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METHODS, APPARATUSES, SYSTEM, AND
RELATED COMPUTER PROGRAM
PRODUCT FOR RESOURCE ALLOCATION

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.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. national stage of International
Application No. PCT/EP2008/064125, filed Oct. 20, 2008
and claims the benefit thereof. The International Application
claims the benefits of European Application No. 07119645
filed on Oct. 30, 2007, both applications are incorporated by
reference herein 1n their entirety.

BACKGROUND

What 1s described below relates to resource allocation,
¢.g., In arrangements for Multi-BW (bandwidth) MU (multi-
user) MIMO (multiple mput multiple output) n an UL
(Uplink) transmission. More specifically, methods, appara-
tuses, a system and a related computer program product for
resource allocation, e.g., mm virtual MIMO and SDMA
(spatial division multiple access) are described and a situ-
ation 1 which, e.g., more than one UE (user equipment) can
reuse the same physical resources (such as frequency and
time), e.g., for UL transmaission.

SUMMARY

In 3GPP LTE (3™ Generation Partnership Project Long
Term Evolution), there have been discussions related to
resource allocation.

A rank (to be described herein below with reference to
FIG. 1) of a MIMO transmission i1s upper bounded, e.g., by
the number of receive antennas available at a receiver.
However, the separation and reliable detection of signals
transmitted becomes frequently diflicult when the MIMO
transmission rank 1s equal to the number of receiver anten-
nas. As a result, advanced and complex receivers are needed
or achievable throughput gain from the MIMO 1is reduced.

For example the gain from 2x2 (2 senders, 2 recewers)
MU MIMO 1s expected to be quite modest, e.g., in a LTE
UL, while 2x4 (2 senders, 4 receivers) MU-MIMO can
provide significant improvement.

DM RSs (Demodulation reference signals) need to have
very low cross-correlation 1n MIMO transmission. Cur-
rently, in the LUTE UL, zero-autocorrelation codes are used as
reference signals. Hence, diflerent cyclic shifts of a refer-
ence signal can be used as orthogonal reference signals 1n
MU-MIMO. However, orthogonality between the reference
signals 1s lost 1f the transmaissions involved 1n MU-MIMO
have different bandwidth (e.g., a number of PRBs (physical
resource blocks) exists).

It should be noted that UE pairing in MU-MIMO trans-
mission 1n practice may require channel information that 1s
still valid at the time of transmission. Thus, the MU-MIMO
transmission 1s limited to cases with relatively low Doppler
frequency. In such case, there 1s no need for frequency

hopping between slots.
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There have been approaches for overcoming the above

limitations. However, currently the adjustment of the MIMO

transmission rank i1s done by changing the number of UEs

paired. In case of 2 receiver antennas, this means selection
between MU-MIMO and normal SIMO transmissions.

One such approach i1s directed to multi-user MIMO with

multiple bandwidths. Furthermore, this approach proposes
also several demodulation reference signal arrangements for
MU-MIMO transmissions with multiple bandwidths. How-
ever, this approach 1s solely concerned with avoiding sched-
uling restrictions due to the requirement of the same band-
width among MU-MIMO transmissions.

In consideration of the above, an aspect 1s to overcome
one or more of the above drawbacks using methods, appa-
ratuses, a system and a related computer program product
for resource allocation.

A method 1n accordance with at least one or all of the

embodiments has respective demodulation reference signals
(DM RS) of the same user bandwidth cyclically shifted with
respect to each other.

At least some of respective demodulation reference sig-
nals of the at least two user bandwidths may be mutually
orthogonal.

Respective demodulation reference signals can be mutu-
ally orthogonal based on one or both of an orthogonal cover
code and a resource block-wise spreading code.

A method 1n accordance with at least one of the embodi-
ments may include generating (S1) resource block allocation
for at least two terminals 1n such a manner that a resource
block allocation for one of the at least two terminals 1s
different from the resource block allocation for another one
of the at least two terminals; and sending (S2) the resource
blocks generated.

Some or more of the terminals may have at least two user
bandwidths and the resource blocks may designate at least
one of the user bandwidths, wherein difterent terminals can
have the same or diflerent bandwidth allocation.

Resource block allocations being mutually different may
constitute a fractional rank which can be adjusted according
to at least one current channel used by the at least two
terminals.

The orthogonal cover code and a resource block-wise
spreading code may be constituted by one of a Walsh-
Hadamard code and a discrete Fourier transform (DFT)
code. The number of the orthogonal demodulation reference
signals having different overlapping bandwidth allocation
can be equal to or smaller than the number of demodulation
reference signal blocks 1n a transmission time interval. The
respective demodulation reference signals can be mutually
orthogonal based on 1nterleaved frequency division multiple
access (IFDMA).

The number of the demodulation reference signals may be
equal to the applied repetition factor (RPF).

The sending may include an uplink scheduling grant.

Uplink scheduling grant may be provided in a radio
resource control message, and may include a cyclic shift and
the orthogonal cover code.

Uplink scheduling grant may be provided in a radio
resource control message, and may include a cyclic shift and
an orthogonal comb position. In another embodiment, a
usage orthogonal cover or IFDM component may be tied
statically into DM RS resources.

An embodiment may further include receiving respective
allocation requests from the at least two terminals indicating
required resources for an intended uplink transmission of the
at least two terminals.
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An apparatus in accordance with at least one of the
embodiments may provide for generating (2025) resource
blocks for at least two terminals configured such that a
resource block allocation for one of the at least two terminals
1s different from the resource block allocation for another
one of the at least two terminals; and for sending (2023) the
resource blocks generated.

Each of the at least two terminals may be configured for
at least two user bandwidths and the generating 1s configured
such that the resource blocks designate at least one of the
user bandwidths. The generating may be configured such
that resource block allocations being mutually different
constitute a fractional rank. The generating may be config-
ured to adjust the fractional rank according to at least one
current channel used by the at least two terminals.

In accordance with at least one of the embodiments, an
apparatus may provide for generating and for sending which
may be configured to cyclically shift respective demodula-
tion reference signals (DM RS) of the same user bandwidth
with respect to each other. The generating and the sending,
may be configured to operate based on respective demodu-
lation reference signals of the at least two user bandwidths
being mutually orthogonal.

The respective demodulation reference signals are mutu-
ally orthogonal based on one of an orthogonal cover code
and a resource block-wise spreading code.

The orthogonal cover code and a resource block-wise
spreading code may, e.g., be constituted by one of a Walsh-
Hadamard code and a discrete Fourier transform (DFT)
code.

The number of the demodulation reference signals may be
equal to or smaller than the number of demodulation refer-
ence signal blocks 1n a transmaission time 1nterval.

Respective demodulation reference signals may be mutu-
ally orthogonal based on interleaved frequency division
multiple access IFDMA). The number of the demodulation
reference signals can be equal to the applied repetition factor
(RPF). The sending 1s optionally configured to send an
uplink scheduling grant.

