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* SIGNAL ENCODING METHOD AND DEVICE, METHOD FOR
ENCODING JOINT FEEDBACK SIGNAL

FIELD OF THE INVENTION

The present invention relates to the field of communication technology, and more
particularly, to a signal encoding method, a signal encoding device, and a method for

encoding a joint feedback signal.
BACKGROUND OF THE INVENTION

In a process of a Hybrid Automatic Repeat Request (HARQ), a User Equipment (UE)
monitors a High Speed-Shared Control Channel (HS-SCCH). If no data is received, the
UE performs no action, which can be regarded as that the UE does not send information to
a base station (Node B). In this case, the Node B considers that feedback information is
discontinuous transmission (DTX) information. If data is received, data on a high
speed-downlink shared channel (HS-DSCH) is detected according to control channel
information. If the received data is correct, Acknowledgement (ACK) information is sent
to the Node B. If the received data is incorrect, Negative Acknowledgement (NACK)
information is sent to the Node B. The DTX, ACK, NACK information are generally
referred to as Hybrid Automatic Repeat Request-Acknowledgement (HARQ-ACK)
information. The sent information is encoded and sent to the Node B through an uplink
High Speed-Dedicated Physical Control Channel (HS-DPCCH). The Node B receives and
decodes the feedback information. If the feedback information is ACK, new data is sent.
If the feedback information is NACK, the data is retransmitted. If the feedback

information is DTX, the new data is resent.

In the technology of Dual Carrier (Dual Cell)-High Speed Downlink Packet Access
(DC-HSDPA), if downlink multi-carriers use two HS-DPCCH channels for feedback, a case
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that power is limited occurs, which influences the coverage. In order to save the power
resources, in a case that the UE is not configured with Mulitiple-Input Multiple-Output
(MIMO), a feasible technical solution is that two carriers of a dual-carrier only use one
HS-DPCCH for information feedback. Thus, joint encoding needs to be performed on
feedback information of the two carriers (cells). The encoding is to map various

HARQ-ACK joint signals into a 0-1 sequence with 10 bits.

In Release 5 (R5) of the Technical Specification (TS) 25.212 in the 3rd Generation
Partnership Project (3GPP) Protocol, an encoding scheme for a single-carrier configured
with no MIMQO is provided. In this case, three signals need to be fed back in total: ACK,
NACK, and DTX. The ACK and NACK need to use a codeword, as shown in Table 1-1:

Table 1-1 HARQ-ACK Encoding Scheme for Single-Carrier Configured with No
MIMO

ACK 1 1 1 1 1 1 1 1 1 1

NACK 0 0 0 0 | O 0 0 0 0 0

In Release 6 (R6) of the TS25.212 in the 3GPP Protocol, a preamble (PRE) and
postamble (POST) sending mode is introduced to decrease transmit power of the UE, so
that two new signals PRE and POST are introduced and codewords of the two signals are

further used in Release 7 (R7) and Release 8 (R8).

In R7 of the T825.212 in the 3GPP Protocol, an encoding scheme for a single-carrier
configured with MIMO is provided. The scheme includes a single stream mode and a dual
stream mode, in which three signals and five signals need to be fed back respectively. The
signals fed back in the single stream mode are ACK, NACK, and DTX. The dual stream
mode includes a stream 1 and a stream 2, and the fed back signals can be represented in the
form of "stream 1 feedback signal stream 2 feedback signal”. Specifically, the signals fed
back in the dual stream mode may be ACK_ACK, ACK NACK, NACK ACK,
NACK_NACK, and DTX. Where, the DTX represents that feedback signals of the stream




1 and the stream 2 are DTX. Besides the DTX, the feedback scheme needs six codewords
in total. When the PRE/POST sending mode is employed, the PRE/POST is the same as
that in R6, as shown in Table 1-2.

Table 1-2 HARQ-ACK Encoding Scheme for Single-Carrier Configured with MIMO

Single Stream Mode (1 transmission block)

ACK I 1 1 1 I 1 1 1 1 i

NACK 0 0 0 0 0 0 0 0 0 0

Dual Stream Mode (2 transmission blocks)

Stream 1 Stream 2
Feedback Feedback
Signal Signal
ACK ACK 1 0 | 0 i 1 1 | 0 H
ACK NACK 1 1 0 i 0 1 0 1 1 1
NACK ACK 0 1 1 1 i 0 1 0 1 i
NACK NACK 1 0 0 i 0 0 1 0 0 0

PRE/POST Indication Information

PRE 0 0 1 0 0 I 0 0 1 0

POST 0 i 0 0 1 0 0 1 0 0

In R8 of the TS25.212 in the 3GPP Protocol, an encoding scheme for a dual-carrier
configured with no MIMO is provided. The scheme needs to feed back 9 signals, and 8
codewords are required (the DTX does not need to use any codeword). When the
PRE/POST sending mode is employed, the PRE/POST is the same as that in R6, as shown
in Table 1-3:

Table 1-3 HARQ-ACK Encoding Scheme for Dual-Carrier Configured with No
MIMO




The UE only detects data blocks on a primary carrier.

ACK I 1| 1]1 1 ] 1 ] i ]!

NACK 0O |0j0|j]O0C|jO|O|O|O]O]|O

The UE only detects data blocks on a secondary carrier.

ACK 1 I 1] 1 110070010

NACK O ]0[0] 0] 01 1 1 1 ]

The UE detects data blocks on the two carriers at the same time.

Primary Carrier | Secondary Carrier
Feedback Signal | Feedback Signal
ACK ACK 1 O(1{o0ojy1po0f1jo0f11}|0o0
ACK NACK I 1100|1100 1]1
NACK ACK OO0 (1}t O0OjO0fl1]1]{0¢o0
NACK NACK 0 1o 1J0it)]0; 1|01

PRE/POST Indication Information

PRE Ojoyy1ryojoj1fto0:04i140

POST 0 1{o0joy 1030100

Currently, researches on a technology of combining DC-HSDPA with MIMO
(DC-MIMO) are not started yet, and through the researches on the prior art, the inventor
found that if the prior art is employed to solve a DC-MIMO problem, the most direct
method is to employ two code channels, each carrier uses a code channel, and then the
encoding scheme as shown in Table 1-2 is employed to each carrier. This method needs to
consume too much power that is configured to feed back HARQ-ACK signals. Usually,
the consumed power doubles that consumed by the single-carrier and a system cubic metric

(CM) value is increased, which affects performance of the system.
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SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to methods for encoding joint
feedback signals of two carriers and giving feedback on a code channel in a DC-MIMO

mode.

In an embodiment of the present invention, a signal encoding method is provided,

which includes the following steps.

When two cartiers are configured with MIMO, HARQ-ACK signals of the two carriers

are combined into a joint feedback signal.

According to predetermined mapping relationship between signals and codewords, the

joint feedback signal is mapped into a codeword.

In an embodiment of the present invention, a signal encoding device is provided,

which includes a joint-feedback-signal synthesis module and an encoder module.

The joint-feedback-signal synthesis module is configured to, when two carriers are
configured with MIMO, combine HARQ-ACK signals of the two carriers into a joint
feedback signal.

The encoder module is configured to map the joint feedback signal into a codeword

according to predetermined mapping relationship between signals and codewords.

In an embodiment of the present invention, a method for encoding a joint feedback

signal is provided, which includes the following steps.

A codebook structure satisfying a specific code distance relation or an equivalent
codebook structure thereof is selected for each sending mode and joint feedback signals in

each sending mode are encoded.

The sending mode specifically includes single stream-DTX, DTX-single stream, dual
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stream-DTX, DTX-dual stream, single stream-single stream, dual stream-single stream,

single stream-dual stream, and dual stream-dual stream.

A type of a codebook structure corresponding to the single stream-DTX or DTX-single
stream sending mode includes A-B or 2A. Codewords included in the codebook structure

are Al and B1 or Al and A2, respectively.

A type of a codebook structure corresponding to the dual stream-DTX or DTX-dual
stream sending mode includes 4A, or 3A-C, or 2A-2C, or A-B-2C, or A-B-C-D.
Codewords included in the codebook structure are A1, A2, A3, A4; or Al, A2, A3, Cl; or
Al,A2, C1C2;orAl,Bl1, Cl,C2;0rAl, B1, C1,Dl, respectively.

A type of a codebook structure corresponding to the single stream-single stream
sending mode includes 2A-2B-2C-2D, or A-B-5C-D, or 2A-2B-4C, or A-B-6C, or 2A-6C,
or 4A-4C. Codewords included in the codebook structure are Al, A2, B1, B2, C1, C2, D1,
D2; or Al, Bl, Cl1, C2, C3, C4, C5, D1; or Al, A2, B1, B2, Cl, C2, C3, C4; or Al, B1, Cl,
C2, C3, C4, C5, C6; or Al, A2, C1, C2, C3, C4, C5, C6; or Al, A2, A3, A4, C1, C2, C3, C4,

respectively.

A type of a codebook structure corresponding to the dual stream-single stream or
single stream-dual stream sending mode includes 6A-2B-6C, or 6A-B-6C-D, or
6A-3C-3D-E-F, or 4A-4B-3C-3D, or 4A-3B-6C-D, or {Al, A2, A5, A6}U2B-3C-3D-E-F,
or 6A-2B-2C-DU{D3~D5}. Codewords included in the codebook structure are Al, A2,
A3, A4, A5, A6, B1, B2, Cl, C2, C3, C4, C5, C6; or Al, A2, A3, A4, AS, A6, BI, Cl, C2,
C3, C4, C5,C6, D1; or Al, A2, A3, A4, A5, A6, Cl, C2,C3,D1,D2, D3, EL Fi; or Al, A2,
A3, A4, Bl, B2, B3, B4, C1, C2, C3, D1, D2, D3; or Al, A2, A3, A4, B, B2, B3, Cl, C2,
C3,C4, C5,C6,D1; or Al, A2, A5, A6, Bl, B2, C1, C2,C3,DI1,D2, D3,E1, Fl; or Al, A2,
A3, A4, A5, A6, B1, B2, Cl, C2, D1, D3, D4, D5, respectively.

A type of a codebook structure corresponding to the dual stream-dual stream sending

mode includes 6A-6B-6C-6D. Codewords included in the codebook structure are Al, A2,



A3, A4, A3, A6, B1, B2, B3, B4, B3, B6, Cl1, C2, C3, C4, C5, C6, D1, D2, D3, D4, D5, and
D6. Alternatively, the type of the codebook structure corresponding to the dual
stream-dual stream sending mode further includes a codebook structure formed of 24

codewords randomly selected from 16G-16H.

Code distance relations between all the codewords stated above are shown in Tables

1-4 to 1-9:

Table 1-4

Al | A2 | A3 A4 ] A5 | A6 | BI B2 B3 B4 B5 B6

At | 0 6 6 6 6 6 10 4 4 4 4 4

A2 | 6 0 6 6 6 6 4 10 4 4 4 4

A3 | 6 6 0 6 6 6 4 4 10 4 4 4

Ad | 6 6 6 0 6 6 4 4 4 10 4 4

A51 6 6 6 6 0 6 4 4 4 4 10 4

A6 | 6 6 6 6 6 0 4 4 4 4 4 10

Bl | 10 4 4 4 4 4 0 6 6 6 6 6

B2 | 4 10 4 4 4 4 6 0 6 6 6 6

B3| 4 4 10 4 4 4 6 6 0 6 6 6

B4 | 4 4 4 10 4 4 6 6 6 0 6 6

B5| 4 4 4 4 10 4 6 6 6 6 0 6

B6 | 4 4 4 4 4 10 6 6 6 6 6 0

Cl1 5 5 5 5 5 5 5 5 5 5 5 5

C2| 5 5 5 5 5 5 5 5 5 3 5 5

C3 | 5 5 5 5 5 5 5 5 5 5 5 5




cals| s | s | s | 5|55 55 ]|5s5|5/|:s
cs| 5| s | s | s | s | 515|515 ]| 5| 5]s
c6|s| s s i s | 5| 515 s1 5|5 |5 /|s
pils| s i5 15| s |5 | s|sts5 15 1|51:s
2l s sis5s s |5 | s5s1ls|s{s51{s/|51]s
D3| s | s i s s |5 |5 s|s4ts ] 5|5 /|s
pal 5| s {5 5| s |51 s |51 st{s5 |55
ps| 5| s {51 s | s | s | s | s |5s5{s/|5]/]:5s
p6| s | s | 5| s s |5 |5 |s|5s51s/|51]s
Table 1-
ci1| c2|c3|ca|cs|ce|piip2| D3| D4l D5 | D6
All st s | s | s | s | 5|51 5| s|s/|s/|s
A2l st s | s s | s |5 |51 s |5 |5 |5]:s
Aaslsti s | s | s 15| 5|51 5|5 /|5 15s5/]s:s
asl s | s | s | si{s|s5s{s5 |55 |s5s1|s5/]s
asls| s | s | sis |55 |5 s|s1ls/{s
a6l s | s | s sis|s|{s|s5s|s]s51|s5/|:
Bl s | s | s | s5si5|s{s|5s5s|5]|5s5151S5
B2 5| 5| 5|51t s5s | s s |5 |5]5715]s:s
B3| 5| 5| s |51 s | 5s|s |5 |55 1!15]:5
Ba{s| s | s | s1{ 5|55 |5 |5]5/{5s5]s5
Bs| 51 5| s | s | s | s |5 |55 ]| 5]{5]:s
B6| 51 5| s | 5| 5|55 | s | 5|51 5s5/]:5




Cl 0 6 6 6 6 6 10 4 4 4 4 4
C2| 6 0 6 6 6 6 4 10 4 4 4 4
C3| 6 6 0 6 6 6 4 4 10 4 4 4
C4i 6 6 6 0 6 6 4 4 4 10 4 4
C51] 6 ) 6 6 0 6 4 4 4 4 10 4
Co| 6 6 6 6 6 0 4 4 4 4 4 10
D1 | 10 4 4 4 4 4 0 6 6 6 6 6
D2 | 4 10 4 4 4 4 6 0 6 6 6 6
D3| 4 4 10 4 4 4 6 6 0 6 6 6
D4t 4 4 4 10 4 4 6 6 6 0 6 6
D5 4 4 4 4 10 4 6 6 6 6 0 6
D6 | 4 4 4 4 4 10 6 6 6 6 6 0
Table 1-6

Al | A2 | A3 A4 | A5 | A6 | Cl | C2|C3|D1|D2|D3|EI|FI
El 6 6 6 4 4 4 5 5 5 5 5 5 - 10
Fl 4 4 4 6 6 6 5 5 5 5 5 5 10 -

Table 1-7

Gl|{G2|G3|G4|G5|G6|G7|G8|G9|G10|GI11|GI12|GI3|Gi4|GI5]|Gi6
Gl | 0|6 6| 6|6]6|616] 6 6 6 6 6 6 6
G260 6j6|6|6|6|6]| 6 4 4 4 4 4 4
G3| 6|6 6| 6|6 6|44 4 6 4 6 4 6 4
G4 | 6| 6 0|66 |46 4| 4 6 4 4 6 4 6




G5|61616 |60 41416 4 4 6 6 14 | 4| 6
G6j6|6| 6|6 4144 6 | 4 6 14 | 6 | 6 | 4
G766 |6 | 4] 4 01616 6 6 | 4| 6| 4| 6| 4
G8| 6|6 |416]| 4 6|06 6] 6|4 4 | 6 1 4 6
GY| 6|6 |44 6160 6 4 6 | 4 | 44 6
Glo| 6 |6 14| 4 6| 6|6 0 4 4 16 6 | 4
Gll| 6 |4 |66 6|1 6|4 4 0| 416 6 | 6 | 6
Giz| 6 |4 |4 | 4 414(6] 6 | 40 6 6 | 6 | 6
Gl13| 6 |46 |4 |6 64|61 4 6 0| 416 6
Gl4| 6 {4 |46 416|416 |6 4 10 6 | 6
GI5| 6 {4 |6 |4 61414 6 6 6 6 | 6 0 4
Gl6| 6 1414 |6 4 | 66| 4 6-| 6 6 6 4 0
Table 1-8
H1 |H2 {H3 | H4 | H5 | H6 | H7 { H8 | H9 (H10|Hi1 |H12|H13|HI4|/H15[H16
HI{0|6|6 | 6{6|6]16|6|6|6{6|6|66/|6]6
H21 6 | 016 | 66| 66| 66| 6}|4|414|4/|4]|4
H3| 6 | 6016 | 6|6 |6 |4|4]|4|6]4]|]6|4]6]4
H4| 616 | 6| 0|66 |416|4|4]|6[4|4]6]|4]|6
HS| 6 | 66| 6|0 |6 |4 4|64 4|6]|6/|4|41]6
H6 | 6 | 66 6|6 |04 |4 46|46 |4]|6]|61]4
H7{6 |6 |6 |4]14(40|6 6| 6|6 |4]|64]6]4
H8i{ 6 6|4 |6 4146 |0|6|616| 4416146
HY| 6 |6 | 4:4|6|4|6|6|0|6|4|616|4|4]6¢6

10




HIO| 6 | 6 |4 | 4| 4|l6|6|6l6]0]|4]|6|4]6]|6]4
il 6t 4!6|6|4a|late6lec|alaj0o|a|6|6]|6]6
Hi2l 6 |4 |4|l4|6|l6|a|a|6]6|4|0|6|6]|6]6
izl 6 | 4|6|4a4i6|4|6i4|6|al6]610]|4]6]F6
Hi4l 6 | 414 |6 |a|6|a|6ja]|6|6|6|4]|]0]|616
His| 6 | 4|6 |a|al6i6ja|46]l6|6|6|6]|0]4
Hi6| 6 | 4| 4l6|6|4]|4]6|6|4|6|6|6]|6]|4]0
Table 1-9
Hi | H2 | H3 | H4 | H5 | H6 | H7 | H8 | HO [H10{HI11|HI2|H13|H14|HIS|HI6 |
Gll1o|a|alalala|a|a]|4]4|4|4|a]4]4]4
Go|4f10|4|ajala|a]ld|a|4a]|6|6]6;6]|6]F6
G3|4|alw|4a|a|a|4a|6|6|6ta]l6|4]|6]|4]6
Gslalalalio]alaje6|a|l6i6|4|6|6|4]|6]|4
G514 |a4|aialw|la|6l6|4a|6|6|4l4]6]6]|2a
Golala|a|ajaji0|6]|6|6|a|6]4]|6]4|4]6
G7| 4|44/ 6l6|6|10|4]|4]4]4]|6|4|6]4]6
G8 | 4| 4l6|ale6|6la|10]4a]4]4]6|6|4]6]4
ol 4a|4]le6le6|4]|6|aial10l4]|6]|4]|4|6]6]4
Glo| 4 | 4| 6|66t ajalaijaliore|a]|6]|4]4]6
Gill 4 le6|a|a]6|6|4alaleioe|106|4|4]4]4
Gizlal6|6|6|a|at6|6|4a]4|6|10ja4]4a]4]4
Gi3|l 4 |e6la|6|a|6|alelalelala|l0]6]|4]4
Gial 4|6 | 6| 4| 646|464 |4|a|6|10]4]4

11
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Gis| 416|416 |6|4|4j6|6]|4|4|44]|4110|06

Glel 4 | 616 4lale6ij6|4]a4]|6|4]4]4|4]6)10

The values in Tables 1-4 to 1-9 represent code distances among corresponding

codewords.

Tn one embodiment of the present invention, when Xj; represents the joint feedback
signal, a Primary carrier feedback signal of the joint feedback signal is a signal
corresponding to a number i, and an Secondary carrier feedback signal of the joint feedback
signal is a signal corresponding to a number j, where 0<i<6, 0<j<6, and signals
corresponding to numbers 0-6 are DTX, ACKnowledgement (ACK), Negative
ACKnowledgement (NACK), ACK_ACK, ACK NACK, NACK_ACK, and
NACK NACK in sequence.

When the codewords comprised in the codebook structure corresponding to the single
stream-single stream sending mode are Al, A2, Bl, B2, Cl, C2, DI, and D2, the joint
feedback signals X1, X12, Xi0, Xa1, Xa2, Xa0, Xo1, and X are encoded into D2, B2, Al, A2,
(2, B1, C1, and D1, respectively.

