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EFFICIENT CQI SIGNALING IN MIMO
SYSTEMS WITH VARIABLE NUMBERS OF

BEAMS

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

FIELD OF THE INVENTION

The present invention relates to a method for signaling
channel quality information in a multi-beam transmission
system, 1n particular a multi-beam MIMO (multiple-in/
multiple-out) system. Further, the present invention relates
to a multi-beam transmission system, in particular a multi-
beam MIMO system, wherein the number of beams simul-
taneously transmitted may vary and a plurality of sets of
channel quality information (CQI) are transmitted for con-
trolling independently the transmission rate of at least one
beam dependent on the number of beams simultaneously
transmitted. Moreover, the present invention relates to a
computer program product for carrying out the afore-men-
tioned method.

The present mvention can be applied in multi-antenna
communication systems. In particular, a potential applica-
tion of the present mvention 1s 1 the MIMO feature cur-
rently being standardized for UMTS (universal mobile tele-
communication system) Release 7.

BACKGROUND OF THE INVENTION

In the third generation partnership project (3GPP) a
proposal called D-TxAA 1s under discussion for UMTS as a
way of increasing the peak bit rate. This 1s derived from an
existing closed loop transmit diversity scheme (TxAA mode
1) where the mobile terminal signals to the network complex
weights which should be applied to the signals from each of
two transmitting antennas. In D-TxAA two different data
streams are transmitted using orthogonal weight vectors,
wherein a first weight vector 1s based on those transmitted
from the mobile terminal, and a second vector 1s derived
deterministically from the first vector.

For the operation of D-TxAA, the following may be
assumed:

Orthogonal pilot channels are transmitted from an antenna
of each Node B (which 1s a logical node responsible for
radio transmission and reception 1n one or more cells to and
from a user equipment (UE)).

No dedicated (1.e. beam formed) pilots are available
(assuming that the fractional dedicated physical channel
(F-DPCH) 1s used, which does not carry pilot bits).

Feedback information (FBI) for the first beam 1s derived
by the user equipment (UE) and transmitted to Node B,
indicating a desired beam forming vector.

The first beam 1s transmitted using a restricted code book
of weight vectors (for example the codebook currently used
for TxAA mode 1).

The 1dentity of the antenna weight vector for a first beam
1s signaled to the UE on the High-Speed Shared Control
Channel (HS-SCCH).

The second beam, 11 used, 1s transmitted using a deter-
ministic phase vector which 1s orthonormal to the vector for
the first beam.
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Channel quality mnformation (CQI) 1s signaled by the UE
to the Node B, enabling the Node B to derive a different rate
for each beam.

The CQI typically indicates the rate (or packet size) which
can be transmitted successiully (or with a given probability
of success) using a reference power level and code resource
(the reference values being known by both the network and
the mobile terminal).

The transmissions on the two beams are comprised of
separate codewords with potentially diflerent rates.

In D-TxAA systems the number of beams transmitted
may vary. Typically the base station selects a number of
beams to transmit to a mobile station in each sub-frame,
according to the prevailing situation, such as the radio
channel conditions. This selection may be carried out based
on the CQI reports recerved from a mobile station. In UMTS
Release 5, a single CQI value 1s comprised of 5 information
bits, coded into 20 physical channel bits. If many different
CQI values have to be transmitted, this can result in a high
signaling load.

SUMMARY OF THE INVENTION

An object of the present invention 1s to reduce the CQI
signaling load in multi-beam systems.

In order to achieve the above and further objects, in
accordance with a first aspect of the present invention, there
1s provided a method for signaling channel quality informa-
tion 1n a multi-beam transmission system, in particular a
multi-beam MIMO system, wherein a plurality of sequences
of channel quality information values are transmitted for
controlling the transmission rate on one of the beams,
wherein each sequence of channel quality information val-
ues 1s derived dependent on an assumed parameter of at least
one other beam which could be transmitted, comprising
selecting a parameter of the transmission of each sequence
of the plurality of sequences of channel quality information
values dependent on the assumed parameter of the at least
one other beam.

