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57 ABSTRACT

The present invention relates to a secondary station com-
prising means for communicating with at least one primary
station, the secondary station comprising means for receiv-
ing from the primary station a subset of reference symbols
selected out a set of possible reference symbols, the refer-
ence symbols of the subset being associated with a spatial
channel, wherein a transmission characteristic of the subset
of reference symbols depends on the spatial channel.
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METHOD FOR OPERATING A RADIO
STATION IN A MOBILE NETWORK

CROSS-REFERENCE TO PRIOR
APPLICATIONS

[0001] This application is a Continuation application of
U.S. National Phase application under 35 U.S.C. §371, Ser.
No. 12/858963, filed on Aug. 18, 2010, which claims the
benefit of European Application Serial Numbers 09168118.
9, filed on Aug. 18, 2009, 09172328.8, filed on Oct. 6, 2009,
09172935.0, filed on Oct. 13, 2009, 09173188.5, filed on
Oct. 15, 2009 and International Application Number PCT/
1B2010/053433, filed Jul. 28, 2010. These applications are
hereby incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to a method of com-
munication in a communication system like a mobile com-
munication system, for example UMTS, LTE or LTE
Advanced.

[0003] More specifically, the invention relates to a method
of communication using beamforming and, in some exem-
plary embodiments of the invention, cooperative beamform-
ing, i.e. beamforming obtained by using primary station
antennas from different cells.

BACKGROUND OF THE INVENTION

[0004] In a cellular telecommunication system as illus-
trated in FIG. 1, like a UMTS or LTE system, a plurality of
secondary stations 110a-d like User Equipments, commu-
nicate within a cell 100a with the primary station 101a
operating the cell. In such a system, the primary station 101«
and the secondary stations may each comprise an antenna
array comprising a plurality of antennas. These antennas
may be used to communicate in a MIMO mode by beam-
forming. Complex coefficients applied on the transmitting
antennas of the transmitting station, here the primary station
101a and/or on the receiving station, here the secondary
stations 110a-d enable the creation of communication
streams each of which are associated with one or more
spatial channels.

[0005] A spatial channel is defined by the combination of
transmission parameters like a modulation sequence, a time/
frequency resource, and/or the beamformed stream. Thus,
this permits to reach high data rates, and increased commu-
nication range.

[0006] To achieve such beamforming communication, the
secondary stations and the primary stations typically need to
be synchronised (i.e. operate with a common time frame)
and to have a common phase reference. Reference symbols
may be used to facilitate the timing synchronization and to
achieve demodulation of the communication stream in a
beamforming communication mode. A reference symbol has
a predetermined transmitted value which permits the receiv-
ing station to have for instance substantially the same phase
reference as the transmitting station, or to estimate channel
conditions, so that a suitable modulation and coding scheme
may be selected at the transmitting station.

[0007] In the case of a secondary station receiving a
plurality of spatial channel, it is recommended to have at
least one reference symbol (preferably a set or sequence of
several reference symbols) corresponding to each spatial
channel. However, and for instance in the case of the
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secondary station 1104 which is at the edge of the cell 1004,
the reference symbols transmitted from a primary station
1015 of a neighboring cell 1005 may collide with the
reference symbols associated with spatial channels of cell
100a. There is thus a need to avoid or mitigate the effects of
such collisions.

[0008] This problem of collision may also happen between
reference symbols of a single cell, for example, where
reference symbols are transmitted to more than one second-
ary station.

SUMMARY OF THE INVENTION

[0009] It is an object of the invention to propose a method
for operating a primary station which alleviates the above
problems.

[0010] It is another object of the present invention to
propose a method enabling a reduction of the risk of
collision between reference symbols.

[0011] In accordance with a first aspect of the invention, a
method is proposed for operating a primary station com-
prising means for communicating with a plurality of sec-
ondary stations, the method comprising the primary station
transmitting to a secondary station a subset of reference
symbols selected out a set of possible reference symbols, the
reference symbols of the subset being associated with a
spatial channel, wherein a transmission characteristic of the
subset of reference symbols depends on the spatial channel.
[0012] In accordance with a second aspect of the inven-
tion, a method is proposed for operating a secondary station
comprising means for communicating with at least one
primary station, the method comprising the secondary sta-
tion receiving from the primary station a subset of reference
symbols selected out a set of possible reference symbols, the
reference symbols of the subset being associated with a
spatial channel, wherein a transmission characteristic of the
subset of reference symbols depends on the spatial channel.
[0013] In accordance with a third aspect of the invention,
it is proposed a primary station comprising means for
communicating with a plurality of secondary stations, the
primary station comprising means for transmitting to a
secondary station a subset of reference symbols selected out
a set of possible reference symbols, the reference symbols of
the subset being associated with a spatial channel, wherein
a transmission characteristic of the subset of reference
symbols depends on the spatial channel.

