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1. Introduction

At RAN1 #68bis, substantial progresses toward the support of interband TDD CA with different UL-DL configurations in different bands were made [1]. The main agreement in the area of PDSCH HARQ referencing timing was that a table that gives the SCell PDSCH HARQ reference tinning was agreed. This is according to Table 1.

Table 1 UL-DL configuration number of PDSCH HARQ-ACK timing reference for SCell
	UL-DL configuration for PDSCH HARQ 
	SCell SIB1 UL-DL configuration

	timing reference
	0
	1
	2
	3
	4
	5
	6

	PCell SIB1 UL-DL configuration
	0
	0
	1
	2
	3
	4
	5
	6

	
	1
	1
	1
	2
	4
	4
	5
	1

	
	2
	2
	2
	2
	5
	5
	5
	2

	
	3
	3
	4
	5
	3
	4
	5
	3

	
	4
	4
	4
	5
	4
	4
	5
	4

	
	5
	5
	5
	5
	5
	5
	5
	5

	
	6
	6
	1
	2
	3
	4
	5
	6


In this contribution, we provide analysis and further solutions on SCell HARQ timings considering the agreed table and how it impacts the two CA AN feedback schemes PUCCH format 3 and PUCCH format 1b with channel selection. 
2. Discussion

The two different HARQ-ACK modes specified for CA is different in nature and requires therefore to be studied separately. In this contribution we first address PUCCH format 3 and it is followed by PUCCH format 1b with channel selection.

2.1. PUCCH format 3

The main difference with the introduction of different UL/DL configurations for PDSCH HARQ timing is that the different DL cell c will have different amount of possible HARQ feedback bits, Mc, within the cell specific feedback window. The straight extension from PUCCH format 3 design when every DL cell shares the same UL/DL configuration for PDSCH HARQ is that each cell generates Mc number of HARQ bits, where Mc correspond to the DL cell specific the number of elements in the set 
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 defined in Table 10.1.3.1-1 associated with subframe n in [2]. The same solution is possible to apply both on PUCCH and PUSCH when there is no associated UL grant with the PUSCH transmission.

Proposal 1

· A UE generated HARQ-ACK feedback for Mc number of DL subframes per DL cell for a PUCCH format 3 transmission or PUSCH transmission on without adjustment through an UL grant.

For PUSCH transmission in case there is an associated UL grant with the PUSCH transmission the UE should generate min(WDAI, Mc) number of HARQ-bits per component carrier where WDAI represent the number of scheduled subframes within the total HARQ-ACK feedback window across all component carriers.

Proposal 2
· The UE generated HARQ-ACK min(WDAI, Mc) number DL subframe per DL cell in case PUSCH transmission is adjusted based on an UL grant. 
2.2. PUCCH format 1b with channel selection

For PUCCH format 1b with channel selection the general problem is the same as with PUCCH format 3. To limit the number of test cases and implementation complexity it is preferred to have such a generic approach as possible to the solution for how the UE generates the corresponding number of HARQ-ACK bit per DL cell. The straight forward solution for PUCCH format 1b with channel selection would be that the UE assumes an M corresponding to M=max(M0, M1) in selecting the corresponding mapping table. For a serving cell c ϵ {0,1} with Mc<M, the UE shall generate HARQ-ACK bits for M subframes by appending M−Mc additional HARQ-ACK bit(s) in case of single TB TM or 2*(M−Mc) additional HARQ-ACK bit(s) with in case of dual TB TM, with for example, DTX value(s). In this manner the existing channel selection mapping tables can be reused for inter-band CA without having the need to define new mapping tables. 

Proposal 3
· The UE select the channel selection mapping table corresponding to M=max(MPcell, MScell) and the HARQ-ACK bits that do not correspond to any DL subframe is set to DTX 

When the UE is configured with PUCCH format 1b with channel selection and is transmitting on a PUSCH that is not adjusted based on an UL grant, the UE follows the procedure on how many HARQ-ACK to generate according to the PUCCH design as in Rel-10 CA. In case the PUSCH transmission adjusted based on an UL grant and WDAI = 1 or 2, the UE follows the procedure for PUCCH format 3 on PUSCH with adjusted UL grant according to the Rel-10 specification. In case the PUSCH transmission is adjusted based on an UL grant and WDAI = 3 or 4, the UE either selects M=3 or M=4 channel selection table based on if WDAI=3 or WDAI=4, following the procedure in Rel-10.

Proposal 4
· In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is not based on an UL grant, the UE generates the number of HARQ-ACK bits according PUCCH design

· In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is based on an UL grant and WDAI= 1 or 2, the UE follows the procedure for PUCCH format 3. 

· In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is based on an UL grant and WDAI= 3 or 4, the UE selects either channel selection table M = 3 or M = 4  to generate HARQ feedback for both DL cells based on if WDAI=3 or WDAI=4. 
3. Conclusion

In this contribution we have discussed the impacts on PDSCH HARQ feedback due to the introduction of different UL/DL configuration PDSCH HARQ reference timings. Based on this discussion we propose that
· A UE generated HARQ-ACK feedback for Mc number of DL subframes per DL cell for a PUCCH format 3 transmission or PUSCH transmission on without adjustment through an UL grant.

· The UE generated HARQ-ACK min(WDAI, Mc) number DL subframe per DL cell in case PUSCH transmission is adjusted based on an UL grant. 
· The UE select the channel selection mapping table corresponding to M=max(MPcell, MScell) and the HARQ-ACK bits that do not correspond to any DL subframe is set to DTX 

· In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is not based on an UL grant, the UE generates the number of HARQ-ACK bits according PUCCH design

· In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is based on an UL grant and WDAI= 1 or 2, the UE follows the procedure for PUCCH format 3. 

· In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is based on an UL grant and WDAI= 3 or 4, the UE selects either channel selection table M = 3 or M = 4  to generate HARQ feedback for both DL cells based on if WDAI=3 or WDAI=4. 
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