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(57) Abstract: A method for transmitting uplink channel state information
(CS]) in a coordinated multi-point (CoMP) system is provided, which in-
cludes coding and multiplexing operations. In a multiple input multiple out-
put (MIMO) system, a method for transmitting CSI of multiple coordinated
points according to an embodiment of the present invention includes coding
the CSI of the multiple coordinated points, modulating the coded CSI of the
multiple coordinated points, and multiplexing the modulated CSI on a phys-
ical uplink shared channel (PUSCH). Multiplexing a rank indicator (RI) in
the CSI includes multiplexing ditferent RIs for ditferent uplink ranks, and
multiplexing a channel quality indicator/precoding matrix indicator
(CQI/PMI) in the CSI includes multiplexing the CQI/PMI in a code word
with the highest modulation and coding order and in other code words.
Therefore, an issue with the application of the CoMP technology that one
user equipment (UE) transmits CSI of multiple coordinated points may be
solved, which may facilitate a further development of the CoMP technology.
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METHOD FOR TRANSMITTING UPLINK CONTROL INFORMATION

Backeround of the Invention

Field of the Invention

The present invention relates to a method for transmitting uplink control information
(UCI) in a wireless communication system, and more particularly, to a method for

transmission of UCI over a physical uplink shared channel (PUSCH).

Description of the Prior Art

Long Term Evolution (LTE)LTE-Advanced technology is a major research and
development project initiated by the 3rd Generation Partnership Project (3GPP) in the recent
years. LTE/LTE-Advanced, based on the Orthogonal Frequency Division
Multiplexing/Frequency Division Multiple Access (OFDM/FDMA) technology, is dubbed as
the "quasi-4G" technology. In LTE/LTE-Advanced, non-periodical UCI is multiplexed on a
physical uplink shared channel (PUSCH) individually or together with uplink-shared channel
(UL-SCH) data. Even periodical UCI may be transmitted over the PUSCH.

However, with the development of the LTE/LTE-Advanced, Coordinated Multi-Point
(CoMP) technique is introduced and thus the contents of UCI involve multiple points instead
of a single point. Accordingly, transmission mechanisms such as coding and multiplexing of

the UCI on the PUSCH need to be reconsidered.

Summary of the Invention

The present invention provides a method for transmitting UCI in a CoMP system so as
to solve the issue of coding and multiplexing UCI when the CoMP technology is used in
single-antenna and multi-antenna systems.

An embodiment of the present invention provides a method for transmitting channel
state information (CSI) of multiple coordinated points in a CoMP system. The method
includes coding the CSI of the multiple coordinated points, modulating the coded CSI of the
multiple coordinated points, and multiplexing the modulated CSI on a PUSCH. The
multiplexing of a rank indicator (RI) in the CSI includes multiplexing different Rls for
different uplink ranks, and the multiplexing of a channel quality indicator/precoding matrix
indicator (CQL/PMI) in the CSI includes multiplexing the CQI/PMI in a code word with the

highest modulation and coding order and in other code words.
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In an embodiment, the CSI of the multiple coordinated points is coded by one of a joint
coding, separate coding and hybrid coding. The hybrid coding includes performing a joint
coding for the CSI of the coordinated points in each joint coded group, and the number of the
coordinated points in the joint coded group is designated by upper-layer signaling.

In an embodiment, the method further includes defining indexes of the multiple
coordinated points so as to differentiate the CSI of different coordinated points.

In another embodiment, the multiplexing of the CSI further includes allocating the same
or different resource offset parameters for the CSI after the separate coding or hybrid coding,
and the resource offset parameters are configured by the upper-layer signaling.

In yet another embodiment, the method further includes transmitting the CSI after the
separate coding or hybrid coding in sub-frames continuously or in sub-frames at a
predetermined interval, in which the predetermined interval is set by upper-layer signaling.
Moreover, the method may include transmitting the CSI, connected in a predetermined order,
in one sub-frame. In that case, the upper-layer signaling is required to indicate the start point
of the coded CSL

In still another embodiment, a beta value of the CSI after the joint coding is adjusted
when the CSI is mapped to a resource block, and the beta value is a parameter used for
calculating the number of information units.

