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DESCRIPTION

COMMUNICATIONS SYSTEMS

Technical Field

The present invention relates to communications

systems, and, in particular, to dynamic multi-user
subcarrier allocation in a coded OFDMA (orthogonal
frequency division multiple access) radio frequency

communications system.

Background Art

In a frequency selective fading channel, different
subcarriers will experience different channel gains. In
previously-considered OFDM (Orthogonal Frequency Division
Multiplex) TDMA (time division multiple access) systems
each user transmits on all sub-carriers simultaneously
and users share the channel in time. If the channel is
perfectly known to the transmitter, a so-called “water-
filling” poiicy (that is, more power when the channel
gain is high and less power when the channel gain is low)
is known to be optimal in maximizing the data rate. The
increase of data rate, by using transmit power allocation
in a single user OFDM system, 1s due to spectral

diversity effects.
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In OFDMA (Orthogonal Frequency Division Multiplexing
Access) systems, users do not share a channel in time but
in frequency by transmitting on a (typically mutually
exclusive) sub-set of available sub-carriers. A set of
sub-carriers may be grouped into a sub-channel with sub-
channels allocated to users. Although the water filling
principle still applies, the sharing of sub-carriers
introduces an additional degree of freedom to the
allocation of system resources for multiple access.
Accordingly, it is necessary to consider different
solutions for the problem of subcarrier and power
allocation in an OFDMA, or multi-user OFDM system. It is
likely that signals from different users will undergo
independent fading because the users are likely not to be
in the same location. Therefore, the probability of all
the users’” signals on the same subcarrier being subject
to significant fading is very low. In a multi-user OFDM
system, exploiting multi-user diversity can increase the
data rate.

In OFDMA, allocating one subcarrier to one user
typically brevents other users from using that
subcarrier, since it is desirable to avoid the
interference that arises when users share the same
subcarrier. Hence, the optimal solution is not

necessarily to assign the best subcarriers seen by a

Do
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single chosen user (as in a single user system) . This
may be the case because, for example, it may happen that
the Dbest subcarrier of one user is also the best
subcarrier for another user who happens to have no other
good subcarriers. Hence, a different approach should be
considered.

As stated above, an OFDMA system provides an extra
degree of freedom since there are multiple sub-carriers
available to be allocated, and it is this property that
can be exploited. OFDMA matches well to the multi-user
scenario; a subcarrier which is of 1low quality to one
user can be of high quality to another user and can be
allocated accordingly. By adaptively assigning sub-
carriers, 1t 1is possible to take advantage of channel
diversity among users in different locations. This
“multi-user diversity” stems from channel diversity
including independent path loss and fading of users.
Previously considered solutions suggested possible
subcarrier and power allocation algorithms for OFDMA
systems. For example, see W. Rhee, J.M. Cioffi,
“Increase in capacity of multi-user OFDM system using
dynamic subchannel allocation”, Vehicular Technology
Conference Proceedings, 2000, IEEE 51°%, Volume: 2, 15-18
May 2000, Page(s): 1085-1089; and J.Jang, K. Bok Lee,

“Transmit Power Adaptation for Multi-user OFDM Systems”,

3
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IEEE Journal on Selected Areas in Communications, Volume:
21, Issue: 2, February 2003, Page(s): 171-178.

There 1is an added level of complexity introduced
when multiple transmit and/or receiver antenna are used.
Such multiple antenna systems are known as MIMO, multiple
input multiple output, systems. In all systems, but in
multiple antenna system in particular, it is important to
consider the communication paths between each transmitter
antenna and each receiver antenna. These communication
paths will be referred to as “communication links” in the
following description in order to avoid confusion with
multi path fading effects. A communication link 1is
simply a direct connection between a transmitter antenna
and a receiver antenna. For example, in a single antenna
system, there is a single communication link between the
transmitter and a receiver. In a multi antenna example,
with two transmitter antenna per transmitter and two
receiver antenna per receiver, there would be four
communications links.

Space Time Block Coding (STBC) algorithms have

been proposed for two transmitter antennas to provide

spatial diversity and increase MIMO capacity. For
example, see B.Vucetic, “Space-Time Codes for High Speed
Wireless, Communications”, King’s College, London,

November 2001, A.F/Magiob, N.Seshadri, A.R.Calderbank,
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“Increasing data rate over wireless channels”,
Signal Processing Magazine Vol.l7 No.3, May 2000, pp.76-
92, Naofal Al-Dhahir, “A New High-Rate Differential
Space-Time Block Coding Scheme”, IEEE Communications
Letters, Vol. 7, No. 11, November 2003, and Siavash M.
Alamouti, “A Simple Transmit Diversity
Technique for Wireless Communications”, IEEE
Journal On Select Areas In Communications, Vol. 16,
No. 8, October 1998,

