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MODE SWITCHING BETWEEN SU-MIMO AND MU-MIMO

TECHNICAL FIELD

The present invention relates to a method and arrangements in a
telecommunication system. In particular it relates to a method and arrangements.
for Multi User Multiple-Input-Multiple-Output  signaling in  the

telecommunication system.

BACKGROUND

in the cellular telecommunication system which typically comprises, as illustrated in.
fig. 1, a core network 1, a radio access network 2, User Equipments (UEs) 4 and base
stations 3 multiple transmit antennas can be used for achieving high data rates in
various ways. A multiple-input-multiple-output (MIMO) channel is formed if also the
receiver has multiple antennas. One ;applicat‘ion- in such a setup is to strive for high
peak rates to a single user. By transmitting on several layers which means that the
information is transmitted on several bit streams the information is spread in the
spatial domain, substantial improvement in data rate can be achieved under ,fa,v}erabip_;
channel conditions. This is called single user MIMO (SU-MIMO) since the data on
several layers is intended for a single receiver/user/UE/terminal. Figure 2 shows an
example of a base station 20, with multiple transmit antennas 23, that is transmitting
in SU-MIMO made to a single UE 21. As shown in figure 2 several layers 22 are
transmitted to a single UE 21. In figure 2 the UE is also transmitling to the base
station 20 using several layers. The telecommunication system may be a2 LTE-system

which is an evolution of the UMTS.

The number of simultaneously transmitted layers depends highly on the
properties of the MIMO channel. Because of for example fading, uﬁs-;a'ally the
MIMO channel does not support more than one layer transmission 10 a single
UE. This limits the data rate and means that spatial multiplexing gain is not
possible. To still reach high system capacity it might be beneficial 1o &aﬁsmi‘t
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only a limited number of layers to a single user and instead schedule several
users on the same physical resource (e.g. time — frequency - code tile) and use
the spatial domain (layers) to separate the users. In essence. layers belonging to
different users are transmitted on the same physical resource. Even if the
channel to a particular user is such that it does not support multiple layers,
which means that it is not possible to transmit multiple layers to that particular
user, spatial multiplexing gain on a system level can be achieved as long as the
user can efficiently suppress the layers transmitted to the other users. This
technique is sometimes referred to as multi-user MIMO (MU-MIMO) and 1s
especially attractive in high load scenarios with many active users as described
in 3GPP R1-063130, "System level comparison between MU- and SU-MIMO
for downlink precoding systems with four transmit antennas", Ericsson. TSG-
RAN WGI #47. Nov 2006. Figure 3 shows an example of a base station 20.
with multiple transmit antennas 23, that is transmitting in MU-MIMO mode to
multiple UEs 31, 32 and 33. As shown in figure 3 different layer 34. 35 and 36
is transmitted to each UE 31, 32 and 33. As illustrated in figure 3 each UE is

also transmitting to the base station 20 using different layers.

In the Long Term Evolution (LTE) standardization process. there 1s agreement
on the support of SU-MIMO and MU-MIMO in the downlink and that there will
be the possibility to semi-statically switch between these two modes. kach UE
(user/receiver) can in the MU-MIMO mode receive zero or one layer. There are

basically three proposals for MU-MIMO support under discussion:

. Classical space-division multiple access (SDMA) for correlated
antenna array setups described in 3GPP RI-072464, “MU-MIMO for
E-UTRA DL", Ericsson, TSG-RAN WG1 #49, May 2007 .

D

Zero-forcing beamforming described in 3GPP R1-071510. “Details of
Zero-Forcing MU-MIMO for DL E-UTRA?”, Freescale Semiconductor
Inc, TSG RAN WG #48bis, March 2007.

PCT/SE2008/050383
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3. Per user unitary rate control (PU2RC) described in 3GPP R1-060335,

“Downlink MIMO for EUTRA”, Samsung. TSG RAN WGI1 #44, Feb
2006 .

5 It has not yet been decided which scheme to support and many remaining details
of the standardization of MU-MIMO are hence lacking. One problem that occur
regardless of MU-MIMO mode is how the UE is to know the power offset
between a power reference like for instance reference symbols (RS) and data
symbols transmitted to the UE. The base station has a certain transmit power of

10  which a certain amount is used to transmit data symbols to a particular UE. The

power offset indicates how much power that is used to transmit the data symbols

in relation to the power reference. This power offset is needed in order to
support efficient demodulation in the UE when higher order modulation
alphabets like 16 QAM or other higher order modulation schemes are used. The

15 power offset can vary dynamically because of different power settings at the

base station also referred to as Node B or eNode B. In case of MU-MIMQO, the

power offset can however also fluctuate because of a varying number of
multiplexed UEs on the same physical resource. The available transmission
power may for example be equally divided among UEs scheduled on ditterent

20 layers in the MU-MIMO mode, meaning less power per UE when several UEs

are multiplexed.

SUMMARY

[t is therefore an object of the present invention to provide an improved solution for
25  MU-MIMO signaling in a telecommunication system for obviating at least some of
the above mentioned problems. The inventive solution to this end intends to enable
reuse of SU-MIMO functionality as much as possible in order to support MU-MIMO

operation and to reinterpret any signaling in SU-MIMO mode that is not needed for
MU-MIMO.

30
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More specifically a first aspect of the present invention relates to a method for Multi
User Multiple-Input-Multiple-Output (MU-MIMO) signaling from Multiple-Input-
Multiple-Output MIMO antennas of a base station to one of a plurality of mobile
terminals of a communication system. where the mobile terminal is configured for
both Single User and Multi User Multiple-Input-Multiple-Output (SU-MIMO and
MU-MIMO) signaling modes. The mobile terminal is also configured to switch
between the modes, wherein the modes have partly shared signaling. A first step of
the method comprises identifying SU-MIMO signaling. which is redundant for the
MU-MIMO mode. A second step in the method comprises reinterpreting bits of the
redundant signaling to comprise signaling information. associated with MU-MIMO
mode. A third step in the method is to inform the UE via signaling about the
reinterpretation of the redundant bits. The method further comprises a fourth step of
signaling information associated with MU-MIMO mode by using the reinterpreted

redundant bits.

