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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 will discuss the following two options to determine the codebook of HARQ-ACK:
· 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 5 options are proposed. The diagrams to explain the detail are shown in Table 2 to 6 in Annex
· Option 2-1: Time-CC concatenation without interleaver
· In a first cell, HARQ-ACK bits of all DL subframes will be concatenated in the bundling window. Then, the same HARQ-ACK concatenation method will be applied for the next cell and the same process will be continued until the last cell. The order of cells is determined according to the cell index values 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] will be input to the first and second RM encoder respectively.
· Option 2-2: Time-CC concatenation with interleaver [2]
· After the Time-CC concatenation processes, even concatenated bits [0, 2,…] and odd concatenated bits [1, 3,…] are input to the first and second RM encoder respectively.
· Option 2-3: CC-Time concatenation without interleaver
· 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.
· 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] will be input to the first and second RM encoder respectively.
· Option 2-4: CC-Time concatenation with interleaver [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.
· Option 2-5: Time-CC concatenation with subframe grouping [3]
· DL subframes will be divided into two groups.
· Then, Option 2-1 (Time-CC concatenation without interleaver) will be applied to each group.
The results of our analysis are summarized in Table 1, and the details are described below.

Table 1 Analysis for HARQ-ACK concatenation schemes 

	
	Option 2-1
	Option 2-2
	Option 2-3
	Option 2-4
	Option 2-5

	Distributed deployment of DTX bits for deactivated cells
	Not supported
	Supported
	Supported
	Not supported
	Supported

	Distributed deployment of DTX bits for SDM cells
	Not supported
	Supported
	Not supported
	Supported
	Not supported

	Complexity
	Low
	Interleaver is necessary
	Low
	Interleaver is necessary
	Subframe grouping is necessary


Benefit of CC-Time concatenation (Time-CC concatination vs. CC-Time concatination)
If Time-CC concatenation as Option 2-1 is applied, HARQ-ACK bits for one CC are typically deployed on one RM segment. Therefore, the situation may happen in which one segment is occupied by HARQ-ACKs for deactivated CCs (i.e. NACK/DTX) and the other segment is occupied by HARQ-ACKs for activated CCs. In other words, an unbalanced DTX deployment between RM segments may be observed when a Cell is deactivated. Furthermore, it was agreed that the transmission power for PUCCH format 3 is determined by the number of received DL TBs in the case of the UE is configured with more than one serving cell and ACK/NACK bundling is not applied. Therefore, unbalanced DTX would cause the undesired performance degradation on one of the RM segment if Time-CC concatenation (Option 1) is applied. On the contrary, CC-Time concatenation (Option 2-3) can solve this issue without any additional complexity since there is less chance of unbalanced DTX deployment between RM segments.
Benefit for interleaver
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 one RM segment, 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 quality of PDCCH misdetection is 10-2, thus we think the performance improvement under the realistic situation would be much smaller. Therefore, there is not strong benefit to support this feature, and it can be introduced unless any additional complexity is identified.
Necessity of subframe grouping
From the diagram in Table 4 and 6, it can be found that Option 2-5 is a subset of Option 2-3, but Option 2-5 is aimed at an additional benefit as below. The benefit of Option 2-5 is that most of HARQ-ACK bit locations can be kept unchanged during to RRC reconfiguration. However, it would be beneficial for the eNB to use only PCC during the reconfiguration. Therefore, we cannot see the necessity to introduce subframe grouping on top of CC-Time concatenation.
Considering the discussions above, we believe that CC-Time concatenation is a necessary feature, and should be supported.
Proposal 2:

· For TDD PUCCH format 3, CC-Time concatenation (Option 2-3) should be agreed.
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 scheme can also be applied to HARQ-ACK on PUSCH.
3. Conclusion

In this contribution, we discussed the definition of HARQ-ACK codebook and the concatenation scheme. We propose following:
Proposals:

· For TDD HARQ-ACK,
· 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.
· These mechanism is applicable irrespective of channel (PUSCH/PUCCH) and the number of RM encoders
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5. Annex
Table 2 Explanation diagram for Option 1
(Time-CC concatenation without interleaver)
	
	
	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)


Table 3 Explanation diagram for Option 2
(Time-CC concatenation with interleaver)
	
	
	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)


Table 4 Explanation diagram for Option 3
(CC-Time concatenation without interleaver)
	
	
	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)


Table 5 Explanation diagram for Option 4
(CC-Time concatenation with interleaver)
	
	
	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(6)

	CC3
	TB4
	b(1)
	b(3)
	b(5)
	b(6)


Table 6 Explanation diagram for Option 5
(Time-CC concatenation with subframe grouping)
	
	
	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)


Note: “a()” denotes the HARQ-ACK bit for the RM segment 1.
“b()” denotes the HARQ-ACK bit for the RM segment 2.
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