FIG. 1 dillustrates channel diversity in a radio
frequency telecommunications system. . A base station 1
operates to transmit signals to mobile receivers 21 and
22. Obstacles, such as buildings 3, can cause the
transmissions between the base station 1 and the mobile
users 21 and 22 to take multiple paths 41 and 42. This
phenomenon is well known and 1s known as multipath
diversity. The signals arriving at the mobile receivers
will vary in gain as a function of frequency, due to the
varying lengths of the paths and reflections occurring on
those paths. This means that different users receive
different gain values for different subcarriers. In FIG.
1, the base station and mobile receivers are shown with a
single antenna each for the sake of clarity. It will be
readily appreciated, however, that any number of antenna

can be used for the transmitter and receiver.
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FIG. 2 illustrates a base station suitable for use

in a multiple antenna OFDM or OFDMA system. The base
station 10 receives data inputs U, U, ... Ux from a
plurality of users at an encoder 102. The encoder 102

encodes these user data signals U; to Ux onto respective
sets of subcarriers Ci,i, Cy,2 ... Cine C2,1r Ca,2 . Co,N.
In the example shown in FIG. 2, there are two transmitter
antenna, and so the encoding results in two sets of
subcarriers being defined.

A controller 108 contrecls the encoder 102, in order
to allocate the sets of subcarriers C; to Cy to the users
U, to Ug. A transmitter transformation unit 104 is
provided for each antenna of the transmitter, and
operates to take the set subcarrier signals for the
associated antenna and apply an inverse fast Fourier
transform (IFFT) and a parallel-to-serial conversion to
produce a serial output data stream. This data stream is
supplied to an output unit 106, one of which is provided
for each antenna, and which adds a cyclic prefix and
converts the digital signal to analogue for transmission
from the associated antenna 20.

The controller 108 receives feedback signals f; to fg
indicative of the channel subcarrier performance for each

user. The controller 108 supplies control signals 110 on

a control channel to the mobile receivers.
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FIG. 3 illustrates a receiver suitable for use in an
OFDM system. Each user has at 1least one receiving
antenna 30 connected to a user receiver 40. The wuser
receiver 40 includes an input unit 402 for each receiver
antenna, and this input unit 402 performs analogue-to-
digital conversion of the incoming signal from the
associated receiver antenna and removes the cyclic prefix
which was added by the base station transmitter. The
digital signal is then processed by a receiver
transformation unit 404 (again one per receiver antenna),
which applies a fast Fourier transform (FFT) and serial-
to-parallel conversion to produce a set of subcarrier
signals Ci to Cy for the antenna concerned. The
combination of input unit and transformation unit for
each antenna produces a set of subcarrier signals. These
sets of subcarrier signals are received by a subcarrier
selector 406 which, in dependence on received controlled
signals 410, selects the appropriate subcarriers for a
given user K. The selected subcarriers are supplied to a
decoder 408 which decodes the data signal relating to
this user K, to produce an output signal Dx for the user
K.

Operation of the base station of FIG. 2 and the
receiver of FIG. 3 will now be explained in more detail

below.
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The controller 108 at the base station 10, having
determined channel feedback information from all users,
allocates subcarriers to each user according to a
subcarrier allocation algorithm. When the CSI (Channel
State Information) is available at the transmitter, the
transmitter can assign subcarriers to users and also
adapt the transmit power in a symbol by symbol (or packet
by packet) manner to increase data rate, assuming that
the fading characteristics of the channel are constant
for the symbol (or packet) duration.

In one previous solution mentioned, Rhee and Cioffi
showed that since each subcarrier is assigned to a user
whose channel gain is good for that subcarrier, there is
no need for different power allocation among the
subcarriers. Hence, the algorithm only needs to find the
most appropriate subcarriers for all users and allocate
equal power; this results in lower implementation
complexity.

In the other previous solution mentioned, Jang and
Bok Lee propose a transmit power allocation scheme and
subcarrier allocation algorithm in the general case where
users are allowed to share a subcarrier. In that case,
1f the transmit power for a specific users’ signal is
increased, the interference to other users’ signals on

the same subcarrier is also increased. However, after a
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mathematical analysis, it was found that the capacity is
maximised 1f a subcarrier is assigned to only one user
and hence no interference occurs (something that has
become a fundamental assumption for all previous and
future work). As with Rhée and Cioffi, it was found that
equal power allocation is the best approach since water-
filling over the allocated subcarriers will not give any
significant gain and will increase computational
complexity. In the final proposed scheme, only one user
who has the best channel gain for that subcarrier
transmits data at that subcarrier (for each subcarrier
check which user has the best gain). It was also found
that data rate is increased for increased number of users
since it provides more multi-user diversity.