When the codewords comprised in the codebook structure corresponding to the single
stream-single stream sending mode are Al, B1, Cl1, C2, C3, C4, CS, and D1, the joint
feedback signals X1, Xi2, X10, X21, X2, Xa0, Xo1, and X, are encoded into C2, C3, Al, 4,
C5, B1, C1, and D1, respectively.

When the codewords comprised in the codebook structure corresponding to the single
stream-single stream sending mode are Al, A2, Bl, B2, Cl1, C2, C3, and C4, the joint
feedback signals X1, X2, Xio, Xa1, X22, X20, Xot, and Xg are encoded into C1, C2, Al, C3,
C4, B1, A2, and B2, respectively.

In another embodiment of the present invention, when the codewords comprised in the

codebook structure corresponding to the single stream-dual stream sending mode are Al,

12
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A2, A3, A4, A5, A6, Cl, C2, C3, D1, D2, D3, El, and F1, the joint feedback signals Xig,
X 13, X14, Xis, Xi6s Xo0, Xa3, Xoa, Xos, Xa6, Xo3, Xos, Xos, and Xos are encoded into El, A3,
C1, C2,A4,F1,C3,D2,DI, D3,Al, A2, A5, and A6, respectively.

When the codewords comprised in the codebook structure corresponding to the single
stream-dual stream sending mode are Al, A2, A3, A4, AS, A6,B1,B2, C1,C2,C3,C4, C5,
and C6, the joint feedback signals Xio, X13, X14, Xis, Xys, Xa20, Xo3, Xo4, Xas, X26, X035 X045
Xos, and X are encoded into A1, C1, C2, C3, A3, B1, C4, G5, C6, B2, A2, A4, A5, and A6,

respectively.

When the codewords comprised in the codebook structure corresponding to the single
stream-dual stream sending mode are Al, A2, A3, A4, A5, A6, B1,B2, C1,C2,C3, C4, C5,
and C6, the joint feedback signals Xio, X13, Xi4, Xis, X6, Xao, X23, Xa4, Xaos, Xos, Xo3, Xos,
Xos, and Xog are encoded into A1, C5, A2, A3, C6, Bl, A4, AS, A6, B2, C1,C2,C3,and C4,

respectively.

When the codewords comprised in the codebook structure corresponding to the single
stream-dual stream sending mode are Al, A2, A3, A4, AS, A6, B1, B2, Cl1, C2,D1, D3, D4,
and D5, the joint feedback signals Xio, X3, Xi4, Xi5, Xi6, X20, X23, Xo4, Xas, Xa6, X03, Xoas
Xos, and Xos are encoded into C1, D3, D4, D5, C2, D1, B2, AS, A6, B1, Al, A2, A3, and A4,

respectively.

In further another embodiment of the present invention, when the codewords
comprised in the codebook structure corresponding to the dual stream-single stream sending
mode are Al, A2, A3, A4, A5, A6,Cl1, C2,C3,Dl, D2, D3, E1, and F1, the joint feedback
signals Xo1, Xoz, X315 X2, X0, Xa1, Xaz, Xao, Xs1, Xs2, Xs0, X61, X2, and Xep are encoded
into E1, F1, A3, C3,A1,C1,D2,A2,C2,D1,A5,A4,D3, and A6 respectively.

When the codewords comprised in the codebook structure corresponding to the dual
stream-single stream sending mode are Al, A2, A3, A4, AS, A6, B, B2, C1, C2, C3, C4,
C5, and C6, the joint feedback signals Xo1, Xo2, X31, X2, X0, Xat, Xaz, Xao, Xs1, Xs2, Xso,

13
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X1, Xeo, and Xgo are encoded into A1, B, C1, C4, A2, C2, C5, A4, C3, C6, AS, A3, B2,
and A6, respectively.

When the codewords comprised in the codebook structure corresponding to the dual
stream-single stream sending mode are Al, A2, A3, Ad, A5, A6, B1, B2, C1, C2, C3, C4,
C5, and C6, the joint feedback signals Xo1, Xoz, Xa1, X32, X30, Xa1, Xa2, Kan, Xs1, Xs2, Xs0,
X1, Xeo, and Xeo are encoded into A1, Bl, C5, A4, Cl, A2, AS, C2, A3, A6, C3, C6, B2,
and C4, respectively.

When the codewords comprised in the codebook structure corresponding to the dual
stream-single stream sending mode are Al, A2, A5, A6, B1, B2, C1, C2, C3, D1, D2, D3,
E1, and F1, the joint feedback signals Xo1, Xoz, X31, X2, X30, Xa1, X4z, Xao, Xs1, Xs2, Xs0,
X1, X62, and Xgo are encoded into E1, F1, B2, C3, Al, Cl, D2, A2, C2, D1, A5, D3, Bl,
and A6, respectively.

When the codewords comprised in the codebook structure corresponding to the dual
stream-single stream sending mode are Al, A2, A3, A4, B1, B2, B3, Cl1, C2, C3, C4, C5,
C6, and D1, the joint feedback signals Xot, Xoz, X31, X32, X30, Xa1, Xa2, X0, Xs1, Xs2, Xs50,
Xe1, Xez, and Xgp are encoded into D1, C1, C2, B2, Al, C3, B3, A2, C4, C6, A3, C5, Bl,
and A4, respectively.

In further another embodiment of the present invention, when the codewords
comprised in the codebook structure corresponding to the dual stream-dual stream sending
mode are A1, A2, A3, A4, A5, A6, Bl, B2, B3, B4, B5, B6, Cl, C2, C3, C4, C5, C6, D1, D2,
D3, D4, D5, and D6, the joint feedback signals Xo3, Xos, Xoss Xoes X30, X33, X34, X35, X365
Ko, Xas, Xaa, Xas, Xasy Xs0, Xs3, Xsa, Xss, Xs Koo, X3, Xea, Xes, and Xee are encoded into
C1, C2, C3, C4, Al, B4, BS, B6, D1, A2, D5, D3, B3, C6, A3, D6, B2, D2, C5, A4, B, A6,
A5, and D4, respectively; or the joint feedback signals Xoz, Xo4, Xos, Xoss X30, X33, X34, X35,
Xss, Xao, Xas Xar Xas, Xass Xovs Xs3, Xsa» Xss, Xse» Xeo, Xe3, Xes, Xes, and Xes are encoded
into B1, B2, B3, B4, Al, D4, B5, D2, D1, A2, A5, D3, B6, C6, A3, D6, A6, C3, C5, A4, D5,
C2, C1, and C4, respectively.
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20

25

When the codewords comprised in the codebook structure corresponding to the dual
stream-dual stream sending mode are G7, G8, G9, G10, Gl11, G12, G13, G14, G15, G16,
H1, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, and H16, the the
joint feedback signals Xo3, Xo4, Xos, Xos» X30, X33, X34, Xas, X36, Xs0, Xa3, Xasa, Xss, X,
Xso, Xs3, Xs4, Xss5, Xs6, Xs0, Xe3,» X4, Xgs, and Xge are encoded into G12, G13, G14, H4,
H1, G7, G8, G9, G10, H2, G11, G14, G16, H3, H7, HS, H6, H11, H12, H8, H13, H14, H15,
and H16, respectively.

Furthermore, the codebook structure corresponding to the single stream-DTX sending
mode is a subset of an intersection between the codebook structure corresponding to the
single stream-single stream sending mode and the codebook structure corresponding to the
single stream-dual stream sending mode; the codebook structure corresponding to the
DTX-single stream sending mode is a subset of an intersection between the codebook
structure corresponding to the single stream-single stream sending mode and the codebook
structure corresponding to the dual stream-single stream sending mode; the codebook

structure corresponding to the dual stream-DTX sending mode is a subset of an intersection

-between the codebook structure corresponding to the dual stream-single stream sending

mode and the codebook structure corresponding to the dual stream-dual stream sending
mode; and the codebook structure corresponding to the DTX-dual stream sending mode is a
subset of an intersecﬁon between the codebook structure corresponding to the single
stream-dual stream sending mode and the codebook structure corresponding to the dual

stream-dual stream sending mode.

Furthermore, when a codebook structure type of the codebook structure corresponding
to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual stream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure

corresponding to the single stream-single stream sending mode is 2A-2B-2C-2D, a
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codebook structure type of the codebook structure corresponding to the dual stream-single
stream sending mode is 6A-3C-3D-E-F, a codebook structure type of the codebook structure
corresponding to the single stream-dual stream sending mode is 6A-3C-3D-E-F, and a
codebook structure type of the codebook structure corresponding to the dual stream-dual
stream sending mode is 6A-6B-6C-6D, mapping relationship between the joint feedback

signals and codewords for encoding thereof are shown in Table 2-7:

Table 2-7

D/A Xo1 i 1 1 1 1 0 0 0 0 0

D/N Xo2 0 0 0 0 0 1 1 1 1 1

D/AA Xo3 1 I 1 1 {1 0 0 1 0 0

D/AN Xo4 1 1 1 0 0 1 I 0 1 0

D/NA Xos 0 0 i 1 0 1 0 0 0 1

D/NN Xo6 0 1 0 0 0 -0 1 1 0 1

A/D Xio 1 1 1 1 1 1 | 1 1 1

A/A Xn I 0 1 0 I 0 1 0 1 0

A/N X2 1 1 0 0 1 1 0 0 | i

A/AA X13 0 0 0 1 1 0 1 0 1 0

A/AN X4 1 0 1 0 1 0 1 0 0 1

A/NA Xis5 1 1 0 I 0 0 0 0 1 1

A/NN Xis 1 0 0 0 1 1 0 1 1 1

N/D Xag 0 0 0 0 0 0 0 0 0 0

N/A X1 0 0 1 1 0 0 1 1 0 0

N/N X2 0 1 0 1 0 1 0 1 0 1

N/AA X3 | 0 0 i 0 1 1 1 0 0
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N/AN

X4

N/NA

Xas

N/NN

X26

X30

AA/A

AA/AA

AA/AN

AA/NA

AN/D

AN/A

AN/N

AN/AA

AN/AN

AN/NA

AN/NN

NA/D

Xs0

NA/A

NA/N

Xs2

NA/AA

Xs3

NA/AN

Xs4

NA/NA

Xss
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NA/NN | Xsg 0 0 0 1 1 | 1 1 1 0

NN/D Xeo 1 0 0 1 0 0 1 0 0 0

NN/A X61 0 1 1 0 0 0 0 1 0 0

NN/N Xe2 1 0 1 0 0 0 0 0 1 1

NN/AA | X 0 1 0 | 0 0 0 0 1 0

NN/AN | Xea 0 0 1 0 0 0 0 1 1 0

NNNA| Xes | O 1 0 0 1 1 0 0 0 0

NN/NN | Xes 0 1 i 0 1 1 0 1 1 1

Furthermore, when a codebook structure type of the codebook structure corresponding
to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual stream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure
cotresponding to the single stream-single stream sending mode is 2A-2B-2C-2D, a
codebook structure type of the codebook structure corresponding to the dual stream-single
stream sending mode is 6A-2B-6C, a codebook structure type of the codebook structure
corresponding to the single stream-dual stream sending mode is 6A-2B-6C, and a codebook
structure type of the codebook structure corresponding to the dual stream-dual stream
sending mode is 6A-6B-6C-6D, mapping relationship between the joint feedback signals

and codewords for encoding thereof are shown in Table 2-8:

Table 2-8

D/A KXo 1 1 1 1 1 0 0 0 0 0

D/N Xo2 0 0 0 0 0 1 1 I 1 1

D/AA Xo3 1 1 0 0 0 1 1 0 0 0
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D/AN

D/NA

D/NN

A/A

A/N

A/AA

A/AN

A/NA

N/D

N/A

N/N

N/AA

N/AN

N/NA

N/NN

AA/D

AA/A

AA/N

AA/AA

AA/AN

AA/NA
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AA/NN | X6 0 0 1 1 i 0 0 1 1 1

AN/D X0 1 0 1 0 0 1 0 1 | 0

AN/A Xa 0 0 1 1 0 0 1 1 0 0

AN/N X 0 1 0 0 1 0 0 1 1 0

AN/AA | Xg 0 0 0 0 0 0 0 0 0 0

AN/AN | Xy 1 0 1 1 0 1 1 0 0 1

AN/NA | Xys 1 1 1 0 0 0 0 1 0 1

AN/NN | Xy 0 0 i 1 0 0 1 1 0 0

NA/D Xs0 0 0 0 1 1 1 1 0 1 0

NA/A Xs1 | 1 0 0 0 1 1 0 0 0

NA/N Xs2 0 0 1 0 1 1 0 0 0 1

NA/AA | X5 1 1 0 0 1 1 0 0 1 i

NA/AN | Xss 0 1 0 1 1 0 1 0 0 1

NA/NA | Xss 0 1 1 0 1 1 1 1 0 0

NA/NN | Xs6 1 1 1 1 1 1 i 1 1 1

NN/A X1 0 | 0 1 0 1 0 i 0 |

NN/N Xs2 I 0 0 ! 1 1 0 1 0 0

NN/AA | Xg3 1 0 0 1 1 1 0 1 0 0

NN/AN | Xe4 0 | 0 1 0 1 0 1 0 1

NN/NA | Xes 1 1 1 1 1 0 0 0 0 0

NN/NN | X6 1 1 0 1 0 0 1 1 1 0

Furthermore, when a codebook structure type of the codebook structure corresponding
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to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual stream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure
corresponding to the single stream-single stream sending mode is A-B-5C-D, a codebook
structure type of the codebook structure corresponding to the dual stream-single stream
sending mode is 6A-2B-6C, a codebook structure type of the codebook structure
corresponding to the single stream-dual stream sending mode is 6A-2B-6C, and a codebook
structure type of the codebook structure corresponding to the dual stream-dual stream
sending mode is 6A-6B-6C-6D, mapping relationship between the joint feedback signals

and codewords for encoding thereof are shown in Table 2-9:

Table 2-9

D/A Xo 1 1 1 1 1 0 0 0 0 0

D/N Xo2 0 0 0 0 0 1 1 1 1 1

D/AA Xo3 i 1 0 0 0 1 1 0 0 0

D/AN Xos 1 0 0 1 0 0 0 0 | 1

D/NA Xos 0 1 0 0 1 0 0 1 1 0

D/NN Xos 0 0 1 0 1 1 0 0 0 |

A/D X10 1 1 1 1 1 1 1 1 1 1

A/A X 0 1 0 1 0 1 0 1 0 1

A/N X1z 0 1 1 0 0 0 1 0 1 1

A/AA X13 | I 1 1 1 0 0 0 0 0

A/AN Xi4 0 1 0 | 0 1 0 1 0 1

A/NA Xis 0 1 1 0 0 0 | 0 1 1
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X6

N/D

Xa0

N/A

X1

N/N

X2

N/AA

X3

N/AN

Xo4

N/NA

Xas

N/NN

X6

Xao

AA/A

X1

AA/N

X3

AA/AA

X33

AA/AN

Xag

AA/NA

Xas

AA/NN

X6

AN/D

AN/A

AN/N

AN/AA

AN/AN

AN/NA

AN/NN

NA/D
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NA/A Xs1 1 1 0 0 0 1 1 0 0 0

NA/N Xs2 0 0 1 0 1 1 0 0 1 0 1

NA/AA | Xs3 1 1 0 0 1 1 0 0 1 1

NA/AN | X5 0 1 0 1 1 0 1 0 0 1

NANA | Xss 0 1 1 0 1 1 1 1 0 0

NA/NN | Xs6 1 1 1 1 1 1 1 i 1 1

NN/AN | X 0 i 0 1 0 1 0 1 0 1

NN/NA | Xss 1 1 1 | 1 0 0 0 0 0

NN/NN | X6 1 i 0 1 0 0 1 1 1 0

Furthermore, when a codebook structure type of the codebook structure corresponding
to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual stream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure
corresponding to the single stream-single stream sending mode is 2A-2B-4C, a codebook
structure type of the codebook structure corresponding to the dual stream-single stream
sending mode is 6A-2B-6C, a codebook structure iype of the codebook structure
corresponding to the single stream-dual stream sending mode is 6A-2B-6C, and a codebook
structure type of the codebook structure corresponding to the dual stream-dual stream
sending mode is 6A-6B-6C-6D, mapping relationship between the joint feedback signals

and codewords for encoding thereof are shown in Table 2-10 or in Table 2-1 i:
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Table 2-10

D/A

Xo1

D/N

Xo2

D/AA

D/AN

Xo4

D/NA

Xos

D/NN

Xo6

X10

A/A

Xi2

A/AA

Xi3

A/AN

X

A/NA

Xis

N/D

Xa0

N/A

X2

N/N

X2

N/AA

X23

N/AN

Xo4

N/NA

X5

N/NN

Xos

AA/D

Xa0

AA/A

24




AA/N

X32

AA/AA

X33

AA/AN

X34

AA/NA

X35

X6

AN/D

AN/A

AN/N

AN/AA

AN/AN

AN/NA

AN/NN

NA/D

NA/A

NA/N

NA/AA

NA/AN

NA/NA

NA/NN

NN/D

NN/A

NN/AA
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NN/AN

NN/NA

Xes

NN/NN

Xs6

Table 2-11

D/A

Xo1

D/N

Xo2

D/AA

Xo3

D/AN

Xo4

D/NA

Xos

D/NN

Xos

A/D

X1o

A/A

X12

A/AA

Xi3

A/AN

X4

A/NA

X6

N/D

Xa0

N/A

Xa1

N/N

X2

N/AA

Xa3

N/AN

X4
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N/NA

Xas

N/NN

Xo6

AA/D

X30

AA/A

X3

AA/N

X3

AA/AA

AA/AN

AA/NA

AN/D

AN/A

AN/N

AN/AA

AN/AN

AN/NA

AN/NN

NA/D

Xs0

NA/A

Xs1

NA/N

Xs2

NA/AA

Xs3

NA/AN

Xs4

NA/NA

Xss

NA/NN

Xs6
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NN/D Xe0 1 0 | 0 0 | 0 1 1 0

NN/A X1 1 0 0 0 1 0 1 1 0 1

NN/N Xe2 0 0 0 0 0 0 0 0 0 0

NN/AA | Xg3 1 0 1 1 0 1 1 0 0 1

NN/AN | X4 0 0 1 1 0 0 1 1 0 0

NN/NA | Xss 1 1 1 1 1 1 1 1 1 1

NN/NN | X 1 0 0 1 0 0 0 0 1 1

Furthermore, when a codebook structure type of the codebook structure corresponding
to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual stream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure
corresponding to the single stream-single stream sending mode is A-B-5C-D, a codebook
structure type of the codebook structure corresponding to the dual stream-single stream
sending mode is 6A-3C-3D-E-F, a codebook structure type of the codebook structure
corresponding to the single stream-dual stream sending mode is 6A-3C-3D-E-F, and a
codebook structure type of the codebook structure corresponding to the dual stream-dual
stream sending mode is 6A-6B-6C-6D, mapping relationship between the joint feedback

signals and codewords for encoding thereof are shown in Table 2-12 or in Table 2-13:

Table 2-12

D/A Xo1 1 1 1 1 1 0 0 0 0 0

D/N Xo2 0 0 0 0 0 1 1 1 1 1

D/AA Xo3 1 1 1 1 1 0 0 1 0 0

D/AN Xos 1 1 1 0 0 1 1 0 1 0
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D/NA

