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Controlling Cellular Communication Resources

Field

The invention relates to the field of cellular radio telecommunications
and, particularly, to operating a system bandwidth having a specific structure.

Background

A communication system known as an evolved UMTS (Universal
Mobile Telecommunication System) terrestrial radio access network (E-UTRAN,
also referred to as UTRAN-LTE for its long-term evolution) is currently under
development within the 3GPP. In this system, the downlink radio access
technique will be OFDMA (Orthogonal Frequency Division Multiple Access), and
the uplink radio access technique will be Single-Carrier FDMA (SC-FDMA) which
is a type of a linearly pre-coded CFDMA. The uplink system band has a structure
where a Physical Uplink Control Channel (PUCCH) is arranged at both edges of
a Physical Uplink Shared Channel (PUSCH) which is used for transmission of
uplink user traffic. The PUCCH carries uplink control information such as
ACK/NACK messages, channel quality indicators {(CQIl) and scheduling request
indicators (SRI). Efficient and flexible utilization in operating the system
bandwidth is of paramount importance.

Brief description

According to an aspect of the present invention, there is provided a
method as specified in claim 1.

According to another aspect of the present invention, there is provided
an apparatus as specified in claim 13.

According to another aspect of the present invention, there is provided
a user terminal of a cellular telecommunication system as defined in claim 25.

According to another aspect of the present invention, there is provided
a base station of a cellular telecommunication system as defined in claim 26.

According to another aspect of the present invention, there is provided
an apparatus as specified in claim 27.

According to yet another aspect of the present invention, there is
provided a computer program product embodied on a computer readable
distribution medium as specified in claim 28.

Embodiments of the invention are defined in the dependent claims.
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List of drawings

Embodiments of the present invention are described below, by way of
example only, with reference to the accompanying drawings, in which

Figure 1A illustrates communication between a mobile terminal and a
mobile telecommunication system in a cell;

Figure 1B illustrates an example of a structure of a system band in a
system where embodiments of the invention may be implemented;

Figure 2 illustrates a process for controlling utilization of the system
band according to an embodiment of the invention;

Figure 3 illustrates an asymmetric structure of the system band;

Figure 4 illustrates frequency hopping implemented in the asymmetric
system band according to an embodiment of the invention;

Figure 5 illustrates a fragmented system band;

Figure 6 Iillustrates processing fragmented frequency resources
according to an embodiment of the invention; and

Figure 7 illustrates an apparatus according to an embodiment of the
invention.

Description of embodiments

The following embodiments are exemplary. Although the specification
may refer to “an”, “one”, or “some” embodiment(s) in several locations, this does
not necessarily mean that each such reference is to the same embodiment(s), or
that the featurs only applies to a single embodiment. Single features of different
embodiments may also be combined to provide other embodiments.

A general architecture of a cellular telecommunication system
providing voice and data transfer services to mobile terminals is illustrated in
Figures 1A and 1B. Figure 1A illustrates a generic scenario of cellular
communications where a base station 100 provides user terminals 110 to 122
with wireless communication services within a cell 102. The base station 100
may belong to a radio access network of a long-term evolution (LTE) of the
UMTS (Universal Mobile Telecommunication System) and, therefore, support
OFDMA and SC-FDMA as radio access schemes for downlink and uplink,
respectively. The base station is connected to other parts of the cellular
telecommunication system, such as a mobility management entity (MME)
controlling mobility of the user terminals, one or more gateway nodes through
which data is routed, and an operation and maintenance server configured to
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control certain communication parameters, as is known in the art.

Figure 1B illustrates a generic structure of an uplink system band
allocated to a network operator for providing uplink communication services
according to LTE Releases 8 and 9. The system band is structured such that a
traffic channel, i.e. a physical uplink shared channel (PUSCH), is allocated in the
middle of the system band with a control channel, i.e. a physical uplink control
channel (PUCCH), is allocated to both edges of the traffic channel band. The
size of the control channel band is configurable by the base station 100 and,
therefore, the base station may be configured to over-dimension the size of the
control channel in the cell 102 and leave frequency resource blocks reserved for
the control channel at the edges of the system band blank in order to
accommodate other communication systems on neighboring bands or to assign a
higher bandwidth to the PUSCH. In other words, more resource blocks is
allocated to the control channel than what is actually needed, and a portion of the
control channel resource blocks is left blank. Blanked resource blocks can be
defined as PUCCH resource blocks not used as PUCCH resource blocks. A
frequency resource block may comprise a determined number of subcarriers,
e.g. 12. Blanking the outer frequency resource blocks has been introduced into
Release 8 of the LTE as a symmetric operation, i.e. the same number of
frequency resource blocks is left blank at both edges of the system band. Such a
symmetric blanking is clearly sub-optimal in the case there is a need to blank one
edge of the system band more than the other, e.g. due to the existence of
another system on a neighboring band.

