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1

METHOD AND DEVICE FOR ALLOCATING
RESOURCE IN AN OFDM NETWORK

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held

invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

This invention relates to a method for communicating
between at least two radio stations, and to such radio
stations. More specifically, this invention relates to a method
in an OFDM network, like for instance a mobile system as

a UMTS network.

BACKGROUND OF THE INVENTION

In OFDM data transmission systems such as the downlink
of the UMTS LTE, data may be transmitted in either
localised or distributed modes. In localised mode, data for
one user 1s transmitted using a contiguous block of OFDM
sub-carriers, while 1n distributed mode data 1s transmaitted on
a plurality of separated sub-carriers.

Typically, data for transmission 1s subdivided into data
blocks known as Virtual Resource Blocks (VRB). The data

1s then mapped onto specific resource elements on the
OFDM wavelorm, where one resource element comprises

one OFDM symbol duration on one sub-carrier. The
resource elements of the OFDM wavelorm are grouped 1nto
Physical Resource Blocks (PRBs) which may for example
comprise 12 sub-carriers for a duration of 14 OFDM sym-
bols.

The diagram of FIG. 1 defines the terminology: a VRB
may typically contain the same amount of data as can be
mapped to a PRB. VRBs containing data for mapping to the
PRBs 1n a localised way are known as Localised VRBs
(LVRBs), while VRBs containing data for mapping to the
PRBs 1n a distributed way are known as Distributed VRBs
(DVRBs).

Some known ways of mapping DVRBs to PRBs include:

Fully-scattered mapping 1illustrated on FIG. 2: This
involves placing individual data symbols from the DVRBs
into scattered (possibly pseudo-random) positions in the
PRBs containing data from LVRBs. This has the disadvan-
tage that the users recerving the localised transmissions need
to know the locations of the individual distributed data
symbols and remove these from their own data. On the other
hand, a fully-scattered mapping maximises transmit diver-
sity for the distributed data, and also helps to randomise
inter-cell interference 1n a cellular communication system.

Grouped mapping 1s 1llustrated on FIG. 3. Here each PRB
contains data either from a LVRB or from a DVRB but not
both. This avoids the drawback of the localised data receiv-
ers needing to know the locations of distributed data sym-
bols. However, the degree of diversity for the distributed
transmissions 1s reduced, especially 11 the data from one
DVRB 1s mapped onto specific subcarriers for the duration
ol a subirame as shown above.

As a consequence, there 1s a need for an improved method
allowing a large frequency diversity of the mapping.

SUMMARY OF THE INVENTION

It 1s an object of the present ivention to provide
improved mapping of data to resource elements.
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2

It 1s another object of the invention to provide a mapping
of the resource enabling frequency diversity 1n all situations.

Still another object of the mvention 1s to provide a method
for mapping resources allowing a good frequency diversity
without causing too much overhead in signalling.

According to a first aspect of the invention, it 1s proposed
a method for allocating resources for communication
between a primary station and at least one secondary station,
comprising

mapping data to be transmitted from at least one trans-

mitting station, being one of the primary station and the
at least one secondary station, to at least one receiving,
station being the other one of the primary station and
the at least one secondary station,

applying a cyclic shift to the data mapping, wherein this

cyclic shift 1s adjusted depending on the number of data
blocks to be mapped.

According to the invention, a cyclic shift 1s applied 1n the
data mapping. The cyclic shift differs from OVUM symbol
to OFDM symbol, wherein the size of the difference 1n shift
1s dependent on the number of data blocks to be mapped 1n
a distributed manner to a group of resource elements.

According to the mvention, a shift 1s applied 1n the data
mapping {from symbol to symbol, wherein the size of the
shift 1s dependent on the number of data blocks to be
mapped 1n a distributed manner to a group of resource
clements.

The invention provides an improved method for mapping
data 1 a distributed manner to the subcarriers of an OFDM
transmission waveform. It 1s recognised that while applying
different cyclic shifts to diflerent OFDM symbols 1s useful
in 1mproving diversity and randomisation, its usefulness
depends on the number of data blocks to be mapped. The
invention therefore provides means of determining a suitable
s1ze for the difference 1n cyclic shift between OFDM sym-
bols dependent on the number of data blocks to be mapped.

In accordance to another aspect of the invention, it 1s
proposed a radio station comprising means for allocating
resources for communication with at least one other station,
comprising means for mapping data to be transmitted from
at least the radio station to the at least one other station, and
means for applying a cyclic shift to the data mapping,

wherein this cyclic shift 1s adjusted depending on the
number of data blocks to be mapped.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will now be described 1n more
detail, by way of example, with reference to the accompa-
nying drawings, wherein:

FIG. 1, already described, 1s a diagram 1llustrating a set of
physical resources and the corresponding virtual resources;

FIG. 2, already described 1s a diagram illustration a
conventional mapping method,

FIG. 3, already described 1s a diagram illustration a
conventional mapping method,

FIGS. 4A and 4B, already described 1s a diagram 1llus-
tration a conventional mapping method.

