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(57) Abstract: In a radio resource allocation method, for use
in a cellular wireless communication system configured to
partition time/frequency resource blocks amongst a plurality
of user equipments of the system and comprising a plurality
of base stations (F1, F2, F3) having a first base station (F1)
providing a first cell and a second base station (F2) provid-
ing a second cell, the first base station (F1) carries out the
steps of: determining values of one or more parameters, us-
ing data derived from uplink control information on pre-
ferred sub-bands transmitted by a first user equipment,
served by the second cell, of the plurality of user equip-
ments, which information is overheard and decoded by the
first base station; and, if there is conflict between preferred
sub-band requests from the first user equipment and a
second user equipment, served by the first cell, of the plural-
ity of user equipments, allocating one or more resource
blocks to the second user equipment on the basis of the de-
termined parameter value(s).
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Radio Resource Allocation Method and Base Station for use in Cellular Wireless
Communication Systems

The present invention relates to a radio resource allocation method and base station
for use in cellular wireless communication systems, in particular an LTE/LTE-A or

similar system.

In a cellular deployment (particularly a non-planned one), cell edge interference can
limit cell edge users’ data rates and overall quality of service (QoS). Improving the
performance of cell edge users is therefore a key target for all cellular networks. In a
group of Femto cells this target can be even more significant, as the Femto cells are
usually deployed by users without planning. This can result in a higher than acceptable
level of interference for the cell edge user. As it is generally intended that Femto cells
are inexpensive and ubiquitous, any solution to control interference should not
significantly increase the product or the deployment costs of Femto cells.

For LTE and LTE-A systems, inter cell coordinated interference control (ICIC) and
enhanced [CIC (elCIC) have been introduced as a means for neighbouring cells to
dynamically exchange information about their resource allocations and attempt to avoid
scheduling the same resources for the common cell edges. As the scheduling rate for
LTE is 1ms (the sub-frame duration), the information exchange rate needs to be faster
than this, and for this LTE has specially designated X2 links. For non-planned, user-
controlled small-cell deployments like Femto cells, the cost of having an X2 link can be
very high and hence in practice the use of ICIC or elCIC is untenable for Femto cell
deployments, where the product and deployment costs need to be kept low. In these
situations, the default allocation is FFR (Fractional Frequency Reuse), where the cell
edge bands are pre-defined for each Femto cell. However, this prevents a certain UE
(user equipment) choosing the best band at a given location and time, and thus

reduces multi-user diversity.

Accordingly it is desirable to provide an alternative method of avoiding interference at
cell edges, especially for small-cell deployments like Femto cells in LTE/LTE-A and
other systems, which partition time/frequency resource blocks amongst its users.

In cellular wireless communication systems a base station serving a first cell will
‘overhear” transmissions of user equipment which is located in a cell edge area of a
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second cell which neighbours the first cell. The present invention proposes to make
use of such overheard transmissions.

WQO2007107895A1 discloses a method for use in a peer to peer (P2P) network, in
which a mobile station can overhear in a particular channel other mobile stations’
feedback message(s) on testing signal results and decide whether or not to use that
channel for P2P communication or not.

WO2012108605, W02012074192 and WO02012108604 disclose a Relay Node (RN)
within the coverage area of multiple base stations (BS) which overhears the uplink (UL)
resource grants in the PDCCH channel for each BS to the user equipments (UEs). The
RN can decode this information to determine if a conflict is occurring in the resource
grants. If there is a conflict, the RN allocates its own resources to the UEs and obtains
PUSCH data from the UEs on these allocated resources. The RN then listens to ACK/
NACK transmissions from BSs in response to data forwarded by the UEs on BS
allocated resources. If there is a conflict, a NACK will be the likely result and in that
case the RN can forward the data it collected from the UEs directly. Thus, this is in
effect a proactive RN system to collect pass uplink data from UE's to BS.

KR20100011018 proposes converting a point-to point cellular network to a point-to
multipoint (PMP or a mesh) network. The UEs can overhear the messages passed
from a BS to a particular UE and then, if the signal strength is higher than a threshold,
the UE can repeat the message in a PMP mode.

In the paper of T. Nakano, M. Kaneko, et. al.,” Interference Mitigation based on Partial
CSI Feedback and Overhearing in an OFDMA Heterogeneous System”, |[EEE VTC
2013 (spring), Dresden, Germany, a Femto-cell, placed within a larger Macro-cell, is
assumed to have perfect overhearing capability. Within this assumption, the amount of
interference that can be mitigated, and the resulting performance improvement, is

calculated.