In order to better address these issues, support for asymmetric
blanking is advantageous. There is, however, a problem with using asymmetric
blanking or asymmetric channel allocation in general. Certain channel utilization
algorithms are based on using a center frequency (and possibly a bandwidth) as
a point of reference in current LTE versions. For example, frequency hopping
algorithms (patterns) are implemented with respect to the center frequency of the
system band, because the PUSCH is located at the center of the system band.
The same applies to the allocation of a sounding reference signal (SRS) which is
sharing the physical frequency domain resources with the PUSCH. SRS is used
to provide information on uplink channel quality on a wider bandwidth than the
current PUSCH transmission (PUSCH and PUCCH is not transmitted
simultaneously in LTE) or when terminal has no transmissions on PUSCH. UE
specific SRS bandwidth does not typically cover the whole SRS bandwidth. in
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order to sound wider bandwidths, SRS transmission can also hop in frequency.
This is particularly beneficial for the terminals on cell edge which cannot support
wideband SRS transmissions. The hopping pattern of the SRS varies over sub-
frames so that it may cover different set of sub-carriers in consecutive periodic
transmissions. The SRS allocation algorithms are presented in 3GPP
specification TS 36.211 (section 5.5.3).

Current 3GPP specifications for Release 8 describe a number of
different frequency hopping schemes. The schemes are basically divided into two
types of PUSCH hopping schemes (Type 1 and Type 2), as defined in the 3GPP
specifications TS 36.213 (section 8.4.1) for Type 1 and TS 36.211 for Type 2
(section 5.3.4). Type 1 includes mirrored hopping where frequency hopping of a
given user terminal is implemented between two sets of frequency resource
blocks having an equal distance to the center frequency (or center frequency
resource block in case of odd number of resource blocks) of the system band,
i.e. located symmetrically with respect to the center frequency (resource block).
Type 1 includes also another frequency hopping scheme including a number of
different predefined frequency hopping patterns allocated by a base station with
one or two bits (depending on the selected scheme and on the system
bandwidth). Type 2 includes predefined configurable frequency hopping patterns.
In a time domain, two frequency-hopping modes are defined that are
configurable cell-specifically by higher layers. The frequency hopping may be
implemented on a sub-frame level or even more rapidly within a sub-frame on a
time slot level (a sub-frame includes two time slots). In other words, the
transmission may occur in a different set of frequency resource block in
consecutive sub-frames or time slots (according to the selected mode) according
to the selected hopping pattern. In the case of inter sub-frame only frequency
hopping, transmission may occur on a different set of frequency resource blocks
in consecutive HARQ (hybrid automatic repeat request) (re-)transmission
numbers of the same HARQ process so as to ensure that a retransmission does
not use the same (fading) resources as the original transmission. Several of the
current hopping patterns are arranged with respect to the center frequency of the
system band and, therefore, the hopping patterns are not as such suitable for
asymmetric blanking where the location of the PUSCH band (and/or PUCCH
band) is asymmetric with respect to the system band. And even those patterns
that are not always fully symmetrical with respect to the center frequency of the
system band, do not take into account the asymmetric blanking. Therefore, some
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of the hopping PUSCH resources located at the edge of the PUSCH band have
to be excluded from frequency hopping in order to support blanking. This is sub-
optimal.

With reference to a flow diagram of Figure 2, an embodiment of the
present invention alleviates the asymmetry problem in a process for controlling
utilization of the system band allocated to uplink communications in a cell.
Naturally, the same procedure applies also to downlink direction in systems
where similar problems are present. The process of Figure 2 starts in block 200.
In block 202, a system band is operated, wherein a control channel band is
arranged asymmetrically with respect fo the system bandwidth at the edges of a
traffic channel band by means of frequency domain multiplexing between traffic
channel and control channel. In block 204, a degree of asymmetry describing an
offset of the center frequency of the traffic channel band is defined from the
center frequency of the system band. Alternatively, the asymmetry or offset of the
traffic channel band may be counted as a number of non-traffic channel
frequency resource blocks from upper and/or lower edges of the system
bandwidth In block 2086, the utilization of the traffic channel band is controlled
according fo the defined degree of asymmetry.

This can be implemented by modifying the algorithms in the user
terminal and the base station so as to support the asymmetric allocation of
PUCCH and PUSCH bands with respect to the system band. Signaling and
resource allocation may be kept intact and no modification to Release 8 control
signaling is necessary. Additionally, utilization of the entire PUSCH band is
available for frequency hopping, because the algorithms are modified to
accommodate the degree of asymmetry between the PUSCH band and the
system band. Moreover, the SRS may be allocated by taking into account the
available PUSCH band.