Xos

D/NN

Xos

X0

A/A

Xi2

Xi3

A/AN

X4

A/NA

Xi6

N/D

X0

N/A

X2

N/N

X

N/AA

X23

N/AN

X4

N/NA

Xas

N/NN

X26

X30

AA/A

X3

AA/MN

X3z

AA/AA

X33

AA/AN

X34

AA/MNA

Xas

X3
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AN/D

Xa0

AN/A

Xu1

AN/N

X

AN/AA

AN/AN

AN/NA

AN/NN

NA/D

NA/A

NA/N

NA/AA

NA/AN

NA/NA

NA/NN

NN/D

NN/A

Xs1

NN/N

NN/AA

NN/AN

NN/NA

NN/NN

Table 2-13
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D/A

D/N

D/AA

D/AN

D/NA

D/NN

A/A

AN

A/AA

A/AN

A/NA

N/D

N/A

N/N

N/AA

N/AN

N/NA

N/NN

AA/A

X3z
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AA/AA

X33

AA/AN

X

AA/NA

X35

X6

AN/D

AN/A

X4

AN/N

X2

AN/AA

AN/AN

Xas

AN/NA

Xas

AN/NN

X6

NA/D

Xs0

NA/A

Xs1

NA/N

Xs2

NA/AA

Xs3

NA/AN

Xs4

NA/NA

Xss

NA/NN

Xs6

NN/D

NN/A

NN/N

NN/AA

NN/AN
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NN/NA | X5 0 1 0 0 1 1 0 0 0 0

NN/NN | Xes 0 1 1 0 1 1 0 1 1 1

Furthermore, when a codebook structure type of the codebook structure corresponding
to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual stream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure
corresponding to the single stream-single stream sending mode is 2A-2B-2C-2D, a
codebook structure type of the codebook structure corresponding to the dual stream-single
stream sending mode is 6A-3C-3D-E-F, a codebook structure type of the codebook structure
corresponding to the single stream-dual stream sending mode is 6A-3C-3D-E-F, and a
codebook structure type of the codebook structure corresponding to the dual stream-dual
stream sending mode is 6A-6B-6C-6D, mapping relationship between the joint feedback

signals and codewords for encoding thereof are shown in Table 2-14 or in Table 2-15:

Table 2-14

D/A Xo1 1 1 1 1 1 0 0 0 0 0

D/N X0z 0 0 0 0 0 1 1 I 1 i

D/AA Xo3 | 0 0 0 I 0 0 0 1 1

D/AN Xo4 0 1 0 0 0 0 1 1 0 1

D/NA Xos 0 0 0 1 1 1 1 | 1 0

D/NN Xos 1 1 1 1 1 0 0 1 0 0

A/D X0 | 1 1 | 1 1 1 1 1 |

A/A X11 1 0 1 0 1 0 I 0 1 0

A/N X12 1 1 0 0 1 1 0 0 1 1
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A/AA

X3

A/AN

X4

A/NA

Xis

X16

N/D

X20

N/A

Xa1

N/N

X2

N/AA

X23

N/AN

Xaa

N/NA

X25

N/NN

X26

AA/D

Xs0

AA/A

Xa1

X2

AA/AA

X33

AA/AN

X34

AA/NA

X35

AA/NN

X36

AN/D

AN/A

AN/N

AN/AA

AN/AN
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AN/NA | Xys | 0 0 0 0 1 0 1
AN/NN | X 0 0 1 1 0 1 0 0
NA/D Xs0 0 1 1 1 1 0 1 0
NA/A Xs1 0 0 1 1 0 1 0 0
NA/N Xs2 0 0 0 1 1 0 0 |
NA/AA | Xs3 1 1 0 0 1 0 i |
NA/AN | Xss 0 0 i 0 1 0 1 0
NA/NA | Xss I 0 1 1 i 1 0 0
NA/NN | Xs6 1 1 1 0 0 1 1 0
NN/D Xe0 1 0 0 1 0 ] | 0
NN/A X1 0 i 1 0 0 0 0 1
NN/N Xe2 1 0 i 0 0 0 0 0
NN/AA | Xs3 0 1 0 1 0 0 0 0
NN/AN | Xss 0 0 1 0 0 0 0 1
NN/NA | Xes 0 1 0 0 1 1 0 0
NN/NN |  Xss 0 0 0 0 0 1 1 0
Preamble (PRE)/Postamble (POST) Indication Information
PRE 0 0 1 0 0 1 0 0
POST 0 1 0 0 1 0 0 1
Table 2-15
D/A Xo1 1 1 1 1 1 0 0 0
D/N Xon 0 0 0 0 0 1 1 1
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D/AA

D/AN

D/NA

D/NN

Xo6

Xio

A/A

X1z

AJAA

Xi3

A/AN

X4

A/NA

Xi1s

A/NN

X6

N/D

Xo0

N/A

X21

N/N

Xn

N/AA

X2

N/AN

X24

N/NA

Xos

N/NN

X2

AA/D

X30

AA/A

AA/N

X3

AA/AA

X33

AA/AN

X34
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AA/NA

Xss

AA/NN

X36

AN/D

AN/A

Xa

AN/N

Xa2

AN/AA

AN/AN

Xa4

AN/NA

X4

AN/NN

Xas

NA/D

Xs0

NA/A

Xs1

NA/N

Xs2

NA/AA

Xs3

NA/AN

Xs4

NA/NA

Xss

NA/NN

Xs6

NN/A

NN/N

NN/AA

NN/AN

NN/NA

NN/NN

X6
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PRE/POST Indication Information

PRE 0 0 1 0 0 1 0 0 1 0

POST 0 1 0 0 1 0 0 1 0 0

Furthermore, the PRE/POST Indication Information in Table 2-14 can be replaceable
with Table 2-16:

Table 2-16

PRE/POST Indication Information

PRE 0 0 1 1 0 0 0 1 1 1

POST 1 1 0 0 1 1 1 ¢ 0 0

Furthermore, when a codebook structure type of the codebook structure corresponding
to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual stream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure
corresponding to the single stream-single stream sending mode is 2A-2B-4C, a codebook
structure type of the codebook structure corresponding to the dual stream-single stream
sending mode is 6A-2B-6C, a codebook structure type of the codebook structure
corresponding to the single stream-dual stream sending mode is 6A-3C-3D-E-F, and a
codebook structure type of the codebook structure corresponding to the dual stream-dual
stream sending mode is 6A-6B-6C-6D, mapping relationship between the joint feedback

signals and codewords for encoding thereof are shown in Table 2-17 or in Table 2-18:

Table 2-17

D/A Xo1 0 0 0 0 0 0 1 1 1 1
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D/N

X2

D/AA

D/AN

D/NA

D/NN

A/A

A/AA

A/AN

A/NA

N/D

N/A

N/N

N/AA

N/AN

N/NA

N/NN

AA/A

AA/AA
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AA/AN

X34

AA/NA

X3s

X6

AN/D

AN/A

AN/N

AN/AA

AN/AN

AN/NA

AN/NN

NA/D

Xs0

NA/A

XSI

NA/N

Xs2

NA/AA

Xs3

NA/AN

Xs4

NA/NA

XSS

NA/NN

NN/D

Xe0

NN/A

X61

NN/N

Xe2

NN/AA

NN/AN

NN/NA

Xes
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0 0 0 0 i

PRE/POST Indication Information

0 1 0 0 1

1 0 0 1 0

Table 2-18

NN/NN | Xe6
PRE
POST

D/A X0
D/N Xo2
D/AA Xo3
D/AN Xoa
D/NA Xos
D/NN Xos
A/D X10
AJA Xn
A/N X1z
A/AA X13
A/AN X4
A/NA Xis
A/NN X6
N/D Xa0
N/A Xa1
N/N X2
N/AA X3
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N/AN

X4

N/NA

XZS

N/NN

X26

AA/D

X30

AA/A

X3z

AA/AA

X33

AA/AN

X34

AA/NA

Xss

Xas

AN/D

Xao

AN/A

X4

AN/N

Xa2

AN/AA

Xa3

AN/AN

AN/NA

AN/NN

NA/D

NA/A

NA/N

NA/AA

NA/AN

NA/NA
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NA/NN | Xs 1 1 1 0 0 0 1 1 1 0

NN/D Xeo 1 0 0 1 0 0 1 0 0 0

NN/A Xs1 0 0 1 0 0 1 0 0 1 0

NN/N Xe2 0 1 0 0 0 1 1 0 0 1

NN/AA | Xg 0 1 0 1 0 0 0 0 1 0

InNAN] X | 0 | 0 1 o | o 1 0o | o 1 0

NN/NA | Xss 0 1 0 0 1 0 0 1 0 0

NN/NN | Xegs 0 0 0 0 0 0 1 1 1 1

PRE/POST Indication Information

PRE 0 0 1 0 0 1 0 0 1 0

POST 0 1 0 0 1 0 0 1 0 0

Furthermore, the PRE/POST indication information in Table 2-17 is replaceable with
Table 2-19:

Table 2-19

PRE/POST Indication Information

PRE 0 1 1 0 0 1 0 0 1 0

POST 0 1 0 0 1 0 0 1 1 0

Furthermore, when a codebook structure type of the codebook structure corresponding
to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual stream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure

corresponding to the single stream-single stream sending mode is 2A-2B-2C-2D, a
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codebook structure type of the codebook structure corresponding to the dual stream-single
stream sending mode is {Al, A2, AS, A6} U2B-3C-3D-E-F, a codebook structure type of
the codebook structure corresponding to the single stream-dual stream sending mode is
6A-2B-2C-DU {D3~D5}, and a codebook structure type of the codebook structure
corresponding  to  the  dual  stream-dual  stream  sending mode  is
{G7~G16} U {H1~H8} U {H9~H16}, mapping relationship between the joint feedback

signals and codewords for encoding thereof are shown in Table 2-20:

Table 2-20

D/A Xot 1 I 1 1 1 0 0 0 0 0

D/N Xo2 0 0 0 0 0 1 1 1 i i

D/AA Koz 0 0 1 1 1 1 0 0 0 1

D/AN Xoa 0 1 1 0 0 1 1 1 0 0

DNA | Xs + O | 0| 0 | 0 t | 0 | 1 | 1 | 1 i1

D/NN Xos 1 1 1 0 1 0 0 0 1 0

A/A Xu 1 0 1 0 1 0 1 0 1 0

A/AA X13 1 1 0 0 1 1 I 0 0 1

A/AN X1a 0 | 1 1 0 0 1 0 1 1

A/NA Xis 1 0 1 1 1 0 1 1 0 0

N/D X20 0 0 0 0 0 0 0 0 0 0

N/A X21 0 0 1 1 0 0 1 1 0 0

N/N X2z 0 i 0 1 0 1 0 | 0 1
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N/AA

Xa3

N/AN

X24

N/NA

Xas

N/NN

Xa6

X30

AA/A

X3

Xa2

AA/AA

X33

AA/AN

X34

AA/NA

Xas

Xi6

AN/D

AN/A

AN/N

AN/AA

AN/AN

AN/NA

AN/NN

X6

NA/D

Xs0

NA/A

Xs1

NA/N

Xs2

NA/AA

Xs3

NA/AN

Xs4

45




10

NANA | Xss 1 0 0 0 1 1 1 0 1 0

NA/NN | Xs6 0 0 0 1 1 1 0 1 i 0

NN/D Xeo | 0 0 1 0 0 1 0 0 0

NN/A Xs1 1 0 0 0 I 0 0 0 1 |

NN/N X2 0 0 1 0 1 0 1 0 0 0

NN/AA | Xg 1 1 1 1 0 1 0 0 0 0

NN/AN | X4 0 1 0 0 0 i 1 0 1 1

NN/NA | Xss | | 1 0 0 0 1 0 0 1

NN/NN | X6 0 1 1 1 0 0 0 1 0 1

PRE/POST Indication Information

PRE 0 0 1 0 0 I 0 0 1 0

POST 0 1 0 0 1 0 0 1 0 0

Furthermore, when a codebook structure type of the codebook structure corresponding
to the single stream-DTX sending mode is A-B, a codebook structure type of the codebook
structure corresponding to the DTX-single stream sending mode is A-B, a codebook
structure type of the codebook structure corresponding to the dual siream-DTX sending
mode is 4A, a codebook structure type of the codebook structure corresponding to the
DTX-dual stream sending mode is 4A, a codebook structure type of the codebook structure
corresponding to the single stream-single stream sending mode is 2A-2B-4C, a codebook
structure type of the codebook structure corresponding to the dual stream-single stream
sending mode is 4A-3B-6C-D, a codebook structure type of the codebook structure
corresponding to the single stream-dual stream sending mode is 6A-2B-2C-DU{D3~D5},
and a codebook structure type of the codebook structure corresponding to the dual
stream-dual stream sending mode is {G7~G16} U {H1~H8} U {H9~H16}, mapping
relationship between the joint feedback signals and codewords for encoding thereof are

shown in Table 2-21:
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Table 2-21

D/A

Xo1

D/N

Xo2

D/AA

Xo3

D/AN

Xoa

D/NA

D/NN

Xo6

X0

A/A

X1z

A/AA

X13

A/AN

X4

A/NA

XIS

Xi6

N/D

Xa0

N/A

X21

N/N

X2

N/AA

X2

N/AN

Xo4

N/NA

Xas

N/NN

Xa6

AA/D

Xao

AA/A

Xa1
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X3z

AA/AA

X33

AA/AN

X34

AA/NA

X35

X36

AN/D

AN/A

Xa1

AN/N

Xa2

AN/AA

AN/AN

AN/NA

AN/NN

NA/D

NA/A

NA/N

NA/AA

NA/AN

NA/NA

NA/NN

NN/D

NN/A

NN/N

NN/AA
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NNAN| Xe | 0 | 2| ol oo 1|1 ]o]1]1
NNNA| X | L | 111 oo |lol1]o]lol1
InvmN| X | 0 | 2] 2|10 0ol 1]|0o]1
| PRE/POST Indication Information
PRE 0o o | 1|lolol1]lolael]l1]o
POST o |1 lolol1]laelol1]lalo

In the embodiments of the present invention, a method is provided for joint encoding
of feedback signals of two carriers and transmitting the encoded feedback signal on a code
channel in a DC-MIMO mode. In this encoding method, the system has lower bit error
ratio (BER) and detection error cost, so that power overhead is saved and a CM value of the

system is not affected, thereby enhancing the performance of the system.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of a signal encoding method according to a first embodiment of

the present invention;

FIG. 2 is a schematic structural of an HARQ-ACK joint encoder to which a second
embodiment of a signal encoding method is applicable according to the present invention;

and

FIG 3 is a schematic structural view of a signal encoding device according to an

embodiment of the present invention.
DETAILED DESCRIPTION OF THE EMBODIMENTS

A first embodiment of a signal encoding method of the present invention is illustrated

below.

FIG. | is a flow chart of the signal encoding method according to a first embodiment of
the present invention. As shown in FIG 1, the method specifically includes the following

steps.
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In Step 101, when two carriers are configured with MIMO, HARQ-ACK signals of the

two carriers are combined into a joint feedback signal.

In Step 102, according to predetermined mapping relationship between signals and

codewords, the joint feedback signal is mapped into a codeword.

Step 101 may specifically be as follows: The HARQ-ACK signals of the two carriers
in the dual-carrier are combined into carrier feedback signals corresponding to the carriers,
respectively.  Specifically, if each carrier bears a plurality of signal streams, the
(HARQ-ACK signals of each carrier are combined into a carrier feedback signal. Taking a
dual stream as an example, that is, HARQ-ACK signals of two streams of each carrier are
combined into a carrier feedback signal. The two carrier feedback signals are then

combined into a joint feedback signal.

In this embodiment, a method for encoding feedback signals of two carriers in a
DC-MIMO meode is provided, where a single-code channel is employed, so that power
overhead is saved and a CM value of the system is not affected, thereby enhancing the

performance of the system.

A second embodiment of a signal encoding method of the present invention is

illustrated below.

FIG. 2 is a schematic structural of an HARQ-ACK joint encoder to which the second
embodiment of the signal encoding method is applicable according to the present invention.
In a DC-MIMO mode, a Node B at most sends user data to UE on both Primary and
Secondary carriers at the same time and the carriers both employ the MIMO technology.
In other words, the UE at most receives data of four streams on the two carriers. After
receiving the data, the UE needs to give feedback (the feedback information includes DTX,
ACK, and NACK) according to data reception cases, respectively. The UE integrates the
feedback informations of the two carriers and encodes the feedback information into a

10-bit 0-1 sequence, which is fed back to the Node B through an HS-DPCCH. The Node
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B selects a decoding space according to the sending mode and performs decoding.

Firstly, the HARQ-ACK signals of the two carriers are combined into carrier feedback
signals corresponding to the carriers, respectively. The process is specifically described

below.

As shown in FIG. 2, a Primary-carrier-signal synthesis submodule and an
Secondary-carrier-signal synthesis submodule combine HARQ-ACK signals on a Primary
carrier and an Secondary carrier into carrier feedback signals corresponding to the carriers,
respectively. That is to say, functions of the two submodules are configured to map
feedback signals for two data streams on a carrier into a carrier feedback signal, respectiviey.
Each carrier has two data sending modes, namely, a single stream mode and a dual stream
mode. In the single stream mode, feedback is not given for the first stream (that is, the
feedback signal for the first stream is DTX by default) and the feedback signal only gives

feedback for the second stream.

A set of feedback signals for each stream of each carrier is {DTX, ACK, NACK}, so
that a set of carrier feedback signals for each carrier is {DTX, ACK, NACK, ACK_ACK,
ACK NACK, NACK_ACK, NACK NACK}. The ACK_ACK represents that the
feedback signal for the first stream on the carrier is ACK and the feedback signal for the
second stream is ACK. The carrier feedback signals are numbered, respectively, and for
details, reference can be made to Table 1-10. Table 1-10 shows mapping relationship

between carrier feedback signals and numbers in the MIMO mode.

Table 1-10 Mapping Relationship Between Carrier Feedback Signals and Numbers in
MIMO Mode

Single

Carrier Single Stream/Dual

Feedback Stream Stream

Dual Stream

Signal
ACK|{NACK DTX

ACK_ACK

ACK_NACK

NACK_ACK

NACK_NACK
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Number i 2 0 3 4 5 6

For mapping process of combining the feedback signals of the two streams into a

carrier feedback signal, reference can be made to in Table 1-11.

Table 1-11 Mapping Relationship Between Carrier Feedback Signals and Feedback

Signals of Two Streams

Feedback Signal of Second Stream
DTX(=0) ACK(=1) NACK(=2)
Feedback| DPTX(E=0) DTX(=0) ACK(=1) NACK(=2)
Si%'i’lf‘;t"f ACK(=1) - ACK_ACK(=3) ACK_NACK(=4)
Stream | NACK(=2) - NACK_ACK(=5) NACK_NACK(=6)
The "=" in Table 1-11 represents a corresponding relation between a feedback signal

and a number.

S1 and S2 represent numbers corresponding to feedback signals of the first stream and
the second stream, respectively, S represents a number corresponding to the carrier

feedback signal, and S=2*S1+S2.

It is assumed that a carrier feedback signal can be represented by a two-dimensional
vector, $=(S1, S$2), which is corresponding to the feedback signals, for example,
ACK=(DTX, ACK) and ACK_NACK=(ACK, NACK).

The mapping relationships shown in Tables 1-10 and 1-11 are merely specific
examples, and the embodiment is not limited to the mapping relationships shown in Tables

1-10 and 1-11, and other schemes may also be employed.

Secondly, the two carrier feedback signals are combined into a joint feedback signal.

The process is specifically described below.
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As shown in FIG. 2, the joint-feedback-signal synthesis submodule combines the
feedback signals of the two carriers into a joint feedback signal, that is to say, the UE
integrates the feedback signals of the two carriers into a joint feedback signal, and an
encoder submodule further encodes the joint feedback signal, namely, mapping the joint
feedack signal into a 10-bit 0-1 sequence. When the feedback signals of two carriers are
both DTX, the joint signal is not mapped to a codeword or it is regarded that the joint signal
is mapped into DTX.

Sa and Ss represent numbers corresponding to feedback signal of a primary carrier and
feedback signal of a secondary carrier, respectively; al and a2 represent feedback signals of
the first stream and the second stream on the primary carrier, respectively; and bl and b2
represent feedback signals of the first stream and the second stream on the secondary carrier,
respectively. For ease of illustration, one joint feedback signal can be represented by a
four-dimensional vector, for example, Sig=(al, a2, bl, b2), or represented by a
two-dimensional vector, for example, Sig=(Sa,Ss), in which signals corresponding to al, a2,
bl, b2&{DTX, ACK, NACK}, signals corresponding to Sa, Ss e{DTX, ACK, NACK,
ACK_ACK,ACK_NACK,NACK_ACK, NACK NACK}, and Sa=2al+a2, Ss=2b1+b2.