In accordance with a second aspect of the present mnven-
tion, there 1s provided a computer program for carrying out
the method according to the first aspect of the present
invention.

In accordance with a third aspect of the present invention,
there 1s provided a multi-beam transmission system, in
particular a multi-beam MIMO system, wherein a plurality
of sequences of channel quality information values are
transmitted for controlling the transmission rate on one of
the beams, wherein each sequence of channel quality infor-
mation values 1s derived dependent on an assumed param-
eter of at least one other beam which could be transmaitted,
comprising selecting a parameter of the transmission of each
sequence of the plurality of sequences of channel quality
information values dependent on the assumed parameter of
the at least one other beam.

The present invention leads to a reduction of the CQI
signaling load i multi-beam transmission systems. This
advantage 1s achueved by the fact that according to the
present mvention the signaling overhead of CQI for the
different numbers of beams which may be transmitted may
be reduced by appropriate selection of a parameter of the
transmissions of each se sequence ol the plurality of
sequences of CQI values, without significantly degrading
system performance.
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Further advantageous embodiments are defined below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example,
with reference to the accompanying drawings, wherein:

FIG. 1 shows a sequence of CQI values according to one
embodiment of the present invention;

FIG. 2 shows a sequence of CQI values according to
another embodiment of the present mvention; and

FIG. 3 shows a signaling of channel quality information
in a multi-beam transmission system according to one
embodiment of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The transmission rate that can be supported by a beam
may depend on whether other beams are also being trans-
mitted simultaneously, and 1t so, with what parameters.

Therefore it 1s useful for the mobile station to transmit
multiple sequences of CQI values for a beam, each sequence
being derived 1n accordance with an assumption regarding
which other beams will be transmitted simultaneously.

However, this can result in a high signaling overhead. The
invention therefore provides a means for reducing the over-
head by setting difierent parameter values for the different
sequences of CQI values corresponding to a beam depend-
ing on the assumed number of other simultaneously-trans-
mitted beams.

In a preferred embodiment, the mobile station transmits a
first sequence of CQI values to indicate the transmission rate
that could be supported on a first beam 11 no other beams are
transmitted simultaneously.

Alternatively, the mobile station transmits a first sequence
of channel quality information values to indicate a trans-
mission rate that 1s supported on the first beam if a second
beam 1s transmitted simultaneously using an assumed set of
parameters.

The mobile station also transmits a second sequence of
CQI values to indicate the transmission rate that could be
supported on the first beam 11 a second beam 1s transmitted
simultaneously using an assumed set of parameters which
may for example have been signaled or predetermined. The
mobile station may also transmit further sequences of CQI
values to indicate the transmission rates that could be
supported on the first beam if the second beam was trans-
mitted with different sets of parameters, and/or to indicate
the transmission rates that could be supported on the first
beam 1f further beams were transmitted with the same or
different sets of parameters. According to the invention, at
least one transmission parameter ol each sequence of the
plurality of sequences of CQI values 1s adapted depending
on one or more of the assumed set of parameters.

In preferred embodiments, the transmission parameter of
cach sequence of the plurality of sequences of CQI values
may for example be one or more of the following:
the rate of update of the CQI reports 1n the sequence,
the resolution of the CQI reports 1n the sequence,
the coding scheme of the CQI report 1n the sequence,
the transmission power or modulation scheme used for the

CQI reports 1n the sequence.

The second and further sequences of CQI values may be
transmitted using differential signaling with respect to the
another sequence of CQI values (for example the first
sequence).
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The assumed set of parameters on which basis the trans-
mission parameter of each sequence of the plurality of
sequences of CQI values 1s adapted may for example be one
or more of the following:

the number of beams assumed to be transmitted,

the 1dentity of the second beam or another beam, or beams

to be transmitted,

the 1dentity of the intended receiving station for the

second beam or another beam, or beams to be trans-
mitted, for example whether the intended receiving
station for another beam or beams 1s the same as the
mobile station transmitting the sequences of CQI val-
ues or 1s a different mobile station,

the transmission power of one or more of the beams.