The process or method described in Figure 2 may also be carried out
in the form of a computer process defined by a computer program. The computer
program may be in source code form, bbject code form, or in some intermediate
form, and it may be stored in a carrier, which may be any entity or device capable
of carrying the program. Such carriers include a record medium, computer
memory, read-only memory, electrical carrier signal, telecommunications signal,
and software distribution package, for example. Depending on the processing
power needed, the computer program may be executed in a single electronic
digital processing unit or it may be distributed amongst a number of processing



10

15

20

25

30

35

WO 2010/054693 PCT/EP2008/065569

units.

Figure 3 illustrates asymmetric allocation of PUSCH band and PUCCH
band with respect to the system band. Each block represents an uplink frequency
resource block, and the total number of resource blocks is Nw, wherein the
number of resource blocks depends on the system bandwidth, e.g. 6 for 1.4 MHz
system bandwidth, 15 for 3 MHz system bandwidth, 25 for 5 MHz system
bandwidth, 50 for 10 MHz system bandwidth, 75 for 15 MHz system bandwidth,
and 100 for 20 MHz system bandwidth. An incrementally increasing number is
assigned to frequency resource blocks of the system band, starting from one
edge of the system band. As can be seen in Figure 3, resource blocks 0, 1, 2 at
the lower edge of the system band are left blank, as is a resource block Ni-1 at a
higher edge of the system band. Obviously, the location of the PUCCH and
PUSCH is now asymmetric with respect to the system band, because the center
frequencies of the bands, i.e. system band and traffic channel band, are not the
same. According to an embodiment of the invention, this asymmetry is taken into
account in frequency hopping patterns and SRS allocation on the PUSCH band.
PUSCH frequency hopping algorithms are modified so that offset terms
determined according to the asymmetry are included in the algorithms. The offset
terms may be defined by using the number of blanked frequency resource blocks
at the upper edge of the system band N:5“”” and the number of blanked

frequency resource blocks at the lower edge of the system band N2 as

offset terms. These offset terms may also be used when modifying an offset term
defining the location of the SRS in the PUSCH band in an SRS allocation.
Changes to each frequency hopping pattern type as well as to an SRS
configuration are discussed in detail below.

A resource allocation field related to the configuration of the frequency
hopping pattern and transmitted from the base station to a given user terminal
comprises a resource indication value corresponding to a starting resource block
(RBstart) and the size of the hopping resource in terms of contiguously allocated
resource blocks (Lcres). RBstart defines the lowest frequency resource block of the
frequency hopping band and Lcres defines the number of frequency resource
blocks counted into the frequency hopping band, starting from the frequency
resource block indicated by Lcres. In the case of asymmetric PUSCH and
PUCCH configuration, a starting resource block for a first frequency hop is
modified with an offset term determined according to the asymmetry as
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bl lower
RBSTART = RBSTART +N RB (1)

Accordingly, the starting resource block for a first frequency hop is pushed from
the lower edge of the system band by the number of blank resource blocks at the
lower edge of the system band. The starting resource block for a second
frequency hop is calculated as:

RB.;‘TART =Ngp — Legg, —RBgypr — N ge_wper (2)
Similarly, the starting resource block for the second frequency hop is pushed
from the higher edge of the system band by the number of blank resource blocks
at the higher edge of the system band. Equations (1) and (2) define the
frequency resources to be used in Type 1 mirrored frequency hopping. This is
llustrated in Figure 4. In a conventional solution, the second frequency hop
would use the frequency resource blocks mirrored with respect to the center
frequency of the system band. This would result in one of the hopping resources
being allocated to the PUCCH band, unless the hopping resources are limited at
the edges of the PUSCH band (not desired). Once the algorithms have been
corrected according to the asymmetry of the PUSCH band with respect to the
system band, the mirrored frequency hopping is implemented with respect to the
center frequency of the PUSCH band, which results in efficient utilization of the
PUSCH band for frequency hopping.

