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1. Introduction

In RAN1#63, it was agreed to use dual RM coding more than 11 bits payload for HARQ-ACK on PUSCH in addition to PUCCH format 3. The relevant agreement reads:

[image: image1]
However, this agreement does not describe the detailed methods to concatenate the output of two Reed Muller (RM) encoding blocks (hereafter, it is called RM segment). In this contribution, we share our views on the concatenation scheme of encoded HARQ-ACK bits to finalize this discussion.
2. Discussion
Figure 1 shows the Tx chain of HARQ-ACK transmission on PUSCH for 12-20 bits based on the agreement in RAN1#63. As shown in this figure, the concatenation part includes the following blocks, and the detail of them is not determined yet:
1. Determine 
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· Where 
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 is the number of RE for first RM segment, and 
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 is that for second RM segment
· How to determine the number of REs (Q’) for each RM segment

2. Interleaver of the RM encoded bit sequence for each RM segment

· Whether any specific interleaver is introduced or not.
· At least, the same interleaver with PUCCH format 3 is not introduced

Differently from PUCCH format 3, PUSCH can use 16QAM/64QAM to convey HARQ-ACK, and the number of RE is variable depending on the spectral efficiency for PUSCH. Therefore, it is natural to employ a different concatenation method than that used on the PUCCH. However, the final decision should be made taking the performance and robustness caused by the difference of channel into account.

In the following subsections, we share our view on these issues, respectively.
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Figure 1 Tx chain of 12-20 bit UCI on PUCH
2.1. RE size for each RM segment
The formulae on Q’ (i.e. number of RE for UCI on PUSCH per layer) has been discussed so far considering only single RM case. Thus it should be discussed to extend this formula to dual RM. The possible options can be listed as following:
· Option 1-1: Q’ is derived from the number of HARQ-ACK bits per RM segment
· Option 1-2: Q’ is derived from the overall number of HARQ-ACK bits (i.e. OACK), and equally divided for each RM segment

· 
[image: image7.wmf]é

ù

2

/

'

'

~

Q

Q

=

 and 
[image: image8.wmf]'

~

'

'

~

~

Q

Q

Q

-

=


· Option 1-3: Q’ is derived from the overall number of HARQ-ACK bits (i.e. OACK), and proportionally divided to the payload size for each RM segment
· 
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It is noted that those options differentiate only when OACK is an odd number, and as shown in Table 1, 15 bit HARQ-ACK is possible depending on the number of configured CC, configured transmission modes for each CC and the number of subframes in bundling window. In this case, the input HARQ-ACK bits are divided to 8 and 7 bits, respectively. As an example, consider the case where the spectral efficiency of PUSCH is 0.5 and 
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 is 4. In this case, 8 REs will be assigned per HARQ-ACK bit, thus totally 120 REs are reserved for HARQ-ACK. If the total resources (i.e. Q’) are equally divided by Option 1-2, 60 and 60 REs are equally provided for each RM segment. However, since 64 REs are required for first RM segment, potential resource shortage of 4 REs for first RM segment would happen.
Table 1 Possible configurations in which an odd number of HARQ-ACK bits is required 
	bundling
window size
	Number of configured CCs
	Max number of TBs per subframe
	Number of HARQ-ACK bits

	3
	3
	5
	15

	
	4
	5
	15

	
	5
	5
	15

	
	
	7
	21(15)*

	
	
	8
	24(15)*

	
	
	9
	27(15)*

	
	
	10
	30(15)*


Note: “( )*” means the number of HARQ-ACK bits when full spatial bundling is applied.
It might be possible to cover this shortage by the control of 
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. However, the unnecessary increase of 
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 harms the payload for PUSCH. In addition, Q’min is also introduced to avoid the unnecessary control of 
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. Therefore, introduction of Option 1-2 is not aligned with the discussions so far.
In order to achieve the same accuracy with single RM case, it would be natural to employ Option 1-1. However, if the formulae such as Q’ and Q’min are defined considering total payload size of HARQ-ACK and it would be preferable not to change the agreements, Option 1-3 would be a better choice. Therefore, we prose the following:
Proposal:

· Q’ is derived from the overall number of HARQ-ACK bits, and proportionally divided to the payload size for each RM segment

· 
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2.2. Interleaving of output from each RM segment
Regarding the interleaving, it was agreed that no PUCCH interleaver is introduced to PUSCH. Therefore, no other detail is agreed, and should be discussed to finalize this functionality. The possible options can be listed as following. In addition, the detail is captured in Figure 1, as well. 

