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1. Summary
In RAN1 #70 [1], the details of PUCCH Format 1b with channel selection for TDD inter-band carrier aggregation with different uplink-downlink (UL-DL) configurations were discussed and the following agreements were made: 
Agreement:

· For a UE configured with PUCCH format 1b with channel selection for HARQ-ACK transmission and self-carrier scheduling, the HARQ-ACK transmission shall follow the Rel-10 design except the following: 

· Applicable if none of the PDSCH timing reference configurations of aggregated serving cells is configuration #5;

· The set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ∈K and K is determined according to the TDD UL-DL configuration which the PDSCH HARQ timing on serving cell c follows

· For HARQ-ACK transmission on PUCCH (at least for the case when all Mp, Ms are positive)

· The UE shall use the Rel-10 mapping table with M = max{Mp, Ms}, where Mp is the number of elements in set Kc for the primary cell and Ms is the number of elements in set Kc for the secondary cell.

· The UE shall set DTX for {HARQ-ACK(min{Mp, Ms}), …, HARQ-ACK(M-1)} for the serving cell with the smaller Mc value

· FFS for the case when any of the (Mp, Ms) is zero

· FFS for the handling of overlapping states

In this contribution, we present our views on the FFS items. When any of the {Mp, Ms} is zero, HARQ-ACK of only one cell is reported on PUCCH. Therefore, the single cell reporting methods in Rel-8/9/10 should be reused.
2. Single cell reporting cases for PUCCH Format 1 with channel selection 
The case when any of {Mp, Ms} is zero was left FFS in RAN1 #70. Table 1 lists the number of cases for different Mp and Ms values for TDD CA with different TDD UL-DL configurations. Table 2 in the Appendix A further lists the combinations of Mp and Ms for all combinations of different PCell and SCell configurations. There are 39 cases when any of {Mp, Ms} is zero, and 38 cases when Mp and Ms have different positive values. As we can see, the cases when any of {Mp, Ms} is zero occupy over 50% of the cases when Mp and Ms have different values and PUCCH Format 1b with channel selection is configured. 

Observation: The case when any of {Mp, Ms} is zero is a major case for inter-band TDD CA. 
Table 1. Number of cases for different Mp and Ms in TDD CA

	Cases
	Total no. of cases
	Subcases
	No. of subcases
	Subcases
	No. of subcases

	Mp≠Ms and 

{Mp, Ms}>0
	38
	Ms>Mp>0
	25
	
	

	
	
	Mp>Ms>0
	13
	
	

	Mp≠Ms and 

any of 

{Mp, Ms}=0
	39
	Mp>0, Ms=0
	33
	Mp=1, Ms=0
	27

	
	
	
	
	Mp=2, Ms=0
	6

	
	
	Ms>0,  Mp=0
	6
	Ms=1, Mp=0
	4

	
	
	
	
	Ms=2, Mp=0
	1

	
	
	
	
	Ms=4, Mp=0
	1


Two methods can be considered for the cases when any of {Mp, Ms} is zero. The cases can be further divided into two subcases.  Here after, we compare the following two methods for these subcases.
· Method 1: reuse single cell reporting methods and channel selection tables in Rel-8/9/10

· Method 2: reuse Rel-10 channel selection tables with M=max{ Mp, Ms}
Subcase 1: Only PCell has HARQ-ACK to be reported, i.e. Mp > 0 and Ms = 0. 
In a Subcase 1 UL subframe, there is no DL subframes in the set 
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for the SCell, i.e. 
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 is empty.
This may happen in some UL subframes in all cases from Case A where the DL subframes of the PCell is a superset of the DL subframes of the SCell, Case B where the DL subframes of the PCell is a subset of the DL subframes of the SCell, to Case C where the DL subframes of the PCell is neither a superset nor a subset of the DL subframes of the SCell. As listed in Table 2 of Appendix A, only Mp=1 and Mp=2 are possible when Ms=0, and in most cases Mp=1.

Since the SCell has no HARQ-ACK to be reported, Subcase 1 is the same as single cell HARQ-ACK reporting. Thus, Method 1 can reuse PUCCH Format 1b with channel selection tables for single cell reporting in Rel-8/9/10. 

With Method 1, eNB needs to allocate only one PUCCH Format 1a/1b resource for Mp=1, and two PUCCH resources for Mp=2 with all PUCCH resources linked to the PCell. For Mp=1, spatial bundling of the codewords in a downlink subframe is not applied. Thus, depends on the transmission mode and the number of transmit blocks, Format 1a or 1b is used on the PUCCH resource for a PDSCH transmission with one codeword or two codewords respectively. For Mp=2, spatial bundling of the codewords in a downlink subframe is always applied. Thus, two HARQ-ACK bits are transmitted with channel selection from two allocated PUCCH resources.
Method 1 with single cell PUCCH Format 1a/1b with channel selection tables has no ambiguity of the table entry, and no overlapping states. This simplifies the PUCCH transmission and reception process.