This idea could be generalized as a process where the location of the

traffic channel band in the system band is defined by the number of non-traffic
channel frequency resource blocks or blank control channel frequency blocks at
each edge of the system band. In the latter example using the number of blank
control channel frequency blocks, it is assumed that the number of actual (non-
blanked) control channel frequency resource blocks at each edge of the traffic
channel band is known.
The other frequency hopping aigorithms are modified in a similar manner by
taking into account the number of blank PUCCH resource blocks at upper and
lower edges of the system band. For example, the other Type 1 frequency
hopping algorithm is modified as follows. First, the maximum number of
frequency resource blocks available for the frequency hopping is defined as [2Y/
Nrs ], where y is the number of bits used for indicating the pattern (y equals one
or two), As in the mirrored hopping, the set of frequency resource blocks to be
used for frequency hopping is defined by RBset and Lcres, and the starting
resource block for a first frequency hop may be calculated as:



10

15

20

25

30

WO 2010/054693 PCT/EP2008/065569

‘R'B .;‘TART - RB START + [Ng] o /2]+ Ngfﬁ‘_lawer ! (3)
where RBg.y is the starting or virtual resource block received in resource
allocation. Accordingly, the resource allocation itself need not be modified. In this
scheme, RBgqq is first pushed by the number of PUCCH resource blocks at the
lower edge of the system band (division by two indicates that symmetric PUCCH
placement with respect to the PUSCH band is assumed) and then pushed again
by the number of blank resource blocks at the lower edge of the system band.
The second hopping PUSCH frequency resource is calculated as:

RBry =Tings + | N1y /2] N2, @
where fiprp is the starting or virtual resource block determined from the RBstar
according to the applied frequency hopping pattern for the second hopping
resource.

Type 2 PUSCH frequency hopping may be modified accordingly. In
the case of asymmetric PUSCH and PUCCH configuration, the size of the
frequency-hopping sub-band, i.e. the number of frequency resource blocks used
in the frequency hopping, may be re-defined by considering the number of blank
resource blocks at each edge of the system band. First, the maximum number of
frequency resource blocks available for the frequency hopping is defined as

¥ PUSCH
min(l-2 /NRB-I, |-NRB /N’bJ ). where y is the number of bits used for indicating

the pattern (y equals one or two), Nss is the number of frequency-hopping sub-

PUSCH
bands configured by the higher layer, and Nis is the number of frequency
resource blocks on the hopping PUSCH band defined as:

PUSCH __ _ NPUCCH _ Arbl_lower _ prbl_upper
N, RB =N RB N RB N, RB N RB

, ®)
NPUCCH
where is the number of frequency resource blocks on the PUCCH band.
The size of each sub-band may be defined as:
bl _lower bl _upper
Nsb — NRB_NRB_ __NRB_PPE ‘Nsb=1
71 (g~ NI N N o2, | N, >
(6)

Here, the frequency resource blocks associated with the PUCCH may also be
used in the frequency hopping when Ng,=1, when no PUCCH is transmitted. As
in the case of Type 1 PUSCH hopping, the number of PUSCH resource blocks
used for frequency hopping are reconfigured to take into account the number of
blank resource blocks at both edges of the system band. This is carmried out
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according to the following equation:
PUSCH __ PUCCH bl_lower _ p7bl_upper
N, RB =N RB N, RB -N RB N RB

(7)
The actual pattern type of Type 2 frequency hopping may be kept intact, i.e. it
may be implemented in a conventional manner as

Hiprg (1) = (HVRB + fhup(i)' N + ((lez];a - 1)_ Z(ﬁVRB mOleiga))' T (i))modN;"g "Ny,
. f_ns / ZJ inter—subframe hopping
= n intraandinter—subframe  hopping

(8)
where fiop defines the frequency hopping function, and f,, defines whether or not
to use mirroring with respect to the center frequency (of the PUSCH in the
embodiments considering the asymmetry). The definitions for a physical
frequency resource block npre and a virtual resource block fivrs may, however be
redefined. LTE specifications of 3GPP define the merits of both physical and
virtual frequency blocks and mapping tables showing how they are linked to each
other, so it will not be discussed herein in greater detail. The physical resource
block nerg and the virtual resource block fivrs for the Type 2 frequency hopping
algorithm is re-defined as

) (n ) — ﬁPRB (ns) + Ngﬂ—[ower Nsb = ]'
PO Py (1) + | NPUOSH | Btover

B _lower —
Pygg ™ N g Ny, =1

Rl {”vma = I_N o/ 2-l— Npg™™ Ny >1 (9)
n

where ™ is a time slot index, Tipgp is the virtual PUSCH resource block after a

frequency hop, and "8 s the virtual resource block obtained from the initial
resource allocation.