A second aspect of the present invention relates to a radio base station in a
communication system comprising Multiple-Input-Multiple-Output (MIMO) antennas
for signaling to one of a plurality of mobile terminals and configured to both Single
User and Multi User Multiple-Input-Multiple-Output (SU-MIMO and MU-MIMO)
signaling modes, where the base station comprises means for switching between the
modes. The modes having partly shared signaling and the base station further
comprises. a signaling mode comparator means for identifying, SU-MIMO mode
signaling which is redundant for MU-MIMO mode. A reinterpreting means is also
present for reinterpreting bits of the redundant signaling to comprise signaling
information, associated with MU-MIMO mode. Further means in the base station is a
transmitter means for informing via signaling to the UE about the reinterpretation of
the redundant bits and signaling information associated with MU-MIMO mode by

using the reinterpreted redundant bits.
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A third aspect of the present invention relates to a mobile terminal comprising
Multiple-Input-Multiple-Output (MIMO) antennas configured for both Single User
and Multi User Multiple-Input-Multiple-Output (SU-MIMO and MU-MIMO)
signaling modes wherein the mobile terminal comprises means for switching between
the modes, the modes having partly shared signaling. The mobile terminal further
comprises a receiver means for receiving from the base station information about a
reinterpretation of redundant SU-MIMO bits. By using the receiver means, the mobile
terminal also receives signaling information associated with MU-MIMO mode by
receiving the reinterpreted redundant bits. There is also means for interpreting the

reinterpreted redundant bits using the information about the reinterpretation of

redundant SU-MIMO bits.

The invention has the advantage of enabling simpler implementation and fewer
options in the communication system. The latter is particularly important for
facilitating testing that equipment complies with standard. By possibly using
codebook subset restriction in combination with intentionally scheduling several
terminals or UEs on the same physical resources (resource elements), MU-
MIMO can be efficiently supported, at least for SDMA (Space Division
Multiple Access) and correlated antenna arrays. when the terminals or UEs are
informed of the power offset between the power reference and own data

symbols.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 i1llustrates a cellular telecommunication system wherein the present invention

may be implemented.

Fig. 2 illustrates a base station operating in SU-MIMO mode.

Fig. 3 illustrates a base station operating in MU-MIMO mode.

Fig. 4 illustrates bits used for signaling in SU-MIMO modec and MU-MIMO mode.
Fig. 5 illustrates a method according to embodiments of the present invention.

Fig. 6 illustrates a base station according to embodiments of the present invention.

Fig. 7 illustrates a mobile terminal according to embodiments of the present invention.

DETAILED DESCRIPTION

The foregoing and other objects. features and advantages of the invention will be

apparent from the following detailed description of preferred embodiments.

The present invention relates to a cellular telecommunication system as illustrated in
fie. 1. The present invention sets forth a method and arrangements for Multi User
Multiple-Input-Multiple-Output signaling in a telecommunication system. The basic
idea of the present invention is to utilize the fact that MU-MIMO and SU-MIMO
share many similarities. However they are currently classified as two quite different
modes, but there is a lot to gain from exploiting the commonality between the two
modes for reducing the number of signaling options. This would not only mean
simpler implementation of transmitters and receivers but it will also facilitate testing

of equipment to ensure that it fulfills the standard.

When transmitting in SU-MIMO mode or MU-MIMO mode a precoding matrix needs

to be selected by the base station for the transmission. According to 3GPP standard
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the precoding matrix shall be selected from precoding matrices in a 3GPP standard
code book. Each UE recommends, among the precoding matrixes in the codebook, a
subset of precoding matrix from the codebook to be used by the Node B in possible
subsequent downlink transmissions. Based on e.g. the antenna configuration of the
base station the base station can further confine the precoding matrices selection in the
UE to a subset of the precoding matrices in the codebook. This technique is called
codebook subset restriction. Using code book subset restriction means that the base

station has to signal fewer alternative precoding matrices to the UE from which the

UE can recommend one to the base station.

By utilizing the agreed working assumption of codebook subset restriction,
almost everything from SU-MIMO mode can be reused for MU-MIMO mode as
long as it is not explicitly forbidden to schedule multiple terminals or UEs on
the same physical resource. One thing that needs to be added to the MU-MIMO
mode is informing the UE at a fast rate about the previously mentioned power
offset between its data symbols and the power reference. This minor
modification seems at least sufficient for SDMA for correlated antenna arrays
and a number of related setups. An alternative to signaling the power offset to

the UEs, is to signal the total number of multiplexed UEs.

The present invention adds support for MU-MIMO mode signaling such as
power offset signaling by utilizing SU-MIMO signaling (i.e. bits) that is not
needed for MU-MIMO operation and let them be re-interpreted as MU-MIMO
mode signaling information such as the power offset signaling. Note that the
signaled power offset can be relative to other varying power offset levels such as
data to pilot power ratios and/or measurement power offsets. The transmission
rank, i.e. the number of transmitted layers is one example of such unused SU-
MIMO signaling since the MU-MIMO mode only needs to support a limited
transmission rank per UE. Bits used for precoding matrices not needed because
of e.g. application of codebook subset restriction can also be

reused/reinterpreted.



10

15

20

25

30

WO 2009/002251

CA 02692109 2009-12-14

Taking four transmitting antennas at the NodeB as an example, signaling of the
transmission rank in SU-MIMO mode requires essentially two bits. The
transmission rank is signaled in the downlink whenever the UE is scheduled, i.e.
possibly for each sub frame. These bits can be reused when transmitting in MU-
MIMO mode to e.g. indicate a four-level power offset instead of the
transmission rank. The same or a different granularity between the power offset
steps may be used. In the simplest case, the power offsets correspond to the
factors 1/4, 1/3, 1/2 and | corresponding to four, three, two and one multiplexed
UEs respectively. This would for example be applicable to a scenario using
Space Division Multiple Access (SDMA) with eight beamformers and a uniform
linear array (ULA) having 0.5 wavelength element spacing, since this antenna
configuration makes it possible to multiplex up to four UEs on the physical

resources.