The uplink scheduling grant may include an index for DM
RS resource having a cyclic shift and the orthogonal cover
code (or IFDM comb) wherein a usage orthogonal cover (or
IFDM comb) 1s configured using radio resource control
message.

The uplink scheduling grant may include an index for DM
RS resource having a cyclic shift and the orthogonal cover
code (or IFDM comb) wherein a usage orthogonal cover (or
IFDM component) 1s tied statically into DM RS resources.

The apparatus may further provide for recerving (2024)
respective allocation requests from the at least two terminals
indicating required resources for an intended uplink trans-
mission of the at least two terminals.

In accordance with at least one of the embodiments, a
method may include receiving (S3) resource blocks gener-
ated 1n such a manner that the resource block allocation for
one of the at least two terminals 1s different from the
resource block allocation for another one of the at least two
terminals; and allocating (S4) the resource blocks for the one
of the at least two terminals.

In accordance with at least one of the embodiments, an
apparatus may provide at least one of: generating configured
to cyclically shift respective demodulation reference signals
(DM RS) of a user bandwidth with respect to each other,
receiving (2014) resource blocks generated 1n such a manner
that the resource block allocation for one of the at least two
terminals 1s different from the resource block allocation for
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4

another one of the at least two terminals; and allocating
(2015) the resource blocks for the one of the at least two
terminals.

The apparatus may be capable of performing multi band-
width multi-user multiple input multiple output.

r

T'he terminals may be constituted by user equipments.
The apparatus may optionally be constituted by one or
more of a base station, a radio resource controller, a user
equipment, a chipset and module.

A system may include one or more of the apparatuses
described above.

A computer program product may include program code
for performing one or more of the methods steps of a method
as described above, when run on a computer.

In this connection, 1t has to be pointed out that the
methods described herein enable one or more of the follow-
ng:

Efficiently utilizing multi-bandwidth transmission 1n

MIMO;

Providing an arrangement of orthogonal UL reference
signals for multi-bandwidth multi-user MIMO;

Providing a solution for DM RS in more than one slot;

Easy adjustment of the MU-MIMO transmission rank
with finer granularity;

Enabling adjustment of the rank of MIMO transmission
according to the current channels of UEs paired for
MU-MIMO.

Enabling a better adaptation of MU-MIMO transmission
to the current channel conditions;

Simple implementation of the proposed DM RS arrange-
ment,

Improving channel estimation accuracy

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages will become more
apparent and more readily appreciated from the following
description of the exemplary embodiments, taken i con-
junction with the accompanying drawings of which:

FIG. 1A 1s transmission diagram of a first example of a
multi-BW multi-user MIMO arrangement providing a
MIMO transmission with an eflectively fractional rank, and
FIG. 1B shows a second example of a multi-BW multi-user
MIMO arrangement providing a MIMO transmission with
an ellectively fractional rank;

FIG. 2 1s block diagram and a data format of an arrange-
ment of a PDCCH (physical DL (downlink) control chan-
nel);

FIG. 3 1s a transmission timing diagram 1llustrating meth-
ods for resource allocation; and

FIG. 4 1s a block diagram of respective apparatuses (e.g.,
UEs and BS/RNC (base station/radio network controller))
for resource allocation.

FIGS. 5a, 5b are transmission diagram of a Multi-user
MIMO arrangement with equal bandwidth allocation (FIG.
5a) and different bandwidth allocation (FIG. 5b); and

FIG. 6 1s a subframe diagram for an embodiment of
orthogonal cover applied for DM RS of MU-MIMO users.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1

Retference will now be made 1n detail to the preferred
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout.
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Embodiments are described herein below by way of
example with reference to the accompanying drawings.

It 1s to be noted that for this description, the terms
“physical resource block/user bandwidth and user equip-
ment” are examples for “resource block and terminal”,
respectively, without restricting the latter-named terms to the
special technical or implementation details imposed to the
first-named terms.

FIG. 1A shows a first example of a multi-BW multi-user
MIMO arrangement (4 UEs and 4 PRBs/user BWs) provid-
ing MIMO transmission with an effectively fractional rank,
and FIG. 1B shows a second example of a multi-BW
multi-user MIMO arrangement (2 UEs and 3 PRBs/user
BWs) providing a MIMO transmission with an eflectively
fractional rank.

In the arrangement shown i FIGS. 1A and 1B, M
(physical) resource blocks (FIG. 1A: M=4, BW, to BW_;
FIG. 1B: M=3, BW, to BW,) are assigned to UEs (FIG. 1A:
4 UEs; FIG. 1B: 2 UEs) paired for MU-MIMO transmis-
sions, €.g., in the UL transmission. Within those M PRBs,
individual resource block allocation 1s performed for each
UE so that the allocation differs from the other allocations
within that MU-MIMO transmission. In other words, the
PRB/user BW allocation for each individual UE 1s per-
formed such that no given pair of two UEs 1s allocated
exactly the same PRBs/user BWs.

As shown, e.g., 1n FIG. 1B, UE, and UE, have substan-
tially the same need for communication resources. However,
in order to guarantee different PRB allocation, allocation 1s
performed such that UE, and UE, are allocated, ¢.g., BW,
in common, but BW, 1s alloca‘[ed solely to UE,, while BW,
1s allocated solely to UJZ The same applies to UE, to UJ4
in FIG. 1A, in which each of UE1 to UE4 mutually differs
in at least one allocated PRB/BW from any other UE.

Thus, as shown i FIGS. 1A and 1B, the eflective (or
average) rank Rankefl of MIMO transmission over M PRBs

1s fractional, 1.e. may be defined to be

i Rank(PRB;)
i=1

Rankeﬁr = M

According to FIG. 1A, the eftective rank Rank_,would be
(1+2+4+3)/4=2.5. According to FIG. 1B, the effective rank
Rank_,.would be (1+2+1)/3~1.3.

FIG. 2 shows an arrangement for a PDCCH (physical
downlink control channel) 204. As further shown 1n FIG. 2,
the PDCCH 204 may be used by the BS 202 prior to the UL
transmission i1n order to send, e.g., uplink (Scheduhng)
grants 2041, , 204n to the particular UEs 201, 1.e. UE,
to UE,. In other words during the DL transmission, these
UL grants 2041, . . ., 204n may serve for allocating PRBs
to the respective UEs 201 (UE, to UE,,) for the subsequent
UL transmissions.

As described herein below 1n greater detail, each UL grant
2041, . . ., 204n may form at least part of an index for a DM
RS resource containing a cyclic shift (used, e.g., for mutu-
ally separating different DM RSs from UEs in the same
PRB/BW) and an orthogonal cover code or an orthogonal
comb position (used, e.g., for mutually separating different
DM RSs from UEs 1n different PRBs/BWs). These DM RS
resources can be configured using RRC control signaling.