According to another embodiment of the present invention, the multiplexing of the RI in
the CSI further includes repeatedly multiplexing the RI on all the uplink ranks, instead of
performing a spatial multiplexing.

An embodiment of the present invention further provides a method for coding CSI of
multiple coordinated points in a CoMP system. The method includes determining an
information bit number of the CSI of each coordinated point in the multiple coordinated
points, arranging the determined information bit number of each coordinated point in a
predetermined order to form an information bit sequence, and inputting the information bit
sequence into a joint coder for joint coding.

In an embodiment, the information bit number of the CSI of each coordinated point in
the multiple coordinated points is determined according to a mode configuration of each
coordinated point. In another embodiment, the joint coder includes one of a Reed-Muller
coder and a truncated convolutional coder. For the RI, when the bit number of the formed
information bit sequence exceeds 11 bits, the joint coder includes multiple connected Reed-
Muller coders, and the information bit sequence is segmented and input into the multiple

connected Reed-Muller coders. According to an embodiment, the segmentation is
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implemented based on an equal bit number or a maximum limit of the input bit number of the
Reed-Muller coder.

The present invention provides a novel method for coding and multiplexing UCI in the
CoMP system, and provides a novel multiplexing mechanism for a multiple input multiple
output (MIMO) system. Therefore, the issue in the application of the CoMP technology that
one user equipment (UE) transmits UCI of multiple coordinated points is solved, and the

application of the CoMP technology is further promoted.

Brief description of the drawings

FIG. 1 is a flow chart of a method for transmitting CSI of multiple coordinated points in
a CoMP system according to an embodiment of the present invention; and
FIG. 2 is a flow chart of a method for performing a joint coding for multiple pieces of

CSI according to an embodiment of the present invention.

Detailed Description

To better understand the spirit of the present invention, the present invention is further
described below with exemplary embodiments.

In the field of wireless communications, UCI generally includes Hybrid Automatic
Repeat Request-Acknowledge (HARQ-ACK), RI, CQI, and PMI, in which the CQI and PMI
are usually used together, and the RI, CQI and PMI are also referred to as CSL

According to the CoMP technology, for the transmission of the HARQ-ACK, each UE
is capable of sending two code blocks at most, and each code block has 1 bit. Therefore, even
if multiple coordinated points serve for one UE, the UE can still transmit the HARQ-ACK in
a conventional single point manner when feeding back the HARQ-ACK. For example, the
techniques such as channel coding, modulation and multiplexing used in LTE-Rel.§ are also
used in the HARQ-ACK, which is not further discussed.

In a communication system applying the CoMP technology, each coordinated point has
its corresponding CSI (including the RI and CQI/PMI), and for each UE, the corresponding
multiple coordinated points are not fixed, and the number of the coordinated points is also
changeable and unlimited. To transmit the CSI of the multiple coordinated points, a series of
problems including coding and multiplexing of the CSI need to be solved, and how to
multiplex the CSI to different ranks (or layers) in a MIMO system also needs to be considered.

An embodiment of the present invention provides a method for coding and multiplexing

an RI and a CQI/PMI when the RI and CQI/PMI are transmitted on a PUSCH in a CoMP
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system. For example, joint coding or separate coding is performed on CSI of multiple
coordinated points and the coded CSI is multiplexed on a single antenna.

Another embodiment of the present invention provides a method for coding and
multiplexing an RI and a CQI/PMI when the RI and CQI/PMI are transmitted on a PUSCH in
a MIMO system using the CoMP technology. For example, in a novel spatial multiplexing
method for an RI, the RI is applied in multiple protocol layers, while the CQI/PMI may be
multiplexed in code words other than the one with the highest quality, for example, the
highest modulation and coding order. In that case, for instance, the CQL/PMI is multiplexed in
a code word with the lowest quality.