Although in the scheme proposed by Jang and Bok Lee
the received average SNR for each subcarrier is increased
and the average data rate is increased, this algorithm is
not fair for the wusers. The number of subcarriers
assigned to each user is not fixed, hence each user can
have different data rates. Additionally, if it happens
that one user does not have the best channel gain of the
multiple users being considered for any of the
subcarriers (for example, due to its location) then no

subcarriers at all will be allocated to that user.
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Disclosure of the Invention

According to one aspect of the present invention,
there is provided A method of allocating subcarriers to
subchannels in a telecommunications system which
transmits a plurality of subchannels using subcarriers,
the method comprising: a) defining a number of spatial
channels each of which has a plurality of subchannels
associated therewith; for the or each spatial channel: b)
allocating an initial subcarrier to each subchannel; c¢)
detecting respective quality measurements for the
subchannels; d) allocating a further subcarrier to each
of the subchannels associated with the spatial channel,
in an order determined by respective quality measurements
of the subchannels; e) repeating steps c¢) and d) until
all subcarriers are allocated.

According to another aspect of the present
invention, there 1is provided a telecommunications system
comprising: a transmitter terminal operable to transmit
signals to at least one receiver terminal, the signals
being transmitted on subchannels to which subcarriers are
allocated; at 1least one receiver terminal operable to
receive a subchannel communication from the transmitter
terminal; and an allocation wunit operable to allocate
subcarriers to subchannels, and to allocate subchannels

to receiver terminals, wherein the allocation unit is

10
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operable to: a) define a number of spatial channels each
of which has a plurality of subchannels associated
therewith; for the or each spatial channel: b) allocate
an initial subcarrier to each subchannel; <c) detect
respective quality measurements for the subchannels; d)
allocate a further subcarrier to each of the subchannels
associated with the spatial channel, in an order
determined by respective gquality measurements of the
subchannels; and e) repeat detection of quality
measurements and subsequent allocation of subcarriers
until all subcarriers are allocated.

According to another aspect of the present
invention, there is provided a transmitter terminal for a
telecommunications system, the terminal comprising: a
transmitting unit operable to transmit signals ﬁo at
least one receiver terminal on subchannels to which
subcarriers are allocated; and an allocation unit
operable to allocate subcarriers to subchannels, and to
allocate subchannels to receiver terminals, wherein the
allocation unit is operable to: a) define a number of
spatial channels each of which has a plurality of
subchannels associated therewith; for the or each spatial
channel: b) allocate an initial subcarrier to each
subchannel; c) detect respective quality measurements for

the subchannels; d) allocate a further subcarrier to each

11



WO 2006/090486 PCT/JP2005/003666

of the subchannels associated with the spatial channel,
in an order determined by respective quality measurements
of the subchanne;s; and e) repeat detection of gquality
measurements and subsequent allocation of subcarriers
until all subcarriers are allocated.

It will be readily appreciated that methods
embodying the present invention are particularly
applicable to radio frequency telecommunications systems.
It will also be readily apparent that the principles of
the present invention may be applied to other
communication systems that employ other communication
techniques.

It should be noted that the above-mentioned
embodiment illustrates rather than limits the invention,
and that those skilled in the art will be capable of
designing many alternative embodiments without departing
from the scope of the invention as defined by the
appended claims. In the claims, any reference signs
placed in parentheses shall not be construed as limiting
the claims. The word "comprising" and "comprises", and
the like, does not exclude the presence of elements or
steps other than those 1listed in any claim or the
specification as a whole. The singular reference of an
element does not exclude the plural reference of such

elements and vice~-versa. The invention may be
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implemented by means of hardware comprising several
distinct elements, and by means of a suitably programmed
computer. In a claim enumerating several means, several
of these means may be embodied by one énd the same item
of hardware. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be

used to advantage.

Brief Description of the Drawing

FIG. 1 illustrates multipath diversity in a radio
telecommunications system;

FIG. 2 1s a block diagram illustrating a base
station transmitter for use in an OFDM radio
telecommunications system;

FIG. 3 is a block diagram illustrating a receiver
for use in an OFDM radio communications system;

FIG. 4 is a flow chart illustrating steps in a first
method embodying the present invention;:

FIG. 5 1is a flow chart illustrating steps in a
second method embodying the present invention; and

FIG. 6 is a flow chart illustrating steps in a third

method embodying the present invention.

13
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Best Mode For Carrying Out the Invention

In an OFDM or OFDMA system, in the presence of
multipath diversity, all subcarriers will arrive at a
given receiver with different amplitudes. In fact, some
subcarriers may be completely lost because of significant
fading effects. Hence, the overall bit rate and capacity
will be dominated by the few subcarriers with the
smallest amplitudes (even though most subcarriers may be
detected without errors).

In order to attempt to counteract this disadvantage,
most OFDM or OFDMA systems employ channel coding. Using
coding across the subcarriers, enables errors of weak
subcarriers to be corrected. The performance of the
coded OFDM/OFDMA system can be determined by the average
received power rather than the power of the weakest
subcarrier.

FiG. 4 is a flow chart illustrating a first method
embodying the present invention. In this first method,
it is assumed that the transmitter and receiver have a
single antenna each.