Similarly, for the case with two transmitting antennas up to two UEs can be
multiplexed in MU-MIMO mode and there is hence a need to signal power
offset factors 1/2 and . In the case of correlated SDMA, four different
beamforming/precoding matrices are typically needed, since the other precoding
matrices in the 2 Tx LTE codebook are not relevant for this antenna
configuration. The 2 Tx codebook in LTE has totally nine elements, which

means that five of the elements never need to be signaled to the UE.

As illustrated in fig. 4 four bits 40 are reserved in SU-MIMO mode for signaling
from the base station to the UE which precoding matrix that the UE should
choose from. In the case of MU-MIMO mode only two bits 41 are needed for
signaling to the UE which precoding matrix that the UE should choose from. In

MU-MIMO mode the two bits 42 are therefore redundant and may therefore be

used to signal the power offset to the UE.

PCT/SE2008/050383
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A 4 Tx NodeB antenna setup divided into two pairs of cross-polarized antennas
is another important scenario that may be beneficial for MU-MIMO operation. If
the antenna pairs are spaced 0.5 wavelengths apart, it is possible to perform
correlated beamforming to separate the users and to utilize the two orthogonal
polarizations for supporting up to two layer transmission for each UE. The 4 Tx
SU-MIMO codebook has been concluded in the LTE standardization process, to
contain 16 elements per transmission rank (number of transmitted layers). A
minimal codebook for MU-MIMO in the considered setup would need four
precoder elements when implementing 2 Tx beamforming on each polarization
for single layer transmission and two precoder elements for dual layer
transmission. For single rank transmission, a two bit power scaling offset is
needed while for dual layer transmission, only a single bit power scaling is
needed. This leads to a total of 4*4+42*2= 20 combinations, which fit well into
the 64 different combinations of precoder elements and rank in the current SU-
MIMO codebook. The power offset may be combined with other. possibly

dynamically varying, power offsets to form the overall power ratio.

Referring to figure 5, one aspect of the present invention relates to a method 1n a radio
base station in a communication system for Multi User Multiple-Input-Multiple-
Output (MU-MIMO) signaling via Multiple-Input-Multiple-Output (MIMO) antennas
between the base station and one of a plurality of multiplexed mobile terminals
supporting both Single User and Multi User Multiple-Input-Multiple-Output (SU-
MIMO and MU-MIMO) signaling modes. The MU-MIMO modes can for instance be
SDMA, zero-forcing beamforming or per user unitary rate control (PU2RC). The
communication system supports switching between the modes which also have partly
shared signaling. The method, which is shown in the flowchart in figure 5, comprises

the steps of:

501 Identify SU-MIMO mode signaling which is redundant, l.e. not
needed, for a MU-MIMO mode signaling.
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502 Re-interpret or re-define bits 1.e. data bits, of the identified redundant

signaling to comprise signaling information, associated with MU-MIMO mode.
503 Inform the UE about the reinterpretation of the redundant bits,

504 Signal information associated with MU-MIMO mode by using said

reinterpreted redundant bits.

In one embodiment of the method according to the present invention, the redundant
SU-MIMO mode signaling relates to transmission rank signaling and precoder
element signaling. According to one embodiment of the method according to the
present invention the identified redundant SU-MIMO mode signaling information 1s
reinterpreted to comprise a power offset between a power reference and data symbols
of said one terminal. The power reference can for instance be reference symbols. The
identified redundant signaling information can also in another embodiment be
reinterpreted to comprise the total number of the multiplexed terminals. The
reinterpreted MU-MIMO mode bits may be signaled whenever the terminal is

scheduled.

Another aspect of the present invention relates to a radio base station 60 in a
communication system. The base station 60, which is shown in figure 6, has Multiple-
Input-Multiple-Output (MIMO) antennas 65 for enabling signaling to at least one of a
plurality of multiplexed mobile terminals (not shown) and supports both Single User
and Multi User Multiple-Input-Multiple-Output (SU-MIMO and MU-MIMO)
signaling modes. The modes may be SDMA for correlated antenna arrays setups.
zero-forcing beamforming or per user unitary rate control (PU2RC) or other MU-
MIMO modes. The base station further comprises means 61 for switching between
said modes and signaling mode comparator means 62 for identifying redundant SU-
MIMO mode signaling that can be reinterpreted to be used with MU-MIMO mode.
The redundant SU-MIMO mode signaling can for instance relate to transmission rank
signaling and/or precoder element signaling. The radio base station 60 also has

reinterpreting means 63 for redefining bits of the redundant signaling to comprise

signaling information, associated with the MU-MIMO mode. The MU-MIMO
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signaling information may comprise a power offset between a power reference (e.g.
reference symbols (RS)) and the power used to transmit data symbols. Alternatively
the MU-MIMO signaling information comprises the total number of multiplexed
terminals. The base station also comprises transmitter means 64 for informing the UE
about the reinterpretation of the redundant bits and signaling information associated

with MU-MIMO mode by using the reinterpreted redundant bits. The MU-MIMO

mode signaling information could for instance be the power offset or the humber of

terminals that are multiplexed on the physical resource.

Yet another aspect of the present invention relates to mobile terminal 70. The mobile
terminal 70. which i1s shown in figure 7, has Multiple-Input-Multiple-Output (MIMO)
antennas 74 and supports both Single User and Multi User Multiple-Input-Multiple-
Output (SU-MIMO and MU-MIMO) signaling modes. The modes may be SDMA ftor
correlated antenna arrays setups, zero-forcing beamforming or per user unitary rate
control (PU2RC) or other MU-MIMO modes. The mobile terminal 70 further
comprises means 71 for switching between the modes. Redundant SU-MIMO mode
signaling can for instance relate to transmission rank signaling and/or precoder
element signaling. Receiver means 72 is also provided in the mobile terminal 70 for
receiving from a base station (not shown) information about a reinterpretation of
redundant SU-MIMO bits. The receiver means 72 is further configured to receive
signaling information associated with MU-MIMO mode by receiving the reinterpreted
redundant bits. The MU-MIMO signaling information may comprise a power offset
between a power reference (e.g. reference symbols (RS)) and the power used to
transmit data symbols. Alternatively, the MU-MIMO signaling information may
comprise the total number of multiplexed terminals. The mobile terminal also
comprises means 75 for interpreting the received reinterpreted redundant bits using

the information about the reinterpretation of redundant SU-MIMO bats.