FIG. 1 is a flow chart of a method 10 for transmitting CSI of multiple coordinated
points in a CoMP system on a PUSCH according to an embodiment of the present invention
in a MIMO system. It should be noted that this flow chart is provided for illustrating the
method of the present invention, and the sequence and relationship of the steps in the method
are determined by those in the field according to actual applications, so this flow chart shall
not be considered as a limitation to the present invention.

In Step 100, a UE receives reference signals from multiple coordinated points, and
estimates CSI of each coordinated point based on the reference signals, the CSI including an
RI and a CQI/PMI.

In Step 101, the CSI of the coordinated points is coded. The coding may include
performing a joint coding for the CSI of the multiple coordinated points, performing a
separate coding for the CSI of each coordinated point in the multiple coordinated points, or
performing a hybrid coding. For example, the hybrid coding may include first grouping the
coordinated points for a joint coding by, for example, grouping two coordinated points in the
multiple coordinated points as one joint coded group. The number of the coordinated points in
the joint coded group may be designated by upper-layer signaling and thus is changeable. The
joint coding is performed for the CSI of the coordinated points in each joint coded group.
During the coding, an index of each coordinated point needs to be defined, so as to
differentiate the CSI of different coordinated points. These coding modes have different
advantages. Taking the separate coding for example, when the CSI resources, for example, RI
resources of the multiple coordinated points in one sub-frame are insufficient, the coded RI
block can be easily mapped to a subsequent sub-frame. In the separate coding, distributed
processing may be adopted, and each coordinated point may detect its own CSIL.

In Step 102, the coded CSI of the multiple coordinated points is modulated.

In Step 103, the modulated CSI is multiplexed on the PUSCH.



10

15

20

25

30

WO 2013/140245 PCT/IB2013/000605

When the joint coding is adopted, for a single antenna, operations such as modulation
and multiplexing of the CSI may be performed by using existing technologies, which will not
be further described. When the separate coding or hybrid coding is adopted, the CSI may also
be modulated by using the existing technology. However, for the multiplexing and
transmission of the CSI, the present invention further provides new mechanisms.

According to an embodiment of the present invention, in Step 104, for each antenna,
when the CSI, for example, RI is multiplexed on the PUSCH, the method further includes
allocating the same or different resource offset parameters for the RI after the separate coding
or hybrid coding, and the resource offset parameter indicates an offset of the UCI relative to
data of a Modulation and Coding Scheme (MCS). The resource offset parameter needs to be
configured by upper-layer signaling.

In Step 105, the CSI, for example, RI is multiplexed in a sub-frame for transmission
through Time Division Multiplexing (TDM) or Frequency Division Multiplexing (FDM).
According to an embodiment of the present invention, the TDM includes multiplexing one
piece of coded CSI, for example, RI in one sub-frame for transmission, multiplexing another
piece of coded CSI, for example, RI in another sub-frame connected to the foregoing sub-
frame for transmission, and so forth. That is, the coded CSI is transmitted in sub-frames
continuously. In another embodiment, the coded CSI may also be transmitted in sub-frames at
a predetermined interval, and the predetermined interval may be set by the upper-layer
signaling that configures the resource offset parameter, According to an embodiment of the
present invention, the FDM includes connecting the coded CSI, for example, CQI/PMI in a
predetermined order and multiplexing the CSI in one sub-frame for transmission. For instance,
the CSI is arranged in an ascending order based on the indexes of the coordinated points. It
should be noted that, when the FDM is applied on the CQI/PMI after the separate coding, if a
centralized processing manner is adopted, upper-layer signaling (which may also be the
upper-layer signaling that configures the resource offset parameter) is required to indicate the
start point of the CQI/PMI after the separate coding to, for example, notify the end point or
length of the previous CQI/PMI. The RI may have the similar condition. For the distributed
processing, each coordinated point receives its own CQI/PMI and has a separate start point, so
the notification through signaling is not needed. In the MIMO system, multiple antennas exist,
and on the basis of the foregoing single-antenna multiplexing, the multiplexing between
multiple antennas also needs to be considered. According to an embodiment of the present
invention, in multi-antenna multiplexing, the RI and the CQI/PMI are multiplexed in different

manners.
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For the RI in the CSI, according to an embodiment of the present invention, in Step 106,
spatial multiplexing may be performed in the case of multiple antennas. That is, different RIs
are multiplexed for all the uplink ranks so as to improve the transmission efficiency, or
different RIs are multiplexed for all the uplink ranks so as to obtain a linear signal-to-noise
ratio (SNR) combining gain. This multi-antenna multiplexing is definitely applicable to the
foregoing coding modes.