Assume Sa=i, Ss=j, so that the joint feedback signal is represented as X;;. The
primary carrier feedback signal of the joint feedback signal is a signal corresponding to the
numbered i, and the secondary carrier feedback signal of the joint feedback signal is a
signal corresponding to the number j, in which 0<i<6, 0<j<6. The signals corresponding
to the numbers 0-6 are DTX, ACK, NACK, ACK_ACK, ACK_NACK, NACK_ACK, and
NACK_NACK in sequence, or simplified into D, A, N, AA, AN, NA, and NN. For
example, Xs4 represents that the primary carrier sends a signal numbered as number 3 and
the secondary carrier sends a signal numbered as number 4, that s,

ACK_ACK/ACK_NACK, which is simplified as AA/AN.

For mapping process of combining the two carrier feedback signals into a joint

feedback signal, reference can be made to Table 1-12.
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Table 1-12 Mapping Relationship Between Two Carrier Feedback Signals and Joint

Feedback Signal
. Single/
Secondary)  Single Dual Dual Stream
Stream -
Stream
. . AC | NAC ACK_NAC | NACK_AC | NACK_NAC
Primary K K DTX JACK_ACK % K ¥
Sngle | ACK |XuiXo | Xo | X o K i Ke 0 Ke
Stream : : : :
NACK Xa | Xn X0 Xz 7 Kaa 1 Xos 1 Xge
Singie/ .
Dual DFX Xoy | Xoz Xoo Xo3 Xo4 Xos Xos
Stream
ACK _ACK | Xy X5 Xw | X X Xss X6
Dual ACK_NACK [ Xy ' X X0 Xz Kas Xis ' X6
SUEAM | NACK ACK [Xn ! Xo | Xso Xss | Xsq Xss | X
NACK NACK | X6 | X2 | Xeo Xes | Xea | Xes i Xes

In DC-MIMO mode, a data sending mode for the Node B on a carrier includes:
sending no data on the carrier so that the feedback signal is DTX; using an MIMO single
stream mode on the carrier; and using an MIMO dual stream mode on the carrier.
Therefore, nine combinations of data sending modes for the Node B on the two carriers
include DTX-DTX, single stream-DTX, DTX-single stream, single stream-single stream,
dual stream-DTX, DTX-dual stream, dual stream-single stream, single stream-dual stream,
and dual stream-dual stream mode. Inthe DTX-DTX, no data is sent, so that the effective
data sending modes are the rest eight combinations except for the DTX-DTX mode. A
signal space in each combination of the sending modes is corresponding to an area in Table
1-12.  For example, a signal space corresponding to the dual stream-dual stream sending
mode is a set of signals in a 5*5 matrix at the bottom right corner of the Table 1-12, and the

rest sending modes may be deduced by analogy.

5l




10

15

20

25

Thirdly, the joint feedback signal is mapped into a codeword according to
predetermined mapping relationship between signals and codewords. The process is

specifically described in the following.

In this step, the encoder submodule maps the joint feedback signal into a 10-bit 0-1

sequence, that is, a codeword.

A mapping table of joint feedback signals and specific codewords needs to be provided
for the mapping of the joint feedback signal into the codeword. A codeword
corresponding to the input joint feedback signal is found by looking up the provided

signal-codeword mapping table, and then the codeword is output.

The mapping table of joint feedback signals and codewords may be provided in tﬁe
following manner. A codebook structure satisfying a certain code distance relation is
found for each sending mode and a mapping relationship between each sending mode and a
codeword of the codebook structure is established, so as to obtain a mapping relationship

between the signal in Table 1-12 and a specific codeword.

First, in the process of searching for a codebook structure, a performance evaluation
index of an encoding scheme may be considered, which includes BER and detection error
cost. The encoding design is intended to minimize the BER and the detection error cost by

selecting a suitable codebook structure and a suitable mapping scheme.

The BER includes a single-code BER and a system BER. The single-code BER
denotes a probability that signals Xj; sent by UE are incorrectly decoded into other signals
by the Node B, and the system BER denotes a weighted average value of the single-code
BER, which are shown in the following two formulations:

Single-code BER:  Fe(8) =1-Pi(S, S)

Pe(@) =Y P,(S)- Pe(S)
System BER: SeQ

where Q represents a signal space in a certain sending mode, Pg.,(S) represents a
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probability that a signal S occurs in a certain sending mode, and P{(S, S) represents a

probability that sent signals S are correctly decoded into S.:

The detection error cost denotes cost additionally caused by incorrect decoding of the
signal. Time cost is mainly considered herein, which is embodied in decrease of a
transmission rate due to retransmission in a radio link control (RL.C) layer or a physical

layer. The signal detection error cost can be referred to in Table 1-13.

Table 1-13 Signal Detection Error Cost

Signal after being decoded by Node B
ACK NACK DTX
ACK C11=O C12=L C10=L
Signal sent
li‘; UE°“ NACK Cy=H Car=0 C20=0
DTX C01=H C02=0 Coo=0

In Table 1-13, C; represents cost that a signal numbered as i is detected to be a signal
numbered as j (C; may also be depicted as C(i, j)), H represents cost of retransmission in
the RLC layer caused by signal detection error, L represents cost of retransmission in the
physical layer caused by signal detection error, and O represents no cost. Hand L may be

regarded as constants, and H is much larger than L, for example, H=10L.

Assume signals S=(Sal, Sa2, Sbl, Sb2) and R=(Ral, Ra2, Rbl, Rb2), so that the
detection error cost Cost(S, R) that S is detected to be R may be calculated through the

following formulation:
Cost(S, R)=C(Sal, Ral}+C(Sa2, Ra2)+C(Sbl, Rb1)}+C(Sb2, Rb2)
Assume that Pt(S, R) represents a probability that the sent signal S is received as R.
When neither of S and R is DTX, it can be basically regarded that Pt(S, R) is a function of

code distances of codewords corresponding to the signals, that is, P(S, R)=f(d(S, R)).
When S=DTX and RZDTX, Pt(S, R)=Pt(DTX, R)=Pf, which is a false alarmprobability.
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When S#DTX and R=DTX, Pt(S, R)=P(S, DTX)=Pm, which is a false dismissal
probability.  In predetermined conditions, pair-wise error probability, false alarm
probability, and false dismissal probability of the codewords can be obtained simulatively

through a computer.

Therefore, a total detection error cost Pr during operation of the-system in a certain
sending mode is obtained by:

Pr=> P,(S): > PtS,R)-Cost(S,R)

SeQ SeQ
RS

where Q represents a signal space in the sending mode.

According to the calculation method of the BER and the detection error cost, in the
embodiments of the present invetion, codebook structures of smaller BER and detection
error cost are selected. Codewords included in the codebook structures are AI~A6,
B1~B6, (_31~C6, D1~D6, El, F1, G1~G16, and HI~H16. Each codeword is a 10-bit 0-1
sequence. Code distance relations between the codewords in the codebook structures can

be referred to in Tables 1-4 to 1-9.

According to the codewords defined above, a mapping relationship between sending

modes and codebook structures may be established, for example, as shown in Table 1-14.

Table 1-14 Mapping Relationship Between Sending Modes and Codebook Structures

Mode Optional Codebook Structure

Single Stream-DTX

A-Bor2A..
DTX-Single Stream

Dual Stream-DTX

44 or 3A-C or 2A-2C or A-B-2C or A-B-C-D...
DTX-Dual Stream

Single Stream-Single Stream | 2A_2B-2C-2D or A-B-5C-D or 2A-2B-4C or A-B-6C or
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2A-6C or 4A-4C...

Dual Stream-Single Stream 6A-2B-6C or 6A-B-6C-D or 6A-3C-3D-E-F or

4A-4B-3C-3D, 4A-3B-6C-D or {A1,A2,AS, A6} U

Single Stream-Dual Stream 2B-3C-3D-E-F or 6A-2B-2C-D U {D3~D5}...

Dual Stream-Dual Stream 6A-6B-6C-6D, xG-yH (x+y=24)...

In Table 1-14, the expression xA-yB-zC-uD-..={A1~Ax, B1~By, C1~Cz, Di~Duy, ...}
represents a codebook structure.  If the coefficient is 0, the corresponding item is omitted,
for example, 4A={A1, A2, A3, A4}; 6A-3C-3D-E-F={Al, A2, A3, A4, A5, A6,Cl, C2,C3,
D1, D2, D3, El, F1}, and the rest may be deduced by analogy.

Furthermore, each codebook structure corresponding to the sending mode has a
pluralty of equivalent codebook structures. The so-called “equivalent" means that if code
distance matrices formed by codewords in the two codebook structures arranged according
to a certain sequence are identical, the two codebook structures are referred to as equivalent

codebook structures, and the specific definition is as follow:

If codebook structures {X;} and {Y;} are equivalent, a mapping relationship
¢ {X;} > {Y;} exists, which satisfies d(Xi’Yi):d(qD(Xi)’@(Yi)), where d(Xi’Yj) is a

code distance between X; and Y;.

For example, an equivalent codebook structure of the codebook structure A-B may be
C-D or E-F, and an equivalent codebook structure of the codebook structure A-B-6C may be
6A-C-D, in which as mapping is performed one by one according to predetermined
sequences {Al, B1, C1, C2, C3, C4, C5, C6} and {C1, D1, Al, A2, A3, A4, A5, A6}, the

formed code distance matrices are the same.

As long as the formed code distance matrices are the same, the performances of the
schemes obtained for the two codebook structures when mapped with the signals are the
same, so that any two equivalent codebook structures can be regarded as the same codebook

structure type. A codebook structure type may be represented by a random codebook
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structure of this type. For example, if A-B, C-D, and E-F are equivalent to each other and
are of the same codebook structure type, so that a random codebook structure of A-B, C-D,
and E-F can be used to represent the codebook structure type. In a determiend encoding

scheme, each mode is uniquely corresponding to a codebook structure type.

That is to say, codewords included in the codebook structure corresponding to the
single stream-DTX or DTX-single stream sending mode are Al and Bl, or Al and A2, or
codebook structures equivalent to the codebook structure. Codewords included in the
codebook structure corresponding to the dual stream-DTX or DTX-dual stream sending
mode are Al, A2, A3, and A4, or Al, A2, A3, and C1, or Al, A2, Cl, and C2, or A1, B1, C1,
and C2, or Al, B1, C1, and D1, or codebook structures equivalent to the codebook structure.
Codewords included in the codebook structure corresponding to the single stream-single
stream sending mode are Al, A2, Bl, B2, Cl1, C2, D1, and D2, or Al, BI, CI, C2, C3, C4,
C5,and D1, or Al, A2,B1, B2, C1, C2, C3, and C4, or Al, B1, C1, C2, C3, C4, C5, and C6,
or Al, A2, C1, C2, C3, C4, C5, and C6, or Al, A2, A3, A4, C1, CZ,- C3, and C4, or
codebook structures equivalent to the codebook structure. Codewords included in the
codebook structure corresponding to the dual stream-single stream or single stream-dual
stream sending mode are Al, A2, A3, A4, AS, A6, B1, B2, Cl1, C2, C3, C4, C5, and C6, or
Al, A2, A3, A4, A5, A6, B1, Cl1, C2, C3, C4, C5, C6, and D1, or Al, A2, A3, A4, A5, A6,
Cl, C2,C3, D1, D2, D3, El, and F1, or Al, A2, A3, A4, Bl, B2, B3, B4, C1, C2, C3, D1,
D2, and D3, or Al, A2, A3, A4, B1, B2, B3, C1, C2, C3, C4, C5, C6, and D1, or Al, A2, AS
A6, B1, B2, C1, C2, C3, D1, D2, D3, El, and F1, or Al, A2, A3, A4, A5, A6, B1, B2, Cl,

2

C2, DI, D3, D4, and DS, or codebook structures equivalent to the codebook structure.
Codewords included in the codebook structure corresponding to the dual stream-dual
stream sending mode are A1, A2, A3, A4, A5, A6, Bl, B2, B3, B4, B5, B6, C1, C2, C3, C4,
Cs5, C6, D1, D2, D3, D4, D5, and D6, or codebook structures formed of 24 codewords
randomly selected from 16G-16H, or codebook structures equivalent to the codebook

structure.

Furthermore, according to the obtained results, a codebook structure type is
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determined for each sending mode, and joint feedback signals in different sending modes

are encoded.

In view of the above, in this embodiment, a method for encoding feedback signals of
two carriers in a DC-MIMO mode is provided, in which a single-code channel is employed,
so that power overhead is saved and a CM value of the system is not affected, thereby
enhancing the performance of the system. Moreover, in this embodiment, a suitable
codebook structure and a mapping relationship between a feedback signal and a codeword
are selected according to BER and detection error cost, so as to minimize the signal

detection error cost and increase data transmission efficiency of the system.

A first embodiment of a method for encoding a joint feedback signal according to the

present invention is illustrated below.

The method for encoding a jiont feedback signal according to this embodiment
includes the following step: Jfoint feedback signals in different sending modes are encoded
according to codewords of codebook structures corresponding to the sending modes or

equivalent codebook structures thereof, respectively.

Specifically, in this embodiment, codebook structures having the code distance
relations as shwon in Tables 1-4, 1-5, and 1-6 in the second embodiment of the signal
encoding method and mapping relationship between the sending modes and codebook
structures as shown in Table 1-14 are employed to encode joint feedback signals in different

sending modes. The process is specifically described in the following.

(1} Encoding Scheme for Joint Feedback Signals in Single Stream-Single Stream
Sending Mode

Table 1-15 Encoding Scheme 1 for Joint Feedback Signals in Single Stream-Single Stream
Sending Mode

condary Single Stream
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M ACK NACK DTX

ACK Xp=D2 |  Xp=B2 Xi=Al
gmgle NACK Xy =A2 § Xp=C2 Xo0=B1
tream :
DTX Xo=C1 Xo=D1 Xoo=DTX

As shown in Table 1-15, a codebook structure that can be used. in this embodiment is
2A-2B-2C-2D or an equivalent codebook structure thereof. The "=" in Table 1-15 means
"corresponding to" or "mapped into", which is the same hereinafter. Codewords included
in the codebook structure may be Al, A2, B1, B2, C1, C2, D1, and D2. The encoding of
the joint feedback signals in the.single stream-single stream sending mode includes:
encoding the joint feedback signals, in which X, X2, X0, X21, X22, X20, Xo1, and Xg are
mapped into D2, B2, A1, A2, C2, B1, C1, and D1 respectively.

In addition, even if the same codebook structure is used, a mapping scheme equivalent

to the above mapping process also exists, which is specifically defined as follows.

S5~ {X} RS —>{X}

Two mapping schemes and of a signal set {S;} and a
corresponding codebook structure {X;} are equivalent; the codebook structure {X;} forms

the same code distance matrices in sequences predetermined in the mapping scheme, that is,

a sequence {f(sl ): f(Sz )s ot f(Sn )} and a sequence {h(sl )3 h(sz )s oo h(sn )} : the two

mapping schemes satisfy (7G5, £ (5:) = d(A(S,), 1S, )), that is, two random signals have

the same code distance in the two mapping schemes.

S represents codewords corresponding to the signal S; in the mapping scheme

S8y X}

h(S;) represents codewords corresponding to the signal S; in the mapping

Ri{S}—{X;}

scheme , and ¥ad) represents a code distance between codewords a, b.

The code distance between two signals refers to the code distance between codewords

corresponding to the signals.
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As long as the formed code distance matrices are the same, the performances of the
schemes are the same. Therefore, any two equivalent mapping .schemes can be regarded

as the same mapping scheme.

For example, an equivalent mapping scheme exists for Table 1-15, that is, joint
feedback signals Xi1, Xi2, X10, X21, X22, X20, Xo1, and Xoz can be mapped into B2, D2, C1,
C2, A2, D1, Al, and B1, respectively. In the two mapping schemes, the code distance
matrices of the signals are the same, and the code distances between the signals are equal to
the code distances between the codewords corresponding to the signals. Therefore, the
two mapping schemes can be regarded as the same mapping scheme, which can be
expressed by Table 1-15 in a unified manner. All the following schemes can be

comprehended likewise.

Table 1-16 Encoding Scheme 2 for Joint Feedback Signals in Single Stream-Single Stream

Sending Mode
Secondary Single Stream
Primary ACK NACK DTX
ACK Xn=C2 |  X;p=C3 Xi=Al
Single | . | T T
St NACK X=C4 | XarCS X2=B1
DTX Xo 1 =Cl1 X02=D 1 i X00=DTX

As shown in Table 1-16, a codebook structure that can be used in this embodiment is
A-B-5C-D or an equivalent codebook structure thereof. Codewords included in the
codebook structure may be Al, Bi, Cl, C2, C3, C4, C5, and D1. The encoding of the
joint feedback signals in the single stream-single stream sending mode includes: encoding
the joint feedback signals, in which X, Xi2, Xi0, X21, X22, X20, Xo1, and Xg; are mapped
into C2, C3, A1, C4, C5, B1, Cl1, and DI, respectively.

Table 1-17 Encoding Scheme 3 for Joint Feedback Signals in Single Stream-Single Stream
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Sending Mode

Secondary Single Stream
Primary ACK NACK DTX
ACK X11=C1 E X12=C2 X10=A1
Single [ ... | o T o T
S til'llgam NACK X2|=C3 i X=C4 X20=B1
DTX Xoi =A7 _ X02=BZ Xo(}:DTX

As shown in Table 1-17, a codebook structure that can be used in this embodiment is
2A-2B-4C or an equivalent codebook structure thereof. Codewords included in the
codebook structure may be Al, A2, Bl, B2, C1, C2, C3, and C4. The encoding of the
joint feedback signals in the single stream-single stream sending mode includes: encoding
the joint feedback signals, in which Xy, Xi2, X0, X21, X22, X20, Xo1, and Xgz are mapped
into C1, C2, Al, C3, C4, B1, A2, and B2, respectively.

The codebook structure and/or mapping schemes used in the single stream-single
stream mode are also applicable in an encoding system that needs to use eight 10-bit
codewords, for example, HARQ-ACK joint encoding of a dual-carrier in which neither of
the two carriers is configured with MIMO, or HARQ-ACK joint encoding of a dual-carrier
in a single stream mode in which one carrier is not configured with MIMO while the other
carrier is configured with MIMO, or an encoding system or subsystem that only needs to

feed back eight 10-bit codewords in a case that more carriers are configured.

(2) Encoding Scheme for Joint Feedback Signals in Single Stream-Dual Stream
Sending Mode

Table 1-18 Encoding Scheme 1 for Joint Feedback Signals in Single Stream-Dual Stream
Sending Mode

dary Dual Stream
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Prima DTX |ACK_ACK | ACK NACK | NACK_ACK | NACK NACK

ACK | Xyo=El | Xi=A3 | Xu=Cl | Xi=C2 | Xi=A4
Single | yack | %00=F1 | Xp=C3 | Xe=D2 | Xes=D1 |  Xp=D3
Stream : : !

DTX | Xeo=DTX Xoz=Al Xu=A2 Kos=AS Xos=Ab

As shown in Table 1-18, a codebook structure that can be used in this embodiment is
6A-3C-3D-E-F or an equivalent codebook structure thereof. Codewords included in the
codebook structure may be Al, A2, A3, A4, AS, A6, C1, C2, C3, D1, D2, D3, El, and F1.
The encoding of the joint feedback signals in the single stream-dual stream sending mode
includes: encoding the joint feedback signals, in which Xjo, Xi3, X14, Xis, Xi6, X20, Xo3,
Xaa, Xa2s, Xos, Xo3, Xos, Xos, and Xog into EI, A3, C1, C2, A4, F1, C3, D2, D1, D3, Al, A2,
A5, and A6, respectively.