As mentioned above, the SRS allocation may also be adjusted to take
into account the asymmetric location of the PUSCH and PUCCH bands with
respect to the system band. This can be achieved by including the number of
blank resource blocks in the upper and lower edges of the system band in the
SRS configuration algorithm. This effectively narrows the bandwidth of the SRS
in proportion to the total number of blank resource blocks and shifts the location
of the SRS signal according to the distribution of the blank resource blocks to the
upper and lower edge of the system band. The frequency domain starting
position ke of the SRS is defined according to the LTE specifications as:
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10

Beys
ky =ky+ D 2M 5,
£=0 (10)
MRS
where " ** is the length of the SRS sequence, ny is a frequency position index,
Bsrs is a user terminal specific SRS bandwidth defined by the base station. Now,

K'o is defined as

ké = (]_(NRB - Nl%lower - NRb}iupper )/'ZJ"' Nl%lowcr — Mgrs,0 /2 é‘f‘ + ch (11)

where msgspo is defined according to the number of uplink resource blocks

available for PUSCH, N, gg is the resource block size in the frequency domain,
expressed as a number of subcarriers, and krc is an offset value given to each
user terminal by the higher layers according to the shape of the SRS sequence
(“transmission comb” referring to the comb-shaped spectrum of SRS). With
respect fo the equations (10) and (11), the frequency domain starting position ko
of the SRS is offset according to the number of blank resource blocks at both the
upper and lower edge of the system band.

The embodiments described above describe the PUSCH frequency
hopping and SRS configuration in the case of an asymmefric PUSCH and
PUCCH configuration and only a single PUSCH band in the system band. The
embodiments may be modified to support a structure of the system band where
the PUSCH band is fragmented into a plurality of fragments. As mentioned
above, the blanked frequency resource blocks at the edge of the system band
may be used as additional PUSCH bands, or the PUSCH may be fragmented
into a plurality of fragments for other reasons. One or more PUCCH bands and/or
blank frequency resource blocks may be disposed between the PUSCH
fragments, as illustrated in Figure 5.

The asymmetry of the PUSCH and PUCCH bands may be considered
in this case of fragmented PUSCH bands by defining a degree of asymmetry of
each PUSCH fragment, the degree of asymmetry describing an offset of the
center frequency of the PUSCH fragment from the center frequency of the
system band, and by controlling utilization of the PUSCH fragment according to
the defined degree of asymmetry. Alternatively, the offset can be counted for
upper or lower edges of the PUSCH fragment from the upper or lower edges of
the system bandwidth.

With respect to frequency hopping patterns, each PUSCH may be
processed separately by applying to each fragment an offset value offsetting the
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11

fragment from the center frequency of the system band, or by offsetting the lower
and/or upper edges of the fragment from the corresponding edges of the system
band. In this case, the number of blank resource blocks at upper and lower
edges of the first fragment may be removed from the equations above. As a
consequence, when considering the first traffic channel fragment of Figure 5, i.e.
the one in the highest frequency resource blocks, an offset value corresponding
to the offset of the center frequency of the first fragment band from the center
frequency of the system band may be applied to the frequency hopping patterns,
thereby replacing Nps ™ and No-"" in the frequency hopping equations.

The third fragment is processed in a similar manner but the offset is naturally
applied to the other direction from the center frequency of the system band.

The second fragment in the middle of the system band may be
processed by considering the other fragments as blank resource blocks and,
thereby, adding the number of resource blocks in the first fragment to N2-"#

and the number of resource blocks in the third fragment to N 22",

In an alternative embodiment, the fragments are considered as a

single logical PUSCH fragment. First, the PUSCH fragments are combined to
form a single fragment, as illustrated in Figure 6. The order of the fragments may
be arranged according to the numbering of the resource blocks. Then, the
combined PUSCH resource blocks may be mapped to have a new numbering as
ilustrated in Figure 6. The original numbering is on the left hand side of the
PUSCH resource blocks, and the renumbering is illustrated on the right hand
side of the resource blocks. The renumbering may take into account the number
of blank and/or PUCCH resource blocks and, thus, the lowest renumbered
PUSCH resource block may have a number other than zero, and the numbering
may increase incrementally from that to N1, which represents the highest
PUSCH resource block. Now, the frequency hopping pattern may be applied to
the combined PUSCH band and, thereafter, the mapping may be removed by
restoring the original numbering of the resource blocks.
Similarly, the SRS configuration may be carried out individually for each PUSCH
fragment or over multiple fragments. Let us first consider configuration of the
SRS for each fragment individually. The frequency domain starting position ko is
modified according to the location of each fragment on the system band. For the
first fragment at the higher frequencies, equations (10) and (11) take the
following form:
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! & RS
ko = kg ypper + D 2M 51,
B=0

(12)
k[;,upper = (]_NII:ESCH_“PP” /2J+ NI;J; - NEESCHVUPFH - mSRS_upper,() /2 S?(-ZB + kTC (1 3)
where msrs_uppero I8 configured for the first segment by the base station
according to the number of uplink resource blocks in the third fragment from the
available SRS bandwidth sets, as defined in the LTE specifications. Further,
RS
M values are also defined according to the SRS bandwidth set configured for
the first segment. The second fragment in the middle of the system band is
processed by assuming the resource blocks of the first and third fragment as
blank resource blocks, as was done when describing the frequency hopping for
the second fragment above. The third resource block at the lower edge of the

system band is configured with the following equations:

Bspg
kO = k(’),lower + ZzMsI:,Sbnb

b=0 (14)
kl;,fower = (I_N ll;gSCH_lower / 2J_ mSRS_lower,O/ Z)Né{(]:; + ch (1 5)

where Msrs_jowero iS configured for the third segment by the base station
according to the number of uplink resource blocks in the third fragment from the
available SRS bandwidth sets as defined in the LTE specifications. Further, Msis”
values are also according to the SRS bandwidth set configured for the third
segment, as defined in the LTE specifications.

On a broadcast channel, the base station may broadcast information
about on which PUSCH fragments cell-specific SRS region is supported, as well
as the SRS bandwidth set for each PUSCH fragment. This information defines,
for example, the values for msgrs upper aNd Mgrs wer Parameters according to
specified table values stored in the user terminals. The base station may
broadcast the SRS bandwidth set separately for each fragment, or the bandwidth
set of the other fragments may be signaled in relation to the bandwidth set of the
central fragment. In other words, the bandwidth set of the central fragment may
be signaled explicitly, and the bandwidth set of the other fragments may be
signaled as a difference from the bandwidth set of the central fragment or as a
difference from a maximum bandwidth left available for the upper/lower
fragments. An SRS configuration specific to a given user terminal and
transmitted by the base station may indicate to which fragment the user terminal
is allocated, so the user terminal may calculate the SRS configuration according



10

15

20

25

30

35

WO 2010/054693 PCT/EP2008/065569

13

to the corresponding equation.

For the configuration of the SRS over multiple fragments, the
frequency domain starting position ko may be calculated, as described above with
respect to the separate processing of fragments. As is known in relation to the
transmission of the SRS, a cell-specific sub-frame offset is defined relative to a
frame. The sub-frame offset defines the transmission periods of the SRS in the
sub-frames. In the case of a fragmented PUSCH, each fragment may be
assigned a different sub-frame offset so that the transmission of the SRS occurs
in different sub-frames in different PUSCH fragments. For example, a sub-frame
offset of ‘0’ may be assigned to the central (second) fragment, sub-frame offset
of ‘1’ may be assigned to the upper (first) fragment, and sub-frame offset of ‘2"
may be assigned to the lower (third) fragment. On the user terminal side, this
fragment-specific sub-frame offset may be predetermined and applied to the cell-
specific and terminal-specific sub-frame offsets received from the base station
depending on which fragment the user terminal is configured to use. Therefore,
there is no need to change the existing signaiing scheme in this context.

Figure 7 illustrates the structure of an apparatus in which
embodiments of the invention may be implemented. The apparatus may be
configured to operate in a base station or in a user terminal, and the actual
implementation may be modified accordingly. In its most basic form, the
apparatus may be considered as a processor controlling communications in a
cellular communication system. The apparatus comprises an interface 706 to
transmit and receive signals from external components. The interface 706 may
be considered as a physical interface which exchanges signals between two
separate physical components, e.g. between two signal processing units.
Alternatively, the interface 706 may be an interface between two software
modules communicating with each other. The apparatus further comprises a
memory unit 702 configured to store communication parameters and other
operational parameters needed in controlling the communications.

The apparatus further comprises a frequency hop controller 704 and a
radio resource allocation controller 700. These two controllers 700, 704 may be
included in a logically single communication controller configured to carry out the
process of Figure 2. The radio resource allocation controller 700 may be
configured to determine utilization of the radio resources on the system band.
When the apparatus is implemented in the base station, the radio resource
allocation controller 700 may be configured to determine the number of blanked
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resource blocks at the edges of the system band and to send corresponding
information through the interface 706 to user terminals. Additionally, the radio
resource allocation controller 700 may determine fragmentation of the PUSCH
bands and broadcast corresponding information, as described above. The radio
resource allocation controller 700 may also allocate the user terminais to PUSCH
bands and to select SRS configurations for the user terminals. Consequently, the
radio resource allocation controller 700 configures the signal reception
components of the base station to receive SRS signals from the user terminals
according to the SRS configurations. When the apparatus is implemented in the
user terminal, the radio resource allocation controller 700 receives through the
interface 700 information on the structure of the system band, PUSCH allocation
for the user terminal, and the SRS configuration. Accordingly, the radio resource
allocation controller 700 configures the user terminal to transmit the SRS on the
basis of the received information by taking into account the asymmetry of the
PUSCH and PUCCH bands, as described above.