The method starts (at step A) by initialising data
relating to a subchannel quality measurement. For
example, the initial level of the quality measurement can
be set to zero. At step B, respective initial

subcarriers are found for each subchannel. Fach initial

14
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subcarrier is found to find the best subcarrier gain for
that user. The guality measurement is updated (step C)
to reflect the allocated subcarriers, and once a
subcarrier 1s allocated it is no longer available for
allocation to another subchannel. At step D, additional
subcarriers are allocated to the subchannels in an order
of the subchannels determined by the quality measurements
for the subchannels. For example, where the power level
of the subchannel is used as the quality measurement, the
allocation can be made 1is ascending order of subchannel
power level. When it is determined that all subcarriers
are allocated (step E) then the process ends (step F)
until the next channel change. If all subcarriers have
not been allocated then steps C, D and E are repeated
until all of the subcarriers are allocated.

In the following description, Py represents the

average received power for subchannel (user) k. N
represents the usable subcarriers. Hx,n represents the
channel gain for subcarrier n and user k. In the

following example, the number of subchannels (users) is
16, the number of subcarriers is 768 and for the sake of
simplicity it is assumed that each user is allocated one
subchannel only. Note that multiple subchannels may be
allocated to particular users to give them a larger share

of the available resources whilst maintaining a fair

15
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allocation of resources between subchannels. It will be
readily appreciated  that techniques embodying the
invention can be applied to any number of users and
subcarriers.

The first method described above can be expressed
algorithmically as follows (Px is the quality measurement

for user k):

1. Initialisation (step A)
Set Py = (0 for all subchannels k = 1 to K,
[N={1,2,3..,768} (available subcarriers)

2. First Time (step B)
. For every subchannel k = 1 to K
a) Find subcarrier n satisfying |hg,al >=
lhg,31 for all je N
b) Update Py and N with the n from a)
according to:
Pc = Py + |hgnl®, N =N - {n}
remove this subcarrier from the évailable subcarriers
3. While N<>0 (ie. until all subcarriers are
allocated)
a) Sort subchannels according to the subchannel
quality measurement (step C).
b) For the found subchannel k, find (step D)

subcarrier n satisfying:

16
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|hg,nl >= lhg,51 for all je N
c) Update Px and N with the n from a) according
to:
Py, = P. + |lhgnl® , N =N - {n}
d) Go (step E) to the next subchannel in the
short 1list, until all subchannels are allocated another

subcarrier.

In the algorithm above, and in the other algorithms
described below, Py represents the quality measurement for
subchannel K, N represents the available subcarriers, hg,n
represents subcarrier quality for user k for subcarrier
n.

The method described in relation to the flow chart
of FIG. 4 is for the single antenna case, and so it 1is
desirable to extend the technique to accommodate the
multiple antenna case. Accordingly, reference will now
be made to FIG. 5, which illustrates a second method
embodying the present invention. This second method is
applicable to a system with any number of antennas.

The second method uses the same algorithm as the
first method, but repeats the algorithm multiple times.
In the second method, a number of “spatial channels” is
defined - the calculation of this number will be

described below. Each spatial channel includes all of

17
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the subchannels, and is used to generate allocations of
subcarriers for all of those subchannels. The algorithm
is repeated for each of the defined spatial channels in
order that all subchannels are allocated subcarriers in
all of the spatial channels.

The number of spatial channels <can be chosen
arbitrarily, or can be related to the number of antennas
used in the telecommunications system. For example, the
number of spatial channels can equal the number of
transmitter antennas, or equal the number of receiver
antennas, or be equal to the lesser of the number of
transmitter antennas and the number of the receiver
antennas. Alternatively, the number of spatial channels
may be equal to the product of the number of the
transmitter antenna and the receiver antennas. The
number of spatial channels is determined in advance of
the allocation method to be described below.

It will be readily appreciated that the first method
is a special case of the second method, where the number
of spatial channels equals one.

The method of FIG. 5 starts (at step A) by
initialising data relating to a subchannel quality
measurement. For example, the initial level of the
quality measurement can be set to zero. At step B,

respective initial subcarriers are found for each

18
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subchannel for a first spatial channel. Each initial
subcarrier is found to give the best subcarrier gain for
the subchannel concerned for the spatial channel
concerned. In step Cl, the process is moved to the next
defined spatial channel, and at step Cz, the quality
measurements are updated to reflect the allocated
subcarriers. Again, once a subcarrier is allocated it is
no longer available for allocation to another subchannel
for that spatial channel.

At step D, an additional subcarrier is allocated to
the subchannels for the current spatial channel, in
dependence upon the order of the subchannels determined
by the quality measurements for the subchannels. For
example, where the power level of the subchannel is used
as the quality measurement, the allocation can be made is
ascending order of subchannel power level. When it 1is
determined that all subcarriers are allocated (step ELl)
for the current spatial channel, the process moves to
determine (step E2) whether all subcarriers have been
allocated for all spatial channels. If so, then the
process ends (step F) until the next channel change. If
all subcarriers have not been allocated for the current
spatial channel, then steps C2, D and El1 are repeated
until all of the subcarriers are allocated for the

current spatial channel.

19
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When subcarriers have been allocated for the current
spatial channel, step E2 causes the process to move back
to step Cl, where the next spatial channel is selected,
such that steps C2, D and El1 allocate the subcarriers to
that next spatial channel.