Table 1-19 Encoding Scheme 2 for Joint Feedback Signals in Single Stream-Dual Stream

Sending Mode
Secondary Dual Stream
Primary DTX | ACK_ACK | ACK_NACK | NACK_ACK | NACK_NACK
ACK | XiomAl | Xi=Cl | Xyu=C2 | Xis==C3 | Xi&=A3
Single T s
stl;:im NACK | Xz0=Bl Xa=C4 | Xu=C5 | Xps=C6 |  Xp=B2
DTX XOO:DTX X03=A2 X04=A4 Xos-_-AS X06=A6

As shown in Table 1-19, a codebook structure that can be used in this embodiment is
6A-2B-6C or an equivalent codebook structure thereof. Codewords included in the
codebook structure may be Al, A2, A3, A4, AS, A6, Bl, B2, Cl1, C2, C3, C4, C5, and C6.
The encoding of the joint feedback signals in the single stream-dual stream sending mode
includes: encoding the joint feedback signals X,q, X13, X14, X135, X16, X20, X23, X24, X235, X265
Xo3, Xos, Xos, and Xgg into Al, C1, C2, C3, A3, Bl, C4, C5, C6, B2, A2, A4, AS, and A6,

respectively.

o4




10

Table 1-20 Encoding Scheme 3 for Joint Feedback Signals in Single Stream-Dual Stream

Sending Mode
Secondary Dual Stream
Primary DTX ACK_ACK | ACK_NACK | NACK_ACK | NACK NACK
ACK X]0=A ] X i 3=CS X14=A2 E X|5=A3 X]6=C6
S- ]e --------------------------------------------------------------------
S t'r‘;gam NACK | X,0=Bl | Xu=A4 Xo4=AS Xo5=A6 Xp6=B2
PTX X00=DTX X03=C 1 X04=C2 X05:C3 X06=C4

As shown in Table 1-20, a codebook structure that can be used in this embodiment is

6A-2B-6C or an equivalent codebook structure thereof,

Codewords included in the

codebook structure may be Al, A2, A3, A4, A5, A6, Bl, B2, C1, C2, C3, C4, C5, and C6.

The encoding of the joint feedback signals in the single stream-dual stream sending mode

includes: encoding the joint feedback signals Xy, X3, X14, X135, X165 X20, X23, X24, X235, X326,
Xo3, Xos, Xos, and Xge into single streams Al, C5, A2, A3, C6, Bl, A4, AS, A6,B2, Cl, C2,

C3, and C4, respectively.

(3) Encoding Scheme for Joint Feedback Signals in Dual Stream-Single Stream

Sending Mode

Table 1-21 Encoding Scheme 1 for Joint Feedback Signals in Dual Stream-Single Stream

Sending Mode
Secondary Single Stream
Primary ACK NACK DTX
Dual Stream DTX Xo=E1 Xo=F1 Xoo=DTX
ACK_ACK X3=A3 1 Xp=C3 X30=Al
ACK NACK | Xu=Cl | XgD2 | Xu=A2
NACK_ACK h Xs ; =C2 ---------- ngmDI ----- Xs50=AS5

J
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NACK_NACK Xa=A4 | Xe=D3 l Xe=A6 |

As shown in Table 1-21, a codebook structure that can be used in this embodiment is
6A-3C-3D-E-F. Codewords included in the codebook structure may be Al, A2, A3, A4,
A5, A6, C1, C2, C3, D1, D2, D3, El, and F1. The encoding of the joint feedback signals
in the dual stream-single stream sending mode includes: encoding the joint feedback signals
Xor, Xoz, Xa1, Xaz, X0, Xa1, Xaz, Xao, Xs1, Xs2, Xs0, Xet, Xe2, and Xgp into E1, F1, A3, C3,
Al,C1,D2,A2, C2, D1, AS, A4, D3, and A6, respectively.

Table 1-22 Encoding Scheme 2 for Joint Feedback Signals in Dual Stream-Single Stream

Sending Mode

Secondary Single Stream
Primary ACK NACK DTX
DTX Xn=Al Xo2=B1 Xoo=DTX
ACK_ACK Xy=Cl | Xzp=C4 X30=A2
Dual Stream ACK NACK | X 41=cz ------ X42=C5 """" I Xy=Ad
NACKACK | Xa=C3 | Xu=C6 |  Xu=AS
NACK NACK | Xa=A3 | Xe=B2 | XerhS

As shown in Table 1-22, a codebook structure that can be used in this mbodiment is
6A-2B-6C. Codewords included in the codebook structure may be Al, A2, A3, A4, A5,
A6, B1, B2, Cl, C2, C3, C4, C5, and C6. The encoding of the joint feedback signals in
the dual stream-single stream sending mode includes: encoding the joint feedback signals
Kots Xoz, X31, X32, K30, Xa1, Xa2, Xao, Xs1, Xs2, Xs0, Xs1, K62, and Xep into Al, B, Cl, C4,
A2, C2,C5, A4, C3, C6, AS, A3, B2, and A6, respectively. ‘

Table 1-23 Encoding Scheme 3 for Joint Feedback Signals in Dual Stream-Single Stream
Sending Mode
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Secondary Single Stream
Primary ACK NACK DTX
DTX Xo1=Al Xo2=B1 Xoo=DTX
ACK_ACK X5=C5 | Xp=Ad X30=Cl
DualSieam | ACK NACK | Xu=A2 | Xu=AS Xag=C2
NACK ACK | Xo=A3 | XemA6 |  Xe=C3
NACK NACK | Xe=C6 | Xo-B2 | XeC4

As shown in Table 1-23, a codebook structure that can be used in this mbodiment is
6A-2B-6C. Codewords included in the codebook structure may be A1, A2, A3, A4, AS,
A6, Bl, B2, C1, C2, C3, C4, C5, and C6. The encoding of the joint feedback signals in
the dual stream-single stream sending mode includes: encoding the joint feedback signals
Xo1, Xozs Xs1, Xa2, X30, Xa1, Xaz, Xao, Xs1, Xs2, Xs0, Xs1, Xe2, and Xe into Al, B, C5, A4,
C1,A2, AS, C2, A3, A6, C3, C6, B2, and C4, respectively.

The codebook structure and/or mapping relationship used in the single stream-dual
stream and dual stream-single stream modes are also applicable in an encoding system that
needs to use fourteen 10-bit codewords, for example, HARQ-ACK joint encoding of a
dual-carrier in a dual stream mode in which one carrier is not configured with MIMO while
the other carrier is configured with MIMO, or an encoding system or subsystem that only

needs to feed back fourteen 10-bit codewords in a case that more carriers are configured.

(4) Encoding Scheme for Joint Feedback Signals in Dual Stream-Dual Stream Sending
Mode

Table 1-24 Encoding Scheme 1 for Joint Feedback Signals in Dual Stream-Dual Stream
Sending Mode

ondary Dual Stream
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Primary DTX |ACK_ACK|ACK NACK|NACK_ACK |NACK NACK
DTX  |Xe=DTX| Xe=C1 | Xo=C2 Xos=C3 Xo6=C4
ACK_ACK | X3=Al | X33=B4 | X34=BS5 X35=B6 X36=D1

Somam| ACKNACK [ Xar2 | XorDS | XrD3 | XeB3 | KOS
NACK_ACK | Xs5=A3 | Xs3=D6 | Xs=B2 Xss=D2 X56=C5

NACK NACK| XeooAd | Xo=Bl | Xe=A6 | Xe=AS | Xe=D4 |

As shown in Table 1-24, a codebook structure that can be used in this embodiment is

. 6A-6B-6C-6D. Codewords included in the codebook structure may be Al, A2, A3, A4, A5,

A6, B1, B2, B3, B4, B5, B6, Cl1, C2, C3, C4, C5, C6, D1, D2, D3, D4, D5, and D6. The

encoding of the joint feedback signals in the dual stream-dual stream sending mode

includes: encoding the joint feedback signals Xos, Xo4, Xos, Xos, X30, X33, X34, X35, X36, K40
X3, Xaa, Xas, Xas, Xs0, Xs3, Xsa, Xss, Xs6, X60» K63, K64, Xes, and Xgg into Cl1, C2, C3, C4,
Al, B4, B5, B6, D1, A2, DS, D3, B3, C6, A3, D6, B2, D2, C5, A4, Bl, A6, AS, and D4,

respectively.

Table 1-25 Encoding Scheme 2 for Joint Feedback Signals in Dual Stream-Dual Stream

Sending Mode
Secondary Dual Stream
Primary DTX |ACK ACK|ACK NACK|[NACK ACK|NACK NACK
DTX X00=DTX X03=B 1 Xo4=B2 Xo 5=B3 X05=B4
ACK_ACK X30=A 1 X33=D4 X34=B 5 ; X35=D2 X36ﬁD i
Dual | T .oy ____________________________________
Stream | ACKNACK | Xu7A2 | XemAS | XwD3 | XuB6 | XeC6
NACK_ACK | Xs5=A3 Xs3=D6 | Xs4=A6 X5s=C3 Xs56=C5
NACK_NACK X60=A4 X53=D5 X64=C2 XGS*C 1 X66=C4

As shown in Table 1-25, a codebook structure that can be used in this embodiment is
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6A-6B-6C-6D. Codewords included in the codebook structure may be A1, A2, A3, A4, A5,
A6, B1, B2, B3, B4, BS, B6, C1, C2, C3, C4, C5, C6, D1, D2, D3, D4, D5, and D6. The
encoding of the joint feedback signals in the dual stream-dual stream sending mode
includes: encoding the joint feedback signals Xo3, Xo4, Xos, Xos, X30, X33, X34, X35, X365 X0,
Xy3, Xaa, Xas, Xas, Xs0, Xs3, Xsa, Xss, Xs6, X0, Xe3, X4, Xes, and Xeg into B, B2, B3, B4,
Al, D4, B5, D2, D1, A2, AS, D3, B6, C6, A3, D6, A6, C3, C5, A4, D5, C2, Cl,and C4,

respectively.

The codebook structure and/or mapping relationship used in the dual stream-dual
stream mode are also applicable in an encoding system that needs to use twenty-four 10-bit
codewords, for example, an encoding system or subsystem that only needs to feed back

twenty-four 10-bit codewords in a case that more carriers are configured.

The encoding schemes in the single stream-single stream, single stream-dual stream,
dual stream-single stream, and dual stream-dual stream sending‘modes are respectively
described in the above four parts. Signal spaces of other sending modes are subsets of the
four signal spaces, so that the encoding schemes in the other sending modes can be easily

deduced according to the four signal spaces.

Specifically, the codebook structure corresponding to the single stream-DTX sending
mode is a subset of an intersection between the codebook structure corresponding to the
single stream-single stream sending mode and the codebook structure corresponding to the
single stream-dual stream sending mode, the codebook structure corresponding to the
DTX-single stream sending mode is a subset of an intersection between the codebook
structure corresponding to the single stream-single stream sending mode and the codebook
structure corresponding to the dual stream-single stream sending mode, the codebook
structure corresponding to the dual stream-DTX sending mode is a subset of an intersection
between the codebook structure corresponding to the dual stream-single stream sending
mode and the codebook structure corresponding to the dual stream-dual stream sending

mode, and the codebook structure corresponding to the DTX-dual stream sending mode is a

&9
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subset of an intersection between the codebook structure corresponding to the single
stream-dual stream sending mode and the codebook structure corresponding to the dual

stream-~dual stream sending mode.

The schemes according to an embodiment of the present invention are further

illustrated below through a specific example.

In this embodiment, for mapping relationship between the employed sending modes

and codebook structure types, reference can be made to Table 1-26.

Table 1-26 Mapping Relationship between Sending Modes and Codebook structure Types
employed in First Embodiment of Method for Encoding Joint Feedback Signal

Sending Mode Codebook Encoding Scheme
structure Type
Single Stream-DTX A-B -
DTX-Single Stream A-B -
Dual Stream-DTX 4A -
DTX-Dual Stream 4A -
Single Stream-Single I ADB-2COD Encoding Scheme 1 for Single Stream-Single
Stream Stream Mode
Dual Stream-Single 6A-3C-3D-E-F Encoding Scheme 1 for Dual Stream-Single
Stream Stream Mode
Single Stream-Dual 6A-3C-3D-E-F Encoding Scheme 1 for Single Stream-Dual
Stream Stream Mode
Dual Stream-Dual 6A-6B-6C-6D Encoding Scheme ! for Dual Stream-Dual
Stream Stream Mode

In Table 1-26, a codebook structure type used in each mode and a corresponding
encoding scheme are specified. Further, the codewords in the codebook structure

corresponding to each mode need to be valued, that is, assigned with a specific 10-bit 0-1
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sequence.

In Table 1-26, the codebook structure types corresponding to different sending modes
may be the same, which does not necessarily mean that the same specific codewords are
used but only means that each corresponding codebook structure has the same code distance
relations. It is the same hereinafter. Further, the same codeword symbol used in the
corresponding codebook structures of different sending modes is not necessarily
corresponding to the same codeword. For example, the codeword Al in the codebook
structure used in the single stream-DTX mode is not necessarily the same as the codeword

Al in the codebook structure used in the dual stream-DTX mode.

For examplé, the signals Xg; and Xy, belong to the single stream-single stream mode
and the dual stréam-single stream mode at the same time. In the encoding schemes shown
in Table 1-26, referring to Tables 1-15, 1-18, 1-21, and 1-24, the specific codewords
corresponding to Xo; and Xg; are depicted as C1 and D1 in the single stream-single stream
mode, and depicted as E1 and F1 in the dual stream-single stream mode. However, no
matter being depicted in what form, the codebook structure composed of the two codewords
is equivalent to A-B, that is, the codebook structure type of the codebook structure
composed of the two codewords is A-B. A symbol used for a specific codeword sequence
is determined by a code distance relation of the codeword in the corresponding codebook

structure.

The "-" in the foregoing tables represents that in the codebook structure type, each
signal in the mode can be randomly mapped into one codeword in the codebook structure.
However, different signals are mapped into different codewords. In the following tables,

the "-" represents the same meaning, the description of which is omitted.

Acording to the mapping relationship between the sending modes and the codebook
structure types as well as the employed encoding schemes, the joint feedback signal Xj is
encoded. For mapping relationship between Xj and codeword values, reference can be

made to Table 1-27. The 10-bit 0-1 sequence in Table 1-27 includes values of codewords

T



in the codebook structure.,

Table 1-27 Mapping Relationship Between Xj; and Codeword Values

Xo1 ] 1 1 1 I 0 0 0 0
Xo2 0 0 0 0 0 1 1 1 1
X3 1 1 1 1 I 0 0 1 0
Xos 1 1 1 0 0 1 1 0 I
Xos 0 0 1 i 0 1 0 0 0
Xos 0 1 0 0 0 0 I 1 G
X0 I 1 1 1 1 1 1 1
Xu 1 0 1 0 1 0 1 0
X1z 1 1 0 0 1 1 0 0
X3 0 0 0 1 1 0 1 0
X4 1 0 1 0 1 0 1 0 0
Xis 1 I 0 1 0 0 0 0
Xis 1 0 0 0 1 1 0 i
Xao 0 0 0 0 0 0 0 0 0
X2 0 0 1 1 0 0 1 1 0
X2 0 1 0 1 0 1 0 1 0
X23 1 0 0 1 0 1 1 1 0
X24 0 0 1 0 1 1 1 1 0
Xas 0 I 0 1 0 1 0 1
X6 0 1 1 0 1 0 0 0
X0 1 0 1 0 1 1 1 1 0
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Xea 0 0 1 0 0 0 0 1 i 0
Xes 0 1 0 0 I 1 0 0 0 0
Xe6 0 1 1 0 7 1 1 0 1 i 1

A specific example is given in Table 1-27. In the example, a codebook structure
corresponding to a signal in each sending mode satisfies the codebook structure type in
Table 1-26, that is, a code distance matrix of the codebook structure is the same as the code
distance matrix of the codebook structure type in Table 1-26. A mapping relationship
between the signal and the codeword satisfies the encoding scheme in Table 1-26, that is, in
the mapping relationship, the code distance matrix of the signal is the same as the code
distance matrix of the signal in the encoding scheme as shown in Table 1-26. This
embodiment is not limited to the mapping relationship in Table 1-27. Any mapping
relationship obtained through simple variation on the basis of Table 1-27 also falls within
the scope of this embodiment, for example, sequences among columns are randomly
changed on the basis of Table 1-27, or negation is performed on a value of a certain column

(1 is changed into 0 or 0 is changed into 1).

Table 1-27 shows the mapping relationship between the joint signals and the
codewords that need to be used in the encoder submodule. Thereby, after receving a signal,

the encoder submodule looks up the table for a codeword corresponding to the joint signal,

and then outputs the codeword.

In this embodiment, a method for encoding feedback signals of two carriers in a
DC-MIMO mode is provided, in which a single-code channel is employed, so that power
overhead is saved and a CM value of the system is not affected, thereby enhancing the
performance of the system. Moreover, in this embodiment, a suitable codebook structure
and a mapping relationship between a feedback signal and a codeword are selected
according to BER and detection error cost, so as to minimize the signal detection error cost

and increase data transmission efficiency of the system.

™




10

A second embodiment of a method for encoding a joint feedback signal according to

the present invention is illustrated below.

A difference between this embodiment and the first embodiment of the method for
encoding a joint feedback signal lies in the mapping relationship between the sending
modes and the codebook structure types. For mapping relationship between the sending
modes and the codebook structure types in this embodiment, reference can be made to Table

1-28.

Table 1-28 Mapping Relationship Between Sending Modes and Codebook Structure Types
Employed in Second Embodiment of Method for Encoding Joint Feedback Signal

Sending Mode Codebook Encoding Scheme
structure Type
Single Stream-DTX A-B -
DTX-Single Stream A-B -
Dual Stream-DTX 4A -
DTX-Dual Stream 4A _ -
Single Stream-Single 9 A-2B-2C-2D Encoding Scheme 1 for Single Stream-Single
Stream Stream Mode
Dual Stream-Single Encoding Scheme 2 for Dual Stream-Single
6A-2B-6C
Stream Stream Mode
Single Stream-Duat Encoding Scheme 2 for Single Stream-Dual
6A-2B-6C
Stream Stream Mode

Encoding Scheme 1 for Dual Stream-Dual

Dual Stream-Dual Stream | 6A-6B-6C-6D Stream Mode

The scheme only needes 24 codewords. According to the mapping relationship
between the sending modes and the codebook structures, mapping relationship between the
joint feedback signals and codewords are provided in this embodiment, which can be

referred to in Table 1-29.

15
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Table 1-29 Mapping Relationship Between Joint Feedback Signals and Codewords

Single/
Second Single Stream Duat Duali Stream
ary Stream
Primary
AcK | NACk | DTX ACK_AC | ACK_NAC | NACK_AC | NACK_NAC
K K K K
Single | ACK_ [Xu=D2 XumB2| XurAl | XuwCl | XoC2 | Xy G5 i XA
SHEAM| NACK  |XpmA2i XarC2 | Xo=B1 | Xu=C4 | Xu=CS | Xups=C6 X56=B3
Single/
Dual DTX Xu=C1| Xp:=D1 | X;0=DTX Xn3=A3 XO4=A4 Xos=AS XGG—A6
Stream
ACK_ACK [X3=Al}X3=A4| X50=C3 | X5=D6 | X3=Dl | Xa=D2 | X3=B3
Dual ACK_NACK X4]=A2§ X42=A5 X40=C4 X43=B1 X4,4=B5 X45=D5 ; X46=A2
Streaem| . | ----------------------- T P
NACK__ACK X51=A3 : X52=A6 X59=C5 X53=B2 qu:D4 X35=B4 : X56=A1
NACK_NACK X61=C2§ Xo=D3 | Xe=C6 | Xe=D3 Kpa=C2 Xe5=C1 Xs6=B6

Further, values of the 24 codewords are provided in this embodiment, which can be

referred to in Table

1-30.