In one embodiment, therefore, shown by way of example
in FIG. 1, a first sequence of CQI values (10) corresponding
to a first beam 1s transmitted periodically, where the CQI
values 1n the first sequence are derived by the mobile station
under the assumption that no other beams are transmitted
simultaneously with the first beam.

A second sequence of CQI values (20) corresponding to
the first beam 1s also transmitted periodically, where the CQI
values 1n the second sequence are derived by the mobile
station under the assumption that a second beam 1s trans-
mitted simultaneously with the first beam. The transmission
parameter of each sequence of the plurality of sequences of
CQI values, which 1s 1n this example the update rate of the
CQI values 1n the sequence, 1s set to a lower value than the
value of the transmission parameter used for the first
sequence of the plurality of sequences of CQI values.

Another embodiment 1s shown by way of example 1n FIG.
2, where the transmission of the CQI values of the second
sequence (20) coincides with the transmission of the CQI
values of the first sequence (10).

The CQI values of the second sequence may comprise
differential quantities relative to the preceding or average
value of the first sequence.

The setting of a lower update rate for the second sequence
of CQI values (20) can take advantage of the recognition that
the difference caused to the CQI values for a beam by
varying the number of simultaneously-transmitted beams
can arise more from the receiver architecture of the mobile
station than from the radio channel conditions. As the
receiver architecture of the mobile station 1s likely to be
more static than the radio channel conditions, the signaling
overhead may be reduced by setting a lower update rate for
the second sequence of CQI values.

In case the assumed set of parameters on which basis the
transmission parameter of each sequence of the plurality of
sequences of CQI values 1s adapted comprises the identity of
the mtended receiving station for another beam or beams,
adapting a transmission parameter of each sequence of the
plurality of sequences of CQI values has the advantage that
a still turther improved efliciency 1s obtained, in that the
overall amount of energy and/or transmission resources
spent on updating CQI 1s decreased. For example, the
frequency or rate of updating the CQI values may be chosen
to be higher for the CQI values that are derived under the
assumption that a second beam is transmitted to the same
mobile station than for the CQI values that are derived under
the assumption that a second beam 1s transmitted to a
different mobile station. This may be based on the fact that
the second beam 1s more usually transmitted to the same
mobile station than to a different mobile station, and there-
fore a higher update rate for the CQI values that assume that
the second beam 1s transmitted to the same mobile station 1s
more often useful for the base station (“Node B”) when
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setting the appropriate transmission rate. In general, the
mobile station would only take into account beams trans-
mitted to other mobile stations i1 they are transmitted using
the same time, frequency and code resources and are there-
fore separable only 1n the spatial domain. This aspect of the
invention 1s based on the recogmition that the CQI values
reported for the first beam may take a different value
depending on whether the second beam 1s assumed to be
transmitted to the same mobile station or to a diflerent
mobile station. For example, 1f the mobile station has an
interference-cancelling receiver, and 1t assumes that the
second beam will be transmitted to the same mobile station,
it may choose to report a lower CQI value for the first beam
in order to improve the probability of cancelling the inter-
terence caused by the first beam to the second beam, thereby
enabling a higher CQI value to be reported for the second
beam so as to maximize the sum of the transmission rates
that can be received on the two beams. However, 1f the
mobile station assumes that the second beam will be trans-
mitted to a diflerent mobile station, 1t may report a higher
CQI value for the first beam, as there 1s then no need to
cancel interference caused to the second beam. The difler-
ence between these two CQI values for the first beam may
typically change less frequently than the absolute values of
the individual CQI values, and therefore according to the
invention one of the two CQI values may be updated less
frequently than the other, giving an advantage in reduced
signaling overhead.