The second method can be described algorithmically
for the case where the number of spatial channels eguals
the product of the number of transmitter antennas and the

number of receiver antennas:

{

M=T,xR,

For m = 1 to M ( ),

{

1. Initialisation (step A)

B, =0 N, =1{,23..,768}

Set for all wusers k=1 g K,
nz={L2AJ::]kxﬁk}

Set Citism =0 for all users k=1 ¢o le,

m=&LM}

N, =1{,23..,768}
4

Set §=1
IT. Main process
1. First time (step B)

For k =1 to K

{
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2 |h,

’hk,n,m jr"’l for all

(a) Find subcarrier n satisfying
jeN

(b) UpdatefzmlA%, 2C"k'swith the n from (a)
Pk = Pk +Z‘hk,n,m|

m=1

N,=N,-{n}
Copy =1
s=s5+1
}
N _ #0

(a) Make a sorted list according to the subchannels’
gquality measurements (step C2)
Find subchannel k satisfying
P, <P for all i, 1<i<k

(b) For the subchannel k, Find (step D) subcarrier n

satisfying

|hk,n,m 2 ‘hk,j,m

1 JEN

for al

N Ct,k,s

(c) Update By ’ m and with the n from (b)

according to M 2
Pk = Pk + Z‘hk,n,m

m=1

N,=N,- {n}
Cpps=n
s=s5+1
(d) go to the next subchannel in the sorted list

until all subchannels are allocated another sub-



WO 2006/090486 PCT/JP2005/003666

carrier (step E1).
}
Go to the next spatial channel m, until m=M (step E2)

}

For multiple- antenna applications, the quality
measurement can be taken for a single spatial channel,
for a selection of the spatial channels, or across all

spatial channels.

FIG. 6 illustrates a third method embodying the
Present invention. The third method starts with
initialisation of the quality measurements, as before.
In the third method, the process then proceeds directly
to steps C in which quality measurements are detected for
a first spatial channel. In step D, a subcarrier 1is
allocated to a sub channel for the first spatial channel,
and in step El a check is made to determine whether all
subcarriers have been allocated for the first spatial
channel. If this is not the case, then the pProcess
returns and repeats steps C and D until all subcarriers
are allocated for the first spatial channel.

At step E2, the allocation of subcarriers arrived at
for the first channel is applied to the remaining spatial
channels, before the process ends at step F.

In one particular example of the third method, the

22
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quality measurement for a subchannel is related to the
maximum channel gain for the subchannel concerned across
all of the spatial channels. In another example of the
third method, the quality measurement for a subchannel is
related to the average channel gain for the subchannel
concerned =~ across all of the spatial channels.
Alternatively, the quality measurement can relate to a
sum of the spatial channel gains for the subchannel
concerned.

The third method, using the maximum power
constraint, can be described algorithmically as follows
for the case where the number of spatial channels equals
the product of the number of transmitter antennas and the

number of receiver antennas:

1. Initialisation (step A)

P, =0 N, ={,23....,768)

Set for all users #=1 to 16, ,
m=1{,2.M =Txx Rx)

N, ={1,23....,768}

Ct,k,s =0 k=1 to 16, m ,

Set for all users

m=1{,2.M}
set s=1

II. Main process

1. First time (step B)
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For k =1 to K

(a) For m = 1 to M

Find subcarrier n for all M =TI, xR, spatial
channels satisfying:
Izk,lll,]l Z |l1k,];,l| . For all jl € N

h/c,nz,2‘ 2 ’hk_.jz,Z For all j2 €N

ol ,
hhmJ‘V%hﬁ’ For all Js €N

]7k,n4,4’2)hk,az4,4‘ For all J+ €N

(b) Find the maximum value among the values obtained in

(a)
h/c,n,m = mathk,n,,l ’9 ‘hk,nz,Z > ’hk,n3,3 7412k,n4,4 )
(c) Update}k, AM,Afl¢”with the n from (b)
R: = ])k + Zlhk,n,ml
m=1
N,=N,~{n)
Cioy=n
s=s5+1
}
2. While N, #0

(a) Make a sorted 1list according to the
subchannels’ quality measurements (step C)
Find subchannel k satisfying

B2E for a1l i, 1<i<k
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(b) For the k obtained in (a)

For m = 1 to M

Find (step D) subcarrier n for all M =T xR,

spatial channels satisfying:
lzk,nl,'l‘ Z \hk,]'l,l‘ For all jl EN
hlc,nz,2l 2 ‘hk,jz,Z‘ -

hk,n;,3’ 2 ‘hk,j3,3‘

hk,l24,4 l 2 Ihk,r14,4 \

For all j2EA[

For all J3 €N

For all J+&N
(c¢) Find the maximum value among the values

obtained in (a)

hk,n,m = max(‘hk,nl,l I! \hk,nzﬁ =’hk,n;,3 7lhk,n4,4 )

(d) Updatel%, N, and Cois with the n from (c)

[ ]

according to M
IDk = Pk + Z‘hk,n,m

m=l

NJII = Nﬂl - {’2}

Cios=h
s=s5+1
() go to the next user 1in the sorted 1list

obtained in (a) until all users are allocated

another sub-carrier (step E).