If Rel-10 mapping table with M=max{ Mp, Ms} is used with Method 2, DTX bits will always be padded for the SCell. For Mp=1, depending on the transmission mode and the number of transmit blocks, the channel selection tables with A={2, 3, 4} will be used. Thus, eNB needs to configure or allocate 2, 3 or 4 PUCCH resources respectively. This causes some ambiguity and extra complexity. For Mp=2, channel selection table with A=4 will be used, thus eNB needs to configure or allocation 4 PUCCH resources although the two resources linked to the SCell will never be used for subcase 1.
Furthermore, the channel selection tables with Method 2 include many redundant table entries due to DTX padding. If the SCell HARQ-ACK bits are ignored, there will be many overlapping states for a given PCell HARQ-ACK input. 
The eNB may mask some entries during PUCCH reception and decoding with extra complexity. The eNB will have separate handling when any of {Mp, Ms} is zero. As shown in Appendix B, if the table entries are masked with Method 2, the resulting channel selection tables will be the same as the tables of single cell reporting including the selected PUCCH Format 1b resources. 
Comparatively, Method 1 is simpler than Method 2, and provides the same results as Method 2. Furthermore, Method 1 allocates less number of PUCCH resources than Method 2, and provides accurate channel selection tables with no ambiguity. As a summary, for the case Mp>0 and Ms=0, single cell reporting method provide a simple solution with a smaller number of PUCCH resources and better channel selection tables. 
Subcase 2: Only SCell has HARQ-ACK bits to be reported, i.e. Ms>0 and Mp=0. 
This is a minor case, and only happens sometimes in subframe 3 and 8 if the PCell is configured with configuration 0. 

With Method 1, single cell reporting method can be extended for SCell only reporting in inter-band TDD CA with different UL-DL configurations when Ms>0 and Mp=0. Thus, 1, 2 or 4 PUCCH 1a/1b resources need to be allocated for Ms=1, 2, and 4 respectively, and all PUCCH resources are associated with SCell. The same single cell Format 1b with channel selection tables in Rel-10 can be reused for subcase 2. Thus, all HARQ-ACK bits can be reported according to the same channel selection tables as in the PCell only subcase 1.
If Rel-10 mapping table with M=max{Mp, Ms} with Method 2 is used, the PCell will always be padded with DTX. For the SCell only subcases, the eNB masked channel selection tables provide less table entries than PCell only subcases and single cell reporting cases, ss shown in the marked tables with Method 2 in Appendix B. This significantly degrades the HARQ-ACK performance. 
More specifically,

· For Ms=4, no SCell HARQ-ACK can be reported since the masked table has only two entries with no transmission.

· For Ms=2, {NACK, NACK} for SCell cannot be reported explicitly since the entry is not included in the masked table. 

· For Ms=1, NACK for SCell cannot be reported explicitly since the entry is not include in the masked table.

Furthermore, even for the same ACK/NACK bits feedback, the transmitted constellation b(0)b(1) bits are totally different from the bits transmitted for single cell reporting tables and PCell only subcases. For example, for a {ACK, ACK} feedback, (1, 0) is transmitted on 
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 for the PCell only case, but (0, 1) is transmitted on 
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As a summary, Method 2 with M=max{ Mp, Ms} cannot provide complete HARQ-ACK feedback for the SCell, and will cause significant performance loss for HARQ-ACK reporting.
Observation: Single cell reporting methods and channel selection tables provide consistent, simple and reliable solutions for inter-band TDD CA PUCCH Format 1b with channel selection reporting when any of {Mp, Ms} is zero.
3. Format 1b with channel selection for cross-carrier scheduling

In RAN1 #70, it was agreed that the PDSCH HARQ-ACK for cross-carrier scheduling should follow the PCell timing. Thus, Mp is always greater than or equal to Ms. For simplicity and consistency, the same method can be used for cross-carrier scheduling, i.e.
· If Mp=Ms, reuse Rel-10 channel selection tables

· If Mp≠Ms and Ms>0, use Rel-10 channel selection tables with M=max{ Mp, Ms}
· If Mp≠Ms and Ms=0, use the method for the case when any of {Mp, Ms} is zero, e.g. use PCell only single cell reporting method and channel selection tables.
4. Conclusions
It is a major case when any of {Mp, Ms} is zero in inter-band TDD CA and HARQ-ACK reporting configured with PUCCH Format 1b with channel selection. For the case when any of {Mp, Ms} is zero, we compare single cell reporting method and the method using M=max{Mp, Ms}. The single cell reporting method and channel selection tables require less number of allocated PUCCH resources, and provide simpler solution, with smaller table sizes and no overlapping states. 