· Option 2-1: Bit level interleaver
· Option 2-2: No interleaver
· Option 2-3: Coded symbol level interleaver
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Option 2-1 - Bit level interleaver
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Option 2-2 - No interleaver
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Option 2-3 - coded symbol level interleaver
Figure 2 Possible options for the concatenation schemes on dual RM
Option 2-1 is a technique to perform a single bit level interleaving, thus each coded modulation symbol contains the bits from both RM segment 1 and 2. If ML sequence detection is assumed in the receiver, the possible combination shall increase and cause the latency of decoding. Considering the motivation not to adopt PUCCH interleaver, this option is not appropriate. In addition, additional gain over Option 2-2 or 2-3 cannot be expected.

In Option 2-2 encoded HARQ-ACK bits for each RM segment are attached without interleaver, while in Option 2-3 encoded HARQ-ACK bits for each RM segment are interleaved according to modulation order Qm for PUSCH. Comparing Option 2-2 with Option 2-3, there seems to be no remarkable difference between Option 2-2 and 2-3 from the viewpoint of performance. However, Option 2-3 has a benefit that the starting position of RE for RM segment 2 is always guaranteed irrespective of Q’ value. For example, if the reconfiguration of 
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 is assumed in the Rel-10 operation scenario [1], the position of encoded HARQ-ACK bits for RM segment 2 would be ambiguous during RRC reconfiguration of 
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. Meanwhile, Option 2-3 can achieve more robust design than Option 2-2 because Option 2-3 can pick up a part of encoded HARQ-ACK bits even in RRC reconfiguration.  Therefore, we propose following:
Proposal:

· Option 2-3 (i.e. coded symbol level interleaver) should be introduced in order to ensure the fixed RE starting position for the second RM segment.
· The specific algorithm for this interleaver is given in Annex B.
3. Conclusion

In this contribution, we shared our views on the UL Tx chain for HARQ-ACK with dual RM coding, especially the concatenation part. We propose following:
Proposals:
· Q’ is derived from the overall number of HARQ-ACK bits, and proportionally divided to the payload size for each segment
· 
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· Coded symbol level interleaver should be introduced in order to ensure the fixed RE starting position for the second RM segment.
4. References
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5. Annex A
Table 2 Relationship between configurations and number of HARQ-ACK bits
	# of CC
	# of TB per subframe
	number of subframes in bundling window

	
	
	1
	2
	3
	4
	9

	2
	2
	2
	4
	6
	8
	18

	
	3
	3
	6
	9
	12
	27(18)*

	
	4
	4
	8
	12
	16
	36(18)*

	3
	3
	3
	6
	9
	12
	27

	
	4
	4
	8
	12
	16
	36(27)*

	
	5
	5
	10
	15
	20
	45(27)*

	
	6
	6
	12
	18
	24(12)*
	54(27)*

	4
	4
	4
	8
	12
	16
	36

	
	5
	5
	10
	15
	20
	45(36)*

	
	6
	6
	12
	18
	24(16)*
	54(36)*

	
	7
	7
	14
	21(12)*
	28(16)*
	63(36)*

	
	8
	8
	16
	24(12)*
	32(16)*
	72(36)*

	5
	5
	5
	10
	15
	20
	45

	
	6
	6
	12
	18
	24(20)*
	54(45)*

	
	7
	7
	14
	21(15)*
	28(20)*
	63(45)*

	
	8
	8
	16
	24(15)*
	32(20)*
	72(45)*

	
	9
	9
	18
	27(15)*
	36(20)*
	81(45)*

	
	10
	10
	20
	30(15)*
	40(20)*
	90(45)*


Note: “( )*” means number of HARQ-ACK bits when full spatial bundling is applied.
Yellow shadow denotes the case where single RM coding is applied.
Light blue shadow denotes the case where dual RM coding is applied.
Green shadow denotes HARQ-ACK bits are more than 20 bits, 
though full spatial bundling is applied.

6. Annex B - Specific algorithm for Option 2-3 interleaver

The RM encoded bit sequences 
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 for RM segment 2 are interleaved and concatenated by the following algorithm.


[image: image26]






















































































































































































































































The output bit sequence � EMBED Equation.3  ��� is obtained by the alternate concatenation and circular extension of the bit sequences � EMBED Equation.3  ��� and � EMBED Equation.3  ��� as follows


Set i = 0


Set j = 0


while � EMBED Equation.3  ���


	� EMBED Equation.3  ���, � EMBED Equation.3  ���,..., � EMBED Equation.3  ���


	if � EMBED Equation.3  ���


		� EMBED Equation.3  ���, � EMBED Equation.3  ���,..., � EMBED Equation.3  ���


		� EMBED Equation.3  ���


	else


		� EMBED Equation.3  ���


	end if


	� EMBED Equation.3  ���


end while























For A/N or RI with 12-20 bits, 


Alt 1: use RM(32,O) code with coding chain as for PUCCH format 3 but without PUCCH interleaver (32 coded bits for each block)
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