The third method, using the average power level
measurement, can be described as follows for the case

where the number of spatial channels equals the product
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of the number of transmitter antennas and the number of

receiver antennas:

I. Initialisation (step A)

P, =0

Set for all users k=1 to 16, N, ={,23....768}

m= {1,2.1\1 = TxxRx}

!

Set C’*"*S:O for all users k=1 +o 16, N"'={1’2’3”"’768} p
m={,2.M}
set §=1

II. Main process

1. First time (step B)

For k=1 to K

M
h_avek,n = Z‘hl«,n,m ne N
(a) m=l for all m

(b) Find sub-carrier n satisfying
h_ave,,|2\h_ave,,;
\ - “A \ - “A for all
jeN

m

(c) Updatefi, N, and Cos with the n from (b)

2

according to M
Pk = Pk + Z‘hk,n,m\

m=1

Nﬂl = N"l - {;1}
Cioa=n
s=s+1
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(a) Make a sorted 1list according to the
subchannels’ quality measurement (step C)

Find user k satisfying

P, <P, for all i, 1<i<k

M (D) Pccording the k obtained in (a)

h_.avek,n = Z hk,n,m
: =l for all

neN,

(c¢) For the wuser k found in (a), find sub-

carrier n satisfying

% ave ‘2V2¢n@.i '
— "k =k for all

jeN

m

(d) Updateli, N, and Cos with the n from (c)

according to 2

M
P =P+ Y Byl

m=1
N, =N, —{n}
Cirs=n
s=s5+1
(e) go to the next subchannel in the sorted
list obtained in (a) until all subchannels are allocated

another subcarrier.

Although the invention is described with reference

to a radio telecommunications system, it will be readily
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appreciated that the techniques and principles of the
invention are applicable to other systems.

It will be readily appreciated that the allocation
of subcarriers to subchannels, in accordance with any of
the methods described above, can be carried out by a
transmitter terminal of the telecommunications system.
Alternatively, the allocation can be performed by one or
more of the receiver terminals of the system. As further
alternatives, the allocation can be performed by a
separate allocation unit, or the allocation process can
be distributed across multiple terminals of the system.

Since the algorithms described above are
deterministic, if all of the terminals have access to the
same information on the channel, they could all implement
the algorithm with the same result. In such a system, it
is necessary that all of the terminals are provided with
the relevant information concerning the channel, and this
is particularly the case in those networks which use
distributed control, with no Dbase station. The
information can be provided to each of the user terminals
using the control channels available in the systemn.

Although power level is wused as the quality
measurement in the described embodiments, it will be
readily appreciated that the present invention is

applicable to any quality measurement. For example,
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power level, or SINR (signal to Interference and Noise
Ratio) could be used as a quality measurement as a basis
for the allocation of subcarriers. Other dguality

measurements can also be used.
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CLAIMS

1. A method of allocating subcarriers to subchannels in
a telecommunications system which transmits a plurality
of subchannels using subcarriers, the method comprising:
a) defining a number of spatial channels each of which
has a plurality of subchannels associated therewith;

for the or each spatial channel:

b) allocating an initial subcarrier to each subchannel;
c) detecting respective dquality measurements for the
subchannels;

d) allocating a further subcarrier to each of the

subchannels associated with the spatial channel, in an
order determined by respective quality measurements of

the subchannels;

e) repeating steps ¢) and d) until all subcarriers are
allocated.

2. A method as claimed in claim 1, wherein the
telecommunications system includes at least one

transmitter antenna, and the number of spatial channels

is related to the number of transmitter antennas.

3. A method as claimed in claim 2, wherein the number

of spatial channels equals the number of transmitter
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antennas.

4, A method as <claimed in claim 1, wherein the
telecommunications system includes at least one receiver
antenna, and the number of spatial channels is related to

the number of receilver antennas.

5. A method as claimed in claim 4, wherein the number
of spatial channels equals the number of receiver

antennas.

6. A method as claimed in claim 1, wherein the
telecommunications system includes respective pluralities

of transmit and receiver antennas.

7. A method as claimed in claim 6, wherein the number
of spatial channels equals the lesser of the number of

transmitter antennas and the number of receiver antennas.

8. A method as claimed in claim 6, wherein the number
of spatial channels equals the product of the number of

transmitter antennas and the number of receiver antennas.

9. A method as claimed in any one of the preceding

claims, wherein the step of detecting respective quality
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measurements comprises detecting quality measurements for
each subchannel across a subset of the plurality of

spatial channels.

10. A method as claimed in any one of the preceding
claims, wherein the step of detecting respective quality
measurements comprises detecting quality measurements for

each subchannel across all of the spatial channels.