[0014] Inaccordance with a fourth aspect of the invention,
it is proposed a secondary station comprising means for
communicating with at least one primary station, the sec-
ondary station comprising means for receiving from the
primary station a subset of reference symbols selected out a
set of possible reference symbols, the reference symbols of
the subset being associated with a spatial channel, wherein
a transmission characteristic of the subset of reference
symbols depends on the spatial channel.

[0015] As a consequence, the reference symbols associ-
ated with a spatial channel may be selected depending on the
index of the spatial channel, limiting the risk of collisions
between reference symbols of different spatial channels.
Moreover, it is possible to shuffle the allocation of reference
symbols subsets so that neighboring cells use in priority
different reference symbols subsets, as will be shown in the
above described embodiments. In several examples of the
invention, the subsets of reference symbols are allocated so
that coexisting reference symbols are orthogonal or substan-
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tially orthogonal one to another. In those instances where the
reference symbols are not orthogonal, the effects may be
mitigated, for example by avoiding use of the affected
resources.

[0016] These and other aspects of the invention will be
apparent from and will be elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention will now be described in
more detail, by way of example, with reference to the
accompanying drawings, wherein:

[0018] FIG. 1, already described, is a block diagram of a
mobile communication system in which the invention is
implemented.

[0019] FIG. 2 is a diagram illustrating an example of the
allocation of reference symbols in accordance with a first
embodiment.

[0020] FIG. 3 is a diagram illustrating an example of the
allocation of reference symbols in accordance with a second
embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] The present invention relates to a mobile commu-
nication network as a UMTS or a LTE network, where each
cell is operated by a primary station, which communicates
with a plurality of secondary stations. Downlink communi-
cations from the primary station are carried out on a plurality
of channels, some channels being dedicated to user data, and
other channels to control data for signalling of transmission
parameters for controlling the communications from the
primary station to the secondary station. The channels may
be defined by multiplexing of one or more of time, fre-
quency or code. The same applies for uplink channels.
[0022] In an exemplary embodiment based on the LTE
example, a single carrier of up to 20 MHz is used. A control
signalling message for example on the Physical Downlink
Control Channel (PDCCH) may be used to signal allocations
of transmission resources. On the PDCCH, the primary
station may signal transmission parameters, e.g. precoding
vectors/matrices which allow the secondary station (or User
Equipment noted UE) to compute phase reference(s) for
demodulation of downlink data from common reference
symbols. Reference symbols that are precoded specifically
for a considered secondary station (UE specific Demodula-
tion Reference Symbols or UE specific DRS) are also
supported as an option, but only for a single spatial channel.
A spatial channel may be defined by the combination of
transmission parameters like a modulation sequence of
values for successive reference symbols, a time/frequency
resource, and/or a beamformed stream.

[0023] In the advanced forms of LTE networks, UE spe-
cific DRS are also proposed to aid reception of downlink
data transmissions from the primary station. The DRS may
occupy some of the resource elements (REs) in each
resource block. Transmission of multiple spatial channels to
a secondary station would require a set of DRS for each
spatial channel. The set of DRS for each spatial channel is
precoded in the same way as the data symbols for that spatial
channel, and since the locations and symbol values of the
DRS are known to the secondary station, they can be used
as a phase and amplitude reference for demodulation of data
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transmitted on that spatial channel. Equivalently, the DRS
can be used to obtain a channel estimate of the combined
channel formed by the precoding and the radio channel. The
precoding for a spatial channel can be considered to create
an antenna port and the set of DRS for that spatial channel
are thus transmitted on the corresponding antenna port.

[0024] The set of DRS for each spatial channel could be
distinguished by one or more characteristics such as:

[0025] Modulation Sequence: i.e. different sequences of
predetermined values for successive reference symbols

[0026] Frequency domain (FDM) i.e. the REs used for
sending DRS differ in the frequency domain with e.g.
different frequency carriers;

[0027] Time domain (TDM) i.e. the REs used for send-
ing DRS differ in the time domain;

[0028] Code domain (CDM) i.e. different spreading
sequences are applied to the transmitted symbols com-
prising the DRS. In this case it would be convenient to
use the same set of REs for sending each set of DRS for
each spatial channel.