FIG. 3 shows embodiments of methods. Signaling
between elements 1s indicated 1n horizontal direction, while
time aspects between signaling may be reflected in the
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6

vertical arrangement of the signaling sequence as well as 1n
the sequence numbers. It 1s to be noted that the time aspects
indicated 1n FIG. 3 do not necessarily restrict any part of the
method shown to the sequence outlined. This applies 1n
particular to method steps that are functionally disjunctive
with each other, for example, 11 step S4 for allocating at least
two PRBs 1s performed in each UE separately, allocation
may be performed 1n a different order (order shown ranges
from UE, to UE,,), substantially simultaneously or simulta-
neously. The same arbitrariness i order applies to the
optional sending step S1-1 and the receiving step S3. Within
FIG. 3, for ease of description, portions providing main
functionalities are depicted with solid functional blocks or
arrows and a normal font, while portions providing optional
functions are depicted with dashed functional blocks or
arrows and an 1talic font.

As shown 1 FIG. 3, a communication system 200 may
include at least two UEs 201 (UE, to UE,,) and a network
203. The network 203 in turn may include the BS/RNC
(abbreviated as “BS” hereinafter) 202. The BS 202 may also
be disposed as an integral entity with, e.g., a gateway entity
not shown, or may be connected to the gateway entity not
shown.

As an optional preparatory measure, in step S1-1, e.g., the
UEs 201 may perform sending, to the BS 202, respective
resource allocation requests (e.g., UL requests). In optional
step S1-2, e.g., the BS 202 may perform receiving the
respective allocation requests (e.g., UL requests) from the at
least two termuinals (e.g., UE, to UE,, indicating required
resources for an intended UL transmission of the at least two
terminals.

In step S1, e.g., the BS 202 may perform generating RBs
(resource blocks) for at least two terminals 1n such a manner
that a resource block (e.g., PRB) allocation for one of the at
least two terminals (e.g., UE, ) 1s different from the resource

block allocation for another one of the at least two terminals
(e.g., UE,), as shown and described in conjunction with FIG.
1.

In step S2, e.g., the BS 202 may perform sending the
resource blocks generated. And, in step S3, e.g., at least two

the UEs 201 may perform receiving the resource blocks.

Then, 1n step S4, e.g., at least two of the UEs 201 may
perform allocating the resource blocks for the one (e.g.,
UE,) of the at least two termunals (e.g., UE, to UE,,).

According to further refinements of the methods relating,
¢.g., to the BS 202 or UEs 201, each of the at least two
terminals (e.g., UE, to UE,) may have at least two user
bandwidths (e.g., BW, to BW, ., see FIG. 1) and the resource
blocks designate at least one of the user bandwidths.

Furthermore, the resource block allocations being mutu-
ally different may constitute a fractional rank, as described
herein above 1n conjunction with FIG. 1. In addition, the
fractional rank may be adjusted according to at least one
current channel (or user BW) used by the at least two
terminals.

Furthermore, respective DM RSs of the same user BW
may be cyclically shifted with respect to each other. For
example, when usage of orthogonal DM RSs 1s indicated,
¢.g., 1n a UL grant, e.g., 1 bits 1n the UL grant (on PDCCH)
may indicate up to 2 cyclic shifts per sequence (j being an
integer greater than zero).

Moreover, respective DM RSs of the at least two user
bandwidths (e.g., BW, to BW, ) may be mutually orthogo-
nal. Especially, the respective DM RSs may be mutually
orthogonal based on an orthogonal cover code or a resource
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blockwise spreading code, wherein those codes may be
constituted by a Walsh-Hadamard code or a discrete Fourier
transform (DFT) code.

In other words, orthogonal DM RSs may be generated
using different cyclic shifts and different orthogonal cover
codes, e.g., of length 2 (|1, 1], [1, —1]), 1f M=2. It should be
noted that there 1s no need to ‘turn ofl” the orthogonal cover
code even 1f these codes not utilized. Hence, alternatively, a
particular DM RS resource could always mean the use of
certain orthogonal cover code. In such case, no additional
RRC signaling 1s required, and the used orthogonal cover
code could be defined, e.g., by:

Orthogonal DM RSs corresponding to resource numbers
[0, 1, 2, 3] (or BW1 and BW2, see FIG. 1B) may utilize
orthogonal cover code, e.g., of [1.1].

Orthogonal DM RSs corresponding to resource numbers
[4, 35, 6,7] (or BW3 and BW4, see FIG. 1B) may utilize
orthogonal cover code of [1,-1].

In addition to the above, the number of the DM RSs may
be equal to or smaller than the number of demodulation
reference signal blocks, e.g., 1n a transmission time interval.

Alternatively to the above orthogonality considerations,
the respective DM RSs may also be mutually orthogonal,
¢.g., based on mterleaved frequency division multiple access
(IF-DMA). In this case, the number of DM RSs may be
equal to the applied repetition factor (RPF).

In addition to the above, the sending may include an
uplink scheduling grant. In other words, in case of usage of
multiple orthogonal DM RSs, e.g., within a cell, the at least
two UEs may be informed, as part of the UL grant, which
orthogonal DM RS to use, e.g., i the first slot. DM RS
resources corresponding to the second slot may be based on
DM RS resources of first slot and some pre-defined DM RS
hopping pattern. In this case, the UL (scheduling) grant may
be provided 1n a radio resource control message. Further-
more, the UL grant may include a cyclic shiit and an
orthogonal comb position, 1 IFDMA 1s used, or an orthogo-
nal cover code, 1f IFDMA 1s not used.

FIG. 4 shows embodiments ol respective apparatuses
(e.g., UEs 201 and BS/RNC 202) for resource allocation.
Within FIG. 4, for ease of description, portions providing
main functionalities are depicted with solid functional
blocks or arrows and a normal font, while portions providing
optional functions are depicted with dashed functional
blocks or arrows and an 1talic font.

Each of the UEs 201 may have a CPU or core function-
ality CF (referred to as “CPU” heremafter) 2011, a memory
2012, a sender (or means for sending) Tx 2013, a receiver (or
means for recerving) Rx 2014 and an allocator (or means for
allocating) 2015. For ease of description, this full configu-
ration 1s only shown for UE,. The BS 202 may include a
CPU 2021, a memory 2022, a sender (or means for sending)
Tx 2023, a recerver (or means for receiving) Rx 2024 and a
generator (or means for generating) 2025. As indicated by
the dashed extensions of the functional blocks of the CPUs
2011 and 2021, the means for allocating 2015 of the UEs 201
and/or the means for generating 2025 of the BS 202 may be
functionalities running on the CPUs 2011 and/or 2021 or
may alternatively be separate functional entities or means.