11. A method as claimed in any one of the preceding
claims, wherein the step of detecting respective quality'
measurements comprises detecting quality measurements for
each subchannel for a preselected one of the spatial

channels.

12. A method as claimed in any one of the preceding
claims, wherein the subcarriers allocated to a subchannel

are the same for all spatial channels.

13. A method as claimed in claim 12, wherein the quality
measurement for a subchannel is related to the maximum
channel gain for the subchannel concerned across all of

the spatial channels.

14. A method as claimed in claim 12, wherein the quality
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measurement for a subchannel is related to an average
channel gain for the subchannel concerned across all of

the spatial channels.

15. A method as claimed in any one of the preceding
claims, wherein the step of detecting respective quality
measurements for the subchannels includes receiving
feedback data indicative of subchannel guality

measurements.

16. A method as claimed in any one of the preceding
claims, wherein the telecommunications system is a

wireless communications system.

17. A method as claimed in any one of the preceding
claims, wherein the telecommunications system is a radio

frequency telecommunications system.

18. A method as claimed in claim 17, wherein the radio
frequency telecommunications system is an orthogonal

frequency division multiple access OFDMA system.

19. A method as claimed in any one of the preceding
claims, wherein the allocation is performed by

transmitter terminal of the telecommunications system.
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20. A method as claimed in any one of the preceding
claims, wherein the allocation is performed by at least

one receiver terminal of the telecommunications system.

21. A method as claimed in any one of the preceding
claims, wherein the quality measurement is a power level

measurement.

22. A method as claimed in any one of claims 1 to 12, or
in any one of claims 15 to 21, wherein the quality
measurement is a SINR (Signal to Interference and Noise

Ratio).

23. A method of transmitting data from a transmitter
terminal to at least one receiver terminal in a
telecommunications system employing a plurality of
subcarriers at respective subcarrier frequencies, the
method comprising:
allocating subcarriers to each of a plurality of
subchannels;
allocating at least one subchannel to the or each
receiver terminal;
transmitting data from the transmitter terminal to the

or each receiver terminal on respective subchannels
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allocated to the or each receiver terminal,
wherein the step of allocating subcarriers to each of a
plurality of subchannels uses a method as claimed in any

one of the preceding claims.

24. A telecommunications system comprising:

a transmitter terminal operable to transmit signals
to at least one receiver terminal, the signals being
transmitted on subchannels to which subcarriers are
allocated;

at least one receiver terminal operable to receive a
subchannel communication from the transmitter terminal;
and

an allocation unit operable to allocate subcarriers
to subchannels, and to allocate subchannels to receiver
terminals, wherein the allocation unit is operable to
a) define a number of spatial channels each of which
has a plurality of subchannels associated therewith;
for the or each spatial channel:

b) allocate an initial subcarrier to each subchannel;

c) detect respective quality measurements for the
subchannels;

d) allocate a further subcarrier to each of the
subchannels associated with the spatial channel, in an

order determined by respective gquality measurements of
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the subchannels; and
e) repeat detection of quality measurements and
subsequent allocation of subcarriers until all

subcarriers are allocated.

25. A system as claimed in claim 24, comprising at least
one transmitter antenna, and wherein the number of
spatial channels is related to the number of transmitter

antennas.

26. A system as claimed in claim 25, wherein the number
of spatial channels equals the number of transmitter
antennas.

27. A system as claimed in claim 24, comprising at least
one receiver antenna, and wherein the number of spatial

channels is related to the number of receiver antennas.

28. A system as claimed in claim 27, wherein the number

of spatial channels equals the number of receiver

antennas.

29, A system as claimed in claim 24, comprising

respective pluralities of transmit and receiver antennas.
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30. A system as claimed in claim 29, wherein the number
of spatial channels equals the lesser of the number of

transmitter antennas and the number of receiver antennas.

31. A system as claimed in claim 29, wherein the number
of spatial channels equals the product of the number of

transmitter antennas and the number of receiver antennas.

32. A system as claimed in any one of claims 24 to 31,
wherein the allocation unit is operable to detect quality
measurements for each subchannel across a subset of the

plurality of spatial channels.

33. A system as claimed in any one of claims 24 to 31,
wherein the allocation unit is operable to detect quality
measurements for each subchannel across all of the

spatial channels.

34, A system as claimed in any one of claims 24 to 31,
wherein the allocation unit is operable to detect quality
measurements for each subchannel for a preselected ocne of

the spatial channels.

35. A system as claimed in any one of claims 24 to 34,

wherein the allocation unit is operable to allocate the
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same the subcarriers to a subchannel for all of the

spatial channels.

36. A system as claimed in claim 35, wherein the quality
measurement for a subchannel is related to the maximum
channel gain for the subchannel concerned across all of

the spatial channels.

37. A system as claimed in claim 35, wherein the quality
measurement for a subchannel 1is related to an average
channel gain for the subchannel concerned across all of

the allocation sets.

38. A system as claimed in any one of claims 24 to 37,
wherein the allocation wunit is operable to receive
feedback data indicative of subchannel quality

measurements.