For the CQI/PMI in the CSI, according to an embodiment of the present invention, in
Step 107, the CQI/PMI may be multiplexed in a code word with the highest modulation and
coding order and in other code words in the case of multiple antennas, so as to reduce high
overhead when the CoMP technology is applied. This multi-antenna multiplexing is definitely
applicable to the foregoing coding modes.

According to an embodiment of the present invention, a beta value of the modulated
CSI needs to be adjusted when the CSI is mapped to a resource block, and the beta value is a
parameter used for calculating the number of information units.

The present invention further provides a method for performing a joint coding for
multiple pieces of CSI in the application of the CoMP technology. FIG. 2 is a flow chart of a
method 20 for performing a joint coding for multiple pieces of CSI according to an
embodiment of the present invention. In Step 200, an information bit number of the CSI of
each coordinated point in the multiple coordinated points is determined according to, for
example, the mode configuration of each coordinated point.

In Step 201, the determined information bit number of each coordinated point is
arranged in a predetermined order according to, for example, a fixed order of the indexes of
the coordinated points, so as to form an information bit sequence.

In Step 202, the information bit sequence is input into a joint coder for joint coding. The
joint coder may include one coder or multiple connected coders, and the number of the coders
depends on the required bit number. Taking an existing (32, O) Reed-Muller coder as an
example, if "O" is 11, when the bit number of the information bit sequence is 20, two
connected Reed-Muller coders are needed. The information bit sequence, for example, the RI
needs to be segmented and input into the multiple connected Reed-Muller coders. The
segmentation may be implemented based on an equal bit number or a maximum limit of the
input bit number of the Reed-Muller coder, for example, 11. According to an embodiment of
the present invention, for the CQI/PMI, when the bit number of the formed information bit
sequence exceeds 11 bits, a truncated convolutional coder may be selected to perform a

convolutional coding, and the Reed-Muller coder is not used. Subsequent processing such as
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modulation and multiplexing can be performed for the CSI after the joint coding. When the
joint coding is adopted in the hybrid coding, the multiple coordinated points in the joint
coding belong to the same joint coded group.

Although the technical contents and features of the present invention are described
above, various replacements and modifications can be made by persons skilled in the art
based on the teachings and disclosure of the present invention without departing from the
spirit thereof. Therefore, the scope of the present invention is not limited to the described
embodiments, but covers various replacements and modifications that do not depart from the

present invention as defined by the appended claims.
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We Claim:
1. A method for transmitting channel state information (CSI) of multiple coordinated

points in a coordinated multi-Point (CoMP) system, the method comprising:

coding the CSI of the multiple coordinated points;

modulating the coded CSI of the multiple coordinated points; and

multiplexing the modulated CSI on a physical uplink shared channel (PUSCH),
wherein

multiplexing a rank indicator (RI) in the CSI comprises multiplexing different Rls
for different uplink ranks, and

multiplexing a channel quality indicator/precoding matrix indicator (CQL/PMI) in
the CSI comprises multiplexing the CQI/PMI in a code word with the highest modulation and

coding order and in other code words.

2. The method according to claim 1, wherein the CSI of the multiple coordinated

points is coded by one of a joint coding, separate coding and hybrid coding.

3. The method according to claim 2, when the CSI is multiplexed on the PUSCH,
further comprising allocating the same or different resource offset parameters for the CSI after
the separate coding or hybrid coding, the resource offset parameters being configured by

upper-layer signaling.

