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1. Introduction

In RAN1#62bits, it was agreed to support up to 20bits HARQ-ACK for TDD. In addition, it was also agreed to employ dual Reed Muller (RM) coding for 12-20bits HARQ-ACK on PUCCH and PUSCH. On top of the use of dual RM coding, the details of concatenation scheme of HARQ-ACK bits before dual RM channel coding should be carefully considered to make the reliability for each RM segment equal.
In this contribution, we discuss the definition of HARQ-ACK codebook and the details of concatenation scheme of HARQ-ACK bits for TDD. In conclusion, we propose to employ full HARQ-ACK feedback and CC-Time concatenation scheme.
2. Discussion
2.1. HARQ-ACK codebook for TDD PUCCH format 3
As discussed so far, we have the following two options for the definition of HARQ-ACK table:
· Option 1-1: Full feedback: The codebook is determined by the number of configured CCs, configured transmission modes for each CC and the number of subframes in bundling window.
· Option 1-2: Dynamic change: The codebook is determined by the DAI.
It is obvious that Option 1-1 can achieve simpler receiver implementation. In addition, as reported in [1], there is no performance concern for Option 1-1 even if the unnecessary bit region is occupied. Namely, the ML sequence detector can discard the unnecessary bits because the eNB knows the unused bits are set to zero (i.e. NACK). Therefore, we don’t see the reason to employ Option 2, thus we propose following:
Proposal 1:

· For TDD PUCCH format 3, the codebook is determined by the number of configured CCs, configured transmission modes for each CC and the number of subframes in bundling window.
2.2. Concatenation scheme of HARQ-ACK bits
Regarding the concatenation scheme of HARQ-ACK bits, the following 6 options are proposed. The diagrams to explain the detail are shown in Table 1 to 6. Note that “a()” in the tables denotes the HARQ-ACK bit for the RM segment 1 and “b()” denotes the HARQ-ACK bit for the RM segment 2.
In summary, we found each option have its benefits and drawbacks depending on the scheduling strategy, e.g. how to use deactivation of CCs. Therefore, we believe a simpler solution would be enough so Time-CC or CC-Time concatenation is preferred.
Proposal 2:

· For TDD PUCCH format 3, CC-Time concatenation (Option 2-3) should be agreed.
The detailed discussions are shown below:
· Option 2-1: Time-CC concatenation
· In the first cell, HARQ-ACK bits of all DL subframes are concatenated in the bundling window. Then, the same HARQ-ACK concatenation method is applied for the next cell. The same process is repeated until the last cell. The order of cells is determined according to the cell index of the configured cells.
· After the above processes, the first half of concatenated bits [0, 1,…, ceil(OACK/2)-1] and the last half of concatenated bits [ceil(OACK/2),…, OACK] are provided to the first and second RM encoder, respectively.
Table 1 Explanation diagram for Option 2-1
	
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1
	TB1
	a(0)
	a(2)
	a(4)
	a(6)

	
	TB2
	a(1)
	a(3)
	a(5)
	a(7)

	CC2
	TB3
	b(0)
	b(1)
	b(2)
	b(3)

	CC3
	TB4
	b(4)
	b(5)
	b(6)
	b(7)


· Option 2-2: Time-CC concatenation with even/odd segmentation [2]
· After the Time-CC concatenation processes, even numbered concatenated bits [0, 2,…] and odd numbered concatenated bits [1, 3,…] are input to the first and second RM encoder, respectively.
Table 2 Explanation diagram for Option 2-2
	
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1
	TB1
	a(0)
	a(1)
	a(2)
	a(3)

	
	TB2
	b(0)
	b(1)
	b(2)
	b(3)

	CC2
	TB3
	a(4)
	b(4)
	a(5)
	b(5)

	CC3
	TB4
	a(6)
	b(6)
	a(7)
	b(7)


· Option 2-3: CC-Time concatenation
· In first subframe, HARQ-ACK bits of all configured cells are concatenated according to the cell index of the configured cells. Then, the same HARQ-ACK concatenation method is applied for the next subframe and the same process is repeated until the last subframe.
· After the above processes, the first half of concatenated bits [0, 1,…, ceil(OACK/2)-1] and the last half of concatenated bits [ceil(OACK/2),…, OACK] are previded to the first and second RM encoder respectively.
Table 3 Explanation diagram for Option 2-3
	
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1
	TB1
	a(0)
	a(4)
	b(0)
	b(4)

	
	TB2
	a(1)
	a(5)
	b(1)
	b(5)

	CC2
	TB3
	a(2)
	a(6)
	b(2)
	b(6)

	CC3
	TB4
	a(3)
	a(7)
	b(3)
	b(7)


· Option 2-4: CC-Time concatenation with even/odd segmentation [2]
· After the CC-Time concatenation processes, even concatenated bits [0, 2,…] and odd concatenated bits [1, 3,…] are input to the first and second RM encoder respectively.
Table 4 Explanation diagram for Option 2-4
	