FIG. 3 shows a signaling of channel quality information
in a multi-beam transmission system according to one
embodiment of the present invention. On the side of a base
station, a transmitter 300 transmits a plurality of beams 301,
302 to a receiver 303 on the side of a mobile station
simultaneously. In the present embodiment two beams 301,
302 are shown as being transmitted simultaneously. Once
the receiver 303 has received the beams 301, 302 channel
quality estimators 304, 305 analyze the quality of the
transmission on the corresponding beams. Thus, the first
channel quality estimator 304 analyzes the quality of the
transmission on the first beam 301, and the second channel
quality estimator 305 analyzes the quality of the transmis-
sion on the second beam 302. A control unit 306 can be
provided to exchange data comprising beam assumptions
derived by the channel quality estimators 304, 305. These
beam assumptions comprise assumed transmission param-
cters with regard to the corresponding beams. Thus, a set of
assumptions or assumed transmission parameters, respec-
tively, 1s provided by the corresponding channel quality
estimators with regard to the corresponding beams. In FIG.
3, the control unit 306 exchanges first beam assumptions
with the first channel quality estimator 304 and second beam
assumptions with the second channel quality estimator 305.

Further, CQI sequence units 310, 311 are provided to
generate or derive CQI sequences based on the correspond-
ing beam assumptions. A CQI for any given beam depends
on transmissions made on other beams. According to the
present embodiment, different CQI values are transmitted
for each combination of transmitted beams. In FIG. 3, a first
CQI sequence 312 1s generated by a first CQI sequence unit
310 by use of mformation provided by the first channel
quality estimator 304 and, 1n particular, by use of a set of
parameters for CQI sequences 309 provided by the control
unit 306. The set of parameters for CQI sequences 309 1s
derived or generated by the control unit 306 in dependence
on the assumptions 307, 308 provided by the channel quality
estimators 304, 305. A second CQI sequence 313 1s gener-
ated by a second CQI sequence unit 311 by use of informa-
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tion provided by the second channel quality estimator 305
and, 1n particular, by use of the set of parameters for CQI
sequences 309. The first CQI sequence 312 may indicate a
transmission rate that 1s supported on the first beam 301 1t
no other beams are transmitted simultaneously or a trans-
mission rate that 1s supported on the first beam 301 11 the
second beam 302 1s transmitted simultaneously using the
assumed set of parameters 309. The second CQI sequence
313 indicates a transmission rate that 1s supported on the first
beam 301 11 the second beam 302 1s transmitted simultane-
ously using the assumed set of parameters 309. Both CQI
sequences 312, 313 are transmitted to a control unmit 314 on
the side of the base station, wherein the control unit 314
analyzes the CQI sequences 312, 313 received and repre-
senting channel quality information for each combination of
transmitted beams and generates or derives beam transmis-
sion parameters 315. The beam transmission parameters 315
are, thus, generated by considering transmission quality
information of all beams, the transmission quality informa-
tion being transmitted in an eflicient way due to the sets of
parameters selected by the control unit. For the next trans-
mission from the base station side to the mobile terminal
side, the whole variety of channel quality of the plurality of
simultaneously transmitted beams from the transmitter 300
to the receiver 303 will be considered when using the beam
transmission parameters 315 provided by the control unit
314.

Although the invention has been described primarily 1n
relation to transmissions from base stations to mobile ter-
minals, the mvention 1s also applicable to transmissions
from mobile terminals to base stations, and between peer
nodes.

In the present specification and claims the word “a” or
“an” preceding an element does not exclude the presence of
a plurality of such elements. Further, the word “comprising”
does not exclude the presence of other elements or steps than
those listed.

From reading the present disclosure, other modifications
will be apparent to persons skilled 1n the art. Such modifi-
cations may involve other features which are already known
in the art of radio communication and which may be used
instead of or 1n addition to features already described herein.

The mnvention claimed 1s:

1. A method of operating a communication system, said
method comprising signaling channel quality information
(CQI) 1n a multi-beam transmission system, wherein a
number of beams simultaneously transmitted may vary, said
method further comprising;

transmitting a plurality of sequences of [channel quality

information] CQI values for controlling transmission
rate on at least one of the beams,

estimating channel quality by analyzing quality of trans-

mission of each of the number of beams via a plurality
of channel quality estimators; and

deriving each sequence of the plurality of sequences of

CQI values based on an assumed parameter of each of
the number of beams, each sequence depending on
transmissions made on other beams of the number of
beams, wherein said plurality of sequences includes at
least a first sequence of [channel quality information]
CQI values, which assumes no other beams being
transmitted, and a second sequence of [channel quality
information] CQI values, which assumes at least one
other beam being transmitted, said second sequence of
[channel quality] CQI values including at least one
value lower than any of those 1n said first sequence of
[channel quality] CQOI values.
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2. The method according to claim 1, said method com-
prising selecting a transmission parameter [of the transmis-
sion] of each sequence of the plurality of sequences of
[channel quality information] CQI values based on the
assumed parvameters of each of the number of beams. d

