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1 Introduction
The coding scheme for PUCCH format 3 in TDD was agreed in previous meetings that [1, 2]:
· For PUCCH format 3 with A/N payload size less than or equal 11 bits, the (32, O) RM code from Rel-8 with circular buffer rate matching (single RM code) is reused. 
· For PUCCH format 3 with A/N payload size larger than 11 bits, dual RM code in [3] is adopted.
The ordering and coding of A/N bits for PUCCH format 3 in FDD was agreed to adopt the rule described in section 5.2.3.1 in ‎ [4].
In this contribution, we will discuss the remaining details for PUCCH format 3 in TDD on determination of A/N payload size, switching between single RM code and dual RM code, and ordering of A/N bits from different CCs and different DL subframes. 

2 Determination of A/N payload size
For the payload size, it was agreed in FDD that it is determined by the number of configured CCs and transmission mode of each CC [1]. Compared with FDD, UE will not only feedback A/N bits from different CCs but also from different DL subframes in TDD. So, the payload size in TDD should be generally determined by the number of configured CCs, transmission mode of each CC and also the number of DL subframes.

However, even in a same TDD Uplink-Downlink subframe configuration, the number of DL subframes associated with each UL subframe M with respect to (w.r.t.) HARQ timing is different. It is natural and reasonable to separately determine the payload size for each UL subframe according to their respective number of DL subframes associated with w.r.t. HARQ timing. The association between DL subframe and UL subframe w.r.t. HARQ timing is summarized in table 1 [5], where the A/N for DL subframe n-k, with k in the association set K, will be feedback on UL subframe n. In case A/N bits are transmitted on PUSCH which is scheduled by dynamic PDCCH, the DAI in the PDCCH 
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could help to reduce the A/N payload size [6]. 
Proposal 1: In TDD, the payload size of A/N bits in each UL subframe is determined by the number of configured CC, transmission mode of each CC, and the number of DL subframes associated with the UL subframe, i.e. M w.r.t. HARQ timing, or the DAI in the PDCCH
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 if available.
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 1 Downlink association set K for each UL subframe for TDD [5]
3 Switching between single RM code and dual RM code
When the number of configured CCs or the transmission mode is reconfigured, UE will re-calculate the payload size for each UL subframe. However, before eNB receives the RRC reconfiguration complete from UE, eNB does not know whether the payload size is determined by the old configuration or the reconfiguration by the UE. And it is possible that the eNB is not sure whether single RM code (<=11bits) or dual RM code (>11 bits) is used. In this period with ambiguity, it would be better for eNB to schedule PCC only and use a fallback feedback mode.
4 Ordering of A/N bits
In FDD, the ordering of A/N bits is based on the cell index value of configured CCs, i.e., from lower one to higher one [4]. In TDD, A/N bits can further be from time dimension besides from CC dimension as discussed in above section. How to arrange these A/N bits from two dimensions was not discussed before. 
Theoretically, if there is deterministic mutual understanding between eNB and UE, any ordering rule is fine. However, there is ambiguity period during RRC reconfiguration similar to the discussion in above section. During the ambiguity period, eNB could only schedule those CCs and/or subframes such that the A/N bits location is not changed after reconfiguration. Note that if there is coding scheme switching between single RM code and Dual RM code, there is almost no such A/N bit with unchanged location.
In the following, three possible options are compared, where A/N bits corresponding to the 2 codewords of the same subframe are all placed consecutively:

· Option 1: firstly in time domain, then in CC domain, i.e., place A/N bits of all DL subframes on the CC with lower cell index before the CC with higher cell index. 
· Option 2: firstly in CC domain, and then in time domain, i.e.,place A/N bits of all CCs on DL subframe n before DL subframe n+1 w.r.t. relative order in the association set.
· Option 3: divide n DL subframes into two groups, the first group contain ceil(n/2) DL subframes and the second group contain n-ceil(n/2) subframes, where n is the number of DL subframes associated to the same UL subframe; apply the ordering of option 1 (firstly in time domain, then in CC domain) in each group; concatenate the bit sequences from the two groups.
4.1 In the case of dual RM code

In the following, we give a reconfiguration example to compare the three options, where the payload sizes both before and after reconfiguration are larger than 11 bits, and it is an example with 4 DL subframes associated with the same uplink subframes. According to dual RM coding scheme, the A/N sequence will be divided into two blocks, i.e., yellow one and green one. Furthermore, the A/N bits corresponding to certain CC/subframe/CW which eNB can deterministically locate during reconfiguration period is marked by ‘*’.