According to an embodiment of a first aspect of the present invention there is provided
a radio resource allocation method, for use in a cellular wireless communication system
configured to partition time/frequency resource blocks amongst a plurality of user
equipments of the system and comprising a plurality of base stations having a first
base station providing a first cell and a second base station providing a second cell, in
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which method the first base station carries out the steps of: determining values of one
or more parameters, using data derived from uplink control information on preferred
sub-bands transmitted by a first user equipment, served by the second cell, of the
plurality of user equipments, which information is overheard and decoded by the first
base station; and, if there is conflict between preferred sub-band requests from the said
first user equipment and a second user equipment, served by the first cell, of the
plurality of user equipments, allocating one or more resource blocks to the said second
user equipment on the basis of the determined parameter value(s).

Thus, in an embodiment of the present invention uplink control signals “overheard”
from another base station (an eNB in a LTE or LTE-A system) can be utilised to control
the interference between user equipments. In particular, the overheard information can
be used to generate parameter values on the basis of which resource blocks can be
allocated. In this way a group of base stations (eNBs) can coordinate their resource
allocations, while allocating the best sub-bands suited to their user equipments,
especially at the cell edge, so that the interference levels can be controlled. In
LTE/LTE-A systems this can allow the achievement of near ICIC performance, but
without the need for X2 links, thereby providing a solution which is cost effective, yet at
the same time offers improved performance for cell edge users.

In an LTE/LTE-A system the overheard information may comprise CQI (channel quality
indicators) and HARQ (Hybrid Automatic Repeat reQuest). Data from multiple
neighbour cells may be considered in the method to generate a complete view of sub-
band usage. Preferably a base station may take remedial action if a certain sub-band
allocation increases the interference unexpectedly.

The parameter values may comprise values for the probability that resource blocks in
the respective ones of the preferred sub-bands will be allocated by the second base
station to the said first user equipment. In this case a resource block is allocated to the
said second user equipment if, on the basis of the determined probability values, that
resource block is less likely to be allocated by the second base station to the said first
user equipment.

The first base station may determine the parameter value(s) using data derived from
overheard and decoded uplink control information on preferred sub-bands transmitted
by a group of first user equipments served by the second cell, and allocate one or more
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resource blocks to the said second user equipment on the basis of the determined
parameter value(s) if there is conflict between preferred sub-band requests from the
first user equipments and the said second user equipment. The parameter values may
comprise values for the probability that resource blocks in the respective ones of the
preferred sub-bands will be allocated by the second base station to the said first user
equipments. In this case a resource block is allocated to the said second user
equipment if, on the basis of the determined probability values, that resource block is
less likely to be allocated by the second base station to any of the said first user
eguipments.

It is preferable that the second base station provides the first base station with
information to enable the first base station to decode uplink control information
transmitted by the said first user equipment(s), for example Cell Radio Network
Temporary Identifier - C-RNTI - scrambling information for the said first user
equipment(s).

A method embodying the first aspect of the present invention, which is for use in an
LTE/LTE-A cellular wireless communication system, may further comprise, prior to
determining parameter values, allocating orthogonal Zadoff-Chu codes for the
transmittal of the uplink control information by user equipments in each cell such that
only a subset of a set of possible orthogonal Zadoff-Chu codes is allocated to each cell.
If traffic load is spread unevenly between cells served by the plurality of base stations,
then a cell with greater traffic load is preferably allocated a subset containing a greater
number of Zadoff-Chu codes than a cell with a lesser traffic load.

In a method embodying the first aspect of the present invention, which is for use in an
LTE/LTE-A cellular wireless communication system, the uplink control information may
comprise CQI information which comprises preferred sub-band requests issued by the
user equipments in the second cell. The uplink control information may further
comprise HARQ messages which are used by the first base station to ascertain
whether resource blocks have been allocated to the user equipments in the second
cell. Preferably in this case the method further comprises, prior to determining
parameter values, controlling user equipments in the cells such that each user
equipment is not permitted to change a Zadoff-Chu code it is using for transmitting
uplink control information throughout a single communication session with a base

station.
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It is desirable that, when allocating one or more resource blocks to the said second
user equipment, a resource block in a sub-band requested by the said second user
equipment is preferentially allocated to the said second user equipment.