3. The method according to claim 2, wherein [a] ke
transmission parameter of a sequence of the plurality of
sequences of [channel quality information] CQI values is [at
least] one or more of [the following]:

a rate of update of [channel quality information] CQI

reports 1n the sequence;

a resolution of the [channel quality information] CQI

reports in the sequence;

a coding scheme of a [channel quality information] CQO/

report 1n the sequence; or

a transmission power or modulation scheme used for the

[channel quality information] CQI reports in the
sequence.

4. The method according to claim 1,

wherein the first sequence of [channel quality informa-

tion] CQI values [to] indicate a transmission rate that is
supported on a first beam 11 no other beams are trans-
mitted simultaneously[; and

the first sequence of channel quality information values

indicate a transmission rate that 1s supported on the first
beam 1f a second beam 1s transmitted simultaneously
using an assumed set of parameters].

5. The method according to claim [4] I, wherein the
second sequence of [channel quality information] CQI val-
ues indicate a transmission rate that 1s supported on the first
beam 11 a second beam 1s transmitted simultaneously using
an assumed set of parameters.

6. The method according to claim [4] /, wherein further
sequences of [channel quality information] CQI values
indicate transmission rates supported on the first beam 11 the
second beam was transmitted with Jone of:] different sets of
parameters|, and] or fo indicate the transmission rates sup-
ported on the first beams if one or more further beams were
transmitted with same or diflerent sets of parameters.

7. The method according to claim 5, wherein the second
sequence of the plurality of sequences of [channel quality
information] CQI values and further sequences of [channel
quality information] CQI values are transmitted by use of
differential signaling with respect to another sequence of the 45
plurality of sequences of [channels quality information] CQO/
values.

8. The method according to claim [5] I, wherein the
assumed set of parameters [comprises at least one] is one or
more of [the following]:

a number of beams assumed to be transmitted;

an 1dentify of the second beam or another beam or beams

to be transmitted;

an 1dentity of an intended receiving station for the second

beam or another beam or beams to be transmitted, or 55

[the] @ transmission power of at least one of the beams.

9. The method according to claim [5] /, wherein a
transmission of the second sequence of the plurality of
sequences of [the] CQI values coincides with a transmission
of the CQI values of the first sequence.

10. A multi-beam transmission system, [wherein said
system comprises:

means for:] the system comprising;

means for transmitting a plurality of sequences of
channel quality information (CQ/) values [(CQI)] for 65
controlling [the] a transmission rate on one of the
beams; and
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means for estimating channel quality by analysing
quality of transmission of each of [the] @ number of
beams via a plurality of channel quality estimators;
wherein each sequence of the plurality of sequences
of [channel quality information] CQI values is
derived based on an assumed parameter of each of
the number of beams, each sequence depending on
transmission made on other beams of the number of
beams, wherein said plurality of sequences includes
at least a first sequence of [channel quality informa-
tion] CQI values, which assumes no other beams
being transmitted, and a second sequence of [channel
quality information] CQI values, which [assumel]
assumes at least one other beam being transmitted,
said second sequence of [channel quality] CQI val-
ues 1ncluding at least one value lower than any of
those 1n said first sequence of [channel quality] CQOI
values.

11. The multi-beam transmission system according to
claim 10, comprising selecting a transmission parameter Jof
the transmission] of each sequence of the plurality of
sequences of [channel quality information] CQI values
based on the assumed parvameters of each of the number of
beams, and wherein the transmission parameter is one or
movre of.

a rate of update of CQI reports in the sequence;

a resolution of the CQI reports in the sequence;

a coding scheme of a CQI report in the sequence; or

a transmission power or modulation scheme used for the

CQI reports in the sequence.