The CPUs 20x1 (wherein x=1 and 2) may respectively be
configured to process various data inputs and to control the
functions of the memories 20x2, the senders 202x3 and the
receivers 20x4 (and the means for allocating 2015 of the
UEs 201 as well as the means for generating 20235 of the BS
202). The memories 20x2 may respectively serve, e.g., for
storing code means for carrying out, e.g., the respective
method, when run on the CPUs 20x1. It 1s to be noted that
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the senders 20x3 and the receivers 20x4 may also be capable
of sending/receiving 1n at least two frequency bandwidths

(denoted BW,, BW,, BW, ). Furthermore, 1t 1s to be noted

that the senders 20x3 and the receivers 20x4 may alterna-
tively be provided as respective integral transceivers (not
shown). It 1s further to be noted that the senders/receivers
may be mmplemented 1) as physical senders/receivers for
transceiving, €.g., via the air interface (e.g., in case of UE
201 towards the BS 202), or 1) as routing entities, e.g., for
sending/receiving data packets, e.g., in a PS network (e.g.,
between the BS 202 and a gateway not shown when the BS
202 and the gateway are disposed as separate network
entities), or 1) as functionalities for writing/reading infor-
mation into/from a given memory area (e.g., 1n case of
shared/common CPUs or memories, e.g., of BS 202 and the
gateway not shown when the BS 202 and the gateway not
shown are disposed as an integral network entity), or 1v) as
any suitable combination of 1) to 111).

Optionally, the means for sending 2013 of the at least two
UEs 201 may be configured to send receive respective
allocation requests (e.g., UL requests) from the at least two
terminals (e.g., UE, to UE,, 201) indicating required
resources for an intended UL transmission of those at least
two terminals. Consequently, the means for receirving 2024
of the BS 202 may optionally be configured to receive these
respective allocation requests (e.g., UL requests) from the at
least two terminals (e.g., UE, to UE,, 201).

Then, e.g., the means for generating 2025 of the BS 202
may be configured such that resource blocks for at least two
terminals (e.g., UE, to UE,;, 201) are generated in such a
manner that a resource block allocation (see, e.g., FIG. 1A,
PRB allocation for UE, ) for one of the at least two terminals

(e.g., UE,) 1s diflerent from the resource block allocation
(see e.g., FIG. 1A, PRB allocation any one of UE, to UE,)
for another one of the at least two terminals (e.g., UE, to
ULE).

And, the means for sending 2023 of the BS 202 may be
configured to send the resource blocks generated by the
means for generating 2025,

Then, e.g., the means for receiving 2014 of the at least two
UEs 201 may be configured to receive these resource blocks.

And, the means for allocating 2015 of the at least two UEs
201 may be configured to allocate the resource blocks for the
one (e.g., each individual one of UE, to UE,; 201) of the at
least two terminals.

According to further refinements of the apparatuses (e.g.,
BS 202 and/or UEs 201), each of the at least two terminals
(e.g., UE, to UE,,) may be configured for at least two user
bandwidths (e.g., BW, to BW, ., see FIG. 1) and the resource
blocks designate at least one of the user bandwidths.

Furthermore, the means for generating 2025 of the BS 202
may be configured such that the resource block allocations
being mutually diflerent may constitute a fractional rank, as
described herein above in conjunction with FIGS. 1 and 3.
In addition, the means for generating 20235 of the BS 202
may be further configured to adjust the fractional rank
according to at least one current channel (or user BW) used
by the at least two terminals.

Furthermore, ¢.g., the means for generating 2025 and the
means for sending 2023 of the BS 202 may be configured to
cyclically shift respective DM RSs of the same user BW
with respect to each other. For example, when usage of
orthogonal DM RSs 1s indicated, e.g., 1n a UL grant, e.g., ]
bits 1n the UL grant (on PDCCH, see FIG. 2) may indicate
up to 2 cyclic shifts per sequence (j being an integer greater
than zero).
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Moreover, the means for generating 20235 and the means
for sending 2023 may be configured to operate based one
respective demodulation reference signals of the at least two
user bandwidths (e.g., BW, to BW,,) being mutually
orthogonal. Especially, the respective DM RSs may be
mutually orthogonal based on an orthogonal cover code or
a resource block-wise spreading code, wherein those codes
may be constituted by a Walsh-Hadamard code or a discrete
Fourier transtorm (DFT) code.

In other words, the means for generating may be config-
ured to generate orthogonal DM RSs using different cyclic
shifts and different orthogonal cover codes, e.g., of length 2
([1, 1], [1, =1]), 1t M=2. It should be noted that there 1s no
need to ‘turn ofl” orthogonal cover code even 11 these codes
not utilized. Hence, alternatively, a particular DM RS
resource could always mean the use of certain orthogonal
cover code. In such case, no additional RRC signaling may
be required, and the used orthogonal cover code could be
defined, e.g., by:

Orthogonal DM RSs corresponding to resource numbers

[0, 1, 2, 3] (or BW1 and BW2, see FIG. 1B) may utilize

orthogonal cover code, e.g., of [1,1].
Orthogonal DM RSs corresponding to resource numbers

[4, 5, 6,7] (or BW3 and BWA4, see FIG. 1B) may utilize
orthogonal cover code of [1,-1].

In addition to the above, the number of the DM RSs may
be equal to or smaller than the number of demodulation
reference signal blocks, e.g., 1n a transmission time nterval.

Alternatively to the above orthogonality considerations,
the respective DM RSs may also be mutually orthogonal,
¢.g., based on interleaved frequency division multiple access

(IFDMA). In this case, the number of DM RSs may be equal

to the applied repetition factor (RPF).

In addition to the above, the means for sending 2023 of
the BS 202 may be configured to send an uplink (scheduling)
grant. In other words, 1n case of usage of multiple orthogonal
DM RSs, e.g., within a cell, the at least two UEs may be
informed, as part of the UL grant, which orthogonal DM RS
to use, e.g., 1n the first slot. In this case, the UL grant may
be 1n a radio resource control message. Furthermore, the UL

grant may 1nclude a cyclic shift and an orthogonal comb

position, 1f IFDMA 1s used, or an orthogonal cover code, 1
IFDMA 1s not used.

Furthermore, each of the UEs 201 and/or the BS 202, or
the respective functionalities carried out, may be 1mple-
mented as a chipset or module.

Finally, a system may include at least two UEs 201 and a
BS 202.

Without being restricted to the details following in this
section, an embodiment may be summarized as follows:

An arrangement of orthogonal reference signals for multi-

bandwidth MU-MIMO UEs on top of LTE Release 8
signaling 1s provided.

An eflicient MIMO transmission arrangement 1s provided.

MIMO transmission arrangement that has eflectively a
fractional rank 1s proposed. The arrangement 1s illustrated,
¢.g., in FIG. 1. In the arrangement, M resource blocks are
assigned to UEs paired for MU-MIMO transmissions.
Within M PRBs, individual resource block allocation 1s
allocated for each UE so that the allocation difl

ers from the
other allocations within that MU-MIMO transmission.

As seen from FIG. 1, the eflective or average rank of
MIMO transmission over M PRBs 1s fractional.

This fractional rank can be adjusted according to the
current channels of the paired UEs so that signals can be
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successiully receirved. In other words, effective MIMO rank
1s matched with the receiver/detection capability in current
channels.