Therefore, we propose that:
Proposal 1: Single cell reporting method and channel selection tables in Rel-8/9/10 should be reused when any of {Mp, Ms} is zero in inter-band TDD CA and HARQ-ACK reporting configured with PUCCH Format 1b with channel selection. 
Proposal 2: The same methods should be applied for PDSCH by cross-carrier scheduling based on the {Mp, Ms} combinations.
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Appendix A: {Mp, Ms} combinations for TDD CA with different UL-DL configurations
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0 1 1 1 2 1 1 1 2 1 1

0 2 2 1 4 1 1 4 1

0 3 3 1 3 2 1 2 1 1

0 4 4 1 4 4 1 1 1

0 5 5 1 9 1 1 1

0 6 6 1 1 1 1 1 1 1 1 1

1 0 1 2 2 1 2 2 1

1 2 2 2 4 1 2 4 1

1 3 4 2 3 1 4 2 1

1 4 4 2 4 1 4 2 1

1 5 5 2 9 1 2 1

1 6 1 2 2 1 1 2 2 1

2 0 2 4 2 4 2

2 1 2 4 3 4 3

2 3 5 4 9 4

2 4 5 4 9 4

2 5 5 4 9 4

2 6 2 4 2 4 3

3 0 3 3 3 2 2 1

3 1 4 3 4 2 2 2

3 2 5 3 9 2 2

3 4 4 3 4 2 4 2

3 5 5 3 9 2 2

3 6 3 3 3 2 2 2

4 0 4 4 3 4 1

4 1 4 4 4 4 2

4 2 5 4 9 4

4 3 4 4 3 4 4

4 5 5 4 9 4

4 6 4 4 3 4 2

5 0 5 9 4

5 1 5 9 6

5 2 5 9 8

5 3 5 9 7

5 4 5 9 8

5 6 5 9 5

6 0 6 1 1 1 1 1 1 1 1 1

6 1 1 1 2 1 1 1 1 2 1 1

6 2 2 1 4 1 1 4 1 1

6 3 3 1 3 1 2 1 2 1 1

6 4 4 1 4 1 4 1 1 1

6 5 5 1 9 1 1 1 1

Channel selection not supported MPCell = MSCell M of Pcell > M of Scell

No. of cases 35 No. of cases 20 No. of cases 13

M of Pcell < M of Scell HARQ-ACK on Pcell only HARQ-ACK on Scell only

No. of cases 25 No. of cases 33 No. of cases 6

subframe 4 subframe 7 subframe 8 subframe 9

SCell Ref. 

Config 

SCell 

Config

PCell 

Config

subframe 2 subframe 3


Table 2. Combinations of Mp and Ms for TDD CA with different UL-DL configurations
Appendix B: Masked PUCCH Format 1b channel selection tables with max(Mp, Ms)
With Method 1single cell reporting, the single cell PUCCH Format 1b with channel selection tables can be reused. 
With Method 2 using channel selection tables with M=max{Mp, Ms}DTX is padded to the cell with no HARQ-ACK reporting. The eNB may mask the table entries to reduce the search space of the channel selection tables. The resulting tables are presented below as references. 
In the following tables:
· NACK/DTX is the masked bits for the SCell
for subcase 1 PCell only reporting
· NACK/DTX is the masked bits for the PCell
for subcase 2 SCell only reporting
1) Masked table of Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A = 2
Method 2 channel selection table for PCell only case and Mp=1 with one codeword

	HARQ-ACK(0), HARQ-ACK(1)
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	ACK, NACK/DTX
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	1, 1

	NACK, NACK/DTX
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	0, 0

	DTX, NACK/DTX
	No Transmission


Method 2 channel selection table for SCell only case with Ms=1 with one codeword

	HARQ-ACK(0), HARQ-ACK(1)
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	NACK/DTX, ACK
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	0, 1

	DTX, NACK/DTX
	No Transmission


2) Masked table of Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A = 4
Method 2 channel selection table for PCell only case and Mp=2, or Mp=1 with two codewords
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	ACK, ACK, NACK/DTX, NACK/DTX
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	1, 0

	ACK, NACK/DTX, NACK/DTX, NACK/DTX
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	1, 1

	NACK/DTX, ACK, NACK/DTX, NACK/DTX
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	0, 1

	NACK, NACK/DTX, NACK/DTX, NACK/DTX
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	0, 0

	DTX, NACK/DTX, NACK/DTX, NACK/DTX
	No Transmission


Method 2 channel selection table for SCell only case and Ms=2 or Ms=1 with two codewords
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	NACK/DTX, NACK/DTX, ACK, ACK
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	0, 1

	NACK/DTX, NACK/DTX, ACK, NACK/DTX
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	0, 0

	NACK/DTX, NACK/DTX, NACK/DTX, ACK
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	0, 0

	DTX, NACK/DTX, NACK/DTX, NACK/DTX
	No Transmission


3) Masked table of Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for Method 2 channel selection table for SCell only and Ms=4, Mp=0

	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code Input Bits

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	DTX, any, any, any
	NACK/DTX, any, any, any
	No Transmission
	0, 0, 0, 0

	DTX, any, any, any
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	No Transmission
	0, 0, 0, 0
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