Table 1-30 Codewords and Codeword Values

Al 1 I 1 I 1 1 1 1 1
A2 0 0 1 I 0 0 1 1 0 0
A3 1 1 0 0 0 1 1 0 0 0
A4 1 0 0 1 0 0 0 0 1 1
AS 0 1 0 0 0 0 1 1 0
A6 0 0 1 0 [ 0 0 0 1
Cl 1 1 1 1 0 0 0 0 0
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C2 0 1 0 1 0 1 0 1 0 1
C3 0 1 1 0 0 0 1 0 1 1
C4 1 0 1 0 0 1 0 1 I 0
C5 0 0 0 1 1 1 1 0 1 0
C6 i 0 0 0 1 0 1 1 0 1
Bl 0 0 0 0 0 0 0 0 0 0
B2 ] 1 0 0 1 1 0 0 1 1
B3 0 0 1 1 i | o 0 1 1 1
B4 0 1 1 0 1 1 1 1 0 0
BS 1 0 1 1 0 1 1 0 0 1
B6 1 1 0 1 0 0 1 1 1 0
DI 0 0 0 0 0 I I 1 1 1
D2 I 0 1 0 1 0 1 0 1 0
D3 1 0 0 1 1 1 0 1 0 0
D4 0 1 0 ] 1 0 1 0 0 1
D5 1 1 1 0 0 0 0 1 0 1
D6 0 i ] 1 0 1 0 0 1 0

Mapping relationship between X and the codeword values are obtained according to

Tables 1-29 and 1-30, which can be referred to in Table 1-31.

Table 1-31 Mapping Relationship Between X; and Codeword Values

Xo1 1 ! 1 1 1 0 0 0 0 0
Xo2 0 0 0 0 0 i 1 1 1 1
Xo3 1 1 0 0 0 1 1 0 0 0

7
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X3 0 0 1 0 i 1
Xao 1 0 0 I 1 0
Xa1 0 0 0 0 0 0
X2 0 1 1 0 1 0
X3 0 0 0 0 0 0
Xas 1 0 0 I 0 1
X4s 1 1 0 0 0 1
XKas 0 0 0 0 0 0
Xso 0 0 1 I 1 0
Xs1 1 I 0 1 0 0
Ks2 0 0 1 1 0 1
Xs3 1 1 1 1 1 1
Xs4 0 i 1 0 0 1
Xss 0 1 1 1 0 0
Xs6 1 1 1 1 i 1
Xe0 1 0 1 0 0 1
X61 0 1 0 1 0 1
Xe2 1 0 1 ! 0 0
Xe3 1 0 1 1 0 0
Xea 0 1 0 I 0 1
Xe¢s 1 1 1 0 0 0
Xes 1 1 0 0 1 0

A specific example is given in Table 1-31.

-9

In the example, a codebook structure
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corresponding to a signal in each sending mode satisfies the codebook structure type in
Table 1-28, that is, a code distance matrix of the codebook structure is the same as the code
distance matrix of the codebook structure type in Table 1-28. A mapping relationship
between the signal and the codeword satisfies the encoding scheme in Table 1-28, that is, in
the mapping relationship, the code distance matrix of the signal is the same as the code
distance matrix of the signal in the encoding scheme as shown in Table 1-28, that is, the
mapping scheme in each scheme provided in Table 1-29 is the encoding scheme in Table
1-28 or an equivalent encoding scheme thereof. This embodiment is not limited to the
mapping relationship in Table 1-31. Any mapping relationship obtained through simple
variation on the basis of Téble 1-31 also falls within the scope of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table 1-31, or

negation is performed on a value of a certain column.

A third embodiment of a method for encoding a joint feedback signal according to the

present invention is illustrated below.

A difference between this embodiment and the first embodiment of the method for
encoding a joint feedback signal lies in the mapping relationship between the sending
modes and the codebook structure types. The mapping relationship between the sending

modes and the codebook structure types in this embodiment can be referred to in Table
1-32,

Table 1-32 Mapping Relationship Between Sending Modes and Codebook Structure Types
Employed in Third Embodiment of Method For Encoding Joint Feedback Signal

Sending Mode Stglggli‘zo'%]fpe Encoding Scheme
Single Stream-DTX A-B -
DTX-Single Stream A-B -

Dual Stream-DTX 4A -




DTX-Dual Stream 4A -
Single Stream-Single A-B-5C-D Encoding Scheme 2 for Single Stream-Single
Stream e Stream Mode
© Dual Stream-Single Encoding Scheme 2 for Dual Stream-Single
6A-2B-6C :
Stream Stream Mode
Single Stream-Dual Encoding Scheme 2 for Single Stream-Dual
6A-2B-6C
Stream Stream Mode
Encoding Scheme 1 for Dual Stream-Dual
Dual Stream-Dual Stream | 6A-6B-6C-6D Stream Mode

The scheme needs 24 codewords in total.

According to the mapping relationship

between the sending modes and the codebook structures, mapping relationship between the

joint feedback signals and codewords are provided in this embodiment, which can be

referred to in Table 1-33.

Table 1-33 Mapping Relationship Between Joint Feedback Signals and Codewords

Single/
Second Single Stream BPual Dual Stream
ary Stream
Primary
ACK_N|NACK_AC |NACK
ACK | NACK | DTX [ACK ACK|" o X NACK
Single ACK xnzcz X2=C3 | Xi=Al | X;3=Cl ng.4=cz X1s=C3 | Xy=A2
Str A B R pTTTTT prTTTTmeees P
M NACK | X0=C4 | Xps=C5 | Xo=Bl1 | Xp=C4 Xp=C5] Xo5=C6 | Xz6=B3
Single/
Dual DTX X01=C 1 X02=D 1 X()o:DTX X03=A3 Xo=A4 X05=A5 X05=A6
Stream .
ACK_ACK X3|=A1 ': X32=A4 X30=C3 X33=D6 X34=D1 X35=D2 §X36— 2
Dual | ACKNACK | Xy=A2 D Xp=AS5 | Xe=C4 | Xer=Bl |Xu=B5| Xus=D5 | Xye=A2
Sweam | [T IR S poomeoneees
T NACK_ACK | X51=A3 | X5=A6 | Xe=C5 | X=B2 |Xs=D4! Xs=B4 | X=Al
NACK_NAC | X6=C2 | X=D3 | Xe=C6 | XesD3 |Xe=C2{ Xes=Cl |Xe=B6

.8l
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Further, values of the needed 24 codewords are provided in this embodiment, which -

can be referred to in Table 1-30.

Mapping relationship between Xj and the codeword values are obtained according to

Tables 1-30 and 1-33, which can be referred to in Table 1-34.

Table 1-34 Mapping Relationship Between X and Codeword Values

Xo1 1 1 1 I 1 0 0 0 0 0
Xo2 0 0 0 0 0 1 i 1 1 i
Xo3 1 1 0 0 0 I 1 0 0 0
Xoa 1 0 0 1 0 0 0 0 1 1
Xos 0 1 0 0 1 0 0 1 1 0
Xos 0 0 1 0 1 1 0 0 0 1
Xi0 1 1 1 1 1 1 1 1 1 I
Xn 0 1 0 1 0 1 0 1 0 1
X1z 0 1 I 0 0 0 1 0 1 1
X3 1 1 1 1 1 0 0 0 0 0
X1a 0 1 0 i 0 1 0 1 0 1
Xis 0 1 1 0 0 0 1 0 1 1
X6 0 0 1 1 0 0 1 1 0 0
X20 0 0 0 0 0 0 0 0 0 0
X2l I 0 1 0 0 1 0 1 1 0
X2 0 0 0 1 1 1 1 0 1 0
X2z I 0 I 0 0 1 0 1 1 0

-82



X24

Xas

Xas

X3o

X32

Xs3

X3a

Xas

X6

Xa1

Xaz

X3

Xas

Xas

Xag

Xs0

Xs1

Xs2

Xs3

Xs4

Xss
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Xs6 1 1 1 1 ! 1 I ! I 1
Xso 1 o | o | o 1 0 1 1 0 1
Xe1 0 I 0 1 0 ] 0 1 0 I
Xe2 ! 0 0 1 I I 0 ] 0 | o0
Xe3 I o | o0 1 1 I 0 1 0 | 0
Xea 0 ! 0 I 0 1 0 1 0 1
Xes 1 ! 1 i 1 0 0 f 0 | 0| 0
Xes 1 i 0 1 0 | o 1 1 1 0

A specific example is given in Table 1-34. This embodiment is not limited to the
mapping relationship in Table 1-34. Any mapping relationship obtained through simple
variation on the basis of Table 1-34 also falls within the scope of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table i-34, or

negation is performed on a value of a certain column.

A fourth embodiment of a method for encoding a joint feedback signal according to

the present invention is illustrated below.

A difference between this embodiment and the first embodiment of the method for
encoding a joint feedback signal lies in the mapping relationship between the sending
modes and the codebook structure types. The mapping relationship between the sending
modes and the codebook structure types in this embodiment can be referred to in Table

1-35.

Table 1-35 Mapping Relationship Between Sending Modes and Codebook Structure Types
Employed in Fourth Embodiment of Method for Encoding Joint Feedback Signal

Codebook

Sending Mode structure Type

Encoding Scheme

B




5

Single Stream-DTX A-B -
DTX-Single Stream A-B -
Dual Stream-DTX 4A -
DTX-Dual Stream 4A -
Single Stream-Single Encoding Scheme 3 for Single Stream-Single
2A-2B-4C
Stream Stream Mode
Dual Stream-Single 6A-2B-6C Encoding Scheme 3 for Dual Stream-Single
Stream Stream Mode
Single Stream-Dual Encoding Scheme 2 for Single Stream-Dual
6A-2B-6C _
Stream Stream Mode
Dual Stream-Dual Stream | 6A-6B-6C-6D Encoding Scheme 1 for Dual Stream-Dual
Stream Mode

The scheme needs 24 codewords in total. According to the mapping relationship

between the sending modes and the codebook structures, mapping relétionship between the

joint feedback signals and codewords are provided in this embodiment, which can be

referred to in Table 1-36.

Table 1-36 Mapping Relationship Between Joint Feedback Signals and Codewords

Single/ ,
Second Single Stream Dual Dual Stream
ary Stream
Primary
ACK_ |NACK_|NACK_
ACK | NACK | DTX |ACK ACK| . ow | 2 cie | NacK
Single ACK Xu=Cl § X3p=C2 | Xig=Al| Xi5=Cl |X1=C2|Xs=C3 | X;=A2
Stream I S A S
e NACK Xp=C3 | Xp=Cd | Xp=Bl| Xps=C4 | Xp=CS} Xps=C6 | Xo6=B3
Single/ X =DT
Dual DTX Xo= Xo=B2 °°X X0s=A3 | Xo=Ad| Xos=AS5 | Xos=A6
Stream
Dual ACK_ACK | X35=Cl | X35=A4 |X3=C3| Xa5=D6 |X3=D1}X35=D2 | X:=B3

85




Stream

ACK_NACK

NACK_ACK

NACK_NACK

........................

Xe=B5 | X45=D5 | Xy=A2

......... B e e TR

Xs=D4 | Xss=B4 | Xe=Al

X40=C4 X43=B i
X50=C5 X53"_“B2
92C6 X63=D3

......... davusmmnrensdem -]

Xe=C2 '} Xes=Cl | Xes=B6

Further, values of the needed 24 codewords are provided in this embodiment, which

can be referred to in Table 1-30.

Mapping relationship between Xj; and the codeword values are obtained according to

Tables 1-30 and 1-36, which can be referred to in Table 1-37.

Table 1-37 Mapping Relationship Between X;; and Codeword Values

Xoy 0 0 1 1 0 0 1 1 0 0
KXoz 1 1 0 0 1 1 0 0 1 1
KXo 1 1 0 0 0 1 0 0 0
KXo 1 0 0 1 0 0 0 0 1 1
Xos 0 1 0 0 1 0 0 1 1 0
Xos 0 0 i 0 1 1 0 0 0 1
X0 1 1 1 I 1 1 1 1 1
Xn 1 i 1 1 1 0 0 0 0 0
X1z 0 1 0 1 0 1 0 1 0 1
X13 1 1 i 1 1 0 0 0 0 0
X4 0 1 0 1 0 1 0 1 0 1
X15 0 1 1 0 0 0 0 1 1
X1 0 0 1 1 0 0 1 0 0
Xa0 0 0 0 0 0 0 0 0 0 0
X1 0 1 1 0 0 0 0 1 1




X2

X2z

Xo4

Xas

X26

X30

X3

X3

X33

X34

Xas

X

Xa0

g1
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Xs4 0 1 0 1 1 0 1 0 0 I
Xss 0 1 1 0 I 7 I I 1 0 0
Xs6 I 1 1 1 } 1 1 I 1 1
Xs0 1 0 0 0 1 0 1 1 0 1
Xs1 0 1 0 | 0 1 0 1 0 1
Xe2 0 0 0 0 0 0 0 0 0 0
X63 1 0 0 1 1 1 0 i 0 0
Xea 0 1 0 I 0 1 0 1 0 i
Xgs 1 | 1 1 1 0 0 0 0 0
Xe6 1 1 0 1 0 0 1 1 1 0

A specific example is given in Table 1-37. This embodiment is not limited to the
mapping relationship in Table 1-37. Any mapping relationship obtained through simple
variation on the basis of Table 1-37 also falls within the scope of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table 1-37, or

negation is performed on a value of a certain column.

A fifth embodiment of a method for encoding a joint feedback signal according to the

present invention is illustrated below.

A difference between this embodiment and the first embodiment of the method for
encoding a joint feedback signal lies in the mapping relationship between the sending
modes and the codebook structure types. The mapping relationship between the sending

modes and the codebook structure types in this embodiment can be referred to in Table
1-38.

Table 1-38 Mapping Relationship Between Sending Modes and Codebook Structure Types
Employed in Fifth Embodiment of Method For Encoding Joint Feedback Signal
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Sending Mode Codebook structure Encoding Scheme
Type
Single Stream-DTX A-B -
DTX-Single Stream A-B -
Dual Stream-DTX 4A -
DTX-Dual Stream 4A -
Single Stream-Single 9 AIB-4C Encoding Scheme 3 for Single
Stream e Stream-Single Stream Mode
Dual Stream-Single Enceding Scheme 3 for Dual
Stream 6A-2B-6C Stream-Single Stream Mode
Single Stream-Dual 6A-IB-6C Encoding Scheme 3 for Single
Stream el Stream-Dual Stream Mode
Dual Stream-Dual 6A-6B-6C-6D Encoding Scheme 2 for Dual Stream-Dual
Stream Stream Mode

The scheme needs 24 codewords in total. According to the mapping relationship
between the sending modes and the codebook structures, mapping relationship between the

joint feedback signals and codewords are provided in this embodiment, which can be

referred to in Table 1-39.

Table 1-39 Mapping Relationship Between Joint Feedback Signals and Codewords

Single/
Second Single Stream Dual Dual Stream
ary Stream
Primary
ACK_N |NACK_INACK_
ACK | NACK | DTX |ACK ACK|" oo™ |7 0 - o
Single ACK X”=CI X2=C2 | X;0=A1 | X;3=D5 | X,=A2 §X15=A3 X16=D6
St DY IR I A TS S
TET Y ONACK | X2=C3 | Xp=C4 | Xor=B1 | XpmAd | XpAS | Xp=A6 | Xp6=B2
Sli)nglf/ DTX Xo=A2 | X=B2 {Xoo=DTX| Xo=D1 | Xo=D2 | Xos=D3 | Xoe=D4
ua

- 8%




Stream

ACK ACK | X5i=C5 i Xs=Ad | Xs=C1 | Xu=B# | X3=D5 | Xos=B2 | X36=B1

......................

................................

Dual | ACKNACK | Xy=Al | Xg=AS{ Xu=C2 | Xa=C5 | X4=B3 L X4s=D6 | Xus=AS

......................

................................

Stream | NACK_ACK | X5=A3 | Xs=A6 | Xs=C3 | X5=B6 | Xsi=C6 | Xss=A3 | Xse=AS

________________________________

NACK_NACK X6|=C6 E X52=BI X50=C4 X63=B5 X642A2 i X¢,5=A] ::X65=A4

Furthermore, values of the needed 24 codewords are provided in this embodiment,

which can be referred to in Table 1-30.

Mapping relationship between Xjj and the codeword values are obtained according to

Tables 1-30 and 1-39, which can be referred to in Table 1-40.

Table 1-40 Mapping Relationship Between X; and Codeword Values

Xor 0o | 0 1 1 o | o | 1 1 | o | o
Xos I | o | o | 1 1] o} o | 1 1
X3 o | o | o ] o | o | 1 1 1 1 I
Xoa oo i 0 1| o t o0 | 1| o
Xos 1o | o | 1 1 1L oo | o | o
Xes | 0 | 1 o | 1 t o | 1| o | o | 1
Xi0 1 i 1 1 i 1 1 i 1 ]
Xin I I 1 i 1 o] o] ol ol o
X1 o | 1 o | 1 o | 1 o | 1 | o | 1
X1 1 I { o | o | o | o 1 o | 1
X4 0o i 0 1 i o | o | 1 1 o | o
X5 ] I o [ o | o | 1 1 o | o | o
X1 o | 1 1 1 0 i o | o | 1| o

qo




Xa0

X2

X2

X23

X24

Xas

X6

X0
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Xs2 0 0 1 0 1 1 0 0 0 1
Xs3 1 1 0 1 0 0 1 I 1 0
Xsa 1 0 0 0 1 0 1 I 0 1
Xss 1 i 0 0 0 1 1 0 0 0
Xss 0 1 0 0 1 0 0 1 1 0
Xeo 1 0 1 0 0 1 0 1 1 0
Xe1 1 0 0 0 1 0 1 1 0 1
Xea 0 0 0 0 0 0 0 0 0 0
Xe3 1 0 1 1 0 1 1 0 0 1
Xea 0 0 1 1 0 0 1 1 0 0
Xes 1 1 1 1 1 1 1 1 1 1
Xes 1 0 0 1 0 0 0 0 1 1

A specific example is given in Table 1-40. This embodiment is not limited to the
mapping relationship in Table 1-40. Any mapping relationship obtained through simple
variation on the basis of Table 1-40 also falls within the scope of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table 1-40, or

negation is performed on a value of a certain column.

A sixth embodiment of a method for encoding a joint feedback signal according to the

present invention is illustrated below.

A difference between this embodiment and the first embodiment of the method for
encoding a joint feedback signal lies in the mapping relationship between the sending
modes and the codebook structure types. The mapping relationship between the sending

modes and the codebook structure types in this embodiment can be referred to in Table
1-41.

.q2




Table 1-41 Mapping Relationship Between Sending Modes and Codebook Structure Types

Employed in Sixth Embodiment of Method For Encoding Joint Feedback Signal

Codebook

Sending Mode structure Type Encoding Scheme
Single Stream-DTX A-B -
DTX-Single Stream A-B -
Dual Stream-DTX 4A -
DTX-Dual Stream 4A -
Single Stream-Single Encoding Scheme 2 for Single Stream-Single
A-B-5C-D
Stream Stream Mode
Dual Stream-Single 6A-3C-3D-E-F Encoding Scheme 1 for Dual Stream-Single
Stream Stream Mode
Single Stream-Dual 6A-3C-3D-E-F Encoding Scheme 1 for Single Stream-Dual
Stream Stream Mode
Dual Stream-Dual 6A-6B-6C-6D Encodmg Scheme 1 for Dual Stream-Dual

Stream

Stream Mode

The scheme needs 24 codewords in total. According to the mapping relationship

between the sending modes and the codebook structures, a specific example of the mapping

relationship between the joint feedback signals and codewords is provided in this

embodiment, which can be referred to in Table 1-42.

Table 1-42 Mapping Relationship Between X;; and Codeword Values

Xot I 1 1 1 1 0 0 0 0 0
Xo2 0 0 0 0 0 1 1 1 1 1
Xo3 1 1 1 1 i 0 0 1 0 0
Xo4 1 1 I 0 0 1 1 0 1 0







X0 1 1 0 1 0 1 0 1 i I
X4 ] 1 1 0 0 I 1 0 1 0
X42 1 1 0 0 1 0 | 1 1 0
Xa3 1 I 1 0 0 0 0 0 0 1
Xaa I 1 0 0 1 0 I 1 1 0
Xas 1 0 G 0 0 1 0 1 0 0
Xas 1 ¢ 0 0 I 0 0 0 1 1
Xso 0 1 1 1 1 0 1 0 1 1
Xst 0 0 1 1 0 1 0 0 0 1
Xs2 0 0 0 1 1 0 0 1 0 1
Xs3 0 1 I 1 0 1 1 1 0 0
Xsa 0 0 1 0 1 0 1 0 0 0
Xss 0 0 0 1 1 0 0 1 0 1
Xse 0 0 0 1 i 1 1 1 1 0
Xeo 1 0 0 | 0 0 1 0 0 0
X61 0 1 1 0 0 0 0 1 0 0
Xe2 I 0 1 \ 0 0 0 0 0 1 1
Xe3 0 1 0 1 0 0 0 0 1 0
Xe4 0 0 1 0 0 0 0 I 1 0
Xés 0 1 0 0 1 1 0 0 0 0
Xe6 0 1 1 0 1 1 0 1 1 1

A specific example is given in Table 1-42. This embodiment is not limited to the

mapping relationship in Table 1-42. Any mapping relationship obtained through simple

a5
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variation on the basis of Table 1-42 also falls within the scope of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table 1-42, or

negation is performed on a value of a certain column.