Optimized multi-bandwidth MU-MIMO transmission
requires that DM RS with different bandwidths are orthogo-
nal. Orthogonality 1s obtained by applying orthogonal cover

code/block-wise spreading code over the DM RS blocks

within TTI. Such code can be, e¢.g., Walsh-Hadamard code
or DFT code. The number of different bandwidths for which
DM RS can be orthogonally multiplexed 1s given by the
number of DM RS blocks 1in T'T1. Alternatively, it 1s possible
to obtain orthogonal DM RSs with different bandwidths by
IFDMA. In case of IFDMA, the number orthogonal refer-
ence signals with different bandwidths correspond to the
applied repetition factor (RPF). Reference signals for the
UEs with the same bandwidth may also use the same
orthogonal cover code but different cyclic shift (1.e. equiva-
lent to previous solution).

The dynamic selection of used orthogonal cover (used
orthogonal comb 1n case of IFDMA) can be signaled to UE
in the UL scheduling grant. For example, 1n the case of LTE
release 8, RRC message 1s sent to UE indicating a set of
cyclic shifts, orthogonal cover codes or orthogonal comb
positions that are allowed to be used by the UE to differ-
entiate demodulation reference signals 1n MU-MIMO trans-
missions. UL scheduling grant can then dynamically indi-
cate the current selection of cyclic shift, orthogonal cover
code or orthogonal comb position from the set defined by the
RRC message.

Arrangement of multi-bandwidth MU-MIMO can be
implemented with a scheduler. At the receiver, linear FDE
(frequency domain equalizer) may be used in case of FIG.
1b. Alternatively, a receirver with interference cancellation
(1terative or non-iterative) 1s applied; e.g., the signal with
lowest eflective MIMO rank may be detected and cancelled
first.

Implementation of proposed DM RS requires DM RS
multiplication with orthogonal cover code as well as intro-
duction of RRC message selecting between the used cyclic
shifts, orthogonal cover code or orthogonal comb position.
An exemplary orthogonal DM RS assignment protocol
could be described by:

The possible use of multiple orthogonal DM RSs within
a cell 1s supported,

In case of multiple orthogonal DM RSs within a cell, the

UE 1s mformed as part of the UL grant which orthogonal
DM RS to use 1n the first slot,

When Orthogonal DM RSs 1s indicated in the UL grant,
3 bits 1n the UL grant (on PDCCH) indicate up to 8 cyclic
shifts per sequence,

Orthogonal DM RSs are generated using different cyclic
shifts and different orthogonal covers codes of length 2 (1,
1]:1 [1: _1])

It should be noted that there 1s no need to ‘turn ofl”
orthogonal cover code even 1f 1t 1s not utilized. Hence,
alternatively, a particular DM RS resource could always
mean the use of certain orthogonal cover code. In such case,
no additional RRC signaling 1s required, and the used
orthogonal cover code could be defined, e.g., by:

Orthogonal DM RSs corresponding to resource numbers
0, 1, 2, 3] utilize always orthogonal cover code of
111,
Orthogonal DM RSs corresponding to resource numbers
4, 5, 6, 7] utilize always orthogonal cover code of
1,-1].

In accordance with at least one of the embodiments, the
uplink scheduling grant may contain an index for orthogonal
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DM RS resources. These resources can be configured using
a radio resource control message, and may include a cyclic

shift and the orthogonal cover code.

The UL scheduling grant contains 3-bit information about
what 1s the actual DM RS resource to be used by this
particular UE. RRC signalling 1s used to configure these
resources. According to one or more of the embodiments,
orthogonal cover code 1s signalled besides the cyclic shiit
index for each of the 8 resources.

In another embodiment, the usage orthogonal cover (or
IFDM) component 1s not signalled, but it 1s tied statically
(e.g., by the specification) into specific DM RS resources.

Further Embodiments

For the purpose described herein above, 1t should be noted

that

for descriptive purposes, DM reference signal arrange-
ments are described in particular in context with 3GPP
LTE release 9 and, e.g., LTE release 8. However, 1n
general the principles may be applied to MIMO trans-
mission 1n any system that uses OFDMA (orthogonal
frequency division multiple access) or SC-FDMA
(single carrier frequency division multiple Access).

an access technology may be any technology by which a
user equipment can access an access network (or base
station, respectively). Any present or future technology,
such as WiIMAX (Worldwide Interoperability for
Microwave Access) or WLAN (Wireless Local Access
Network), BlueTooth, Infrared, and the like may be
used; although the above technologies are mostly wire-
less access technologies, e.g., 1n different radio spectra,
access technology may also imply wirebound technolo-
gies, e.g., IP based access technologies like cable
networks or fixed line.

a network may be any device, unit or means by which a
station entity or other user equipment may connect to
and/or utilize services oflered by the access network;
such services include, among others, data and/or (au-
dio-) visual communication, data download etc.;

generally, the method(s) may be applicable in those
network/user equipment environments relying on a
data packet based transmission scheme according to
which data are transmitted in data packets and which
are, for example, based on the Internet Protocol IR. The
methods are, however, not limited thereto, and any
other present or future IP or mobile IP (MIP) version,
or, more generally, a protocol following similar prin-
ciples as (M)IPv4/6, 1s also applicable;

a user equipment may be any device, unit or means by
which a system user may experience services from an
access network:

method steps likely to be implemented as software code
portions and being run using a processor at the network
clement, are software code independent and can be
specified using any known or future developed pro-
gramming language as long as the functionality defined
by the method steps 1s preserved;

generally, any method step 1s suitable to be implemented
as software or by hardware without changing the 1dea
in terms of the functionality implemented;

method steps and/or devices, units or means likely to be
implemented as hardware components at the UEs and/
or the BS, or any module(s) thereof, are hardware
independent and can be implemented using any known
or future developed hardware technology or any

hybrids of these, such as MOS (Metal Oxide Semicon-
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ductor), CMOS (Complementary MOS), BIMOS (Bi-

polar MOS), BICMOS (Bipolar CMOS), ECL (Emitter

Coupled Logic), TTL (Transistor-Transistor Logic),

etc., using for example ASIC (Application Specific I1C

(Integrated Circuit)) components, FPGA (Field-pro-

grammable Gate Arrays) components, CPLD (Com-

plex Programmable Logic Device) components or DSP

(Digital Signal Processor) components; in addition, any

method steps and/or devices, units or means likely to be

implemented as software components may alterna-
tively be based on any security architecture capable,
¢.g., ol authentication, authorization, keying and/or
traflic protection;

devices, units or means (e.g., UEs and/or BS) can be
implemented as individual devices, units or means, but

this does not exclude that they are implemented 1n a

distributed fashion throughout the system, as long as

the functionality of the device, unit or means 1s pre-
served. In the following, a further embodiment of
uplink demodulation reference signal, UL DM RS, for

Multi-bandwidth Multi-user Multiple 1nput multiple

output, MIMO, will be described.