The data used to determine the parameter values may further comprise at least one of:
a scheduling mechanism used in allocating resource blocks to the user equipments
served by the second cell; cell edge quality of service — QoS — guarantees for the user
equipments served by the second cell; cell hierarchy in providing QoS; and cell
hierarchy for resource block allocation.

If the determined parameter values indicate that it is highly likely that all resource
blocks in all preferred sub-bands requested by the second user equipment served by
the first cell have been allocated to user equipment(s) served by the second cell, the
said second user equipment may be requested to provide alternative preferred sub-
band requests.

A method embodying the present invention may further comprise reviewing the
resource block allocation for the said second user equipment if performance in an

allocated resource block decreases.

According to an embodiment of a second aspect of the present invention there is
provided a base station for use in a cellular wireless communication system configured
to partition time/frequency resource blocks amongst a plurality of user equipments of
the system, which base station is configured to provide a first cell and comprises:
parameter determining means configured to use data, derived from uplink control
information on preferred sub-bands overheard and decoded from one or more first user
equipment(s) located in a second cell provided by a second base station of the system,
to determine one or more parameter values; and radio resource allocation means
configured to allocate resource blocks to second user equipment in the first cell on the
basis of the determined parameter value(s), if there is conflict between preferred sub-
band requests from the first user equipment(s) and the second user equipment,

According to an embodiment of a third aspect of the present invention there is provided
a cellular wireless communication system comprising a plurality of base stations having
a first base station providing a first cell and a second base station providing a second
cell, wherein at least the first base station is a base station embodying the second
aspect of the present invention, the second base station is configured to provide the
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first base station with Cell Radio Network Temporary Identifier - C-RNTI - scrambling
information for user equipment(s) served by the second base station, and the first base
station is configured to use the received C-RNTI scrambling information to decode the
uplink control information overheard from user equipment(s) located in second cell.

According to an embodiment of a fourth aspect of the present invention there is
provided a computer program which, when executed on a base station in a cellular
wireless communication system, causes that base station to carry out a method in
accordance with the first aspect of the present invention, or to become a base station in
accordance with the second or third aspect of the present invention.

Reference will now be made, by way of example, to the accompanying drawings, in
which:

Figure 1 illustrates a code set distribution amongst a group of Femto cells:

Figure 2 shows a Femto cell embodying the second aspect of the present invention:
and

Figure 3 is a flowchart of an algorithm embodying the first aspect of the present
invention.

An embodiment of the present invention will now be described with reference to a
deployment of three Femto cells (base stations or eNBs), F1, F2 and F3, in an LTE

cellular wireless communication system, as shown in Figure 1.

As shown in Figure 2, each Femto cell F1, F2, F3 comprises a receiving unit 1
configured to receive radio transmissions including those from UEs served by the
Femto cell itself and those overheard from UEs served by the other Femto cells.
Femto cells F1, F2, F3 also comprise a parameter determining unit 2 configured to use
data, derived from uplink control information on preferred sub-bands overheard and
decoded from one or more UEs of the other cells, to determine one or more parameter
values, such as the probability that resource blocks in respective ones of the preferred
sub-bands will be allocated by the other cells to their UEs. Each Femto cell F1, F2, E3
further comprises a radio resource allocation unit 3 configured to allocate resource
blocks to its UEs on the basis of the determined parameter value(s), if there is conflict
between preferred sub-band requests from the UEs of the other cells and those of its
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own UEs. Information on resource block allocations is transmitted to the UEs served
by the eNB F1 via a transmission unit 4.

With a view to controlling downlink interference, particularly to cell edge users, a base
station embodying the present invention listens to (overhears) the uplink control
information transmitted by users in other cells, determines the possibility a certain sub-
band is used, and decides if, and if so how best, to re-use that sub-band in its own cell.
In LTE, the uplink control information is carried on the PUCCH (Physical Uplink Control
CHannel) and comprises CQIl (Channel Quality Indicator), HARQ (Hybrid Automatic
Repeat reQuest), and, for MIMO based transmissions, Rank Indicator (RI) and Pre-
coding Matrix Indicator (PMI). This embodiment of the invention makes use of CQl and
HARQ messages, especially the SNR values (or the coded differential SNR values)
reported by the CQl and, after resource grant, the corresponding ACK/ NACK rates, to
estimate a probability of sub-band allocation.