A seventh embodiment of a method for encoding a joint feedback signal according to

the present invention is illustrated below.

A difference between this embodiment and the first embodiment of the method for
encoding a joint feedback signal lies in the mapping relationship between the sending
modes and the codebook structure types. This embodiment covers the feedback scheme
for a single-carrier configured with MIMO in content and is slightly more preferred than the

first embodiment in decoding performance. The used codewords are as follows.

Table 1-43 Mapping Relationship Between X;; and Codeword Values

Xo1 1 1 1 i I | 0 0 0 0 0
Xo2 0 0 0 1 1 1 1 0 1 0
Xo03 1 1 1 1 1 0 0 1 0 0
Xoa 1 1 1 0 0 1 1 0 1 0
Xos 0 0 1 i 0 1 0 0 0 1
Xos 0 1 0 0 0 - 0 1 1 0 1
Xio 1 1 1 1 1 ] 1 1 1 1
X1 0 1 0 1 0 1 0 1 0 1
X1z 0 1 1 0 0 0 1 0 1 1
Xi3 0 0 0 1 i 0 1 0 1 ¢
Xia i 0 1 0 1 0 1 0 0 ]
X1s 1 1 0 1 0 0 0 0 1 1

Ao




X6

X20

Xoi

X

Xa3

Xo4

X2s

X6

X30

X3

X3z

X3q

Xas

X6

Xa0

Xa1

Xa2

Xa3

97




10

Xs1 0 0 1 1 0 1 0 0 0 1
Xs2 0 0 0 I 1 0 0 1 0 i
Xs3 0 I 1 1 0 1 1 1 0 0
Xsa 0 0 i 0 1 0 1 0 0 0
Xss 0 0 0 1 1 0 0 1 0 1
Xs6 0 0 0 1 I 1 1 1 1 0
Xeo I 0 0 1 0 0 1 0 0 0
X1 0 0 I 0 0 0 0 I 1 0
X2 0 1 1 1 0 1 1 1 0 0
Xe3 0 1 0 1 0 0 0 0 1 0
Xea 0 0 1 0 0 0 0 1 1 0
Xes 0 1 0 0 1 1 0 0 0 0
Xeés 0 1 1 0 1 1 0 1 1 1

A specific example is given in Table 1-43. This embodiment is not limited to the
mapping relationship in Table 1-43. Any mapping relationship obtained through simple
variation on the basis of Table 1-43 also falls within the scope of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table 1-43, or

negation is performed on a value of a certain column.

An eighth embodiment of a method for encoding a joint feedback signal according to

the present invention is illustrated below.

This embodiment is the same as the first embodiment in the codebook structure type
used in each sending mode in the method for encoding a joint feedback signal. However,
a difference between the two embodiments lies in that this embodiment also considers

performance in a PRE/POST mode. The mapping relationship between the sending modes

a3




and the codebook structure types in this embodiment can be referred to in Table 1-44.

Table 1-44 Mapping Relatidnship Between Sending Modes and Codebook Structure Types

Employed in Eighth Embodiment of Method For Encoding Joint Feedback Signal

. Codebook .
Sending Mode structure Type Encoding Scheme
Single Stream-DTX A-B -
DTX-Single Stream A-B -
Dual Stream-DTX 4A -
DTX-Dual Stream 4A -
Single Stream-Single Table 1-15, Encoding Scheme 1 for Single
Stream 2A-2B-2C-2D Stream-Single Stream Mode
Dual Stream-Single : Table 1-21, Encoding Scheme 1 for Dual
Stream 6A-3C-3D-E-F Stream-Single Stream Mode
Single Stream-Dual Table 1-18, Encoding Scheme 1 for Single
Stream 6A-3C-3D-E-F Stream-Dual Stream Mode
Dual Stream-Dual 6A-6B-6C-6D Table 1-24, Encoding Scheme | for Dual

Stream

Stream-Dual Stream Mode

A specific example is given.

A codebook structure used in each sending mode

satisfies the codebook structure type and a mapping relationship provided in Table 1-44,

and at the same time enables preferred performance when the PRE/POST mode is

employed. Mapping relationship between X;; and the codeword values can be referred to

in Table 1-45.

Table 1-45 Mapping Relationship Between Xj; and Codeword Values

D/A Xo1 1

D/N Xo2 0




D/AA

D/AN

D/NA

D/NN

A/D

A/A

A/N

A/AA

A/AN

A/NA

A/NN

N/D

N/A

N/N

N/AA

N/AN

N/NA

N/NN

AA/D

AA/A

AA/MN

AA/AA

AA/AN

00




AA/NA

Xss

AA/NN

X36

AN/D

AN/A

X4

AN/N

X42

AN/AA

Xa3

AN/AN

Xa4

AN/NA

AN/NN

NA/D

NA/A

NA/N

NA/AA

NA/AN

NA/NA |

NA/NN

NN/D

NN/A

NN/AA

NN/AN

NN/NA

NN/NN
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PRE/POST Indication Information

PRE 0 0 1 0 0 1 0 0 i 0

POST 0 1 0 0 1 0 0 1 0 ¢

In order to further improve the performance in the PRE/POST sending mode, the

PRE/POST may use new codewords. A pair of feasible alternate codewords are provided
in Table 1-46.

Table 1-46 A Pair of New PRE/POST Codewords Applicable in Schemes of the Eighth

Embodiment

PRE/POST Indication Information

PRE 0 0 1 1 0 0 0 1 1 1

POST 1 1 0} 0 1 1 1 0 0 0

A specific example is given in Table 1-45. This embodiment is not limited to the
mapping relationship in Table 1-45. Any mapping relationship obtained through simple
variation on the basis of Table 1-45 also falls within the scope of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table 1-45, or
negation is performed on a value of a certain column. In addition, equivalent variation or
equivalent encoding and mapping is performed on the codebook structure in each sending
mode, which also falls within the protection scope as long as the codebook structure type in

each mode is not chan'ged.

The new PRE/POST codewords provided in Table 1-46 have a characteristic that: a
minimum code distance is at least 4 after PRE/POST codewords are included in the single

stream-DTX, DTX-single stream, dual stream-DTX, and DTX-dual stream modes.

It is assumed that when the NodeB schedules data on both carriers of a dual-carrier, the
PRE/POST is not used during the detection of HARQ-ACK signals, and when the NodeB

only schedules data on one carrier of the dual-carrier, the PRE/POST is used during the

VW02




detection of the HARQ-ACK signals. Therefore, a scheme having better performance is
obtained according to Tables 1-44 and 1-45, as shown in Table 1-47.

Table 1-47 Mapping Relationship Between X;; and Codeword Values

D/A Xot 1 1 1 1 1 0 0 0 0 0

D/N Xo2 0 0 0 0o | 0 1 1 1 1 1

D/AA Xoz i 0 0 0 1 0 0 0 | 1 1

D/AN Xoa 0 1 0 0 0 1 1 0 0 1

D/NA Xos 0 0 0 1 1 1 1 1 1 0

D/NN Xos 1 1 1 1 1 1 0 0 0 0

AD Xio 1 I 1 1 1 1 1 1 1 1

A/A Xn 1 0 1 0 i 0 i 0 1 0

A/N Xiz 1 1 0 0 1 1 0 0 1 1

A/AA Xn I 0 1 0 0 0 1 1 0 0

A/AN X4 I 0 0 1 0 1 0 1 0 1

A/NA Xis 0 0 1 1 1 0 1 0 0 1

A/NN Xis 0 1 1 1 0 0 0 1 1 I

N/D X20 0 0 0 0 0 0 0 0 0 0

N/A Xai 0 0 1 1 0 0 1 1 0 0

N/N X2 0 I 0 1 0 I 0 1 0 1

N/AA Xa3 i 1 0 1 0 0 1 0 1 0

N/AN Xz24 1 1 0 0 0 1 0 1 ] 0

N/NA Xas 0 1 1 0 1 0 1 0 1 0

N/NN X6 0 0 1 0 1 1 0 1 0 i




AA/D

X30

AA/A

X3

AA/N

X3

AAIAA

AA/AN

X34

AA/NA

Xss

AA/NN

X36

AN/D

AN/A

Xa1

AN/N

X4z

AN/AA

Xa3

AN/AN

Xaa

AN/NA

Xas

AN/NN

X6

NA/D

Xs0

NA/A

Xsi

NA/N

Xs2

NA/AA

Xs3

NA/AN

Xs4

NA/NA

Xss

NA/NN

Xse

NN/D

Xs0

NN/A

X6

|0t




NN/N Xe2 ] 0 0 0 1 0 0 0 1 ]

NN/AA | Xes 0 1 0 1l ol ol o] o i 0

NN/AN | Xes 0 0 1 0 0 1 0 0 1 0

NN/NA | Xes 0 I 0 0 1 0 0 1 0 0

NN/NN | Xse 0 0 0 0 0 0 I I 1 1

PRE/POST Indication Information

PRE 0 0 | 1 0 0 1 0 0 1 0

POST 0 1 0 0 1 0 0 1 0 0

A ninth embodiment of a method for encoding a joint feedback signal according to the

present invention is illustrated below.

The method for encoding a joint feedback signal in this embodiment employs another
combination of codebook structure types. However, when specific codewords are given,
this embodiment also considers the perfo_rm_anlgle in the PRE/POST mode. The mapping
relationship between the sending modes and the codebook structure types in this

embodiment can be referred to in Table 1-48.

Table 1-48 Mapping Relationship Between Sending Modes and Codebook Structure Types
Employed in Ninth Embodiment of Method For Encoding Joint Feedback Signal

Sending Mode . triggfrte):o'l?;(pe Encoding Scheme
Single Stream-DTX A-B -
DTX-Single Stream A-B -
Dual Stream-DTX 4A -
DTX-Dual Stream 4A -
Single Stream-Single 2A-2B-4C Table 1-17, Encoding Scheme 3 for Single

{05




Stream

Stream-Single Stream Mode

Dual Stream-Single

Table 1-23, Encoding Scheme 3 for Dual

Stream 6A-2B-6C Stream-Single Stream Mode
Single Stream-Dual Table 1-18, Encoding Scheme 1 for Single
Stream 6A-3C-3D-EF Stream-Dual Stream Mode
Dual Stream-Dual 6A-6B-6C-6D Table 1-24, Encoding Scheme 1 for Dual

Stream

Stream-Dual Stream Mode

Specific codewords that satisfy the constraints in Table 1-48 are shown in Table 1-49,

Table 1-49 Mapping Relationship Between X;; and Codeword Values

0 0 1 1 1

D/A Xo1
D/N Xoz
D/AA X
D/AN Xo4
D/NA Xos
D/NN Xoe
A/D Xio
A/A X1
A/N X2
A/AA X3
A/AN Xia
A/NA Xis
A/MNN Xis
N/D X20
N/A X2

0 0
1 1
0 0
1 0
0 0
1 1
1 1
I 0
0 1
0 I
0 0
0 1
I ]
0 0
0 0
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N/N

X22

N/AA

X3

N/AN

X4

N/NA

Xas

N/NN

X26

AA/D

X30

AA/A

X3

AA/MN

X3z

AA/AA

AA/AN

X34

AA/MNA

X3s

AA/MNN

X36

AN/D

Xa0

ANA

X1

AN/N

Xa

AN/AA

Xas

AN/AN

X4a

AN/NA

Xss

AN/NN

X6

NA/D

Xs0

NA/A

Xs1

NA/MN

Xs2

NA/AA
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NA/AN | Xs4 0 0 1 0 1 0 1 0 0 0

NA/NA | Xss I 0 1 1 1 1 0 0 1 0

NA/NN | Xse 1 1 1 0 0 1 1 0 1 0

NN/D X60 1 0 0 1 0 0 1 0 0 0

NN/A X6 0 0 0 0 1 I 0 0 1 0

NN/N Xe2 0 1 0 0 0 1 ] 0 0 1

NN/AA | Xe3 0. 1 0 1 0 0 0 0 1 0

NN/AN | Xes 0 0 1 0 0 0 0 1 1 0

NN/NA | Xe¢s 0 1 0 0 1 1 0 0 0 0

NN/NN | Xes 0 0 0 0 0 1 1 0 1 1

PRE/POST Indicatibn Information

PRE 0 0 1 0 0 1 0 0 I 0

POST 0 1 0 0 1 0 0 1 0 0

In order to further improve the performance in the PRE/POST sending mode, the
PRE/POST may use new codewords. A pair of feasible alternate codewords are provided
in Table 1-50.

Table 1-50 A Pair of New PRE/POST Codewords Applicable in Schemes of the Ninth

Embodiment

PRE/POST Indication information

PRE 0 1 1 0 0 1 0 0 1 0

POST 0 I 0 0 1 0 0 I I 0

A specific example is given in Table 1-49. This embodiment is not limited to the
mapping relationship in Table 1-49. Any mapping relationship obtained through simple

variation on the basis of Table 1-49 also falls within the scope of this embodiment, for

103




10

example, sequences among columns are randomly changed on the basis of Table 1-49, or
negation is performed on a value of a certain column. In addition, equivalent variation or
equivalent encoding and mapping is performed on the codebook structure in each sending
mode, which also falls within the protection scope as long as the codebook structure type in

each mode is not changed.

The new PRE/POST codewords provided in Table 1-50 have a characteristic that: a
minimum code distance is at least 4 after PRE/POST codewords are included in the single

stream-DTX, DTX-single stream, dual stream-DTX, and DTX-dual stream modes.

It is assumed that when the NodeB schedules data on both carriers of a dual-carrier, the
PRE/POST is not used during the detection of HARQ-ACK signals, and when the NodeB
only schedules data on one carrier of the dual-carrier, the PRE/POST is used during the
detection of the HARQ-ACK signals. Therefore, a scheme having better performance is
obtained according to Tables 1-48 and 1-49, as shown in Table 1-51.

Table 1-51 Mapping Relationship Between X;; and Codeword Values

D/A Xo1 0 0 0 0 0 0 1 1 1 I

D/N Xo2 1. 1 1 1 1 1 0 0 0 0

D/AA Xo3 1 0 0 0 1 0 0 0 1 1

D/AN Xo4 0 1 0 0 0 1 1 0 0 1

D/NA Xos 0 0 0 1 1 1 1 1 1 0

D/NN Xos6 1 1 1 1 I 1 0 0 0 0

A/D X0 1 1 1 1 1 1 1 1 1 1

A/A Xnu 1 1 0 1 0 0 0 0 1 1

AN X2 0 0 1 1 I 0 I 0 0 i

A/AA X3 1 0 1 0 0 0 1 1 0 0
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A/AN

Xia

A/NA

A/NN

Xi1s

N/D

K20

N/A

X2

N/N

X2

N/AA

X23

N/AN

Xoa

N/NA

Xas

N/NN

X26

AA/D

X30

AA/A

X3

AA/N

X3

AA/AA

AA/AN

X34

AA/NA

X35

AA/NN

X36

AN/D

X0

AN/A

X4

AN/N

Xa2

AN/AA

Xa

AN/AN

) on

AN/NA

Xas

0




AN/NN | Xy 0 0 1 1 0 0 0 1 0 1

NA/D Xs0 0 i 1 1 1 0 i 0 I 1

NA/A Xst 0 1 1 1 0 I 1 1 0 0

NA/N Xs2 i 1 1 0 0 0 0 0 0 1

NA/AA | Xs3 i 1 0 0 1 1 1 0 1 0

NA/AN | Xs4 0 0 1 0 1 0 1 0 0 0

NA/NA | Xss 1 0 I 1 1 0 0 1 1 0

NA/NN | Xss 1 1 1 0 0 0 1 1 1 0

NN/D Xeo 1 0 0 1 0 0 1 0 0 0

NN/A Xe1 0 0 1 0 0 1 0 0 1 0

NN/N X62 0 1 0 0 0 1 1 0 0 1

NN/AA | Xea 0 1 0 1 0 0 0 0 1 0

NN/AN | X 0 0 1 0 0 1 0 0 1 0

NN/NA | Xes 0 1 0 0 1 0 0 1 0 0

NN/NN | Xes 0 0 0 0 0 0 1 1 I 1

PRE/POST Indication Information

PRE 0 0 1 0 0 1 0 0 1 0

POST 0 1 0 0 1 0 0 1 0 0

A tenth embodiment of a method for encoding a joint feedback signal according to the

present invention is itlustrated below.

In this embodiment, a new codebook structure type is designed for the dual
stream-dual stream mode. The codewords in the codebook structure type are from a 32-bit
codebook structure having a minimum code distance of 4. The codebook structure is

composed of 16 pairs of inverse codes, which are expressed as GI~G16 and HI~H16. Hi
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is an inverse code of Gi, that is, the code distance is 10. The relations between G and H

codewords are shown in Tables 1-7 to 1-9.

24 codewords are needed in the dual stream-dual stream sending mode, and altogether
26 codewords are needed if the PRE/POST codewords are included. The 26 codewords
may be selected from G1~G16 and H1~H16.

The method for encoding a joint feedback signal in this embodiment employs another
combination of codebook structure types. However, when specific codewords are given,
all codewords related to the HARQ-ACK specified in R8 of the TS25.212 in the 3GPP
Protocol, including the PRE/POST, are compatible. The mapping relationship between the

sending modes and the codebook structure types can be referred to in Table 1-52.

Table 1-52 Mapping Relationship Between Sending Modes and Codebook Structure Types
Employed in Tenth Embodiment of Method for Encoding Joint Feedback Signal

Sending Mode Codebook structure Type Encoding Scheme
Single Stream-DTX A-B -
DTX-Single Stream A-B -

Dual Stream-DTX 4A -
DTX-Dual Stream 4A -

Table 1-15, Encoding Scheme

Single Stream-Single 2A-2B-2C-2D 1 for Single Stream-Single

Stream Stream Mode
Dual Stream-Single {Al,A2,A5,A6} U Taziﬁoi'gifgf;?fs?;hf? °
Stream 2B-3C-3D-E-F y

Stream Mode

Table 1-54, Encoding Scheme
6A-2B-2C-DU{D3~D5} 4 for Single Stream-Dual
Stream Mode

Single Stream-Dual
Stream

Dual Stream-Dual

Stream {G7~G16} U {H1~H8} U {H9~H | Table 1-55, Encoding Scheme
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Stream

16}

3 for Dual Stream-Dual
Stream Mode

The encoding and mapping schemes in the codebook structure types described in the

above table are shown in Tables 1-53, 1-54, and 1-55, respectively.

Table 1-53 Encoding Scheme 4 for Dual Stream-Single Stream Mode

Secondary Single Stream
Primary ACK NACK DTX
DTX Xor=El Xo=F1 Xoo=DTX
ACK_ACK X3=B2 X52=C3 Xa=Al
Dual Stream ACK_NACK - X4FC 1 ----- f - X42=D2 - X40=A2
NACK ACK | Xs=C2 | Xo=DI | XyoAs
NACK NACK | Xe=D3 | Xe=BI | XerAS
Table 1-54 Encoding Scheme 4 for Single Stream-Dual Stream Mode
Secondary Dual Stream
Primary DTX | ACK_ACK | ACK NACK | NACK_ACK | NACK NACK
ACK | X =Cl X13=D3 Xi14=D4 X1s=D5 Xi6=C2
Single [\ack | %ol | XuB2 | XarAS | XemAS | XoeBI
DTX | Xoo=DTX | Xu;=Al AX04=A2 Xos=A3 Xoe=A4
Table 1-55 Encoding Scheme 3 for Dual Stream-Dual Stream Mode
Secondary Dual Stream
Primary DTX |ACK _ACK{ACK_NACK|NACK_ACK|{NACK NACK
Dual DTX Xoo=DTX}| Xo3=G12 Xos=G13 Xos=G14 Xos=H4

i3




Stream| ACK_ACK | Xso=H1 | Xu=G7 | X3=G8 | Xs=G9 | Xs=GI0

ACK_NACK | Xe=H2 | Xi=G11 | X4=G14 | Xe=G16 | Xu=H3

NACK _ACK | X5=H7 | Xs3=H5 | Xs=H6 | Xs=HIl | Xs=HI2

..........................................................................