[0029] In practice the DRS for a given spatial channel may
comprise aspects of more than one distinguishing charac-
teristic such as: Modulation Sequence, FDM, TDM, and
CDM. For a given secondary station, it would be advanta-
geous if no data is sent (on any spatial channel) in any RE
used for DRS since this would avoid any interference
between data and the DRS which would otherwise reduce
the accuracy of the channel estimate obtained by the sec-
ondary station. This would imply that the REs used for any
DRS on any spatial channel are not available for data.
Moreover, in accordance with an example of this embodi-
ment, the sets of DRS, for example, for different spatial
channels, are mutually orthogonal, or at least orthogonal for
part of the set, so that independent channel estimates can be
obtained in the case that more than one set of DRS are
transmitted at the same time. Two sets or subsets of DRS are
orthogonal when their product equals zero. For instance, in
case of TDM, two symbols are orthogonal if they are not
overlapping in time. For FDM, two symbols are orthogonal
if their respective frequency carriers are different. For CDM,
two symbols are orthogonal if the product of their respective
spreading sequences equals zero.

[0030] In the following descriptions of embodiments ref-
erence is made to Resource Blocks. In general, for embodi-
ments based on LTE this term is intended to refer to
Resource Blocks as defined for LTE (i.e. a given number
resource elements in time and frequency domain). However,
in further variations on such embodiments the term may also
be understood to refer to part of a Resource Block (RB) as
defined for LTE, for example an RB may be sub-divided into
sub-blocks in time/and/or frequency, each sub-block having
a defined location within the RB.

[0031] In principle the maximum number of spatial chan-
nels which could be supported with orthogonal DRS for a
single Resource Block would depend on the modulation
order and the total number of REs allocated for DRS (i.e.
maximum number of orthogonal sequences available). In
practice the maximum is likely to be set at a lower level, for
example such that the total number of REs allocated to DRS
is equal to a multiple of the maximum number of allowed
spatial channels, e.g. a set of 2 DRS for each spatial channel.
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[0032] Then, the following are among the possible ways
of designing the system:

[0033] The number REs allocated for DRS is propor-
tional to the number of spatial channels actually trans-
mitted to a secondary station UE. This would be
applicable for FDM or TDM. It has the advantage of
minimising the overhead from DRS when fewer spatial
channels are transmitted than the maximum.

[0034] The number REs allocated for DRS is fixed (e.g.
as a multiple of the maximum number of spatial
channels which may be transmitted to a secondary
station). This would be a natural consequence of using
CDM. For FDM and TDM as well as CDM it would
also allow different spatial channels to be transmitted to
more than one secondary station simultaneously. This
would require that a UE was aware of which set (or
sets) of DRS it should use as references for receiving its
data (and which DRS corresponds to which part of the
data stream).

[0035] However, as explained above and illustrated on
FIG. 1, a secondary station 1104 at the edge of cell 100a may
receive DRS simultaneously from more than one cell, here
from cell 1004. In this case it is convenient to operate the
system such that the same frame timing is used in adjacent
cells and also such that DRS from different cells can be
distinguished (e.g. by Modulation Sequence/FDM/TDM/
CDM). If the secondary station 1104 can identify different
DRS from different cells 100a or 1005, and has multiple
receive antennas then it opens the following possibilities:

[0036] in an example, the secondary station 1104 may
receive a data transmission from a wanted cell and
adjust its receive weights to reject the spatial channels
from other cells.

[0037] on the contrary, the secondary station 1104 may
adjust its receive weights for receiving simultaneously
data transmissions from a plurality of cells, here 100a
and 1005 (e.g. using different spatial channels and
different DRS).

[0038] Thus, it is advantageous for the secondary station
to be able to distinguish DRS from different cells using
different characteristics, such as spreading sequences (or
spreading codes), as long as this would not increase the
number of REs needed for DRS. However the performance
of this spreading approach is lower with rapidly changing
channels. As an example, it is proposed in accordance with
an embodiment of the invention, that the DRS from different
cells are orthogonal (or nearly orthogonal).

[0039] In the particular example of LTE, an implementa-
tion of such a system would be as follows:

[0040] The maximum number of spatial channels which
may be transmitted to one UE in one cell is 8. Note that
in itself this would limit the total number of spatial
channels being transmitted in a cell.

[0041] The number of REs for DRS in one RB may be
a number such as 12 or 24.

[0042] It is assumed that the DRS design will allow
some interpolation of the channel coefficients across
one Resource Block, at least in some circumstances.

[0043] Considering these constraints there is a significant
chance that DRS with the same characteristics would be
received by a secondary station from two different cells,
which would lead to significant errors in channel estimation.
This problem of colliding DRS could affect a large part of
the system bandwidth and persist for significant periods of
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time (for example if the same secondary stations are sched-
uled in successive subframes). It is said that two DRS are
colliding if the two DRS are interfering together so that the
receiving station may not be able to extract the phase
reference or channel estimate.