12. A mobile station for use 1n a multi-beam transmission
system according to claim 10, wherein]:]

the first sequence of CQI values indicate a transmission

rate supported on a first beam 1f no other beams are
transmitted simultaneously[; and

the first sequence of CQI values indicate a transmission

rate supported on the first beam if a second beam 1s
transmitted simultaneously using an assumed set of
parameters].

13. The mobile station according to claim [12] 70,
wherein the second sequence of CQI values indicate a
transmission rate supported on the first beam if [the] a
second beam 1s transmitted simultaneously using an
assumed set of parameters.

14. The mobile station according to claim [12] /3,
wherein further sequences of said plurality of sequences of
CQI values indicate transmission rates supported on the first
beam if the second beam was transmitted with [one of:]
different sets of parameters [and] or o indicate transmission
rates supported on the first beam 1f further beams were
transmitted with the same or diflerent sets of parameters.

15. The mobile station according to claim 12, wherein
said mobile station 1s configured to take into account beams
transmitted to other mobile stations 1f they are transmitted
using the same time, frequency and code resources.

16. The mobile station according to claim [12] /3,
wherein the CQI values reported for the first beam will have
a different value depending on whether the second beam 1s
assumed to be transmitted to a same or different mobile
station as the first beam.

17. The mobile station according to claim 16, wherein the
second beam 1s transmitted to the same mobile station as the
first beam and wherein the mobile station reports a lower
CQI value for the first beam, thereby enabling a higher CQI
value to be reported for the second beam.

18. The mobile station according to claim [17] /6,
wherein the second beam 1s transmitted to a different mobile
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station than the first beam and wherein the mobile station
reports a higher CQI value for the first beam than for the
second beam.

19. A [computer program stored on a] non-transitory
computer readable medium [for executing the steps; com-
prising] kaving stored thereon computer executable instruc-
tions configured to cause computer circuitry to:

[signalling] sigrnal channel quality information (CQI) in a
multi-beam transmission system, wherein a number of
beams simultaneously transmitted may vary, [said
method further comprising:];

[transmitting] ¢ransmit a plurality of sequences of [chan-
nel quality information] CQI values for controlling
transmission rate on at least one of the beams;

[estimating] estimate channel quality by analysing quality
of transmission of each of the number of beams via a
plurality of channel quality estimators; and

[deriving] derive each sequence of the plurality of
sequences of CQI values based on an assumed param-
cter of each of the number of beams, each sequence
depending on transmission made on other beams of the
number of beams, wherein said plurality of sequences
includes at least a first sequence of [channel quality
information] CQI values, which assumes no other
beams being transmitted, and a second sequence of

[channel quality information] CQ[ values, which
[assume] assumes at least one other beam being trans-

mitted, said second sequence of [channel quality] CQO/
values including at least one value lower than any of

those in said first sequence of [channel quality] CQOI

values.
20. A mobile station for use in a multi-beam transmission

system, the mobile station comprising:

a tramnsmitter configured to transmit a plurality of

sequences of channel guality information (CQI) values
for controlling a transmission rate on one of a plurality
of beams; and

a plurality of channel gquality estimators configured to
estimate channel quality by analysing quality of trans-
mission of each of the plurality of beams; wherein each
sequence of the plurality of sequences of CQOI values is
derived based on an assumed parameter of each of the
plurality of beams, each sequence being derived based
on transmission made on other beams of the plurality
of beams, whervein said plurality of sequences includes
at least a first sequence of CQOI values, which assumes
no other beams being transmitted, and a second
sequence of CQOI values, which assumes at least one
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23. The mobile station according to claim 20, wherein the
second sequence of CQOI values indicate a transmission rate
supported on the first beam if a second beam is transmitted
simultaneously using an assumed set of parameters.

24. The mobile station according to claim 23, wherein

further sequences of said plurality of sequences of CQI

values indicate transmission rates supported on the first
beam if the second beam was transmitted with different sets
of parameters or to indicate transmission vates supported on
the first beam if further beams were transmitted with the
same or diffevent sets of parvameters.