NACK_NACK| Xe=H8 | Xe=HI3 | Xe=HI4 | Xes=HIS | Xe=HI6

Specific codewords that satisfy the constraints in Table 1-52 are shown in Table 1-56.

Table 1-56 Mapping Relationship Between X;; and Codeword Values

D/A Xo I 1 1 1 1 0 0 0 0 0

D/N Xoz2 0 0 0 0 0 I 1 1 1 1

D/AA Xo03 0 0 1 I 1 1 0 0 0 1

D/AN | X 0 1 1 0 0 1|1 1 0 0

D/NA Xos 0 0 0 0 1 0 1 1 I 1

D/NN Xos 1 1 1 0 1 0 0 0 1 0

A/D Xio 1 i 1 1 1 I 1 1 1 1

AlA Xn 1 0 1 0 1 0 1 0 1 0

A/N Xi2 1 1 0 0 1 1 0 0 I ]

AIAA | X3 1 i 0 0 1 1|1 0 0 ]

A/AN X14 0 1 I 1 0 0 1 0 ] 1

A/NA Xis 1 0 I 1 1 0 1 1 0 0

A/NN Xis 1 0 | 0 0 0 1 0 0 1

N/D Xa20 0 0 0 0 0 0 0 0 0 0

N/A X 0 0 1 I 0 0 1 1 0 0

N/N X2 0 | 0 I 0 1 0 1 0 i

e



N/AA

X2

N/AN

Xo4

N/NA

Xos

N/NN

AA/D

X30

AA/A

X31

AA/N

X3z

AA/AA

X33

AA/AN

X34

AA/NA

X35

AA/NN

Xie

AN/D

Xa0

AN/A

X1

AN/N

AN/AA

| Xan

AN/AN

Xaa

AN/NA

Xas

AN/NN

Xa6

NA/D

Xsp

NA/A

XS]

NA/N

XSZ

NA/AA

Xs3

NA/AN

Xs4
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NAMNA | Xss I 0 0 0 |1 1 1 0 1 0

NA/NN | Xsg 0 0 0 ! 1 1 0 1 1 0

NN/D Xeo 1 0 0 1 0 0 1 0 0 0

NN/A Xs1 1 0 0 0 1 0 0 0 1 1

NN/N Xe2 0 0 1 0 1 0 1 0 0 0

NN/AA | X 1 1 1 1 0 i 0 0 0 0

NN/AN | X 0 ] 0 0 0 1 1 0 1 | 1

NN/NA | Xgs ! 1 1 0 0 0 1 0 0 1

NN/NN | Xeg 0 I 1 1 0 0 0 1 0 1
PRE/POST Indication Information

PRE 0 0 1 0 0 1 0 0 1 0

POST 0 1 0 0 1 0 0 1 0 0

A specific example is given in Table 1-56. This embodiment is not limited to the
mapping relationship in Table 1-56. Any mapping relationship obtained through simple
variation on the basis of Table 1-56 also falls within the scoﬁe of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table 1-56, or
negation is performed on a value of a certain column. In addition, equivalent variation or
equivalent encoding and mapping is performed on the codebook structure in each sending
mode, which also falls within the protection scope as long as the codebook structure type in

each mode is not changed.

An eleventh embodiment of a method for encoding a joint feedback signal according

to the present invention is illustrated below.

A difference between this embodiment and the tenth embodiment lies in that this
embodiment employs a new combination of codebook structure types. However, when

specific codewords are given, all codewords related to the HARQ-ACK specified in R7 of

o




the TS25.212 in the 3GPP Protocol, including the PRE/POST, are compatible, as shown in

Table 1-2. The mapping relationship between the sending modes and the codebook

structure types can be referred to in Table 1-57.

Table 1-57 Mapping Relationship Between Sending Modes and Codebook Structure Types

Employed in Eleventh Embodiment of Method for Encoding Joint Feedback Signal

Sending Mode Codebook structure Type Encoding Scheme
Single
Stream-DTX A-B )
DTX-Single
Stream A-B )
Dual Stream-DTX 4A -
DTX-Dual Stream 4A -
Single Table 1-17, Encoding Scheme
Stream-Single 2A-2B-4C 3 for Single Stream-Single
Stream Stream Mode
Dual Table 1-56, Encoding Scheme
Stream-Single 4A-3B-6C-D 5 for Dual Stream-Single
Stream Stream Mode
Single Table 1-52, Encoding Scheme
Stream-Dual {6A-2B-2C-D} U {D3~D5} 4 for Single Stream-Dual
Stream Stream Mode

Dual Stream-Dual
Stream

{G7~G16} U {H1~H8} U {H9~H16}

Table 1-53, Encoding Scheme
3 for Dual Stream-Dual
Stream Mode

Table 1-58 Encoding Scheme 5 for Dual Stream-Single Stream Mode

Primary

Secondary

Single Stream

ACK

NACK

DTX
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DTX Xo=D1 Xez=C1 Xoo=DTX
ACK_ACK X3=C2 | X3=B2 Xs0=Al
Dual Stream ACK NACK | Xue=C3 | Xe=B3 | Xe=A2
NACK ACK | Xa=C4 | XoC6 | Xqoma3
NACKNACK | Xa=C5 | Xa=BI | Xa=Ad

Specific codewords that satisfy the constraints in Table 1-57 are shown in Table 1-59.

Table 1-59 Mapping Relationship Between X and Codeword Values

D/A Xo 0 0 0 0 0 0 | 1 1 1 1

D/N Xo2 1 1 1 1 1 1 0 0 0 0

D/AA Xo3 0 0 1 1 1 1 0 0 0 1

D/AN Xoa 0 1 1 0 0 1 1 i 0 0

D/NA Xos 0 0 0 0 1 0 | I I 1

D/NN Xos 1 1 1 0 1 0 0 0 1 0

A/D Xio 1 1 1 1 1 1 1 1 1 1

A/A Xn i 1 0 1 0 0 0 0 1 1

AJAA Xi3 1 1 ¢ 0 1 I 1 0 0 1

A/AN X4 0 1 T 11 0 0 1 0 1 I

A/NA Xis 1 0 1 1 1 0 1 1 -0 0

A/NN X6 1 0 1 0 0 0 1 0 0 1

N/D Xa0 0 0 0 0 0 0 0 0 0 0

N/A X2 1 0 0 1 0 1 1 1 0 0

e




N/N

X2

N/AA

N/AN

X4

N/NA

Xas

N/NN

Xa6

AA/D

X3¢

AA/A

AAN

X3

AA/AA

X3

AA/AN |-

Xz

AA/NA

X3s

AA/NN

X3s

AN/D

Xao

AN/A

Xa

AN/N

Xaz

AN/AA

X3

AN/AN

Xaa

AN/NA

Xas

AN/NN

Xag

NA/D

X50

NA/A

NA/MN

Xs2

NA/AA

Xs3
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NA/AN | Xss 0 ] 1 0 1 I 0 1 1 |

NA/NA | Xss 1 0 0 0 1 1 1 0 1 0

NA/NN | Xsg 0 0 0 1 1 1 0 1 1 0

NN/D Xe0 1 0 0 1 0 0 1 0 0 0

NN/A K61 0 0 0 I 1 I I 1 1 0

NN/N Xez 0 1 0 1 0 0 0 0 1 0

NN/AA | Xe | 1 1 1 0 1 0 0 0 0

NN/AN | Xes 0 1 0 0 0 1 1 0 1 1

NN/NA | Xes 1 1 1 0 0 0 1 0 0 1

NN/NN | Xes 0 1 1 1 0 0 0 I 0 1

PRE/POST Indication Information

PRE 0 0 1 0 0 1 0 0 1 0

POST 0 1 0 0 1 0 0 1 0 0

A specific example is given in Table 1-59. This embodiment is not limited to the
mapping relationship in Table 1-59. Any mapping relationship obtained through simple
variation on the basis of Table 1-59 also falls within the scope of this embodiment, for
example, sequences among columns are randomly changed on the basis of Table 1-59, or
negation is performed on a value of a certain column. In addition, equivalent variation or
equivalent encoding and mapping is performed on the codebook structure in each sending
mode, which also falls within the protection scope as long as the codebook structure type in

each mode is not changed.

In conclusion, in the embodiments of the the present invention, a solution for
HARQ-ACK signal feedback in the DC-MIMO technology is provided. According to the
above descriptions, furthermore, the embodiments of the present invention are also

applicable to a dual-code channel, thus providing a technical solution for HARQ-ACK
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information feedback with more than three carriers or less than 4 carriers using 4 MIMOs.

For ease of description, definitions of the following terms are specified in the

embodimens of the present invention:

SC: a feedback scheme for a single-carrier configured with no MIMO, that is, the

feedback scheme corresponding to Table 1-1;

SC-MIMO: a feedback scheme for a single-carrier configured with MIMO, that is, the

feedback scheme corresponding to Table 1-2;

DC: a feedback scheme for a dual-carrier configured with no MIMO, that is, the

feedback scheme corresponding to Table 1-3; and
DC-MIMO: a feedback scheme for a dual-carrier configured with MIMO.

Referring to Table 1-60, a solution for a dual-code channel is provided according to the

total number of carriers and the number of carriers that use MIMO.

Table 1-60 Technical Solution for HARQ-ACK Information Feedback of Dual-Code
Channe} with More Than Three Carriers or Less Than Four Carriers Using Four MIMOs.

Technical Solution For Dual-Code Channel
Total
Number Number of )
of Carriers that Carrier
. Use MIMO Code Channel Information on Encoding Scheme
Carriers
Code Channel
First code channel First carrier SC
3 0 Second code Second and third
) DC
channel carriers
First code channel First carrier SC-MIMO
3 ! Second code Second and third
) DC
channel carriers

Al




First and second

First code channel . DC-MIMO
carriers
Second code Third carrier SC
channel
First code channel First carrier SC-MIMO
Second code Second a:nd third DC-MIMO
channel carriers
‘| First code channel First anq second DC-MIMO
carriers
Second code Third carrier SC
channel
First code channel First carrier SC-MIMO
Second code Second E{nd third DC-MIMO
channel carriers
First code channel First and. second DC
carriers
Second code Third and fourth
) DC
channel carriers
First code channel First and_ second DC-MIMO
carriers
Second code Third and fourth
) DC
channel carriers
First code channel | © "t and second DC-MIMO
carriers
Second code Third and fourth
. DC
channel carriers
First code channel First anfi third DC-MIMO
carriers
Second code Second and fourth DC-MIMO
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channel carriers
First code channel First and. second DC-MIMO
carriers
4 3 :
Second code Third anfi fourth DC-MIMO
channel carriers
First code channel First and. second DC-MIMO
carriers
4 4
Second code Third an.d founh DC-MIMO
channel carriers

For example, when the total number of carriers is 4 and the number of carriers that use
MIMO is 4, information of the first carrier and the second carrier can be borne in the first
code channel, and information of the third carrier and the fourth carrier can be borne in the
second code channel. The DC-MIMO scheme is employed in the first code channel, and

the DC-MIMO scheme is also employed in the second code channel.

In Table 1-60, the MIMO is configured on the preceding several carriers by default.
For example, if one MIMO is configured, it is considered that the MIMOQ is configured on
the first carrier, and if two MIMOs are configured, it is considered that the MIMOs are
configured on the first carrier and the second carrier, and so on.  Moreover, for carriers that
are configured with no MIMO, the feedback information may be regarded as feedback
information of the MIMO single stream. In practical applications, the carriers may be
numbered in a different way, but the mapping can be performed according to the MIMO

configuration on the carriers and the carrier numbers in Table 1-60.

As the DC-MIMO scheme under research in the embodiments of the present invention
is compatible with SC, SC-MIMO, and DC, each code channel may use the DC-MIMO
encoding mode only. (For a carrier that is configured with no MIMO, the feedback signal
is regarded as the feedback signal in the MIMO single stream mode; and the single-carrier
may be regarded as a dual-carrier in which the second carrier is merely fed back with DTX).

Specific mapping relationship are shown in Table 1-61.
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Table 1-61 Mapping Relationship Between the Prior Art and DC-MIMO Feedback

Schemes
The Prior Art Corresponding Scheme In DC-MIMO
SC Single stream-DTX or DTX-single stream
SC-MIMO Dual stream-DTX or DTX-dual stream
DC Single stream-single stream

In the foregoing mapping relationship, both the 3 carriers to 4 carriers-4 MIMOs may
use two code channels to solve the signal feedback problem. Each code channel uses the
DC-MIMO encoding mode. However, the carrier distribution also needs to be designated.

The specific distribution is the same as that in Table 1-60.

An embodiment of a signal encoding device according to the present invention is

illustrated below.

FIG. 3 is a schematic structural view of an embodiment of a signal encoding device
according to the present invention, which specifically includes a joint-feedback-signal
synthesis module 11 and an encoder module 12. The joint-feedback-signal synthesis
module 11 is configured to, when two carriers are configured with MIMO, combine
HARQ-ACK signals of the two carriers into a joint feedback signal. The encoder module
12 is configured to map the joint feedback signal into a codeword according to

predetermined mapping relationship between signals and codewords.

Further, the joint-feedback-signal synthesis module 11 further includes a first
carrier-signal synthesis submodule 13, a second carrier-signal synthesis submodule 14, and
a joint-feedback-signal synthesis submodule 15. The first carrier-signal synthesis
submodule 13 and the second carrier-signal synthesis submodule 14 combine the
HARQ-ACK signals of the carriers into carrier feedback signals corresponding to the
carriers, respectively. The joint-feedback-signal synthesis submodule 15 combines the two

carrier feedback signals into a joint feedback signal.

[
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Persons of ordinary skill in the art may understand that all or part of the steps of the
method according to the embodiments of the present invention may be implemented by a
program instructing relevant hardware. The program may be stored in a computer
readable storage medium. When the program runs, the steps of the method according to
the embodiments of the present invention are performed. The storage medium may be a
magnetic disk, a Compact Disk Read-Only Memory (CD-ROM), a Read-Only Memory
(ROM) or a Random Access Memory (RAM).

It should be noted that the above embodiments are merely provided for elaborating the
technical solutions of the present invention, but not intended to limit the present invention.
Although the present invention has been described in detail with reference to the foregoing
embodiments, it is apparent that those skilled in the art can make various modifications and
variations to the invention without departing from the scope of the invention. The
invention shall cover the modifications and variations provided that they fall in the scope of

protection defined by the following claims or their equivalents.
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CLAIMS

1. A method for encoding a joint feedback signal, comprising:

encoding a joint feedback signal of two carriers when the two carriers are configured
with Multiple-Input Multiple-Output, MIMO;

wherein the encoding the joint feedback signal comprises:

mapping the joint feedback signal into a codeword according fo a mapping
relationship as shown in the following Table:

D/A 0 0 0 0
D/N 1 1 |
D/AA 1 0
D/AN 0
D/NA
D/NN
A/D
A/A
AN
A/AA
A/AN
A/NA
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0
1
1

0

1

0
1
I
0
0

1
1

0

1

0
0
0
0
0

AA/A

AAJAA

AA/AN

AA/NA
AA/NN

AN/D

AN/A

AN/N
AN/AA
AN/AN
AN/NA

AN/NN

NA/D

NA/A

NA/N
NA/AA
NA/AN

NA/NA
NA/NN

NN/D

NN/A

NN/N

NN/AA
NN/AN
NN/NA

NN/NN

wherein

D represents discontinuous transmission, DTX, A represents Acknowledgement, ACK,
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N represents Negative Acknowledgement, NACK, AA represents ACK_ACK, AN
represents ACK_NACK, NA represents NACK_ACK, and NN represents NACK_NACK.
2. The method of claim 1, further comprising:
when a preamble and postamble, PRE/POST, sending mode is applied, encoding a
PRE/POST indication into the following codewords:

PRE 0 0 1 0 0 1 0 0 1 0

POST 0 1 0 0 1 0 0 1 0 0

3. The method of claim 1 or 2, further comprising:

combining Hybrid Automatic Repeat Request-Acknowledgement, HARQ-ACK,
signals of the two carriers into the joint feedback signal.

4, The method of claim 3, wherein the combining the HARQ-ACK signals of the two
carriers into the joint feedback signal comprises:

combining the HARQ-ACK signals of the two carriers into two carrier feedback
signals, respectively; and

combining the two carrier feedback signals into the joint feedback signal.

5. The method of claim 1, 2, 3 or 4, further comprising:

feeding back the codeword to a Node B through an uplink High Speed-Dedicated
Physical Control Channel, HS-DPCCH.

6. A device for encoding a joint feedback signal, comprising:

an encoder module, configured to encode a joint feedback signal of two carriers when
the two carriers are configured with Multiple-Input Multiple-Output, MIMO;

wherein the encoder module is further configured to map the joint feedback signal into

a codeword according to a mapping relationship as shown in the following Table:

D/A 0 0 0 0 0 0 1 1 1 1
D/N 1 1 1 1 1 1 0 0 0 0
D/AA 1 0 0 0 1 0 0 0 1 1
D/AN 0 i 0 0 0 0 1 1 0 1
D/NA 0 0 0 1 1 1 I 1 0
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NA/D 0 1 1 1 1 0 1 0 1 1

NA/A 0 1 0 i 1 1 1 1 0 0

NA/N 1 1 0 0 i 0 0 0 0 1
NA/AA | 1 1 0 0 1 0 1 | 1 0
NA/AN| 0 0 1 0 1 0 1 0 0 0
NANA| 1 0 1 1 1 1 0 0 1 0
NA/NN| 1 1 1 0 0 1 1 0 1 0

NN/D 1 0 0 1 0 0 1 0 0 0

NN/A 0 0 0 0 1 1 0 0 1 0

NN/N 0 1 0 0 0 1 1 0 0 1
NN/AA| O 1 0 1 0 0 0 0 1 0
NN/AN| © 0 1 0 0 0 0 | 1 0
NN/NA| O 1 0 0 i 1 0 0 0 0
NN/NN{ 0 0 0 0 0 1 1 0 1 1
wherein

D represents discontinuous transmission, DTX, A represents Acknowledgement, ACK,
N represents Negative Acknowledgement, NACK, AA represents ACK_ACK, AN
repreéents ACK_NACK, NA represents NACK_ACK, and NN represents NACK_NACK.

7. The device of claim 6, wherein

when a preamble and postamble, PRE/POST, sending mode is applied, the encoder
module is further configured to encode a PRE/POST indication into the following

codewords:
PRE 0 0 1 0 0 1 0 0 1 0
POST 0 1 0 0 1 0 0 1 0 0

8. The device of claim 6 or 7, further comprising:

a joint-feedback-signal synthesis module, configured to combine Hybrid Automatic
Repeat Request-Acknowledgement, HARQ-ACK, signals of the two carriers into the joint
feedback signal.
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9. The device of claim 8, wherein the joint-feedback-signal synthesis module
comprises:

a first carrier-signal synthesis submodule and a second carrier-signal synthesis
submodule, configured to combine the HARQ-ACK signals of the carriers into two carrier
feedback signals, respectively; and

a joint-feedback-signal synthesis submodule, configured to combine the two carrier
feedback signals into the joint feedback signal.

" 10. The device of claim 6, 7, 8 or 9, further comprising:

a feedback module, configured to feed back the codeword to a Node B through an

uplink High Speed-Dedicated Physical Control Channel, HS-DPCCH.
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