The invention herein disclosed provides significant advantages by proposing a

way for supporting MU-MIMO by reusing as much as possibly of the signaling
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functionality from SU-MIMO mode. By using codebook subset restriction in

combination with intentionally scheduling several UEs on the same physical

resources (resource elements), MU-MIMO can be efficiently supported, at least

for SDMA and correlated antenna arrays, when the UEs are informed at a high

rate about the power offset between the power reference and own data symbols.

The invention 1s however not limited to SDMA and correlated antenna arrays as

it may be applicable regardless of MU-MIMO mode.

The high reuse of signaling enables simpler implementation and provides fewer

options in the system. The latter is particularly important for facilitating testing

that equipment complies with standard.

Note that although terminology from 3GPP LTE has been used in this disclosure
to exemplify the invention, this should not be seen as limiting the scope of the
invention to only the aforementioned system. Other wireless systems may also
benefit from exploiting the ideas covered within this disclosure. Furthermore,
the invention is not necessarily restricted to downlink as it may be applicable for

uplink transmission techniques as well.

Means mentioned in the present description can be software means, hardware

means or a combination ot both.

While the present invention has been described with respect to particular
embodiments (including certain device arrangements and certain orders of steps
within various methods), those skilled in the art will recognize that the present
invention is not limited to the specific embodiments described and illustrated
herein. Therefore, it is to be understood that this disclosure is only illustrative.
Accordingly, it is intended that the invention be limited only by the scope of the

claims appended hereto.

PCT/SE2008/050383
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CLAIMS
. A method for a base station for Multi User Multiple-Input-Multiple-Output, MU-MIMO,
signahng from Multiple-Input-Multiple-Output, MIMO, antennas of a base station to one of a plurality of
mobile terminals of a communication system configured for both Single User Multiple-Input-Multiple-
Qutput, SU-MIMQO, and Multi User Muluple-Input-Multiple-Output, MU-MIMO, signaling maodes and
configured to switch between said modes, whercin said modes have partly shared signaling, the method
COMpPrising:

identifying SU-MIMO signaling, which is redundant l”(?;z‘ the MU-MIMO mode, and remterpreting
bits ot said redundant signaling to comprise signaling information, associated with MU-MIMO mode,

informing  the mobile  termnal  via  signaling  about  the reinterpretation  of  the
redundant bits; and

signaling  mformation  associated  with  MU-MIMO  mode by  using  said
reinterpreted redundant bits.
2. A method accordimg to clamm 1, wherein the redundant signaling relates to transmission rank

stgnaling and/or precoder element signaling.

3. A method according to claim 1 or 2, wherein said MU-MIMO signaling information comprises a

power offset between a power reference and data symbols.,

4, A method according to claim 3, wherein said power reference is relerence symbols, RS,
5. A method according to claim 1 or 2, wherein said MU-MIMO signaling information comprises a

total number of terminals,

0. A method according to any one of clanns 1 to 5, wherein said reinterpreted redundant bits are

signaled whenever the terminal 1s scheduled.

7. A radio base station i a communtcation system comprising Multiple-Input-Multiple-Output.
MIMO), antennas for signaling to one of a plurality of mobile terminals and configured for both Single
User Multiple-Input-Multiple-Output, SU-MIMO, and Multi User Multiple-Input Multiple-Output, MU-
MIMO, signaling modes, wherein said base station comprises means for switching between said modes,
sard modes having partly shared signaling, and wherein said base station further comprises:

a signaling mode comparator means for identifying, SU-MIMO mode signaling which s
redundant for MU-MIMO mode,

A remferpreting Means for reinterpretiny bits of said redundant

signaling lo comprise signaling information associated with MU-MIMO mode,
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a transmitter means for mforming the UE  about the remterpretation of the redundant bits and

stgnaling informaton associated with MU-MIMO mode by using said reinterpreted redundant bits,

8. A radio base station according to claim 7, wherein the redundant signaling relates to transmission

rank signaling and/or precoder element signaling.

9. A radio base station according to claim 7 or 8, wheremn said MU-MIMQO signaling information

comprises a power offset between a power reference and data symbols of said one terminal.

10. A radio base station according to claim 9, wheremn said power reference 1s reference symbols, RS.
1t A radio  base station  according  to claim 7 or 8, wherein said MU-MIMO

stgnaling mlormation comprises a total number of terminals.
12, A mobile terminal comprising Multiple-Input-Multiple-Output, MIMO, antennas configured for
both Single User Mults User Muitiple-Input-Muluple-Output, SU-MIMO, and Multi User Multiple Tnput-
Multuple-Output, MU-MIMO, signaling modes wherein said mobile terminal comprises means for
switching between said modes, said modes having partly shared sienaling, and wherein said mobile
ternninal further comprises:
a recetver means for recerving from the base station:

miormation about a remnterpretation of redundant SU-MIMO bits; and

signaling mformation associated with MU-MIMO mode by receiving said remterpreted
redundant bits,
means for mterpreting said remterpreted redundant bits by using the information about the

remterpretation of redundant SU-MIMO bits.

13, A mobile terminal according to claim 12, wherein the redundant signaling relates to lransmission

rank stgnaling and/or precoder clement signaling.

14, A mobile termunal according to clamm 12 or 13, wherein said MU-MIMO signaling imformation

comprises a power offset between a power reference and data symbols of said one mobile ternunal.