4.  The method according to claim 3 further comprising transmitting the CSI after the
separate coding or hybrid coding in sub-frames continuously or in sub-frames at a

predetermined interval, wherein the predetermined interval is set by the upper-layer signaling.

5. The method according to claim 3 further comprising transmitting the CSI after the

separate coding or hybrid coding, connected in a predetermined order, in one sub-frame.

6.  The method according to claim 5 further comprising indicating by the upper-layer

signaling the start point of the coded CSIL

7. The method according to claim 2, wherein the hybrid coding comprises
performing a joint coding for the CSI of the coordinated points in each joint coded group,
wherein the number of the coordinated points in the joint coded group is designated by the

upper-layer signaling.

8.  The method according to claim 1, wherein a beta value of the modulated CSI is
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adjusted when the CSI is mapped to a resource block, and the beta value is a parameter used

for calculating the number of information units.

9. The method according to claim 1 further comprising defining indexes of the

multiple coordinated points so as to differentiate the CSI of different coordinated points.

10. A method for transmitting channel state information (CSI) of multiple coordinated
points in a coordinated multi-point (CoMP) system, the method comprising:
coding the CSI of the multiple coordinated points;
modulating the coded CSI of the multiple coordinated points; and
multiplexing the modulated CSI on a Physical Uplink Shared Channel (PUSCH),
wherein
multiplexing a rank indicator (RI) in the CSI comprises multiplexing different Rls

for different uplink ranks.

11. The method according to claim 10, wherein multiplexing a channel quality
indicator/precoding matrix indicator (CQL/PMI) in the CSI comprises multiplexing the
CQI/PMI in a code word with the highest modulation and coding order and in other code

words.

12. The method according to claim 10, wherein the CSI of the multiple coordinated

points is coded by one of a joint coding, separate coding and hybrid coding.

13. The method according to claim 12, when the CSI is multiplexed on the PUSCH,
further comprising allocating the same or different resource offset parameters for the CSI after
the separate coding or hybrid coding, the resource offset parameters being configured by

upper-layer signaling.

14. The method according to claim 13 further comprising transmitting the CSI after
the separate coding or hybrid coding in sub-frames continuously or in sub-frames at a

predetermined interval, wherein the predetermined interval is set by the upper-layer signaling.

15. The method according to claim 13 further comprising transmitting the CSI after

the separate coding or hybrid coding, connected in a predetermined order, in one sub-frame.

16. The method according to claim 15 further comprising indicating by the upper-
layer signaling the start point of the coded CQI/PML
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17. The method according to claim 12, wherein the hybrid coding comprises
performing a joint coding for the CSI of the coordinated points in each joint coded group,
wherein the number of the coordinated points in the joint coded group is designated by the

upper-layer signaling.

18. The method according to claim 10, wherein a beta value of the modulated CSI is
adjusted when the CSI is mapped to a resource block, and the beta value is a parameter used

for calculating the number of information units.

19. The method according to claim 10 further comprising defining indexes of the

multiple coordinated points so as to differentiate the CSI of different coordinated points.

20. A method for transmitting channel state information (CSI) of multiple coordinated

points in a coordinated multi-point (CoMP) system, the method comprising:

coding the CSI of the multiple coordinated points;

modulating the coded CSI of the multiple coordinated points; and

multiplexing the modulated CSI on a physical uplink shared channel (PUSCH),
wherein

multiplexing a channel quality indicator/precoding matrix indicator (CQI/PMI) in
the CSI comprises multiplexing the CQI/PMI in a code word with the highest modulation and

coding order and in other code words.

21. The method according to claim 20, wherein multiplexing a rank indicator (RI) in
the CSI comprises one of multiplexing different Rls for different uplink ranks, and repeatedly

multiplexing the RI on all the uplink ranks.

22. The method according to claim 20, wherein the CSI of the multiple coordinated

points is coded by one of a joint coding, separate coding or hybrid coding.

23. The method according to claim 22, when the CSI is multiplexed on the PUSCH,
further comprising allocating the same or different resource offset parameters for the CSI after
the separate coding or hybrid coding, the resource offset parameters being configured by

upper-layer signaling.