[0044] As a consequence, in accordance with an embodi-
ment of the invention, the primary stations are configured to
allocate a subset of reference symbols, like DRS, to a spatial
channel. This allocated subset is selected out a set of
possible reference symbols available for the considered cell.
In order to differentiate the DRS from DRS that could be
transmitted in neighboring cells, a transmission character-
istic of the subset of reference symbols depends on the
spatial channel. Such a transmission characteristic may be
chosen over any domain such as, Modulation Sequence,
CDM, FDM, TDM, alone or in combination, for instance at
least one of a modulation sequence, spreading sequence and
a time/frequency resource element. Thus, the probability of
colliding DRS is reduced (i.e. the probability that the DRS
occupy the same time, frequency spreading sequence and
modulation sequence).

[0045] In order to further reduce the risk of collisions of
reference symbols, in a variant of the first embodiment, the
subset of DRS are chosen to be orthogonal to other DRS
transmitted either within the same cell or within a neigh-
boring cell. This is possible, for instance, if the selection of
the allocated subset depends on the identity of the cell. Thus,
this permits the shuffling of the subsets of DRS from one cell
to another. Then, the selection of DRS from one cell to
another is done such as to allocate different orthogonal
subsets. It is to be noted that it is also possible that a single
primary station operates for a plurality of cells, and is thus
aware of the use of the DRS in the various cells. This permits
orthogonal DRS to be chosen.

[0046] The same may apply for a secondary station receiv-
ing simultaneously a plurality of subsets of DRS.

[0047] In an example of the preceding embodiments, the
allocation of resources is done as illustrated on FIGS. 2 and
3. FIGS. 2 and 3 show two lists of DRS contained in the cell.
These lists may be identical in this embodiment. However,
in a variant of this embodiment, the lists are different in the
sense that the DRS of a first list are at least not all included
in a second list of DRS contained in a second cell. Another
variant of this embodiment uses two different lists including
the same elements but in a different order.

[0048] As shown on FIGS. 2 and 3, the elements 200 and
300 of the lists are in the same order. When the cell having
the list in FIG. 2 associates DRS with spatial channels, it
begins from the starting value of the list 201 and allocates
the DRS sequentially from this starting point. Similarly,
another cell the list in FIG. 3 list starts with the starting point
301. Thus, the DRS are allocated in a priority order which
is different for each cell, and it permits to avoid collisions.
Preferably, the DRSsin the lists are mutually orthogonal.

[0049] The starting value of the DRS in the list may
depend on the cell identifier so that two neighboring cells
have different starting points.

[0050] This latter variant is however only an example,
since the subset of reference symbols may chosen on the
basis of other parameters enabling the shuffling of the DRS,
reducing thus the risk of collisions. As examples, the subset
of reference symbols may depend on at least one of the
following:
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[0051] An identifier of the secondary station
[0052] An identifier of the primary station
[0053] A subframe number
[0054] An OFDM symbol number
[0055] A resource block index
[0056] A sub-block location within a resource block
[0057] An index to a group of resource blocks
[0058] A carrier frequency
[0059] A carrier index.
[0060] Moreover, it is possible to use a DRS hopping

scheme where the DRS varies with the time in accordance
with a predetermined sequence. The sequences are prede-
termined and known by each secondary stations of the cells.
Each cell may have a determined set of one or more
sequence, this set being different from the neighboring cells
sets.

[0061] In order to achieve the advantages of having dif-
ferent DRS in different cells, in another embodiment, the
following is proposed:

[0062] The DRS for different spatial channels are dis-
tinguished by CDM, and each spatial channel is asso-
ciated with a DRS spreading sequence. A DRS spread-
ing sequence is composed of complex values.

[0063] In order to allow interpolation of channel coef-
ficients across an Resource Block, the DRS spreading
sequence length should (preferably) be a sub-multiple
of the number of REs allocated for DRS in one
Resource Block. A different channel estimate could be
derived for each repetition of the spreading sequence
across the Resource Block. Alternatively interpolation
would be possible if estimates of the channel coeffi-
cients can be derived using only parts of the spreading
sequence.

[0064] The different DRS spreading sequences are
orthogonal (or almost orthogonal).

Then there are two main possibilities for allocation of DRS
sequences:

[0065] Case 1. Spatial channels in a given cell may be
associated with any of the possible DRS spreading
sequences

Or

[0066] Case 2. Spatial channels in a given cell may be
associated with only a restricted subset of the possible
DRS spreading sequences

[0067] We note that for both case 1 and case 2 it would be
advantageous to have more DRS spreading sequences than
the maximum number of spatial channels which can be
transmitted to a single secondary station. This greater choice
of DRS spreading sequences would potentially allow the
probability of collisions between DRS spreading sequences
from adjacent cells to be reduced.

[0068] In both case 1 and case 2 it would be possible to
allow any arbitrary association between a spatial channel
and a DRS spreading sequence. Then the eNB would signal
to the UE (e.g. via PDCCH) the number of spatial channels
it should receive (on PDSCH) and which DRS spreading
sequence corresponded to each spatial channel. However
this would require significant signalling overhead in the case
of many spatial channels to a single secondary station. A
simpler approach would be that the DRS spreading
sequences in a set are assigned to each spatial channel in the
order in which they are listed in the set. In this case the eNB
would signal to the secondary station the number of spatial
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channels and the DRS spreading sequence associated with
the first spatial channel. Further spatial channels for that
secondary station would be associated consecutively with
the remaining DRS spreading sequences in the set.