15. A mobile terminal according 1 claimm 14, wheremn said power reference is reference symbols, RS
16, A mobile terminal according to claim 12 or 13, wherein said MU-MIMO signaling imformation

comprises a total number of terminals,
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17, A method for signaling a mobile terminal  configured  for both  Single-User MIMQO  (SU-
MIMO) and Multi-User MIMO (MU-MIMO) signaling modes, the method comprising:

dentifving a data bit contigured to be transmitted to the mobile terminal in a SU-MIMO bit
stream, wherein the SU-MIMO bit stream comprises a plurality of bits configured to be interpreted by the
mobile terminal in the SU-MIMO signaling mode, and wherein the identified data bit is not required in
the MU-MIMO signaling mode;

redelining the 1dentified data bit to comprise power offset signaling data associated with the MU-
MIMO signuling mode,

cenerating redefmition data, wherein the redefinition data is configured 1o cause the mobile
termial to mierpret the wdentified data bit as the power offset signaling data associated with the MU-
MIMQ signaling mode;

transmitting the redefinition data to the mobile terminal; and

ransmuttiing a bit stream comprising the identified data bit to the mobile terminal using the MU-
MIMO mode.

1 8. The method of claim 17, wherein the identified data bit relates to at least one of a transmission

rank or a precoder element in the SU-MIMO signaling mode.

19, The method ot clamm 17, wherein the power oflset signaling data assoctated with the MU-MIMO

stgnaling mode signals a power offset.

20). The method of claim 19, wherein the power offset is between a power reference and a data

symbol transmit power.

21, The method of clatm 17, wherein the bit stream comprising the identified data bit is transmitted

when the mobile termimal 1s scheduled.

22. A radio base station configured to transmit data in a Single-User MIMO (SU-MIMO) signaling
mode and a Multi-User MIMO (MU-MIMO) signaling mode to a mobile terminal, comprising:
a controlier configured to switch the radio base station between the SU-MIMO and MU-MIMO
signalimg modes:
a processor configured (o
identify a data bit configured to be transmitted to the mobile terminal in a SU-MIMO bit
stream, wherem the SU-MIMO bit stream comprises a plurality of bits configured to be
snterpreted by the mobile terminal in the SU-MIMO signaling mode, and wherein the identified
data bit 1s not required in the MU-MIMO signaling mode:
redeline the wdentified data bit to comprise power offset signaling data associated with the

MU-MIMO signaling mode: and
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generale redefimtion data, wheremn  the redefimtion data 15 contigured to cause the
mobile terminal to interpret the identified data bit as the power offset signaling data associated
with the MU-MIMQO signaling mode; and
a transmitter configured to:

transnitt the redelimtion data to the mobie ternmunal; and

transmit a bit stream comprising the identified data bit to the mobile terminal vsing the

MU-MIMO mode.

23. The radio base station of claim 22, wheren the identified data bt relates o at least one of a

ransnussion rank or a precoder element in the SU-MIMO signaling mode.

24, The radio base statton of claim 22, wherein the signaling data associated with the MU-MIMO

signaling mode signals a power olfset.

235, ‘The radio base station of claim 24, wherem the power oftset s between a power reference and a

data symbol transmit power,

20. A mobile termunal configured to recetve data m a Single-User MIMO (SU-MIMO) signaling
mode and a Multi-User MIMO (MU-MIMO) signaling mode, comprising:
a controller contigured to switch the mobile terminal between the SU-MIMO and MU-MIMO
signaling modes;
a receiver conligured to:
receive redelimition data from a base stalion, wherem the base station 1s configured to:
1dentify a data bit configured to be transmitted to the mobile ternunal m a SU-
MIMO bit stream, wherein the SU-MIMO bit stream comprises a plurality of bits
configured to be mterpreted by the mobile termunal 1n the SU-MIMO signaling mode,
and whertein the wdentified data bitis not required in the MU-MIMO signaling mode;, and
redefine the identified data bit to comprise signalimg data associated with the
MU-MIMO signaling mode, wheremn the redefinttion data 1s conhigured to cause the
mobile ternunal to interpret the wdentified data bit as power offset sienaling data
assoctated with the MU-MIMO signaling mode; and
receive a bit stream comprising the identificd data bit at the mobile terminal usmg the
MU-MIMO mode: and
a processor confrgured o mterpret the dentified data bit as the power offsel signaling data
associated with the MU-MIMO signaling modc based on the recetved redehmition data,
27. The mobile terminal of claim 26, wheremn the dentiied data bt relates to at least one of a

transmission rank or a precoder element 1w the SU-MIMO signaling mode.
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28, The mobile terminal of claim 26, wherein the power offset signaling data associated with the
MU-MIMO signating mode signals a power offset,
20, The mobile terminal of claim 28, wherein the power offset 18 between a power reference and a
data symbol transmat power.
30. A method for operating a mobile terminal configured to receive data i a Single-User MIMO

(SU-MIMO) sigmaling mode and a Multi-User MIMO (MU-MIMO) signaling mode, and to switch the
mobile terminal between the SU-MIMO and MU-MIMQO signaling modes, the method comprising:
receving redefinition data from a base station, wherem the base station 1s configured to:
identify a data bit configured to be transmitted to the mobile terminal i a SU-MIMO but
stream, wherem the SU-MIMO bit strecam comprises a plurality of bits configured to be
terpreted by the mobile terminal 1 the SU-MIMO signaling mode, and wherein the wdentilied
data bit s not required m the MU-MIMO sigmalmyg mode; and
redehine the identitied data bt to comprise signaling data assoctated with the MU-MIMO
signaling mode, wherein the redefmition data 1s contigured to cause the mobile terminal (o
mterpret the dentificd data bit as power oflset signaling data associated with the MU-MIMO
stignalimg mode; and
recetving a bit stream comprising the identified data bit at the mobile terminal using the MU-
MIMO mode; and
interpreting the identified data bit as the power olfset signaling data associated with the MU-
MIMO signaling mode based on the received redetinttion data.
3. The method of claim 30, wherein the dentified data bit relates to at least one of a transmussion
rank or a precoder clement in the SU-MIMO signaling mode.
32. The method of ¢lann 30, wherein the power offset signaling data associated with the MU-MIMQO
stenaling mode signals a power offset.
33. The method ol clamy 32, wherein the power offset s between a power relerence and a data

symbol transimit power,

34, A communication system configured for both Simgle User Multiple-Input-Muiupie-Output, SU-
MIMO, and Mult-User Multiple-Input-Multple-Output, MU-MIMO, signaling modes and configured (o
switch between said modes, wherem said modes have partly shared signahing, the system compnsing a