When the apparatus is implemented in the base station, the frequency
hop controller 702 allocates frequency hopping patterns to the user terminals.
Furthermore, the frequency hop controller 702 configures receiver components of
the base station to apply the selected frequency hopping pattern for each user
terminal by taking into account the asymmetric location of the PUSCH and
PUCCH with respect to the system band, as described above. Accordingly, the
frequency hop generator may select a hopping pattern of Type 1 or Type 2 and
then select a corresponding hopping algorithm and appropriate equations (1) to
(9) so as to configure the receiver to receive signals from correct resource blocks
at correct time instants with respect to a given user terminal.

When the apparatus is implemented in the user terminal, the
frequency hop controller 702 receives a frequency hopping pattern from the base
station in a control message. Furthermore, the frequency hop controller 702
configures transmitter components of the user terminal to apply the selected
frequency hopping pattern by taking into account the asymmetric location of the
PUSCH and PUCCH with respect to the system band, as described above.
Accordingly, the frequency hop generator 702 may select a hopping algorithm
corresponding to the allocated hopping pattern and select appropriate equations
(1) to (9) so as to configure the fransmitter to transmit signals in correct resource
blocks at correct time instants.

The apparatus of Figure 7 may be implemented by one or more
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processors. In practice, even the memory unit 702 may be external to the
apparatus and replaced with an additional signaling link to the external memory
unit in the interface 706. The term 'processor' refers to a device that is capable of
processing data. The processor may comprise an electronic circuit implementing
the required functionality, and/or a microprocessor running a computer program
implementing the required functionality. When designing the implementation, a
person skilled in the art will consider the requirements set for the size and power
consumption of the apparatus, the necessary processing capacity, production
costs, and production volumes, for example. The processor may comprise logic
components, standard integrated circuits, microprocessor(s), and/or application-
specific integrated circuits (ASIC).

The microprocessor implements functions of a central processing unit
(CPU) on an integrated circuit. The CPU is a logic machine executing a computer
program, which comprises program instructions. The program instructions may
be coded as a computer program using a programming language, which may be
a high-fevel programming language, such as C, Java, etc., or a low-level
programming language, such as a machine language, or an assembler. The CPU
may comprise a set of registers, an arithmetic logic unit (ALU), and a control unit.
The control unit is controlled by a sequence of program instructions transferred to
the CPU from a program memory. The control unit may contain a number of
microinstructions for basic operations. The implementation of the
microinstructions may vary, depending on the CPU design. The microprocessor
may also have an operating system (a dedicated operating system of an
embedded system, or a real-time operating system), which may provide the
computer program with system services.

The present invention is applicable to the cellular or mobile
telecommunication system defined above but also to other suitable
telecommunication systems. The protocols used, the specifications of mobile
telecommunication systems, their network elements and subscriber terminals
develop rapidly. Such development may require extra changes to the described
embodiments. Therefore, all words and expressions should be interpreted
broadly and they are intended to illustrate, not to restrict, the embodiment. It will
be obvious to a person skilled in the art that, as technology advances, the
inventive concept can be implemented in various ways. The invention and its
embodiments are not limited to the examples described above but may vary
within the scope of the claims.
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Claims

1. A method comprising:

operating a system band where a control channel band is arranged
asymmetrically at the edges of a traffic channel band in a frequency domain;

defining a degree of asymmetry describing an offset of a center
frequency of the traffic channel band from a center frequency of the system
band; and

controlling utilization of the traffic channe! band according to the
defined degree of asymmetry,

2. The method of claim 1, further comprising: configuring utilization of
the traffic channel band with respect to the center frequency of the traffic channel
band offset from the center frequency of the system band by the degree of
asymmetry.

3. The method of claim 1 or 2, further comprising: defining a location
of the traffic channel band in the system band by the number of non-traffic
channel frequency resource blocks at each edge of the system band.

4. The method of claim 3, further comprising: defining the location of
the traffic channel band in the system band by the number of blank control
channel frequency resource blocks at each edge of the system band.

5. The method according to any one of claims 1 to 4, further
comprising: applying the degree of asymmetry to a frequency-hopping pattern
defining frequency resource allocation for one or more user terminals.

6. The method of claim 5, wherein the frequency-hopping resources
for a given user terminal are allocated symmetrically with respect to the center
frequency of the traffic channel band.

7. The method of claim 5 or 6, wherein frequency hopping of a given
user terminal is implemented between two sets of frequency resource blocks
having an equal minimum distance of the frequency resource block allocation to
an edge of the traffic channel band.

8. The method according to any one of claims 1 to 7, further
comprising: applying the degree of asymmetry to allocation of a reference signal
to a traffic channel band, wherein the reference signal is used for defining an
uplink channel quality in uplink communications.