CQl messages are transmitted periodically over the PUCCH. The CQI transmission
period can be set at selected values, between 2ms and 160ms. The period can be
configurable, depending on the radio channel variability (or channel coherence time).
In LTE, the PUCCH messages bits are spread by orthogonal ZC (Zadoff-Chu) codes.
For a single resource block (RB) there are 12 sub-carriers, hence LTE uses length 12
ZC codes to spread a single bit across this RB. With phase shifts, there can be 12
orthogonal ZC codes. LTE does not make a distinction on which codes can be used,
and in a conventional LTE cell these 12 codes can be simultaneously used by 12 users
to report back PUCCH in a single sub-frame. However, in this embodiment the number
of codes that a single cell can use is restricted, so that, based on the Femto cell
distribution, any one cell can work out when a certain code is used, whether it is from
its own user or from a user connected to a neighbour cell. This restriction will not
usually have any significant impact on user QoS, since in the environments in which
Femto cell groups are used (such as in Enterprise, where a grid of Femto cells are
used in a workspace, or in a group of flats) there are generally fewer active users. The
PUCCH information is scrambled with cell ID, hence initially the Femto cells should
communicate with each other (preferably over an S1 link) and share their cell ID based
scrambling information. It is anticipated that, for a group of Femto cells from the same

source, sharing this information would not be problematic.
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Figure 1 depicts a group of three Femto cells amongst which the ZC code set (of 12
orthogonal ZC codes) has been divided into three subsets. The code set can be
divided equally in uniform traffic load conditions or, if the traffic load is non-uniform,
biased towards the cells with heavier traffic load. The code set is used by UEs across
the cell area, but can be overheard by the neighbour cells if the UEs are in range, for
example in the cell edge areas. The cell edge areas are those indicated by shading in
Figure 1.

Under LTE standards each user (or UE) transmitted data is scrambled with a unique
identifier called C-RNTI (Cell Radio Network Temporary Identifier), which is issued by
the serving base station. It is desirable for this C-RNTI information to be shared by the
neighbour cells over the S1 link, so the overheard information can be de-scrambled
and understood by the neighbour cells. In other embodiments, particularly those which
are not LTE systems, the overheard information could be decoded in a different way.

A base station embodying the present invention is configured to determine values of
one or more parameters, using data derived from uplink control information on
preferred sub-bands overheard and decoded from user equipment(s) served by other
cells. If there is conflict between preferred sub-band requests from the user
equipment(s) served by the other cells and those of the base station’s user
equipment(s), the base station is operable to allocate one or more resource blocks to
its user equipment(s) on the basis of the determined parameter value(s).

For example in one embodiment, which will be described in more detail below, the
parameter values determined by a first base station are values for the probability that
resource blocks in respective ones of the preferred sub-bands will be allocated by a
second base station to one of its UEs, and the first base station is operable to allocate
a resource block to one of its own UE’s if, on the basis of the determined probability
values, that resource block is less likely to be allocated by the second base station to
its UEs. However, by way of example only and without limitation, alternative parameter
values may be: past history (under repetitive conditions) of band allocations by the
neighbour cells; expected fransmitter and/or receiver power levels; spatial
characteristics of transmitted signals, where these are relevant in determining whether
a problematic collision would occur. The past history of band allocations, for example,
could allow base stations to estimate the band allocations of neighbouring cells by
overhearing the band requests and comparing any collisions that occurred with their
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own band allocations, and may be particularly relevant to indoor office environments,
for example, where radio conditions are similar every day at a certain time of day.

Under LTE standards for periodic CQIl reporting, a UE reports decodable MCS
(Modulation and Coding Scheme) values for each of a number of preferred sub-bands
selected from multiple sub-bands in the band. In a 10MHz LTE channel for example,
the sub-bands consist of 6 Resource Blocks (RBs) and there will be 3 bandwidth parts,
indicating 3 MCS value reports for 3 bands. This arrangement will be used as an
example in the explanation below of an algorithm embodying the first aspect of the
present invention.

In an algorithm embodying the present invention, a probability value for the allocation
(by the neighbour eNBs) of each CQl reported sub-band is computed by the eNB. The
usage of these reported sub-bands in the cell edge of its own cell will depend on these
probability values. An example of the algorithm as carried out by eNB F1 is depicted in
the flow chart of Fig. 3.