base station with means for carrying out the steps of a method as ¢lam i any one of claims 17 to 21, and
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at least one mobile terminal with means for carrving out the steps of a method as claims in any
one of claims 30 1o 33,
35, A method of signaling a mobile terminal from a base station, the mobile terminal beine operable
- Single User Multiple-1 nput-Multiple-Output (SU-MIMO) mode and Multi User Mulsi nle-Tnput-
Multple-Output (MU-MIMO) mode, the method comprising:

identitying a subset of SU-MIMO si gnaling bits associated with SU-MIMO si analing that 1s not
needed m the MU-MIMO mode:

redefining the subset of SU-MIMO si cnahing bits to be associated with MU-MIMO si onaling:

informing the UE about the redefinition of the subset of SU-MIMO signeling bits: and

signaling the mobile terminal in the MU-MIMO mode using MU-MIMO signaling bits, the MU-

MIMO signaling bits comprising the redefined subset of SU-M MO signaling bits.

30. The method of claim 35, wherein the SU-MIMO and MU-MIMO modes have partly shared
stgnaling.,

37. The method of claim 35, wherein the subset of SU-MIMO signaling bits is associated with
transmission rank signaling and/or precoder element si gnaling, in the SU-MIMO signaling bits.

38, the method of claim 33, wherein the redefined subset of SU-MIMO signaling bits is associated

with a power offset in the MU-MIMO s analing bits,

39, Fhe method of claim 38, wherein the power otfset 1s belween a power reference and darg
syimbols.

44}, The method of claim 39, wherein said power reference is reference symbols (RS).

41, The method of claim 33, comprising signaling the mobile terminal in the MU-MIMO mode Using

the MU-MIMO signaling bits whenever the mobile terminal is scheduled,

42. A base station comprising:
Multiple-Input-Multiple-Output (MIMO} antennas for si gnaling a mobile terminal;
a signaling mode comparator configured to identily a subset of SU-MIMO signaling bits
assoctated with SU-MIMO signaling that is not needed in the MU-MIMO mode;
a remterpreler configured to redeline the subsel of SU-MIMO s gnaling bits to be
associated with MU-MIMO signaling:

a transmutter configured to:
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miorm the Ul about the redefiniton of the subset of SU-MIMO signaling
bits: and

siemal the mobile terminal in the MU-MIMO mode using MU-MIMOQO signaling
bits, the MU-MIMO signaling bits compuising the redelined subset of SU-MIMO

signaling bits.

43, The base station ot claim 42, wherem the SU-MIMO and MU-MIMO modes have partly shared

sionaling.

44, The base station of claim 42, wherem the subset of SU-MIMO signaling buts 1s associated with

transniussion rank signaling and/or precoder element signahing, in the SU-MIMO signaling buts.

45. The base station of claim 42, wheremn the redefined subset of SU-MIMO signaling bits s

assoctated with a power oftset in the MU-MIMO signaling bits,

46. The base station of claun 45, whercin the power offset 18 between a power reference and data
symbols.

47, The base statton of claim 46, wherein said power reference 1s reference symbols (RS).

4. The base station ol claim 42, wherein the transmitter 1s conligured to signal the mobtle termmal

i the MU-MIMO mode using the MU-MIMO signaling bits whenever the mobile terminal 1s scheduled.

49, A method for a mobie terminal operable i Smgle User Multiple-Input-Multiple-Output (SU-
MIMQO) mode and Multt User Multiple-Input-Multiple-Output (MU-MIMQO) mode, the method
comprising the steps of:

receiving information from a basc station, the mformation redelining a subset ot SU-MIMO
stenaling bits to be associated with MU-MIMOQO signaling, the subset of SU-MIMOQO signaling bits having
been identified by the base station as being assoctated with SU-MIMO signaling that 15 not needed m the
MU-MIMO mode;

recetving MU-MIMO signaling bits m the MU-MIMO mode, the MU-MIMO signaling bits
comprising the redetined subsct of SU-MIMO signaling bits; and

interpreting said recerved redelined subset of SU-MIMO signaling bits 1in the MU-MIMO mode

bascd on the recerved mformation.

0. The method of claim 49, wherein the SU-MIMO and MU-MIMO modes have partly shared

stgnaling.

-
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5. The method of claim 49, whercin the subset of SU-MIMO signaling bits 1s associated

with transmission rank signaling and/or precoder element signaling. m the SU-MIMO signaling s,

2. The method of claim 49, wherem the redetined subset of SU-MIMO signaling bits 18 associated

with a power oflset 1n the MU-MIMO signaling bits.

33, The method of claim 52, wherein the power offset s between a power reference and data
symbois.

54, The method of claim 53, wherein said power reference is reference syinbols (RS).

SRR The method of claim 49, comprising receiving the MU-MIMO signaling bits in the MU-MIMO

mode whenever the mobile termnal 1s scheduled,

50. A mobile terminal configured to operate w Single User Multt User Multiple-Tnput-Multiple-
Output (SU-MIMO) and Mulil User Multiple-Input-Multiple-Output (MU-MIMO) signaling modes, the
mobile terminal comprising:
a recerver configured to recerve from the base station:
wformation redetining a subset of SU-MIMO signaling bits 10 be asgoctated with MU-
MIMO signahing, the subset of SU-MIMO signaling bits having been 1dentified by the base
station as being associated with SU-MIMO signaling that 1s not needed in the MU-MIMO mode:
and
MU-MIMO signaling bits 1 the MU-MIMO mode, the MU-MIMO signaling s
comprising the redefined subset of SU-MIMO signaling bits; and
an mterpreter configured to mterpret said recerved redefined subset of SU-MIMO signaling bits

i the MU-MIMO mode based on the recerved mformation.

57. The mobile terminal of claim 56, wheremn the SU-MIMO and MU-MIMO modes have partly

shared signaling.

58. The mobile terminal of claim 56, wherem the subset of SU-MIMO signaling bits 18 associated

with transmission rank sienaling and/or precoder element sipnaling, m the SU-MIMO signaling bits.