FIG. 5 15 a diagram 1llustrating a mapping method using
a cyclic shifting.

FIG. 6-9 are diagrams illustrating mapping methods for
introducing the embodiment of the invention

FIG. 10 1s a block diagram illustrating a network com-
prising radio stations implementing the method of the inven-
tion.
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DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The present invention relates to a system of communica-
tion 300 as depicted on FIG. 10, comprising a primary
station 100, like a base station, and at least one secondary
station 200 like a mobile station.

The radio system 300 may comprise a plurality of the
primary stations 100 and/or a plurality of secondary stations
200. The primary station 100 comprises a transmitter means
110 and a receiving means 120. An output of the transmitter
means 110 and an mput of the receiving means 120 are
coupled to an antenna 130 by a coupling means 140, which
may be for example a circulator or a changeover switch.
Coupled to the transmitter means 110 and receiving means
120 1s a control means 150, which may be for example a
processor. The secondary station 200 comprises a transmit-
ter means 210 and a receiving means 220. An output of the
transmitter means 210 and an input of the recerving means
220 are coupled to an antenna 230 by a coupling means 240,
which may be for example a circulator or a changeover
switch. Coupled to the transmitter means 210 and receiving
means 220 1s a control means 250, which may be for
example a processor. Transmission from the primary radio
station 100 to the secondary station 200 takes place on a first
channel 160 and transmission from the secondary radio
station 200 to the first radio station 100 takes place on a
second channel 260.

As explained before, when one of the stations 100 or 200
needs to transmit data to at least one other station, the data
subdivided in VRBs needs to be mapped onto PRBs. Fre-
quency diversity permits to reduce the impact of bad con-
ditions localized on a particular frequency band. As seen
above, a fully scattered scheme permits such a frequency
diversity but causes a huge signaling need to signal to all the
stations their allocated blocks.

Additional diversity may be achieved by other techniques,
such as TDMA mapping where each OFDM symbol (or a set
of adjacent sub-carriers in an OFDM symbol) 1s allocated to
data from a different DVRB as seen on FIG. 4A and FIG. 4B:
However, this 1s not straightforward when each OFDM
symbol 1n a PRB may have a different number of resource
clements available for data mapping, for example due to the
presence ol pilot symbols or control signalling in some
resource elements.

Alternatively, a cyclic shift may be applied to the data
from each DVRB around the subcarriers within each PRB
carrying data from a DVRB, (with the amount of cyclic shiit
increasing by one from one OFDM symbol to the next) as
shown on FIG. §.

The example shown works well 1n cases such as when the
number of different DVRBs mapped to the PRBs containing,
distributed data 1s the same as the number of subcarriers
within a PRB, such as the example shown in the above. With
some numbers of DVRBs to be mapped to the PRBs
designated for distributed data, the data from one DVRB
may end up getting mapped to the same subset of subcarriers
from the said PRBs for the duration of a subframe, while for
other numbers of DVRBs a natural difference 1n cyclic shiit
between OFDM symbols may occur, which may be nullified
by an additional imposed cyclic shift.

This 1s shown 1n the following example depicted on FIG.
6, where data from one DVRB is represented by one colour,
and the numbers represent the n” data bit from the respective
DVRB.

In this example, data from three DVRBs 1s to be trans-
mitted. This data could for example be mapped to three
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4

PRBs, one of which 1s shown above. The PRB contains 12
subcarriers. A regular mapping of the data symbols from
cach subcarrier in turn results in all the data from each
DVRB being restricted to a certain subset of the available
subcarriers. This may be disadvantageous as particular sub-
carriers may experience poor channel quality for the dura-

tion of the subirame, for example due to fading or interfer-
ence.

This 1s also the case 11 a different mapping of data symbols
to subcarriers 1s used, such as shown on FIG. 7.

Here 3 PRBs are shown, separated 1n frequency. The data
symbols are mapped across all the PRBs, but data from one
DVRB 1s still restricted to a subset of the available subcar-
riers.

This problem may be solved by applying an additional

cyclic shift from one symbol to the next, as shown on FIG.
8.

A different example, with 11 DVRBs, 1s shown on FIG.
OA.

Here no cyclic shiit 1s applied, but the data symbols from
cach DVRB rotate naturally across the subcarriers.

However, 11 the same additional cylic shift 1s applied as
when three DVRBs are mapped, the natural cyclic shift 1s
cancelled and the same basic problem re-emerges as can be
seen on FIG. 9B.