In step 1, the eNB F1 records its own cell edge user sub-band requests as well as
recording overheard information on neighbour cell edge UE sub-band requests. That
is, eNB F1 takes note of the CQI information of its UEs (using its assigned ZC codes)
via the PUCCH channel and overhears the CQI information from UEs in the
neighbouring cells F2, F3. The decodable overheard information can all be regarded as
being from cell edge users in the neighbouring cells. In its own cell, UEs reporting
below a specified MCS threshold are regarded as cell edge users. In Fig. 3 sub-band
requests with MCS (SINR) values above a specified threshold, indicating cell centre
users, are marked in bold. Other MCS band requests are considered to be from cell
edge users. The challenge for eNB F1 is to allocate the best possible sub-bands to its
own cell edge users, while avoiding the use of sub-bands which have a high probability
of allocation by the neighbour cells F2, F3.

In step 2, eNB F1 continues to listen for (overhear) any HARQ messages from the cell
edge UEs of neighbouring cells. To improve the chance that this step will be successful
a condition may be set that the UEs cannot change their ZC code throughout a single
communication session with the eNB. A HARQ message from a UE can provide
confirmation that ‘a sub-band’ (potentially one out of the 3 sub-bands reported by the
UE) has been allocated to the UE. By enforcing an additional condition that the serving
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eNB should always try to allocate a cell edge user a resource block in one of the sub-
bands reported (requested) by that UE, facilitates the determination of a probability
value for allocation of each sub-band overheard by the eNB F1.

Step 3 of the algorithm comprises using a parameter calculation engine (parameter
determining unit) to determine parameter values (in this case, allocation probability
values) for each reported sub-band on the basis of all recorded (overheard) information
about sub-band requests from UEs served by neighbouring eNBs. The parameter
calculations desirably also take account of one or more pieces of other data, for
example: the scheduling mechanisms of the neighbouring cells; any QoS guarantees
for users at the cell edge of neighbouring cells; cell hierarchy in providing QoS; and any
external inputs of relevance (one example of such an external input in an Enterprise
Femto cell network would be whether the network administrator has configured an
energy saving measure which limits the transmit powers and thus interference levels).
For example, if the scheduling of neighbouring cells is biased towards Max C/I, sub-
bands reported with higher MCS should be given more weight in the parameter
calculations. Alternatively, if round-robin type scheduling is carried out, each of the 3
sub-bands reported by a single user can be given equal weight. In some cases, QoS
guarantees cannot be met by allocation of certain MCS sub-bands and these sub-
bands can be excluded from the calculations. These priorities (especially cell hierarchy)
can change over time. For example in an office network, Femto cells covering work
areas will have priority in working hours, while at lunch time the cells covering eating
areas may have priority. The Femto eNBs F1, F2, F3 can negotiate these aspects over
the S1 links and any changes in scheduling mechanism, QoS levels or cell hierarchy
can be fed to the inputs of the probability calculation engine. These changes happen
over a timescale of minutes or hours and the S1 link is more than capable (in terms of

message delivery speed) of facilitating such updates.

If a certain sub-band is reported by multiple cell edge UEs, its allocation probability
becomes high. However, within a single cell a sub-band can be allocated only once, so
in subsequent reporting of a single sub-band the probability calculation should be done
on the joint probability basis that the sub-band was not allocated in the first reporting.
An example calculation for sub-band A, within the overheard code set 2 for cell F2 (in
Fig. 3), is described below:
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Assume use of a max C/l type scheduler and that sub-band A has reported
higher MCS in the first user CQI report (the ordering sequence of the sub-bands
refers to MCS reported). Denote the probability that sub-band A will be allocated
to the first user as P(1,A).
Then the probability that sub-band A is not allocated to the first user is given by;
P'(1,A) =1-P(1,A)
Considering the third user, the probability that sub-band A is allocated (on the
basis of MCS alone) to the third user is P(3a,A).
However, this allocation will happen only if sub-band A was not allocated to the
first user. In this case the joint probability P(3,A) has to be considered as
P({3,A)=P'(1,A)*P(3a,A)
The overall probability P(A,F2) for allocation of sub-band A by neighbour cell F2
is given by the summation (union) of these probabilities, i.e.:
P(A,F2) = P(1,A)+P(3,A)

A similar allocation probability calculation can be carried out for sub-bands reported by
neighbour cell F3 as well. On the basis that all the eNBs F1, F2, F3 overhear the
reported sub-bands of cell edge users in neighbouring cells, F3 will overhear cell edge
UE sub-band requests for F1 and F2 and would not allocate sub-band A to conflict with
eNB F2. Having some form of cell hierarchy on allocation priority could simplify the

probability calculation process.