S, The mobile terminal of claim 36, wheremn the redefined subset of SU-MIMO signaling bits 1s

associated with a power offset in the MU-MIMO signaling bits,

0. The mobile terminal of clamm 59, wherem the power offsct 18 between a power reference and data

symbols.
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O1. The mobile terminal of claim 60, wherein said power reference 1s reference symbols (RS).
62, The mobile termunal of ¢laim 36, wheremn the receiver 1s configured to receive the MU-MIMO

stenahing bits in the MU-MIMO mode whenever the mobile terminal i1s scheduled.

03, A communication system configured for both Single User Multiple-Input-Multiple-Output, SU-
MIMO, and Multi-User Multiple-Input-Multiple-Output, MU-MIMO, signaling modes and configured (o
swilch between said modes, wherem said modes have partly shared signaling, the system comprising a
base station with means for carrying out the steps of a method as claim in any one of claims 35 to 41, and
at least one mobile terminal with means tor carrying out the steps of a method as claims in any one of

clamms 49 1o 55.

(4, A method tor a base station for Multi User Multiple-Input-Multiple-Output (MU-MIMO)
stgnaling from Multiple-Tnput-Multiple-Output (MIMO) antennas ot a base station to one of a plurality of
mobile terminals of a communication system configured for both Single User Multiple-Input-Multiple-

Output (SU-MIMO} and Mult - User Multiple-Input-Multiple-Qutput (MU-MIMOQO), signaling modes and

configured to switch between said modes, wherem said modes have partly shared signaling, the method
COMPrising:
identifying SU-MIMO signaling, which 1s redundant for the MU-MIMO mode, and redefining
bits of simd redundant signaling to comprise signaling information, associated with MU-MIMO maode,
mforming the mobile terminal via signaling about the redefinttion of the redundant bits: and

stgnaling information associated with MU-MIMO mode by using said redefined redundant bits.

65, The method of claim 64, wheremn the redundant signaling relates to transmission rank signahing

and/or precoder element signaling,

60, The method ol claim 64 or 65, wherem said MU-MIMO sisnaling wnfonmation comprises a power

offset between a power reference and data symbols,

67, The method of claim 66, wherem said power reference is reference symbols (RS).
63, ‘the method of claim 64 or 65, wherein said MU-MIMO signaling information compriscs a total

number of terminals.

3 The method of any one of clamms 64 to 68, wherem said redelined redundant bits are signaled

whenever the termimal 1s scheduled.
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70. A radio base station in a communication  system comprising Multiple-lInput-Multple-Output
(MIMO) antennas for signaling 10 one of a plurality of mobile terminals and configured for both Single
User Multiple-Input-Multiple-Output (SU-MIMOQO) and Multi User Multiple-Input-Multuple-Output (MU-
MIMQO) signaling modes, wherein said base station comprises mecans for switching between said modes,
satd modes having partly shared signaling, and wherein satd base statton further comprises:

a signaling mode comparator means for identifving SU-MIMO mode signaling which s
redundant tor MU-MIMO mode,

a redefining means for redelining bits of said redundant signaling to comprise signaling
intormation, associated with MU-MIMO mode,

a transmitter means for mforming the UE about the redefmition of the redundant bits and

stgnaling information associated with MU-MIMO mode by using said redefined redundant buts.

71, The radio base station of claim 70, wherem the redundant signaling relates to transimission rank

signaling and/or precoder element signaling.

-

»

72, The radio base station of claim 70 or 71, wheremnr said MU-MIMO signaling mformation

comprises a power offset between a power reference and data symbols of said one terminal.

73. The radio base station of claim 72, wheremn said power reference is reterence symbols (RS).
74, The radio base statton ol clatm 70 or 71, wheremn said MU-MIMO signaling mformation

comprises a total number of terminals.

73, A mobtle terminal comprising Multiple-Input-Multiple-Output (MIMO), antennas configured tor
botlh Single User Multiple-Input-Multiple-Output (SU-MIMQO) and Multt User Multiple-Input-Muluple-
Output (MU-MIMO) signaling modes wherein said maobile tcrminal comprises means for switching
between said modes., satd modes having partly shared signaling, and wherem said mobile terminal further
COMPrISCs:
a recetver means for recerving from the base station:
information about a redefinition of redundant SU-MIMO bits; and
signaling information associated with MU-MIMO mode by recetving sad redetined
redundant bits,
means for interpreting said redefined redundant bits by usmg the mtormation about the

redefinniion of redundant SU-MIMQO bits.

76. The mobile terminal of claim 75, wheremn the redundant signaling relates 1o transmission rank

signaling and/or precoder element signaling,

A -
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77. The mobile termnal of claim 75 or 70, wherein said MU-MIMO signahing miormation

comprises a power offset between a power reference and data symbols of said one mobile ternmnal.

78. The mobile terminal of ¢laim 77, wherem said power reference 1s reference symbols, RS.
79, The mobile terminal of claim 75 or 76, wherein said MU-MIMO signabing mformation comprises

a total number of terminals.

30, A methad for operating a mobile tecrminal comprising Multiple-Input-Multuple-Output (MIMO)
antennas configured for both Smgle User Multiple-Input-Multiple-Output (SU-MIMO) and Multi User
Muluple-Input-Multiple-Output (MU-MIMO) signaling modes wherein said mobile terminal comprises

means for swilchimg between said modes, said modes having partly shared signaling, the method

rf

COMPrising:
recerving hrom the base station:
miormation about a redefinition of redundant SU-MIMO bits; and
signaling mformation associated with MU-MIMO mode by receiving satd redefined
redundant bits,
mterpreting said redefined redundant bits by using the mformation about the redefinttion of

redundant SU-MIMO bits,

81, The method of claim 80, wherein the redundant signaling relates to transmission rank signaling

and/or precoder element signaling,

82, 'The method of claim 80 or 81, wheremn sard MU-MIMO signaling mformation comprises a power

offset between a power reference and data symbols of said one mobile terminal.

N3. The method of claim 82, wherem said power reference s reference symbaols (RS).

S4. The method of claim 80 or 81, wherem satid MU-MIMO signaling mformation comprises & total

number of terminals.