25. The mobile station according to claim 23, wherein
said mobile station is configured to take into account beams
transmitted to other mobile stations if they are transmitted
using the same time, frequency and code resources.

26. The mobile station according to claim 23, wherein the
CQI values veported for the first beam will have a different
value depending on whether the second beam is assumed to
be transmitted to a same or different mobile station as the

first beam.

27. The mobile station according to claim 26, wherein the
second beam is transmitted to the same mobile station as the

first beam, and whervein the mobile station reports a lower

CQI value for the first beam, thereby enabling a higher CQOI
value to be reported for the second beam.

28. The mobile station according to claim 27, wherein the
second beam is transmitted to a different mobile station than
the first beam and wherein the mobile station reports a
higher CQI value for the first beam than for the second
beam.

29. A mobile station for use in a multi-beam transmission
system, the mobile station comprising:

a transmitter configured to transmit a plurality of
sequences of channel guality information (CQI) values
for controlling a transmission rate on one of a plurality
of beams, wherein each sequence of CQI values is
derived based on an assumed parameter of at least one
other beam; and

a computer processor configured to tramsmit, via the
transmitter, a first sequence of CQOI values to indicate
a transmission rate supported on a first beam when no
other beams are transmitted simultaneously and to
transmit a second sequence of CQOI values to indicate a
transmission rate supported on the first beam if a
second beam is transmitted simultaneously using an
assumed set of parameters.

30. The mobile station according to claim 29, wherein the

compuiter processor is configured to select a transmission

other beam being transmitted, said second sequence of 50 parameter of each sequence of the plurality of sequences of

CQI values including at least one value lower than any

of those in said first sequence of CQOI values.
21. The mobile station according to claim 20, further
comprising a control unit configurved to select a transmission

parameter of each sequence of the plurality of sequences of 55

CQOI values based on the assumed parameters of each of the
number of beams, and wherein the transmission parvameter
IS one or more of.

a rate of update of CQI veports in the sequence;

a resolution of the CQI reports in the sequence;

a coding scheme of a CQI report in the sequence; or

a transmission power or modulation scheme used for the

CQI reports in the sequence.
22. The mobile station according to claim 20, wherein:

60

CQI values based on the assumed parameters of each of the
number of beams.

31. The mobile station according to claim 29, wherein the
transmission parvameter is one ov more of

a rate of update of CQI reports in the sequence;

a resolution of the CQI reports in the sequence;

a coding scheme of a CQI report in the sequence; or

a transmission power or modulation scheme used for the

CQI reports in the sequence.

32. The mobile station according to claim 29, wherein the
compuiter processor is configured to transmit, via the trans-
mitter, further sequences of CQI values to indicate trans-
mission rvates supported on the first beam if the second beam
was transmitted with diffevent sets of parvameters or to

the first sequence of CQI values indicate a transmission 65 indicate transmission rates supported on the first beam if

rate supported on a first beam if no other beams are
transmitted simultaneously.

further beams were transmitted with the same or different
sets of parameters.
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33. The mobile station according to claim 29, wherein the
computer processor is further configured to take into
account beams transmitted to other mobile stations when
they are transmitted using the same time, frequency and
code resources.

34. A mobile station for use in a multi-beam transmission

system, the mobile station comprising:
a receiver configured to receive a plurality of transmitted

beams;
a plurality of channel gquality estimators configured to
analyze a quality of transmission of the received plu-

rality of transmitted beams and generate a set of

assumed transmission pavameters corvesponding to
each of the received plurality of beams;

a control unit configured to obtain the set of assumed
transmission parameters from the plurality of channel
estimators;

a plurality of CQOI sequence units configured to generate

a plurality of CQI sequences based on the set of

assumed transmission parameters; and

a transmitter configured to transmit the plurality of CQOI
sequences including a first CQOI sequence and a second
CQI sequence, wherein the first sequence of CQOI values
indicate a transmission vate supported on a first beam
when no other beams are transmitted simultaneously
and the second sequence of CQI values indicate a
transmission rate supported on the first beam if a
second beam is transmitted simultaneously using the
assumed set of transmission parameters.