In summary, in step 3 a probability of each reported sub-band being allocated by the
neighbour eNBs F2, F3 is determined. These values are then used in deciding eNB
F1's own cell edge sub-band allocations in step 4.

In step 4, the eNB F1 considers the CQI requests from its active users. Depending on
the MCS values, eNB F1 can decide whether a user is in a cell edge area (lower MCS)
orin an in-cell area (higher MCS). For cell edge UEs (marked in bold), if the sub-band
requests are not in conflict with the overheard neighbour UE requests, the normal
internal allocation process (based on the scheduling algorithm which is in effect) can be
activated and suitable sub-bands allocated. However, if these requests are in conflict
with neighbour UE requests, then the eNB F1 will consider the allocation probability
values calculated in step 3 and decide on sub-band allocations for its cell edge UEs. If
there is a hierarchy on eNBs, this can be used to help the decision on sub-band
allocation. As the other cells will overhear this information and consider their own
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allocations, having a hierarchy (or preference) of eNBs will help to ease the decision
process. If eNB F1 decides it is highly likely that all sub-bands reported have been
used by the neighbour cells, it can request the UE to report CQI on other preferred sub-
bands.

Step 5 involves monitoring performance after a certain sub-band allocation, especially
in highly contested sub-bands. If the HARQ messages from a UE allocated a particular
sub-band indicate a transition to a high error rate, and if the eNB (F1 in the example) is
at a lower level of the eNB hierarchy, it can decide to change the allocation of sub-
bands to its cell edge UEs or request new CQI reports from the UE affected.
Alternatively, in some situations, eNB F1 can request a change of settings from the
neighbour eNBs through the S1 link. The long term statistics of the process can also be
shared with neighbour eNBs through the S1 link.

Steps 1 to 5 of the algorithm will be repeated iteratively as the eNBs operate
continuously, serving their UEs. As the coherence times are higher for indoor
environments and data intensive user sessions tend to last longer, the update rates on
CQl and hence on this algorithm will be lower than for a typical Macro cell. Hence the
calculation load imposed by this algorithm will be manageable to Femto cells and the
benefits of cell edge performance improvement will outweigh the processing

complexities.

Although an embodiment of the invention has been described above with reference to
Femto cells in an LTE wireless communication scheme, the present invention may be
applied to other types of cells and other types of wireless communication scheme. For
example, Macro base stations in rural areas would find it difficult to support the high
speed X2 links. In this case, it may be advantageous to employ the present invention
to control cell edge interference.

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
described above.
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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
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

5 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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1. A radio resource allocation method, for use in a cellular wireless communication
system configured to partition time/frequency resource blocks amongst a plurality of
user equipments of the system and comprising a plurality of base stations (F1, F2, F3)
having a first base station (F1) providing a first cell and a second base station (F2)
providing a second cell, in which method the first base station (F1) carries out the steps
of:

determining values of one or more parameters, using data derived from uplink
control information on preferred sub-bands transmitted by a first user equipment,
served by the second cell, of the plurality of user equipments, which information is
overheard and decoded by the first base station (F1); and,

if there is conflict between preferred sub-band requests from the said first user
equipment and a second user equipment, served by the first cell, of the plurality of user
equipments, allocating one or more resource blocks to the said second user equipment
on the basis of the determined parameter value(s).

2.A method as claimed in claim 1, wherein the said one or more parameter values
comprise values for the probability that resource blocks in the respective ones of the
preferred sub-bands will be allocated by the second base station to the said first user
equipment, and a resource block is allocated to the said second user equipment if, on
the basis of the determined probability values, that resource block is less likely to be
allocated by the second base station to the said first user equipment.

3.A method as claimed in claim 1, wherein the first base station determines the
parameter value(s) using data derived from overheard and decoded uplink control
information on preferred sub-bands transmitted by a group of first user equipments
served by the second cell, and allocates one or more resource blocks to the said
second user equipment on the basis of the determined parameter value(s) if there is
conflict between preferred sub-band requests from the first user equipments and the
said second user equipment.

4.A method as claimed in claim 3, wherein the said one or more parameter values
comprise values for the probability that resource blocks in the respective ones of the
preferred sub-bands will be allocated by the second base station to the said first user
equipments, and a resource block is allocated to the said second user equipment if, on
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the basis of the determined probability values, that resource block is less likely to be
allocated by the second base station to any of the said first user equipments.