When cyclic shift 1s indicated dynamically, 3 bits in the
UL grant (on PDCCH) may indicate up to 8 cyclic shifts per
sequence. The motivation for using multiple cyclic shiits
within a cell 1s related to the Multi-user MIMO operation.

The described embodiment may be used as such or 1n
combination with at least one or more of the above described
embodiments and provides an improvement for MU-MIMO
operation providing decreased cross-correlation properties
between reference signals of different MU-MIMO users.

There are two diflerent situations between different MU-
MIMO users, one with equal bandwidth allocation shown 1n
FIG. 3a), and another with non-equal bandwidth allocation
shown 1 FIG. 8b). The existing cyclic shift separation
works fine 1n case of equal bandwidth allocation as shown
in FIG. 5a). However, the orthogonality between the refer-

ence signals 1s lost 1f the transmissions mvolved 1 MU-
MIMO have difi

erent transmission bandwidth.

In the current situation, demodulation reference signals
need to have very low cross-correlation in MU-MIMO
transmission. In the LTE UL, zero-autocorrelation codes are
used as reference signals. Hence, different cyclic shifts of a
reference signal can be used as orthogonal reference signals
in MU-MIMO. However, as discussed above, orthogonality
between the reference signals 1s lost if the transmissions
involved in MU-MIMO have different bandwidth (1.e. num-
ber of physical resource blocks, PRB).

For multi-user MIMO with multiple bandwidths several
demodulation reference signal, DM RS, arrangements for
MU-MIMO transmissions with multiple bandwidths can be
provided so as to avoid scheduling restrictions due to the
requirement of the same bandwidth among MU-MIMO
transmissions.

A problem may be that that solution mvolves DM RS 1n
only one slot. Further DM RS are not fully orthogonal, and
spectral density of DM RS 1s unnecessarily reduced at least
for one UE mnvolved in MU-MIMO. This deteriorates in turn
channel estimation performance.

It should be noted that UE pairing in MU-MIMO {trans-
mission 1n practice requires channel information that 1s still
valid at the time of transmission. Thus the MU-MIMO
transmission 1s limited to cases with relatively low Doppler
frequency. In such case, there 1s no need for frequency
hopping between slots.

This embodiment provides a
mized multi-bandwidth MU-MI

scheme as follows. Opti-
MO transmission requires
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that DM RS with different bandwidths are orthogonal.
Orthogonality can be obtained by applying orthogonal cover
code over the DM RS blocks within TTI, as shown 1n FIG.
6. In this embodiment, orthogonal cover 1s applied for DM
RS of MU-MIMO users. Walsh-Hadamard codes may be
applied as orthogonal cover codes. Other codes may also be
used. FIG. 6 shows slots #1, #2 of a subframe. The DM RS
1s provided at the same position of the slots such as in the
middle or the respective fourth block of the slots.

The number of different bandwidths for which DM RS
can be orthogonally multiplexed 1s two. Reference signals
tor the UEs with the same bandwidth can also use the same
orthogonal cover code but different cyclic shift. At the UE
side, the proposed scheme requires DM RS multiplication
with orthogonal cover code.

Additional cover codes can be used on top of existing
cyclically shufted DM RS. This means that cross-correlation
properties between the reference signals can be improved
without any degradation on the existing cross correlation
properties.

The proposed DM RS arrangement of this and other
embodiments 1s simple to mmplement and allows {for
orthogonal DM RS between multi-bandwidth MU-MIMO
transmissions. This improves channel estimation accuracy.
There are no disadvantages on the use of orthogonal cover
code: the use of MU-MIMO 1s naturally limited to suih-
ciently low Doppler frequencies so that the cover codes
remain orthogonal 1n practice.

The dynamic selection of used orthogonal cover i1s sig-
naled to UE 1n the UL scheduling grant. For example in RRC
message 1s sent to UE indicating a set of cyclic shifts and
orthogonal cover codes that are allowed to be used by the
UE to differentiate demodulation reference signals in MU-
MIMO transmissions. UL scheduling grant can then
dynamically indicate the selected pair of cyclic shift and
orthogonal cover code from the set defined by the RRC
message. An exemplary orthogonal DM RS assignment
protocol can be described by at least one of or more or all
of the following:

The possible use of multiple orthogonal DM RSs within
a cell 1s supported;

In case of multiple orthogonal DM RSs within a cell, the
UE 1s mformed as part of the UL grant which orthogonal
DM RS to use 1n the first slot:

When Orthogonal DM RSs 1s indicated in the UL grant,
3 bits 1n the UL grant (on PDCCH) indicate up to 8
orthogonal DM RS resources;

Orthogonal DM RSs are generated using different cyclic
shifts and different orthogonal covers codes of length 2 (]1,
1]: [1: _1])

It should noted that there 1s no need to ‘turn off” orthogo-
nal cover code even 1f it 1s not utilized. Hence, alternatively,
a particular DM RS resource can always mean the use of
certain orthogonal cover code. In such case, no additional
RRC signaling 1s required, and the used orthogonal cover
code may be defined, e.g., by:

Orthogonal DM RSs corresponding to resource numbers
[0, 1, 2, 3] utilize always orthogonal cover code of [1,1];

Orthogonal DM RSs corresponding to resource numbers
[4, 5, 6, 7] utilize always orthogonal cover code of [1,-1]

The embodiment provides DM RS allocation with Multi-
user MIMO. Orthogonality problems related to DM RS with
MU-MIMO UEs having different transmission bandwidth

are solved.
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There are provided orthogonal cover code over the DM
RS blocks within TTI. Walsh-Hadamard codes of [1, 1] and
[1, —1] can be applied as orthogonal cover codes 1n one or
more of the embodiments.

Existing dynamic signaling included in UL grant (3 bits)
1s enough also 1n case when orthogonal cover code 1s used
between reference signals of different MU-MIMO UE:s.
Regarding to configuration of these DM RSs, two alterna-
tives exist:

Additional information field n DM RS configuration:
Orthogonal cover codes are configured together with
orthogonal cyclic shiits;

No additional signalling: particular DM RS resource may
always mean the use of certain orthogonal cover code.

A description has been provided with particular reference
to preferred embodiments thereof and examples, but 1t waill
be understood that variations and modifications can be
cllected within the spirit and scope of the claims which may
include the phrase “at least one of A, B and C” as an
alternative expression that means one or more of A, B and
C may be used, contrary to the holding in Superguide v.
DIRECTY, 358 F3d 870, 69 USPQ2d 18635 (Fed. Cir. 2004).

For ease of clearness, the following table provides a
survey of the abbreviations used in the above description. It
1s to be noted that an *“s” following an abbreviation repre-
sents the plural of that abbreviation, e.g., “UEs” represents
“user equipments”’.