35. The mobile station according to claim 34, wherein a
CQI value of a first beam transmitted to a mobile station will
vary depending on whether the second beam is transmitted
to the mobile station or to a different mobile station.

36. The mobile station according to claim 35, wherein the
mobile station reports a lower CQI value for the first beam
when the second beam is transmitted to the mobile station.

37. The mobile station according to claim 335, wherein the
mobile station reports a higher CQI value for the first beam
when the second beam is transmitted to the different mobile
station.

38. A multi-beam transmission system comprising.

a base station configured to transmit a plurality of beams;

and

a mobile station wherein the mobile station comprises.

a receiver configured to receive a plurality of transmitted

beams;

a plurality of channel guality estimators configured to

analyze a quality of transmission of the received plu-

rality of transmitted beams and generate a set of
assumed transmission parameters corresponding to >V

each of the received plurality of beams;

a control unit configured to obtain the set of assumed
transmission parvameters from the plurality of channel
estimators and generate a set of pavameters for CQOI
sequences;

a plurality of Channel Quality Information (CQOI)

sequence units configured to genervate a plurality of

CQI sequences based on the set of assumed transmis-
sion pavameters and the set of parameters for CQOI
sequences; and

a transmitter configured to transmit a plurality of CQOI
sequences including a first CQOI sequence and a second
CQI sequence, wherein the first sequence of COI values
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indicate a transmission rate supported on a first beam
when no other beams are transmitted simultaneously
and the second sequence of CQI values indicate a
transmission rate supported on the first beam if a
second beam is transmitted simultaneously using an

assumed set of parameters, and

wherein the base station receives the plurality of CQOI
sequences and transmits a next plurality of beams
based on the plurality of CQOI sequences received.

39. A mobile station for use in a multi-beam transmission

system, the mobile station comprising:

a plurality of antennas; and

a transmitter, coupled to the plurality of antennas and
configured to tramnsmit a plurality of sequences of
channel guality information (CQI) values for control-
ling a transmission rate on a beam,

wherein the CQOI values ave estimated by analysing qual-
ity of transmission of each of a number of beams,

wherein each sequence of the plurality of sequences of
CQOI values is dervived based on an assumed parvameter
of each of the number of beams, each sequence depend-
ing on a transmission on other beams of the number of
beams,

wherein said plurality of sequences includes at least a fivst
sequence of CQOI values which assumes no other beams
being transmitted, and a second sequence of CQI
values which assumes at least one other beam being
transmitted simultaneously,

said second sequence of CQOI values including at least one
value lower than any of those in said first sequence of

CQOI values.

40. The mobile station accorvding to claim 39, comprising

selecting a transmission parameter of the transmission of

each sequence of the plurality of sequences of CQI values
based on the assumed parvameters of each of the number of

beams.
41. The mobile station according to claim 39, wherein

further sequences of said plurality of sequences of CQI

values indicate transmission rates supported on the first
beam if the second beam was transmitted with different sets
of parameters or to indicate transmission vates supported on
the first beam if further beams were transmitted with the
same or diffevent sets of parvameters.

42. The mobile station according to claim 39, wherein
said mobile station is configured to take into account beams
transmitted to other mobile stations if they are transmitted
using the same time, frequency and code resources.

43. The mobile station according to claim 39, wherein the
CQI values rveported for the first beam will have a different
value depending on whether the second beam is assumed to
be transmitted to a same or different mobile station as the

first beam.

44. The mobile station according to claim 39, wherein the
second beam is transmitted to the same mobile station as the

55 first beam and wherein the mobile station reports a lower

60

CQI value for the first beam, thereby enabling a higher CQOI

value to be reported for the second beam.

45. The mobile station according to claim 39, wherein the
second beam is transmitted to a different mobile station than
the first beam and whervein the mobile station veports a

higher CQOI value for the first beam than for the second

beam.



	Front Page
	Drawings
	Specification
	Claims

