore
described with reference to the accompanying drawings.

33. A computer program substantially as hereinbefore described with reference to
the accompanying drawings.
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