3GPP 37¢ generation partnership project

DL Downlink

DM RS Demodulation Reference Signal

FDE Frequency Domain Equalizer

IC Interference Cancellation

IFDMA Interleaved Frequency-Division Multiple Access
LTE Long Term Evolution

MIMO Multiple-Input Multiple-Output

MU-MIMO Multi-User Multiple-Input Multiple-Output
OFDMA Orthogonal Frequency Division Multiple Access
RPF Repetition Factor

RS Reference Signal

SC-FDMA Single Carrier Frequency Division Multiple Access
SDMA Spatial Division Multiple Access

UE User Equipment

UL Uplink

The mvention claimed is:

1. A method, comprising:

cyclically shufting with respect to each other, demodula-
tion reference signals of one user bandwidth[,]; and

generating rvesource block allocation for at least two
terminals in such a manner that a first vesource block
allocation for omne of the at least two terminals is
different from a second rvesource block allocation for
another of the at least two terminals; and

sending the resource block allocation generated,

wherein respective demodulation reference signals of at
least two user bandwidths are mutually orthogonal
based on at least one of an orthogonal cover code and
a resource block-wise spreading code,

wherein different terminals can have either identical or
different bandwidth allocation, and

wherein each of the at least two terminals has at least two
user bandwidths and the resource block allocation
designates at least one of the user bandwidths.

[2. The method according to claim 1, comprising:

generating resource block allocation for at least two
terminals 1n such a manner that a first resource block
allocation for one of the at least two terminals 1s
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different from a second resource block allocation for
another of the at least two terminals; and

sending the resource block allocation generated.]

[3. The method according to claim 2,

wherein different terminals can have either identical or

different bandwidth allocation, and

wherein each of the at least two terminals has at least two

user bandwidths and the resource block allocation
designates at least one of the user bandwidths.]

4. The method according to claim [3] I, wherein the
resource block allocation 1s mutually different and consti-
tutes a fractional rank.

5. The method according to claim 4, wherein the frac-
tional rank 1s adjusted according to at least one current
channel used by the at least two terminals.

6. The method according to claim 5, wherein a first
number of orthogonal demodulation reference signals hav-
ing different overlapping bandwidth allocation 1s equal to or
smaller than a second number of demodulation reference
signal blocks 1n a transmission time interval.

[7. The method according to claim 1, wherein the respec-
tive demodulation reference signals are mutually orthogonal
based on interleaved frequency division multiple access.}

8. [The method according to claim 7,] A method, com-
prising:

cvclically shifting with respect to each other, demodula-

tion reference signals of one user bandwidth,
whevrein respective demodulation reference signals of at
least two user bandwidths ave mutually orthogonal
based on at least one of an orthogonal cover code and
a resource block-wise spreading code,

whevrein the vespective demodulation rveference signals are
mutually orthogonal based on interleaved frequency
division multiple access, and

wherein a number of the respective demodulation refer-

ence signals 1s equal to an applied repetition factor.

9. The method according to claim 8, further comprising
sending an uplink scheduling grant.

10. The method according to claim 9,

wherein the uplink scheduling grant includes an index for

a demodulation reference signal resource having a
cyclic shift and an orthogonal cover code, and

wherein a usage orthogonal cover 1s configured using a

radio resource control message.

11. The method according to claim 9,

wherein the uplink scheduling grant includes an index for
a demodulation reference signals resource having a
cyclic shift and an orthogonal cover code, and

wherein a usage orthogonal cover or an interleaved fre-
quency division multiple access comb 1s tied statically
into demodulation reference signal resources.

12. The method according to claim 11, further comprising
receiving respective allocation requests from at least two
terminals 1ndicating required resources for an intended
uplink transmission of the at least two terminals.

[13. An apparatus, comprising:

a sender cyclically shifting with respect to each other,

demodulation reference signals of one user bandwidth,

said sender including:

means for generating the demodulation reference sig-
nals, and

means for sending the demodulation reference signals
over the one user bandwidth with the demodulation
reference signals cyclically shifted with respect to
each other, and
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wherein respective demodulation reference signals are
mutually orthogonal based on one of an orthogonal
cover code and a resource block-wise spreading code.}

[14. The apparatus according to claim 13, further com-
prising means for sending an uplink scheduling grant.}

[15. The apparatus according to claim 14, wherein the
apparatus allocates resources for at least two terminals, and

turther comprising means for receiving respective alloca-

tion requests from the at least two terminals indicating
required resources for an mtended uplink transmission
of the at least two terminals.]

[16. The apparatus according to claim 15, wherein the
apparatus performs multi bandwidth multi-user multiple
input multiple output.}

[17. An apparatus allocating resource blocks for at least
two terminals, comprising:

means for generating resource block allocation for the at

least two terminals with a first resource block allocation
for one of the at least two terminals different from a
second resource block allocation for another one of the
at least two terminals; and

means for sending the resource block allocation generated

by said generating means, and

wherein each of the at least two terminals 1s configured for

at least two user bandwidths and said generating means
generates the resource block allocation designating at
least one of the two user bandwidths.]

[18. The apparatus according to claim 17, wherein said
generating means generates the first and second resource
block allocations mutually different with a fractional rank.]

[19. The apparatus according to claim 17, wherein said
generating means adjusts the fractional rank according to at
least one current channel used by the at least two terminals.}

[20. The apparatus according to any one of claim 19,
wherein said generating means and said sending means
operate based on respective demodulation reference signals
of the at least two user bandwidths being mutually orthogo-
nal.}

[21. The apparatus according to claim 20, wherein a first
number of the demodulation reference signals 1s equal to or
smaller than a second number of demodulation reference
signal blocks in a transmission time interval.]

[22. The apparatus according to claim 20, wherein the
respective demodulation reference signals are mutually
orthogonal based on interleaved frequency division multiple
access.}

[23. The apparatus according to claim 22, wherein a
number of the demodulation reference signals 1s equal to an
applied repetition factor.}

[24. The apparatus according to claim 23, further com-
prising means for sending an uplink scheduling grant.}

[25. The apparatus according to claim 24, wherein the
uplink scheduling grant i1s included 1n a radio resource
control message, and includes a cyclic shift and an orthogo-
nal cover code.}