5.A method as claimed in any preceding claim, wherein the second base station
provides the first base station with information to enable the first base station to decode
uplink control information transmitted by the said first user equipment(s).

6.A method as claimed in claim 5, wherein the information provided by the second
base station is Cell Radio Network Temporary Identifier - C-RNTI - scrambling
information for the said first user equipment(s).

7.A method as claimed in any preceding claim for use in an LTE/LTE-A cellular
wireless communication system, further comprising, prior to determining parameter
values, allocating orthogonal Zadoff-Chu codes for the transmittal of the uplink control
information by user equipments in each cell such that only a subset of a set of possible
orthogonal Zadoff-Chu codes is allocated to each cell.

8.A method as claimed in claim 7, wherein, if traffic load is spread unevenly
between cells served by the plurality of base stations, then a cell with greater traffic
load is allocated a subset containing a greater number of Zadoff-Chu codes than a cell
with a lesser traffic load.

9.A method as claimed in any one of claims 1 to 6 for use in an LTE/LTE-A cellular
wireless communication system or as claimed in claim 7 or 8, wherein the uplink
control information comprises CQI information which comprises preferred sub-band
requests issued by the user equipments in the second cell.

10. A method as claimed in claim 9, wherein the uplink control information
further comprises HARQ messages which are used by the first base station to
ascertain whether resource blocks have been allocated to the user equipments in the

second cell.

11. A method as claimed in claim 10, comprising, prior to determining
parameter values, controlling user equipments in the cells such that each user
equipment is not permitted to change a Zadoff-Chu code it is using for transmitting
uplink control information throughout a single communication session with a base

station.
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12. A method as claimed in any preceding claim, wherein, when allocating one
or more resource blocks to the said second user equipment, a resource block in a sub-
band requested by the said second user equipment is preferentially allocated to the

said second user equipment.

13. A method as claimed in any preceding claim, wherein the data used to
determine the parameter values further comprises at least one of: a scheduling
mechanism used in allocating resource blocks to the user equipments served by the
second cell; cell edge quality of service — QoS — guarantees for the user equipments
served by the second cell; cell hierarchy in providing QoS; and cell hierarchy for
resource block allocation.

14. A method as claimed in any preceding claim, wherein, if the determined
parameter values indicate that it is highly likely that all resource blocks in all preferred
sub-bands requested by the second user equipment served by the first cell have been
allocated to user equipment(s) served by the second cell, the said second user
equipment is requested to provide alternative preferred sub-band requests.

15. A method as claimed in any preceding claim, further comprising reviewing
the resource block allocation for the said second user equipment if performance in an

allocated resource block decreases.

16. A base station (F1: F2; F3) for use in a cellular wireless communication
system configured to partition time/frequency resource blocks amongst a plurality of
user equipments of the system, which base station is configured to provide a first cell
and comprises:

parameter determining means (2) configured to use data, derived from uplink
control information on preferred sub-bands overheard and decoded from one or more
first user equipment(s) located in a second cell provided by a second base station of
the system, to determine one or more parameter values; and

radio resource allocation means (3) configured to allocate resource blocks to
second user equipment in the first cell on the basis of the determined parameter
value(s), if there is conflict between preferred sub-band requests from the first user
equipment(s) and the second user equipment.
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17. A cellular wireless communication system comprising a plurality of base
stations (f1, F2, F3) having a first base station (F1) providing a first cell and a second
base station (F2) providing a second cell, wherein at least the first base station (F1) is
a base station as claimed in claim 16, the second base station (F2) is configured to
provide the first base station (F1) with Cell Radio Network Temporary Identifier - C-
RNTI - scrambling information for user equipment(s) served by the second base station
(F2), and the first base station (F1) is configured to use the received C-RNTI
scrambling information to decode the uplink control information overheard from user
equipment(s) located in second cell.

18. A computer program which, when executed on a base station in a cellular
wireless communication system, causes that base station to carry out a method in
accordance with any of claims 1 to 15, or to become a base station in accordance with

claim 186.

19. A non-transitory computer readable storage medium storing a computer
program which, when executed on a base station in a cellular wireless communication
system, causes that base station to carry out a method in accordance with claim 1, or

1o become a base station in accordance with claim 18.
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