83, A communication system configured for both Single User Multiple-Input-Multiple-Output (SU-
MIMO) and Multi-User Multiple-Input-Multiple-Output (MU-MIMO) signaling modes and contigured to
switch between satd modes, wherein said modes have partly shared signaling, the system comprising 4
base statton with means for carrying out the steps of a method as claim in any one of claims 64 to 69, and
at teast one mobile terminal with means tor carrying out the steps of a method as claims in any one of

claims &0 o 84.
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86, A method for a base station for Mulu User  Multiple-Input-Multiple-Output (MU-MIMO))
stgnalimg from Multiple-Input-Multiple-Output (MIMO) antennas of a base station {o one of a plurality of
mobile termmnals of a communication system configured {for both Single User Mulbiple-Input-Multiple
Output {(SU-MIMO) and Mulu-User Multiple-Input-Multiple-Output (MU-MIMQ) signaling modcs and
configured to switch between said modes, wheremn said modes have partly shared signaling, the method
COMPrISing:

redefining precoder element signaling associated with SU-MIMO mode to comprise power offset
signaling information associated with MU-MIMO mode, the precoder element signaling for the SuU-
MIMO mode being redundant for the MU-MIMO mode;

miorming the mobile termunal via signaling about the redefinition of the redundant precoder
clement signaling; and

signaling power offset signaling informaton associated with MU-MIMO mode by using said

redetined redundant precoder element signaling.

87, The method of claim 86, wheremn said power oflset signaling mlormation associated with MU-

MIMO mode comprises a power offset between a power reference and data symbols.

88. The method of claim 87, wherein said power reference 1s reference symbols (RS).
89, The method of any one of claims 86 to 8, wherein said redefined redundant precoder element

signaling 1s signaled when the terminal 18 scheduled.

90, A method for a mobile termmal compnising Multiple-Input-Multiple-Output (MIMO) antennas
configured for both Single User Multiple-Input-Multple-Output (SU-MIMO) and Multi User Multiple-
[nput-Multiple-Output (MU-MIMO) signaling modes and configured for switching between said modes.
wheremn said modes have partly shared signaling, the method comprising:
recerving from a base station:
mformation about a redefinition of precoder element stenaling assoctated with SU-MIMO
mode which 1s redundant in MU-MIMO mode: and
signalmg information associated with MU-MIMO mode by receiving said redefined
precoder element signaling as power oftset signaling mformation associated with MU-MIMO
mode, and
mterpreling said redefined precoder element signal as power offset signaling inlormation
associated with MU-MIMO mode by usimg the inlormation about the redetimitton of redundant precoder

clement signaling.

91. The method of claim 90, wheremn said power otfset stgnahing information associated with MU-

MIMO mode comprises a power offset between a power reference and data symbols.
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92, The method of claim 91, wheren said power reference s reference symbols (RS).
Q3. The method of any one of claims 90 to 92, wherein said redetined redundant precoder element

stenaling 18 recerved when the terminal s scheduled,

O, A radio base station for Multi User Multiple-Input-Multiple-Output (MU-MIMO) signaling from
Multiple-Input-Multiple-Output (MIMO) antennas of a base station to onc of a plurality of mobile
ternnals of a communication system contigured for both Single User Multiple-Input-Muluple-Output
(SU-MIMQO) and Multi-User Multiple-Input-Multiple-Output (MU-MIMOQO) signaling modes, wheremn said
modces have partly shared signahing, base station comprising:
a controller configured to switeh the radio base station between the SU-MIMO and MU-MIMO
signaling modes;
a processor configured to:
redetine precoder element signaling associated with SU-MIMQO mode to comprise power
offset signaling mformation associated with MU-MIMO mode, the precoder element signaling for
the SU-MIMO mode being redundant {or the MU-MIMQ mode;
inform the mobile terminal via signaling about the redefinition of the redundant precoder
clement signalmy; and
signal power offset signaling mformaton associated with MU-MIMO mode by using said

redetined redundant precoder element signahing,

03, The base station of claim 94, wherein said power offset signaling mformatton assoclated with

MU-MIMO mode comprises a power oifset between a power reference and data symbols.

96. The base station of claim 95, wherein said power reference is reterence symbols (RS).
7. The base staton of any one of claims 94 to 96, wherein said redeted redundant precoder

element signaling 1s signaled when the terminal is scheduled.

93. A mobile terminal comprising Multiple-Input-Multiple-Output (MIMQ) antennas configured tor
both Single User Multiple-Input-Multiple-Output (SU-MIMO) and Multi User Muluple-Input-Multiple-
Qutput (MU-MIMO) signaling modes, said modes having partly shared signaling, the mobile termuinal
comprising:

a controller configured to switch the mobtle terminal between the SU-MIMO and MU-MIMO
sigmaling modes;

a receiver conligured to recerve from a base station:
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miormation about a redefmition of  precoder element signaling associated with SU-
MIMO mode which 1s redundant in MU-MIMO mode; and
signaling mtormation associated with MU-MIMO mode by receiving said redetined
precoder element signaling as power offsct signaling mformation associated with MU-MIMO
mode,
the controller bemng configured (0 interpret said redefined precoder element signal as power offset
signaling mformation associated with MU-MIMO mode by using the information about the redefinition of

redundant precoder element signaling.

99, The mobile terminal of clanim 98, wherein said power offset signaling information associated with

MU-MIMO mode comprises a power offsel between a power reference and data symbols.
100, The mobile terminal of ¢laim 99, wherein said power reference is reference symbols (RS).

101 The mobile terminal of any one of claims 98 to 100. wherein said redefined redundant precoder

element signaling is received when the termmal is scheduled.

102, A communication system contigured for both Single User Multiple-Input-Muliiple-Output (SU-
MIMO) and Multi-User Multiple-Input-Multiple-Output (MU-MIMO) signaling modes and configured to
switch between said modes, wherein said modes have partly shared signaling, the system comprising a
base station with means Tor carrymg ou the steps of a method as claim in any one of claims 86 to 89, and
at least one mobile terminal with weans for carrying out the steps of a method as claims in any one of

claims G0 10 93,
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