In the most general embodiment of the invention, the
cyclic shift may change 1n a non-uniform way between
OFDM symbols such that the shiit 1s given by function (F)
of the number of data blocks (N ) and the OFDM symbol
index (n). So according to the invention the shift applied to
the nth OFDM symbol may be expressed as S(n)=S0+F(n,
N ), where S0 1s the shift applied to the first OFDM symbol

(1.e. with symbol index n=S0). S0 may conveniently be zero.

In a special case, the additional cyclic shift applied to
successive OFDM symbols 1s a constant. In that case, the
shift 1s of the form, S(n)=S0+n-Ns, where Ns 1s the addi-
tional shift applied to successive OFDM symbols. Accord-
ing to the mvention the value of Ns depends on N .

In one embodiment of the invention, the cyclic shifting
depends on whether the number of DVRBs, N, to be
mapped 1s a factor of the number of subcarriers, N_.. For
example, 1f N__ mod N =0, then an additional cyclic shift of
one subcarrier 1s applied from one OFDM symbol to the next
(1.e. Ns=1), while if N_. mod N =0 a cyclic shift 1s not
applied (1.e. Ns=0).

In some embodiments, transmit diversity may be used. In
this case, 1t may be advantageous to group data symbols in
groups mapped to contiguous resource elements, where the
number of such contiguous resource elements 1n one group
1s equal to the number of transmit antennas, N.. The resource
clements 1n one group would be used for data from the same
DVRB. In such a case, a suitable condition for determining
whether a cyclic shift of one subcarrier 1s to be applied could
be 1f (N_/N_) mod N _=0.

In another embodiment, the size of the additional cyclic
shift may be designed to be different 1n different cells,
especially adjacent cells from which the transmissions may
interfere with one another. For example, 1f a cyclic shift 1s
applied, the magnitude of the difference 1n shift between
OFDM symbols may be a function of the Cell ID, such as
Ns=Cell_ID mod N ..

Note that the invention can also be applied with shiits 1n
other domains than frequency—{tor example, a shiit in time,
code or antenna could also be used.

This 1nvention could also be applied to the fully scattered

mapping.
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This mnvention may be applied to communication systems
utlhslng multiple resource elements, such as UMTS LTE.

It 1s an object of the present mvention to provide
improved mapping of data to resource elements.

According to the invention, a shift 1s applied in the data
mapping from symbol to symbol, wherein the size of the
shift 1s dependent on the number of data blocks to be
mapped 1n a distributed manner to a group ol resource
clements.

The 1nvention provides an improved method for mapping
data 1 a distributed manner to the subcarriers of an OFDM
transmission waveform. It 1s recognised that while applying
different cyclic shifts to different OFDM symbols 1s useful
in 1mproving diversity and randomisation, its usefulness
depends on the number of data blocks to be mapped. The
invention therefore provides means of determining a suitable
s1ze for the difference 1n cyclic shift between OFDM sym-
bols dependent on the number of data blocks to be mapped.

While the mvention has been illustrated and described in
detail 1n the drawings and foregoing description, such 1llus-
tration and description are to be considered illustrative or
exemplary and not restrictive; the invention 1s not limited to
the disclosed embodiments.

Other vanations to the disclosed embodiments can be
understood and efiected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims.

In the claims, the word “comprising” does not exclude
other elements or steps, and the indefinite article “a”

a” or “an”
does not exclude a plurality. A single unit may fulfill the
functions of several items recited in the claims. The mere
fact that certain measures are recited 1n mutually different
dependent claims does not indicate that a combination of
these measured cannot be used to advantage.

A computer program may be stored/distributed on a
suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such
as via the Internet or other wired or wireless telecommuni-
cation systems.

Any reference signs in the claims should not be construed
as limiting the scope.

The invention claimed 1s:

1. A method for allocating resources for Orthogonal
Frequency-Divisional Multiplexing (OFDM) communica-
tion between a primary station and at least one secondary
station, comprising;:

mapping data to be transmitted from at least one trans-

mitting station, being one of the primary station and the
at least one secondary station, to at least one receiving
station being one of the at least one secondary station
and the said primary station, wherein

determining a cyclic shift based on a number of distrib-

uted virtual resource blocks, N , to be mapped, wherein
[when] N ; is a factor of a number of subcarriers N__
INSC], wherein N, Mod [Nd] N =0, and wherein the
cyclic shift applied to an nth OFDM symbol is
expressed as S(n)=S0 +F(n, N ), where SO 1s a shait
applied to a first OFDM symbol (symbol index n=0);
and

applying said cyclic shift to the mapped data.

2. The method of claim 1 wherein a size of a diflerence in
shift 1s dependent on the number of data blocks to be
mapped 1 a distributed manner to a group of resource
clements.