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1
	TB1
	a(0)
	a(2)
	a(4)
	a(6)

	
	TB2
	b(0)
	b(2)
	b(4)
	b(6)

	CC2
	TB3
	a(1)
	a(3)
	a(5)
	a(7)

	CC3
	TB4
	b(1)
	b(3)
	b(5)
	b(7)


· Option 2-5: Time-CC concatenation after subframe grouping [3]
· Firstly, DL subframes are divided into two groups, secondly Time-CC concatenation processes are applied to each group. Finally, the bit sequences of each group are concatenated.
· After the above processes, the first half of concatenated bits [0, 1,…, ceil(OACK/2)-1] and the last half of concatenated bits [ceil(OACK/2),…, OACK] are provided to the first and second RM encoder respectively.
Table 5 Explanation diagram for Option 2-5

	
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1
	TB1
	a(0)
	a(1)
	b(0)
	b(1)

	
	TB2
	a(2)
	a(3)
	b(2)
	b(3)

	CC2
	TB3
	a(4)
	a(5)
	b(4)
	b(5)

	CC3
	TB4
	a(6)
	a(7)
	b(6)
	b(7)


· Option 2-6: Ordering based on DL DAI [4]
· HARQ-ACK bits are ordered based on DAI/SPS and CC index, and then the ordered bits are provided to segment 1 and 2 alternately as in Table 6.
Table 6 Explanation diagram for Option 2-6
	
	
	DAI=1(SPS)
	DAI=2(DAI=1)
	DAI=3(DAI=2)

	CC1
	TB1
	a(0)
	b(0)
	a(2)

	
	TB2
	a(1)
	b(1)
	a(3)

	CC2
	TB3
	b(2)
	a(4)
	b(3)

	CC3
	TB4
	a(5)
	b(4)
	a(7)

	
	TB5
	a(6)
	b(5)
	a(8)


Benefit for even/odd segmentation
One of the benefits of applying interleaver (i.e. Option 2-2 or 2-4) is to deploy two DTX bits for a SDM cell on two different RM segments. If the DL assignment for a SDM cell is missed by a UE, two bit DTX shall be feed back. If the two bits are deployed on ether of RM segments, the same problem (i.e. unbalanced DTX deployment) as described earlier would happen. In addition, it was reported in [2] that the performance can be improved by 0.35-0.5 dB with the use of interleaver. However, it should be noted that the above performance improvement can be observed only in limited situation since the target rate of PDCCH misdetection is 10-2, thus we think the performance improvement under the realistic situation would be much smaller. Therefore, we don’t see any strong benefits to support this feature, and it can be introduced unless any additional complexity is identified.
Necessity of Option 2-5
From the diagram in Table 3 and 5, Option 2-5 can be classified as a subset of Option 2-3, but Option 2-5 is aimed at an additional benefit to keep the locations of almost all HARQ-ACK bits unchanged during to RRC reconfiguration. However, it would be beneficial for the eNB to use only PCC during the reconfiguration. Therefore, we don’t see the necessity to introduce subframe grouping on top of CC-Time concatenation.
Necessity of Option 2-6

Option 2-6 is beneficial in terms of the distributed deployment of HARQ-ACK bits depending on the exact scheduling. On the contrary, the number of HARQ-ACK bits for each segment could be unbalanced depending on the configuration, e.g. 15 HARQ-ACK bits might be divided into 9 and 6 bits as in Table 6, resulting in the unbalanced coding rate for each segment.

Time-CC concatination vs. CC-Time concatination
As described earlier, Option 2-2, 2-4, 2-5 and 2-6 have each drawback, thus a simpler solution such as Option 2-1 or 2-3 would be preferable to achieve a simple specification and implementation. Compared to Option 2-1 and 2-3, we do not see a clear advantage between them because the scheduler strategy , e.g. how to use the deactivation of CCs, affect on their benefits and drawbacks. Namely, if HARQ-ACK bits are concentrated in the specific CCs and Option 2-1 is applied, it may cause the unbalanced loads on the two segments. Thus, this option is not harmonized with a scheduler that deactivate part of configured CCs. On the other hand, if HARQ-ACK bits are concentrated in the specific subframes and Option 2-3 is applied, it may also cause the unbalanced loads on the two segments.. Thus, this option is not suitable for a scheduler that assigns RB resources per subframe manner.
Therefore, the choice depends on the scheduling strategy. However, we see the slight impact of activation/deactivation of CCs so we prefer Option 2-3.
For single RM coding and UCI on PUSCH
As mentioned earlier, full HARQ-ACK feedback and CC-Time concatenation scheme for dual RM coding is proposed. In addition, the same scheme should be applied for single RM coding for the simplicity. Furthermore, the same concatenation mechanism with PUCCH format 3 should be applied to HARQ-ACK on PUSCH.Conclusion
In this contribution, we discussed the definition of HARQ-ACK codebook and the concatenation scheme. We propose following:
Proposals:

· For TDD HARQ-ACK in PUCCH format 3,
· the codebook is determined by the number of configured CCs, configured transmission modes for each CC and the number of subframes in bundling window.
· CC-Time concatenation should be agreed.
· In first subframe, HARQ-ACK bits of all configured cells will be concatenated according to the cell index values of the configured cells. Then, the same HARQ-ACK concatenation method will be applied for the next subframe and the same process will be continued until the last subframe.
· The above concatenation mechanism (i.e. CC-Time concatenation) should be applied for PUSCH .
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4. Annex – Text proposal for TS36.212
5.2.2.6 Channel coding of control information
------------- Start first change -------------
For the cases of TDD when HARQ ACK feedback consists of 2 or more bits of information as a result of the aggregation of more than one DL cell, the bit sequence 
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 is the result of the concatenation of HARQ-ACK information bits for different cells according to the following pseudo-code: 

Set j = 0

-- HARQ-ACK information index
Set k = 0
-- lower indices correspond to earlier subframes in the set 
[image: image2.wmf]K

 defined in Table 10.1-1
Set 
[image: image3.wmf]DL

cells

N

 to the number of cells configured by higher layers for the UE
Set 
[image: image4.wmf]M

 to the number of elements in the set 
[image: image5.wmf]K

 defined in Table 10.1-1
while k < 
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Set i = 0
-- cell index: lower indices correspond to lower RRC indices of corresponding cell
while i < 
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 -- 1 bit HARQ-ACK feedback for this cell
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 HARQ-ACK information bit of this cell

j = j + 1
else
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 HARQ-ACK information bit corresponding to the first codeword of this cell

j = j + 1
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 HARQ-ACK information bit corresponding to the second codeword of this cell

j = j + 1

end if
i = i + 1
end while

k = k + 1

end while

------------- End first change -------------
5.2.3.1
Channel coding for UCI HARQ-ACK

The HARQ-ACK bits are received from higher layers for each subframe of each cell.  Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NACK) is encoded as a binary ‘0’. For the case where PUCCH format 3 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback information, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK information bits for each of the serving cells. For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of HARQ-ACK information, 
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,  is used for that cell. For cells configured with other transmission modes, 2 bits of HARQ-ACK information are used for those cells, i.e., 
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 corresponding to HARQ-ACK bit for codeword 0 and 
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 corresponding to that for codeword 1. 
------------- Start second change -------------
For the cases where PUCCH format 3 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback information in TDD, the bit sequence 
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 is the result of the concatenation of HARQ-ACK information bits for different cells according to the following pseudo-code: 

Set j = 0

-- HARQ-ACK information index
Set k = 0
-- lower indices correspond to earlier subframes in the set 
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 defined in Table 10.1-1
Set 
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while k < 
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Set i = 0
-- cell index: lower indices correspond to lower RRC indices of corresponding cell
while i < 
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 -- 1 bit HARQ-ACK feedback for this cell
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 HARQ-ACK information bit corresponding to the second codeword of this cell
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i = i + 1
end while

k = k + 1

end while

------------- End second change -------------
In case a the transmission of scheduling request coincides in time with the transmission of HARQ-ACK feedback using PUCCH format 3[2], the scheduling request is appended at the end of the sequence of concatenated HARQ-ACK information bits. 

Define 
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where i = 0, 1, 2, …, 31 and the basis sequences 
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The output bit sequence 
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 is obtained by circular repetition of the sequence 
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where i = 0, 1, 2, …, B-1 and where 
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where i = 0, 1, 2, …, 23 and the basis sequences 
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The output bit sequence 
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 as follows

Set i, j = 0

while 
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i = i + 4


j = j + 2

end while

For a UE configured with one DL Cell, HARQ-ACK consists of 1-bit of information, i.e., 
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  or 2-bits of information, i.e., 
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 corresponding to HARQ-ACK bit for codeword 1 and 
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 corresponding to that for codeword 2.




























































































































































































































































































































































1

_1344858610.unknown

_1344859352.unknown

_1350509359.unknown

_1353190324.unknown

_1358772340.unknown

_1358772350.unknown

_1353190393.unknown

_1353190457.unknown

_1353190341.unknown

_1352704416.unknown

_1353044231.unknown

_1350509377.unknown

_1350501722.unknown

_1350502331.unknown

_1350502665.unknown

_1350509349.unknown

_1350502674.unknown

_1350502429.unknown

_1350502396.unknown

_1350502183.unknown

_1350502256.unknown

_1350501757.unknown

_1344859881.unknown

_1350501128.unknown

_1350501649.unknown

_1344859381.unknown

_1344859752.unknown

_1344858636.unknown

_1344859236.unknown

_1344859301.unknown

_1344858680.unknown

_1344859172.unknown

_1344858618.unknown

_1344858629.unknown

_1286634884.unknown

_1344857502.unknown

_1344857673.unknown

_1344857383.unknown

_1272389157.unknown