24. The method according to claim 23 further comprising transmitting the CSI after
the separate coding or hybrid coding in sub-frames continuously or in sub-frames at a

predetermined interval, wherein the predetermined interval is set by the upper-layer signaling.
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25. The method according to claim 23 further comprising transmitting the CSI after

the separate coding or hybrid coding, connected in a predetermined order, in one sub-frame.

26. The method according to claim 25 further comprising indicating by the upper-
layer signaling the start point of the coded CQI/PMIL.

27. The method according to claim 22, wherein the hybrid coding comprises
performing a joint coding for the CSI of the coordinated points in each joint coded group,
wherein the number of the coordinated points in the joint coded group is designated by the

upper-layer signaling.

28. The method according to claim 20, wherein a beta value of the modulated CSI is
adjusted when the CSI is mapped to a resource block, and the beta value is a parameter used

for calculating the number of information units.

29. The method according to claim 20 further comprising defining indexes of the

multiple coordinated points so as to differentiate the CSI of different coordinated points.

30. A method for coding channel state information (CSI) of multiple coordinated
points in a coordinated multi-point (CoMP) system, the method comprising:
determining an information bit number of the CSI of each coordinated point in the
multiple coordinated points;
arranging the determined information bit number of each coordinated point in a
predetermined order to form an information bit sequence; and

inputting the information bit sequence into a joint coder for joint coding.

31. The method according to claim 30, wherein the information bit number of the CSI
of each coordinated point in the multiple coordinated points is determined according to a

mode configuration of each coordinated point.

32. The method according to claim 30, wherein the joint coder comprises one of a

Reed-Muller coder and a truncated convolutional coder.

33. The method according to claim 32, wherein for the RI in the CSI, when the bit
number of the formed information bit sequence exceeds 11 bits, the joint coder comprises
multiple connected Reed-Muller coders, and the information bit sequence is segmented and

input into the multiple connected Reed-Muller coders.
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34. The method according to claim 33, wherein the segmentation is implemented
based on an equal bit number or a maximum limit of the input bit number of the Reed-Muller

coder.

35. The method according to claim 32, wherein for the CQI/PMI in the CSI, when the
bit number of the formed information bit sequence exceeds 11 bits, a truncated convolutional

coder is used.

36. The method according to claim 30, wherein the multiple coordinated points belong
to the same joint coded group, and the number of the coordinated points in the joint coded

group is designated by upper-layer signaling.

37. The method according to claim 30, wherein a beta value of the CSI after the joint
coding is adjusted when the CSI is mapped to a resource block, and the beta value is a

parameter used for calculating the number of information units.

38. A method for transmitting channel state information (CSI) of multiple coordinated

points in a coordinated multi-Point (CoMP) system, the method comprising:

performing a separate coding for the CSI of each coordinated point in the multiple
coordinated points or in each joint coded group;

modulating the coded CSI of the multiple coordinated points; and

multiplexing the modulated CSI on a physical uplink shared channel (PUSCH),
wherein the method further comprises allocating the same or different resource offset
parameters for the coded CSI, the resource offset parameters being configured by upper-layer

signaling.

39. The method according to claim 38 further comprising transmitting the coded CSI
in sub-frames continuously or in sub-frames at a predetermined interval, wherein the

predetermined interval is set by the upper-layer signaling.

40. The method according to claim 38 further comprising transmitting the coded CSI,

connected in a predetermined order, in one sub-frame.

41. The method according to claim 40 further comprising indicating by the upper-
layer signaling the start point of the coded CQI/PMIL.

42. The method according to claim 38, wherein the number of the coordinated points

in the joint coded group is designated by the upper-layer signaling.
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43. The method according to claim 38 further comprising defining indexes of the

multiple coordinated points so as to differentiate the CSI of different coordinated points.

44. The method according to claim 38, wherein a beta value of the modulated CSI
needs to be adjusted when the CSI is mapped to a resource block, and the beta value is a

parameter used for calculating the number of information units.
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