[0069] Following case 1: “Spatial channels in a given cell
may be associated with any of the possible DRS spreading
sequences”. Since it is likely that not all possible spatial
channels (and DRS spreading sequences) in any cell will be
used, in order to help ensure that different DRS spreading
sequences are used in adjacent cells, it is proposed the
following:

[0070] The DRS spreading sequences are assigned to
each spatial channel in a cell sequentially (or prefer-
entially sequentially)

[0071] The DRS spreading sequence assigned (or pref-
erentially assigned) to the first spatial channel used in
a cell is derived from the cell ID, such that different cell
IDs typically lead to different DRS sequences for the
first spatial channel

[0072] Following case 2: “Spatial channels in a given cell
may be associated with only a restricted subset of the
possible DRS spreading sequences”, it is proposed the
following:

[0073] The set of DRS spreading sequences which may
be used in a given cell is derived from the cell ID, such
that different cell IDs typically lead to different sets of
DRS spreading sequences

[0074] The DRS spreading sequences in a set are
assigned to each spatial channel in the order in which
they are listed in the set

[0075] The ordering of DRS spreading sequences in the
sets is designed such that when cell IDs lead to the two
sets derived from different cell IDs having the same
members, they are typically in a different order.

[0076] The ordering of DRS spreading sequences in the
sets is designed so that when two cell IDs lead to the
two sets derived from different cell IDs having the same
members, at least the first, and preferably the first few,
members of the sets are typically different. This would
mean, for example, that two UEs each allocated a
single spatial channel in adjacent cells would typically
be assigned different DRS spreading sequences.

[0077] A simple scheme would be to generate the
members of the set as consecutive integers with a
starting value determined by the cell ID.

[0078] The above assumes that there would be a more or
less static association between spatial channel and DRS
spreading sequence, and that this would be chosen to avoid
unwanted collisions between DRS sequence (e.g. in adjacent
cells).

[0079] Another approach used in other embodiments
would be to randomise the association. This may be
achieved if the DRS spreading sequence associated with the
first spatial channel assigned (or preferentially assigned) in
a given Resource Block, is derived using one or more of:

[0080] a predetermined offset (e.g. signalled to a given
UE)

[0081] the cell ID

[0082] the UE ID

[0083] the subframe number

[0084] an OFDM symbol number

[0085] a resource block index (e.g. in the frequency
domain)

[0086] A sub-block location within a resource block
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[0087] an index to a group of resource blocks

[0088] the carrier frequency (in absolute frequency)

[0089] a carrier index (e.g. within a set of component

carriers)

[0090] This thus provides “DRS hopping”, meaning that a
collision between non-orthogonal DRS from different cells
in one subframe/resource block/carrier would most likely be
avoided in a different subframe/resource block/carrier. In
many cases, the characteristics of the non-orthogonal DRS
would be known by transmitter and/or receiver, and there-
fore any collisions could be identified in advance and if
necessary, the use of the resources where the collisions
occurred could be avoided e.g. by suitable scheduling of
transmissions. Another possibility is for the receiver to
derive a phase reference or channel estimate by interpolation
from adjacent frequency domain resources where there are
no collisions. Since according to the invention, DRS from
different cells can be made orthogonal, at least in some of the
time/frequency resources, then the different DRS would
preferably be arranged to overlap with each other and not
overlap with data transmissions from any cell (at least under
the assumption that DRS symbols are transmitted with a
similar power to data symbols) . This differs from the use of
common reference symbols (CRS) defined in LTE Release
8, where the specification provides the possibility for the
CRS from different cells to occupy different frequency
domain locations. In the design of LTE Release 8 it was
considered advantageous for CRS to overlap with data from
another cell, rather than CRS, since CRS symbols are
typically transmitted with higher power than data symbols.
[0091] In another variant of this embodiment implemented
in a system like LTE, the secondary station is informed by
signalling (or can deduce) the number of downlink antennas
available in a cell, and can therefore deduce the set of DRS
spreading sequences which are potentially available. A sec-
ondary station is informed by signalling (e.g. of an index
relative to the first member of the set giving the first member
of the subset) of the subset of DRS which may be used for
downlink transmissions to that UE. This assumes that the
size of the subset is equal to the maximum downlink
transmission rank (i.e. maximum number of spatial chan-
nels). In a PDCCH message the UE is informed of the
transmission rank (R) of a downlink transmission on
PDSCH and assumes that the first R DRS spreading
sequences from the subset are associated with the respective
R spatial channels.
[0092] In another variant of the previous embodiments,
the allocation scheme of DRS is similar to the first embodi-
ment, except that the first member of the subset of DRS
spreading sequences is determined from the cell ID. In
variations of this embodiment the subset of DRS sequences
may be determined by one or more of