9. The method according to any one of claims 1 to 8, wherein the
traffic channel band is split into a plurality of traffic channel fragments, the
method further comprising:
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defining a degree of asymmetry of each traffic channel fragment
describing an offset of a center frequency of the traffic channel fragment from the
center frequency of the system band; and

controlling utilization of the traffic channel fragment according to the
defined degree of asymmetry.

10. The method of claim 9, wherein a control channel is disposed
between the traffic channel fragments in the frequency domain, the method
further comprising: implementing frequency hopping between at least two traffic
channel fragments.

11. The method of claim 10, further comprising:

combining the traffic channel fragments into a single logical traffic
channel fragment;

applying the frequency hopping pattern to the logical traffic channel
fragment;

restoring fragmentation of the traffic channel fragments with a
frequency hopping pattern applied to the traffic channel fragments.

12. The method according to any one of claims 9 to 11, further
comprising: determining a bandwidih of the reference signal for each traffic
channel fragment separately according to a bandwidth of each traffic channel
fragment.

13. An apparatus comprising a processor configured to operate with
respect to a system band where a control channel band is arranged
asymmetrically at the edges of a traffic channel band in a frequency domain, to
define a degree of asymmetry describing an offset of a center frequency of the
traffic channel band from a center frequency of the system band, and to control
utilization of the ftraffic channel band according to the defined degree of
asymmetry.

14. The apparatus of claim 13, wherein the processor is further
arranged to configure utilization of the traffic channel band with respect to the
center frequency of the traffic channel band offset from the center frequency of
the system band by the degree of asymmetry.

15. The apparatus of claim 13 or 14, wherein the processor is further
configured to define a location of the traffic channel band in the system band by
the number of non-traffic channel frequency resource blocks at each edge of the
system band.

16. The apparatus of claim 15, wherein the processor is further
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configured to define the location of the traffic channel band in the system band by
the number of blank control channel frequency resource blocks at each edge of
the system band, wherein a blank control channel frequency resource block
refers to a control channel frequency resource block not used as a control
channel frequency resource block.

17. The apparatus according to any one of claims 13 to 16, wherein
the processor is further configured to apply the degree of asymmetry to a
frequency-hopping pattern defining frequency resource allocation for one or more
user terminals.

18. The apparatus of claim 17, wherein the frequency-hopping
resources for a given user terminal are allocated symmetrically with respect to
the center frequency of the traffic channel band.

19. The apparatus of claim 17 or 18, wherein frequency hopping of a
given user terminal is implemented between two sets of frequency resource
blocks having an equal minimum distance of the frequency resource block
allocation to an edge of the traffic channel band..

20. The apparatus according to any one of claims 13 to 19, wherein
the processor is further configured to apply the degree of asymmetry to allocation
of a reference signal to a traffic channel band, wherein the reference signal is
used for defining an uplink channel quality in uplink communications.

21. The apparatus according to any one of claims 13 to 20, wherein
the traffic channel band is split into a plurality of traffic channel fragments, and
wherein the processor is further configured to define a degree of asymmetry of
each traffic channel fragment describing an offset of a center frequency of the
traffic channel fragment from a center frequency of the system band, and to
control utilization of the traffic channel fragment according to the defined degree
of asymmetry.

22. The apparatus of claim 21, wherein a control channel is disposed
between the traffic channel fragments in the frequency domain, and wherein the
processor is further configured to implement frequency hopping between at least
two traffic channel fragments.

23. The apparatus of claim 22, wherein the processor is further
configured to combine the traffic channel fragments into a single logical traffic
channel fragment, to apply the frequency hopping pattern to the logical traffic
channel fragment, and fo restore fragmentation of the traffic channel fragments
with the frequency hopping pattern applied to the traffic channel fragments.
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24, The apparatus according to any one of claims 21 to 23, wherein
the processor is further configured to determine a bandwidth of the reference
signal for each traffic channel fragment separately according to a bandwidth of
each traffic channel fragment.

25. A user terminal of a cellular telecommunication system, comprising
the apparatus according to any one of claims 13 to 24.

~ 26. A base station of a cellular telecommunication system, comprising
the apparatus according to any one of claims 13 to 24.

27. An apparatus comprising:

means for operating with respect to a system band where a control
channel band is arranged asymmetrically at the edges of a traffic channel band in
a frequency domain;

means for defining a degree of asymmetry describing an offset of a
center frequency of the traffic channel band from a center frequency of the
system band; and

means for controlling utilization of the traffic channel band according to
the defined degree of asymmetry.

28. A computer program product embodied on a distribution medium
readable by a computer and comprising program instructions which, when loaded
into an apparatus, execute the method according to any preceding claim 1 to 12.
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