[26. The apparatus according to claim 24,

wherein the uplink scheduling grant includes at least one

of an index for a demodulation reference signal
resource having a cyclic shitt and an orthogonal cover
code or an interleaved frequency division multiple

access comb, and

wherein at least one of a usage orthogonal cover and the
interleaved frequency division multiple access comb 1s
configured using a radio resource control message.}
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[27. The apparatus according to any claim 26, wherein the
uplink scheduling grant 1s included in a radio resource
control message, and includes the cyclic shift and an
orthogonal comb position.}
[28. The apparatus according to claim 27, wherein at least
one of the usage orthogonal cover and an interleaved fre-
quency division multiple access component is tied statically
into demodulation reference signal resources.]
[29. The apparatus according to claim 28, further com-
prising means for receiving respective allocation requests
from the at least two terminals indicating required resources
for an intended uplink transmission of the at least two
terminals. ]
[30. The apparatus according to claim 29, wherein the
apparatus performs multi bandwidth multi-user multiple
input multiple output.}
[31. The apparatus according to claim 29, wherein the at
least two terminals are user equipment.]
[32. The apparatus according to claim 29, wherein the
apparatus 1s one of a base station and a radio resource
controller.}
[33. The apparatus according to claim 29, wherein the
apparatus is user equipment.}
[34. The apparatus according to claim 33, wherein the
apparatus is implemented in one of a chipset and a module.}
[35. A method, comprising at least one of:
receiving an uplink scheduling grant including at least one
of a cyclic shift, an orthogonal cover code, an index for
a demodulation reference signal resource having a
cyclic shift, and an orthogonal cover code or an inter-
leaved frequency division multiple access comb; and

receiving a resource block allocations, including a first
resource block allocation for one of at least two termi-
nals that 1s different from a second resource block
allocation for another one of the at least two terminals,
and allocating resource blocks for the one of the at least
two terminals.]
[36. An apparatus allocating resource blocks for one of at
least two terminals, comprising
at least one of:
means for generating demodulation reference signals of
one user bandwidth with respective demodulation
reference signals cyclically shifted with respect to
each other, and
means for using the demodulation reference signals
generated; and
means for receiving a resource block allocation for one
of the at least two terminals that 1s different from
another resource block allocation for another one of
the at least two terminals, and
means for allocating the resource blocks for the one of
the at least two terminals, and
wherein respective demodulation reference signals of at
least two user bandwidths are mutually orthogonal
based on at least one of an orthogonal cover code and
a resource block-wise spreading code, and

wherein each of the at least two terminals 1s configured for
the at least two user bandwidths and means for allo-
cating the resource blocks allocates the resource block
for at least one of the two user bandwidths.]

[37. The apparatus according to claim 36, wherein the
apparatus performs multi bandwidth multi-user multiple
input multiple output.}

[38. The apparatus according to claim 36, wherein the at
least two terminals are user equipment.]

[39. The apparatus according to claim 38, wherein the
apparatus is implemented as a chipset or module.]
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[40. A system, comprising:
a sender cyclically shifting with respect to each other,
demodulation reference signals of one user bandwidth;
and
at least two apparatuses allocating resource blocks, each
including at least one of:
means for generating demodulation reference signals of
one user bandwidth with respective demodulation
reference signals cyclically shifted with respect to
each other; and

means for receiving a resource block allocation that 1s
different from another resource block allocation for
another one of the at least two apparatuses and for
allocating the resource blocks.]

[41. A computer-readable medium encoded with a com-
puter program that when executed controls a computer to
perform a method comprising:

cyclically shufting with respect to each other, demodula-
tion reference signals of one user bandwidth.]

[42. A computer-readable medium encoded with a com-
puter program that when executed controls a computer to
perform a method comprising at least one of:

recerving an uplink scheduling grant including at least one
of a cyclic shift, an orthogonal cover code, an index for
a demodulation reference signal resource having a
cyclic shift, and an orthogonal cover code or an inter-
leaved frequency division multiple access comb; and

receiving a resource block allocations, including a first
resource block allocation for one of at least two termai-
nals that 1s different from a second resource block
allocation for another one of the at least two terminals,
and allocating resource blocks for the one of the at least
two terminals.]

43. A method comprising.

a user equipment (UE) receiving an uplink scheduling
grant including an index for a demodulation reference
signal (DM RS) resource, the DM RS resource com-
prising a cyclic shift and an orthogonal cover code;

the UL cvclically shifting a zevo-autocorrelation code by
the cvclic shift to obtain a first signal;

the UE encoding the first signal over two consecutive time
slots of a subframe using the orthogonal cover code to
obtain a second signal; and

the UE transmitting the second signal.

44. The method of claim 43, wherein a usage of the
orthogonal cover code is configured using a radio rvesource
control (RRC) message received from a network.

45. The method of claim 43, whevein the orthogonal cover
code has a length of 2.

46. The method of claim 45, wherein the orthogonal cover
code is selected from the set {[1, 1], [1, -1]}.

47. The method of claim 43, further comprising the UE
sending an uplink rvequest prior to rveceiving the uplink
scheduling grant.

48. The method of claim 43, wherein the uplink scheduling
grant includes an allocation of resource blocks for the UE.

49. A method comprising:

generating, at a base station (BS), a first uplink sched-
uling grant having a first index indicating a first
demodulation reference signal (DM RS) resource, the
first DM RS resource comprising a cyclic shift appli-
cable to a zero-autocorrvelation code and an orthogonal
cover code;

sending the first uplink scheduling grant to a first user
equipment (UE) in a network communication system;

receiving, following the sending, one ov movre first uplink
signals from the first UL, at least one of the first uplink
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signals having at least one subframe including two
consecutive time slots, each of the two consecutive time
slots including a respective first DM RS corresponding
to the zervo-autocorrvelation code cyclically shifted by
the cyclic shift and encoded by the orthogonal cover
code.

50. The method of claim 49, wherein the first uplink
scheduling grant includes an allocation of resource blocks
for the first UE.

51. The method of claim 49 further comprising:
generating, at the BS, a second uplink scheduling grant
having a second index indicating a second demodula-

tion rveference signal (DM RS) resource, the second DM

RS comprising a second cyclic shift applicable to a

second zero-autocorrelation code and a second

orthogonal cover code;
sending the second uplink scheduling grant to a second
UL in the network communication system,; and

receiving, at the BS, one or more second uplink signals
from the second UE, at least one of the second uplink
signals having at least one subframe including two
consecutive time slots, each of the two consecutive time
slots including a vespective second DM RS correspond-
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ing to the second zevo-autocorrvelation code cyclically »s

shifted by the second cyclic shift and encoded by the

second orthogonal cover code.
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52. The method of claim 49, wherein the ovthogonal cover
code is of length 2.

53. The method of claim 52, wherein the orthogonal cover
code is selected from the set {[1, 1], [1, =1]}.

54. The method of claim 53, further comprising demodu-
lating the at least one first uplink signal based on at least

one of said rvespective first DM RS of the at least one
subframe.

55. The method of claim 54, wherein the demodulating is
based on the cyclic shift and the orthogonal cover code.

56. The method of claim 54, wherein the demodulating is
based on each respective first DM RS of the two consecutive
time slots.

57. The method of claim 49 further comprising sending,
by the BS, a radio resource control (RRC) message in the
network communication system, the RRC message being
adapted to configure use of the orthogonal cover code by the

first UE.
58. The method of claim 57, wherein the RRC message is

- further adapted to configure use of the cyclic shift by the first

UL,
59. The method of claim 49, further comprising rveceiving,

at the BS, a first resource allocation request prior to sending
the first uplink scheduling grant.

60. The method of claim 59, wherein said first vesource
allocation vequest is an uplink request.
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