Option 1 (before reconfiguration)
	
	Subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(2) *,a(3) *
	a(4) *,a(5) *
	a(6) *,a(7) *

	CC2(2CWs)
	b(0),b(1)
	b(2),b(3)
	b(4),b(5)
	b(6),b(7)


Option 1(after reconfiguration)
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(2) *,a(3) *
	a(4) *,a(5) *
	a(6) *,a(7) *

	CC2(2CWs)
	a(8),a(9)
	b(0),b(1)
	b(2),b(3)
	b(4),b(5)

	CC3(1CWs)
	b(6)
	b(7)
	b(8)
	b(9)


Option 2 (before reconfiguration)

	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(4),a(5)
	b(0) *,b(1) *
	b(4),b(5)

	CC2(2CWs)
	a(2) *,a(3) *
	a(6),a(7)
	b(2) *,b(3) *
	b(6),b(7)


Option 2 (after reconfiguration)

	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(5),a(6)
	b(0) *,b(1) *
	b(5),b(6)

	CC2(2CWs)
	a(2) *,a(3) *
	a(7),a(8)
	b(2) *,b(3) *
	b(7),b(8)

	CC3(1CWs)
	a(4)
	a(9)
	b(4)
	b(9)


Option 3 (before reconfiguration)

	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(2) *,a(3) *
	b(0) *,b(1) *
	b(2) *,b(3) *

	CC2(2CWs)
	a(4) *,a(5) *
	a(6) *,a(7) *
	b(4) *,b(5) *
	b(6) *,b(7) *


Option 3 (after reconfiguration)

	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(2) *,a(3) *
	b(0) *,b(1) *
	b(2) *,b(3) *

	CC2(2CWs)
	a(4) *,a(5) *
	a(6) *,a(7) *
	b(4) *,b(5) *
	b(6) *,b(7) *

	CC3(1CWs)
	a(8)
	a(9)
	b(8)
	b(9)


Compare the three options based on above tables, we can see option 3 provide the most A/N bits with A/N bit location unchanged (from the eNB perspective) during to RRC reconfiguration. More examples could be found in Appendix. 
4.2 In the case of single RM code
In the case of single RM code, option 1~3 are almost equally impacted by RRC reconfiguration. 
Therefore, based on above analysis and comparison, we propose:

 Proposal 2: In TDD, option 3 is applied for ordering of A/N bits.
5 Conclusion  
In this contribution, we discussed the remaining details for PUCCH format 3 in TDD on determination of A/N payload size, switching between single RM code and dual RM code, and ordering of A/N bits coming from different CC and different DL subframes. Based on the discussion, we propose:
· Proposal 1: In TDD, the payload size of A/N bits in each UL subframe is determined by the number of configured CC, transmission mode of each CC and the number of DL subframes associated with the UL subframe,  i.e. M w.r.t. HARQ timing, or the DAI in the PDCCH
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 if available.
· Proposal 2: In TDD, option 3 is applied for ordering of A/N bits.
· Divide the n DL subframes associated to the same UL subframe into two groups, the first group contains ceil(n/2) DL subframes and the second group contains n-ceil(n/2) subframes; 
· apply the ordering of A/N bits in each group firstly in the time domain, then in the CC domain, and A/N bits corresponding to the 2 codewords of the same subframe are placed consecutively; 
· concatenate the bit sequences from the two groups.
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Appendix
Example 2: the reconfigured CC is not the one with the highest cell index.
Option 1(before reconfiguration):
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(2) *,a(3) *
	a(4) *,a(5) *
	a(6) *,a(7) *

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

	CC4(1CWs)
	b(4)
	b(5) 

	b(6) 
	b(7) 


Option 1(after reconfiguration):
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) * 
	a(2) * ,a(3) * 
	a(4) * ,a(5) * 
	a(6) * ,a(7) * 

	CC2(2CWs)
	a(8)
	a(9)
	b(0)
	b(1)

	CC3(1CWs)
	b(2)
	b(3)
	b(4)
	b(5)

	CC4(1CWs)
	b(6)
	b(7)
	b(8)
	(9)


Option 2(before reconfiguration):
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(4),a(5)
	b(0) *, b(1) *
	b(4),b(5)

	CC2(1CWs)
	a(2) *
	a(6)
	b(2) *
	b(6) 

	CC4(1CWs)
	a(3)
	a(7)
	b(3)
	b(7)


Option 2(after reconfiguration):
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) * ,a(1) *
	a(5) ,a(6)
	b(0) * ,b(1) * 
	b(5),b(6)

	CC2(1CWs)
	a(2) *
	a(7)
	b(2) *
	b(7) 

	CC3(1CWs)
	a(3)
	a(8)
	b(3)
	b(8)

	CC4(1CWs)
	a(4)
	a(9)
	b(4)
	b(9)


Option 3(before reconfiguration):
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(2) *,a(3) *
	b(0) *,b(1) *
	b(2) *,b(3) *

	CC2(1CWs)
	a(4) *
	a(5) *
	b(4) *
	b(5) *

	CC4(1CWs)
	a(6)
	a(7)
	b(6)
	b(7) 


Option 3(after reconfiguration):
	
	subframe1
	subframe2
	subframe3
	subframe4

	CC1(2CWs)
	a(0) *,a(1) *
	a(2) *,a(3) * 
	b(0) *,b(1) * 
	b(2) * ,b(3) * 

	CC2(2CWs)
	a(4) *
	a(5) * 
	b(4) *
	b(5) *

	CC3(1CWs)
	a(6)
	a(7)
	b(6)
	b(7)

	CC4(1CWs)
	a(8)
	a(9)
	b(8)
	b(9)
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