[0093] the subframe number

[0094] a resource block index (e.g. in the frequency
domain)

[0095] A sub-block location within a resource block

[0096] An OFDM symbol number

[0097] the carrier frequency (in absolute frequency)

[0098] a carrier index (e.g. within a set of component
carriers)

[0099] As a variation, the DRS differentiated by spreading

sequence may be additionally distinguished by having dif-
ferent modulation sequences and/or different symbol loca-
tions in time and/or frequency domain. One or more of these
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characteristics may be fixed (e.g. determined by other static
system parameters such as antenna port number, semi-
staically configured (e.g. via higher layer signaling) or
dynamically configured (e.g. via physical layer signaling).
[0100] In a further embodiment based on LTE, the DRS
for different spatial channels are arranged to be orthogonal
partly by FDM (i.e. by means of different resource element
allocation in the frequency domain), and partly by CDM (i.e.
by means of different spreading codes). For DRS differen-
tiated by CDM, a given RE allocated for DRS will be used
to transmit a signal which is the sum of the DRS for more
than one spatial channel. In the case of the spreading being
applied in the time domain, this may lead to unequal total
transmit power levels per OFDM symbol. To obtain more
equal power balance the spreading code for each DRS is
changed depending on the location of the REs in the
frequency domain. This location may be defined at least
partly in terms of sub-blocks within an RB. In a specic
variation of this embodiment the set of spreading codes is a
set of Hadamard sequences and the spreading sequences for
different locations in the frequency domain are obtained by
cyclic shifting of the sequences. In one version of this
embodiment for 4 spatial channels the corresponding
unshifted spreading sequences (occupying 4 REs) are:

[o101] (1,1,1,1)

[0102] (1,-1,1,-1)

[0103] (1,1,-1,-1)

[0104] (1,-1,-1,1)

With a cyclic shift of 1, the sequences become:
[0105] (1,1,1,1)

[0106] (-1,1,-1,1)

[0107] (-1,1,1,-1)

[0108] (1,1,-1,-1)

With a cyclic shift of 2, the sequences become:
[0109] (1,1,1,1)

[0110] (1,-1,1,-1)

[0111] (-1,-1,1,1)

[0112] (-1.1,1,-1)

etc

[0113] The cyclic shift used depends on the frequency

domain location. As an example, for successive frequency
domain locations the cyclic shift is increased by one. DRS
for further spatial channels are additionally distinguished by
FDM and also have a cyclic shift applied to their spreading
sequences. To give better power balance between antennas
locally (e.g. within a small number of RBs) it is advanta-
geous for the cyclic shift for these DRS to be different, for
example, for successive frequency domain locations the
cyclic shift is decreased by one (or equaivalentlly in this
case, increased by 3). Thus the cyclic shift applied may
depend on the spatial channel corresponding to the DRS. In
a related embodiment, aiming to improve the uniformity of
power level over time at a given frequency, the cyclic shift
depends on the location in the time domain. The two
embodiments can be combined so that the cyclic shift
depends on both time and frequency location.

[0114] In another embodiment based on LTE there are 12
REs reserved for DRS for up to four spatial channels. The
DRS for two spatial channels are distinguished by CDM._
The CDM spreading sequences are defined across a min-
mum of two pairs of REs, separated in the frequency domain
as follows:
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Spatial channel 1 Spatial channel 2

{1, -1)
-1, 1)

Subcarrier 1 (1, 1)
Subcarrier 2 (1, 1)

Additional DRS can be distinguished by different non orth-
gonal scrambling sequences. Such DRS scrambling
sequences sequence could be defined by:

L(1 —2-c(2m))+jL(1 —-2-c(2m+1)),
2 2

z z

m=0,1,... ,12Nme=Pl _ |

r(m) =

[0115] The pseudo-random sequence generator, c(i),
would be initialised with c,,,~(|nJ/2 |[+1)-(2N,““+1)-2'%+
N7 at the start of each subframe where ng.,, may take
values of 0 or 1 and may be signalled, for example dynami-
cally via PDCCH.

[0116] Spatial channels 1 and 2 are supported by ng-;,=0
and spatial channels 3 and 4 are supported by ng;,=1. This
technique may have the disadvantage that the DRS for
spatial channels 3 and 4 would not be orthogonal to those for
spatial channels 1 and 2. In addition the implementation
requirements are not clear for suppressing the interference
between the sequences.