39. A system as claimed in any one of claims 24 to 38,
wherein the telecommunications system 1s a wireless

communications system.

40. A system as claimed in any one of claims 24 to 39,
wherein the telecommunications system 1is a radio

frequency telecommunications system.
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41. A system as claimed in claim 40, wherein the radio
frequency telecommunications system is an orthogonal

frequency division multiple access OFDMA system.

42. A system as claimed in ‘any one of claims 24 to 41,
wherein the allocation unit is provided by the

transmitter terminal.

43. A system as claimed in any one of claims 24 to 41,
wherein the allocation unit is provided by at least one

of the at least one receiver terminal.

44. A system as claimed in any one of claims 24 to 43,
wherein the quality measurement is a power level

measurement.

45. A system as claimed in any one of claims 24 to 30,
or in any one of claims 33 to 44, wherein the quality
measurement is a SINR (Signal to Interference and Noise

Ratio).

46. A system as claimed in any one of claims 24 to 45,
wherein the transmitter terminal is operable to:

allocate at 1least one subchannel to the or each
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receiver terminal; and
transmit data to the or each receiver terminal on the

subchannel allocated to the receiver terminal concerned.

47. A transmitter terminal for a telecommunications
system, the terminal comprising:

a transmitting unit operable to transmit signals to
at least one receiver terminal on subchannels to which
subcarriers are allocated; and

an allocation unit operable to allocate subcarriers
to subchannels, and to allocate subchannels to receiver
terminals, wherein the allocation unit is operable to:

a) define a number of spatial channels each of which
has a plurality of subchannels associated therewith;

for the or each spatial channel:

b) allocate an initial subcarrier to each subchannel;

c) detect respective quality measurements for the
subchannels;

d) allocate a further subcarrier to each of the
subchannels associated with the spatial channel, in an
order determined by respective quality measurements of
the subchannels; and

e) repeat detection of quality measurements and
subsequent allocation of subcarriers until all

subcarriers are allocated.

40



WO 2006/090486 PCT/JP2005/003666

48. A terminal as claimed in claim 47, comprising at
least one transmitter antenna, and wherein the number of
spatial channels is related to the number of transmitter

antennas.

49, A terminal as claimed in c¢laim 48, wherein the
number of spatial channels equals the number of

transmitter antennas.

50. A terminal as claimed in <claim 47, wherein the
number of spatial channels is related to a number of

receiver antennas.

51. A terminal as claimed in <c¢laim 50, wherein the
number of spatial channels equals the number of receiver

antennas.

52. A terminal as claimed in claim 47, comprising a

plurality of transmit antennas.

53. A terminal as claimed in claim 52, wherein the
number of spatial channels equals the lesser of the
number of transmitter antennas and the number of receiver

antennas.
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54, A terminal as claimed in claim 52, wherein the
number of spatial channels equals the product of the
number of transmitter antennas and a number of receiver

antennas.

55. A terminal as claimed in any one of claims 47 to 54,
wherein the allocation unit is operable to detect quality
measurements for each subchannel across a subset of the

plurality of spatial channels.

56. A terminal as claimed in any one of claims 47 to
54, wherein the allocation unit is operable to detect
quality measurements for each subchannel across all of

the spatial channels.

57. A terminal as claimed in any one of claims 47 to
54, wherein the allocation unit is operable to detect
quality measurements for each subchannel for a

preselected one of the spatial channels.

58. A terminal as claimed in any one of claims 47 to 57,
wherein the allocation unit is operable to allocate the
same the subcarriers to a subchannel for all of the

spatial channels.
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59. A terminal as claimed in claim 58, wherein the
quality measurement for a subchannel is related to the
maximum channel gain for the subchannel concerned across

all of the spatial channels.

60. A terminal as claimed in claim 58, wherein the
quality measurement for a subchannel is related to an
average channel gain for the subchannel concerned across

all of the spatial channels.

6l. A terminal as claimed in any one of claims 47 to 60,
wherein the allocation wunit is operable to receive
feedback data indicative of subchannel quality

measurements.

62. A terminal as claimed in any one of claims 47 to 61,
wherein the telecommunications system 1is a wireless

communications system.

63. A terminal as claimed in any one of claims 47 to 62,
wherein the telecommunications system 1is a radio

frequency telecommunications system.

64. A terminal as claimed in claim 63, wherein the radio
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frequency telecommunications system is an orthogonal

frequency division multiple access OFDMA system.

65. A terminal as claimed in any one of claims 47 to 64,
wherein the quality measurement is a power level

measurement.

66. A terminal as claimed in any one of claims 47 to 53,
or in any one of claims 56 to &5, wherein the quality
measurement is a SINR (Signal to Interference and Noise

Ratio).

67. A terminal as claimed in any one of claims 47 to 66,
wherein the transmitter terminal is operable to:

allocate at 1least one subchannel to a receiver
terminal; and

transmit data to that receiver terminal on the

subchannel allocated thereto.
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