3. The method of claim 1, further comprising the step of
grouping data symbols 1n groups mapped to contiguous
resource elements, where the number of such contiguous
resource elements 1 one group 1s equal to a number of
transmit antennas, IN..
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4. The method of claim 1, wherein the cyclic shiit 1s a
function of an 1dentity of a cell of a primary station.

5. The method of claim 1, wherein the cyclic shift
comprises at least one of: a shiit in time, a shift in code, a
shift in frequency [and], or a shift in antenna, or any
combination thereof.

6. A radio station comprising [means for allocating] a
processor configured to allocate resources for Orthogonal
Frequency-Divisional Multiplexing (OFDM) communica-
tion with at least one other station, said [radio station
comprising] processor configured to:

[means for mapping] map data to be transmitted from [at

least] the radio station to the at least one other station,

[means for determining] determine a cyclic shift based on

a number of distributed virtual resource blocks to be
mapped, N, wherein [when] N, [to be mapped] is a
factor of a number of subcarriers N__ [NSC], wherein
N_. Mod [Nd] N /=0, and wherein the cyclic shift
applied to an nth OFDM symbol 1s expressed as
S(n)=S0 +[F(n, N, )] »-Ns, where SO is a shift [a lied]
applied to a first OFDM symbol (symbol index n=0),
wherein Ns is the additional shift applied to successive
OFDM symbols, and the value of Ns depends on N
and

[means for applying a] apply the cyclic shift to the

mapped data.

7. The radio station of claim 6, wherein a size of a
difference 1n shiit 1s dependent on the number of data blocks
to be mapped 1n a distributed manner to a group of resource
clements.

8. The radio station of claim 6, wherein the processor is
further [comprising] configured to:

[grouping] group data symbols in groups mapped to
contiguous resource elements, where the number of
such contiguous resource elements 1 one group 1s
equal to a number of transmit antennas, N..

9. The radio station of claim 6, wherein the cyclic shift 1s

a function of an i1dentity of a cell of the primary station.

10. The radio station of claim 6, wherein the cyclic shift
comprises at least one of: a shift 1n time, a shift 1n code, a
shift in frequency [and], or a shift in antenna, or any
combination thereof.

11. A method for allocating resources for Orthogonal
Frequency-Divisional Multiplexing (OFDM) communica-
tion between a transmitting station and a receiving station,
comprising;

mapping data to be transmitted from the transmitting
station to the receiving station,

determiming a cyclic shift based on a number of distrib-

uted virtual resource blocks, N , to be mapped, wherein
[when] Nd is a factor of a number of subcarriers
IN. NSC] N, wherein N Mod [Nd] N =0, and
wherein the cyclic shift applied to an nth OFDM
symbol 1s expressed as S(n)=S0 +F(n, N ,), where SO 1s
a shift [a lied] applied to a first OFDM symbol (symbol
index n=0); and
applying said cyclic shift to the mapped data.
12. The method of claim 11, wherein the cyclic shiit 1s a
function of an i1dentity of a cell of the transmitting station.
13. The method of claim 11, wherein the cyclic shiit
comprises at least one of: a shiit in time, a shift in code, a
shift in frequency [and], or a shift in antenna, or any
combination thereof.
14. The method of claim 11, further comprising:
grouping data symbols 1n groups mapped to contiguous
resource elements, where the number of such contigu-
ous resource elements 1n one group 1s equal to a number
of transmit antennas, IN..
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15. A radio station comprising:
a transmitter civcuit;
at least one antenna; and

a processor configured to allocate resources for Orthogo-
nal Frequency-Divisional Multiplexing (OFDM) com-
munication with at least one other station, the proces-
sor being configured to:

map data to be transmitted from the vadio station to the
at least one other station,

determine a cyclic shift based on a number of distributed
virtual resource blocks to be mapped, N , wherein N ,is
a factor of a number of subcarriers N__, wherein N__
Mod N =0, and wherein the cyclic shift applied to an
nth OFDM symbol is expressed as S(n)=S0+F(n, N ),

where SO is a shift applied to a first OFDM symbol
(symbol index n=0); and

apply the cyclic shift to the mapped data.
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16. The radio station of claim 15, wherein a size of a
difference in shift is dependent on the number of data blocks
to be mapped in a distributed manner to a group of resource
elements.

17. The radio station of claim 15, wherein the processor
is further configured to:

group data symbols in groups mapped to contiguous

resource elements, where the number of such contigu-
ous resource elements in one group is equal to a
number of transmit antennas, N,

18. The radio station of claim 15, wherein the cyclic shift
is a function of an identity of a cell of the primary station.

19. The radio station of claim 15, wherein the cyclic shift
comprises at least one of: a shift in time, a shift in code, a
shift in frequency, orv a shift in antenna, or any combination

thereof.
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