[0117] Therefore in this embodiment, additional DRS are
distinguished by an orthgonal scrambling sequence. The
previous approach is modified such that the DRS scrambling
sequence for the additional spatial channels are orthogonal.
This is done by modifying one srequence to generate a
second orthogonal sequence. In this embodiment, since the
first sequence is composed of QPSK symbols this is done by
inverting every other symbol of the complex conjugate of
the first sequence by multiplying by alternating inversion
sequence {1,-1,1,-1,1,-1 .. .). More generally this could be
done by inverting every other group of N complex conjugate
symbols. A large number of other potential inversion pat-
terns exist. The proposed sequence for this embodiment has
the advantage of ensuring DRS orthogonality over the
minimum number of REs. As a concrete example, the first
DRS sequence could be defined by:

%(1 —2-c(2m)) +j%(1 —-2-c(2m+ 1))]

m=0,1,...

rl(m) :(

, 12NpeePL _

And the second DRS sequence generated by:

#2(m)=(1-2-((m) mod 2))xrl(m)* m=0, 1, ...,
12Nyl 1

[0118] The first term of this equation is intended to gen-
erate the alternating inversion sequence. The ( )* denotes
complex conjugate.

[0119] The pseudo-random sequence generator, c(i),
would be initialised with ¢, =(|n/2 |+1)-(2N,*"+1)-2'° at
the start of each subframe. The parameter ng,,, is now used
in a different way to the previous method 1 (i.e. to enable or
disble the use of the second sequence), but could still be
signalled dynamically in a similar way.
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[0120] This equation has the disadvantage that the
sequences are not necessarily fully orthogonal within one
RB. This can be addressed with a modification such as:

r2(m) = (1 -2- (m + - {LDLJ]mOdZ] X rl(m)*
3Nz

m=0,1,... , 12NmePL_ |

[0121] This is intended to provide for adjusting the start-
ing value of the inversion sequence for application to the
URS appearing in different OFDM symbols, such that the
successive inversion sequences are {1,-1,1,-1,1,-1...)and
{-1,1,1,-1,1,-1,1, . . .).

[0122] The result would be a pattern similar to the fol-
lowing for the 12 REs for the URS in a single RB, resulting
in orthogonality over any group of 4 REs.

1 -1 1 -1
-1 1 -1 1
1 -1 1 -1

[0123] In a related embodiment the additional DRS have
the same scrambling code but are distinguished by additi-
uonal orthogonal spreading codes as follows:

Layer 1 Layer 2

(1, -1) 1, 1)
(-1, 1) (-1,-1)

Layer 3 Layer 4

(1, -1)
(1, -1)

Subcarrier 1 (1, 1)
Subcarrier 2 (1, 1)

[0124] These codes provide thus orthogonality between all
four DRS.

[0125] In still another embodiment based on LTE the DRS
for different spatial channels are arranged to be orthogonal
partly by FDM (i.e. by means of different resource element
allocation in the frequency domain), and partly by CDM (i.e.
by means of different spreading codes). Adjacent cells are
synchronized and at least two of the spatial channels within
one cell or at least two different cells are differentiated by
FDM. In order that the DRS for the different spatial channels
do not suffer from interference from data transmissions, the
resource elements (REs) used for the DRS for one spatial
channel are reserved and not used for data transmission on
the other spatial channel and vice-versa. The at least two
different spatial channels from the same cell or at the least
two different cells may be used for data transmission to the
same secondary station or different secondary stations. The
secondary station receiving a given spatial channel is made
aware if any resource elements which may be used for that
data transmission are reserved according to fixed system
parameters, semi-static configuration or dynamic configu-
ration.

[0126] In a variation of this embodiment, the power level
of the DRS is used by a secondary station to establish an
amplitude reference for receiving the data transmission on
the corresponding spatial channel. If the at least two spatial
channels are transmitted to different secondary stations and
a secondary station is made aware of any resource elements
which are reserved for other spatial channels, then the
secondary station should assume an additional power offset
between the received DRS power (e.g. in terms of energy per
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resource element) and the data symbol power. In the case
that the secondary station is receiving a given number of
spatial channels and the number of reserved resource ele-
ments corresponds to the same number of spatial channels,
the power offset is assumed to be -3 dB. Different assump-
tions may be made in variations of this embodiment. For
example, the secondary station may assume a fixed power
offset (e.g. -3 dB) if any set of resource elements is reserved.
[0127] In a further embodiment based on LTE the DRS for
spatial channels from two different cells may be differenti-
ated by applying a frequency shift with respect to a reference
position (e.g. a shift of an integer number of resource
elements). The shift could be determined as follows:

[0128] Fixed or semi-statically configured frequency
shift
[0129] Dynamically configurable frequency shift: There

could be a fixed or semi-static default frequemcy shift.
[0130] Cell specific frequency shift by default, with
optionalsemi-static or dynamically configurable fre-
quency shift:
[0131] The frequency shift could be configured for all
DRS to one secondary station or configured per
CDM group or configured per antenna port.
[0132] In a variation of any embodiment where the DRS
frequency shift is configurable, then the location of any REs
reserved for other spatial channels is also separately con-
figurable. This would help with mitigating intercell interfer-
ence. For example, DRS could be made orthogonal between
(time synchronized) cells by configuring reserved REs in the
locations where the other cell is sending DRS.
[0133] It is to be noted that it is not essential that the
stations are able to communicate in accordance with beam-
forming transmission mode.
[0134] This invention is applicable for mobile networks;
like UMTS or UMTS LTE networks.
[0135] Inthe present specification and claims the word “a”
or “an” preceding an element does not exclude the presence
of a plurality of such elements. Further, the word “compris-
ing” does not exclude the presence of other elements or steps
than those listed.
[0136] The inclusion of reference signs in parentheses in
the claims is intended to aid understanding and is not
intended to be limiting.
[0137] From reading the present disclosure, other modi-
fications will be apparent to persons skilled in the art. Such
modifications may involve other features which are already
known in the art of radio communication.

1. A method for operating a primary station comprising
means for communicating with a plurality of secondary
stations, the method comprising the primary station trans-
mitting to a secondary station a first subset of reference
symbols selected out a set of possible reference symbols, the
reference symbols of the first subset being associated with a
spatial channel, wherein a transmission characteristic of the
first subset of reference symbols depends on the spatial
channel.

2. The method of claim 1, wherein the transmission
characteristic of the set of reference symbols comprises at
least one of a modulation sequence, a spreading sequence, a
cyclic shift to a spreading sequence, a scrambling sequence
and a plurality of time/frequency resource elements.

3. The method of claim 1, wherein the first subset of
reference symbols of the secondary station is mutually
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orthogonal with at least one other subset of reference
symbols transmitted to the secondary station.

4. The method of claim 1, wherein the first subset of
reference symbols transmitted to a secondary station is
mutually orthogonal with at least one other subset of refer-
ence symbols transmitted to a further secondary station.

5. The method of claim 3, wherein the at the at least one
other subset of reference symbols is obtained by multiplying
the complex conjugate of each symbol of the first subset of
reference symbols by a sequnce comprising substantially
equal numbers of symbols of values x and symbols of
value-x.

6. The method of claim 5 wherein the sequnce comprising
substantialy equal numbers of symbols of values x and
symbols of value-x is a sequence of symbols successively
alternating between a value of 1 and a value of -1.

7. The method of claim 1, wherein a portion of the first
subset of reference symbols is arranged in both time and
frequency domains and is mutually orthogonal to a corr-
sponding portion of at least one other subset of reference
symbols identically arranged in both time and frequency
domains.

8. The method of claim 1, wherein the primary station
operates for a cell, and wherein the set of possible reference
symbols depends on an identifier of the primary station cell.

9. The method of claim 1, wherein the set of possible
reference symbols is an ordered list and wherein each subset
of reference symbols is associated sequentially, and where a
starting value of the subset for a spatial channel depends on
a respective spatial channel index.

10. The method of claim 9, wherein the primary station
operates for a cell, and wherein the starting value is deter-
mined from an identifier of the primary station cell.

11. The method of claim 1, wherein the subset of refer-
ence symbols further depends on at least one of the follow-
ing:

An identifier of the secondary station

An identifier of the primary station

A subframe number

An OFDM symbol number

A resource block index

A sub-block within a resource block

An index to a group of resource blocks

A carrier frequency

A carrier index.

12. The method of claim 1, wherein the subset of refer-
ence symbols further varies with the time.

13. The method of claim 1, where a spatial channel is
associated with an antenna or an antenna port.

14. A method for operating a secondary station compris-
ing means for communicating with at least one primary
station, the method comprising the secondary station receiv-
ing from the primary station a subset of reference symbols
selected out a set of possible reference symbols, the refer-
ence symbols of the subset being associated with a spatial
channel, wherein a transmission characteristic of the subset
of reference symbols depends on the spatial channel.

15. A primary station comprising means for communicat-
ing with a plurality of secondary stations, the primary station
comprising means for transmitting to a secondary station a
subset of reference symbols selected out a set of possible
reference symbols, the reference symbols of the subset being
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associated with a spatial channel, wherein a transmission
characteristic of the subset of reference symbols depends on
the spatial channel.

16. A secondary station comprising means for communi-
cating with at least one primary station, the secondary
station comprising means for receiving from the primary
station a subset of reference symbols selected out a set of
possible reference symbols, the reference symbols of the
subset being associated with a spatial channel, wherein a
transmission characteristic of the subset of reference sym-
bols depends on the spatial channel.

#* #* #* #* #*
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