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1 Introduction
In the last meeting, the following agreements were made for A/N bit mapping and resource allocation for PUCCH format 3 for TDD inter-band carrier aggregation (CA) with different TDD UL-DL configurations: 
· For TDD inter-band carrier aggregation with different UL-DL configurations on different bands, a UE can be configured with PUCCH format 3 or PUCCH format 1b with channel selection for HARQ-ACK transmission. 

· At least for self-scheduling case, for a UE configured with PUCCH format 3 for HARQ-ACK transmission, the HARQ-ACK transmission shall follow the Rel-10 design except the following:

· The set of DL subframes (denoted as 
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) on serving cell c associated with UL subframe n shall include the DL subframes 
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 is determined according to the timing reference configuration of serving cell c

· For HARQ-ACK transmission in an UL subframe n and on PUCCH or on PUSCH not adjusted by an UL grant, 
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 is the number of elements in set Kc 
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, 
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 if the timing reference configuration is #{1, 2, 3, 4, 6} 

· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, FFS for the value of 
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 if the TDD UL-DL configuration which the timing reference configuration is #5

· FFS if the timing reference configuration is #0, for HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant

· Timing reference configuration is the TDD UL-DL configuration which the PDSCH HARQ timing on serving cell c follows. 

· FFS the treatment of format 3 for cross-carrier scheduling case

In this contribution, we mainly discuss the remaining issues for self-scheduling case and cross-carrier scheduling case. 
2 Discussions
2.1 Remaining issues for self-scheduling case
In RAN1#68bis, it was agreed that PDSCH HARQ timing on SCell shall follow a reference TDD UL-DL configuration for self-scheduling case, as shown in the following Table 1. 
	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


Table 1. HARQ-ACK timing reference configuration for SCell

For CA in Rel-10, in case the TDD configuration of PCC and SCC (same) is #5 and a PUSCH transmission adjusted based on a detected PDCCH with DCI format 0/4, the number of DL subframes in which the UE needs to feedback HARQ-ACK bits for a serving cell c (
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· The UE shall assume 
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, where 
[image: image11.wmf]U

denotes the maximum value of 
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 among all the configured serving cells,
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 is the total number of received PDSCHs and PDCCH indicating downlink SPS release in subframe(s) 
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. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe(s) 
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For inter-band CA with different TDD configurations, in case the timing reference configuration of an SCC is #5, the A/N bits of all the scheduled DL subframes should be fed back on the UL subframe #2 (DSUDDDDDDD), thus the number of A/N bits has a high probability of being larger than 4 bits. Thus, we propose that: 
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, 
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, if the timing reference configuration is #5, where 
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has the same definition as in the above agreement.
In case the timing reference configuration is #0, as shown in Table 1, which happens only when PCC and SCC are configured #0 simultaneously, we propose that the HARQ-ACK transmission shall follow the Rel-10 design. 

2.2 Cross-carrier scheduling case
2.2.1 In case where SCell is scheduled by PCell
For cross-carrier scheduling, for Case A, i.e. where  SCell(s) downlink subframes is a subset of PCell, the HARQ timing of  SCell(s) shall follow PCell timing. 

For Case B, i.e. where SCell(s) downlink subframes is a superbset of PCell, the following two alternatives were discussed in RAN #69:

· Alt 1: Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 
For Case C, i.e. where SCell(s) downlink subframes is neither a superbset nor a subset of PCell, the same two alternatives were discussed in RAN #69:

· Alt 1: Follow Pcell timing
· Alt 2: Follow the self-scheduling case
No conclusion was reached yet, and there is ongoing discussion on the selection between Alt 1 or Alt2 for both Case B and Case C. However in the last meeting, it was concluded that unless a different consensus proposal is made, the working assumption is cross-subframe scheduling is not supported in Rel-11, and following the timing of SCell will lose its potential advantages. Therefore, as presented in our companion contribution [2], we support Alt 1, following PCell timing in case of cross-CC scheduling for both Case B and Case C. The following proposals of A/N on PUCCH format 3/PUSCH are based on this assumption. 

·  For cross-CC scheduling case where SCell is scheduled by PCell, for a UE configured with PUCCH format 3 for HARQ-ACK transmission, the HARQ-ACK transmission shall follow the Rel-10 design except the following:

· The set of DL subframes (denoted as
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) on the scheduled cell c associated with UL subframe n shall include the consistent DL subframes with 
[image: image22.wmf]nk

-

 where 
[image: image23.wmf]kK

Î

 and 
[image: image24.wmf]K

 is determined according to the TDD configuration of the scheduling cell.  
· For HARQ-ACK transmission in an UL subframe n and on PUCCH or on PUSCH not adjusted by an UL grant, 
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· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, 
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 if the TDD configuration of the scheduling cell is #{0,1, 2, 3, 4, 6}. 

· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, 
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,  if the TDD configuration of the scheduling cell is #5, where 
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 among all the configured serving cells,
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 is the total number of received PDSCHs and PDCCH indicating downlink SPS release in subframe(s) 
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2.2.2 In case where SCell is scheduled by another SCell
In this case, as discussed in our companion contribution [2], we propose that the HARQ timing of the scheduling and scheduled cells should follow the timing reference configuration based on the configurations of PCell and the scheduling cell as in self-scheduling case. Based on this assumption, we propose that  

·  For cross-CC scheduling case where SCell is scheduled by another SCell, for a UE configured with PUCCH format 3 for HARQ-ACK transmission, the HARQ-ACK transmission shall follow the Rel-10 design except for the following:

· The set of DL subframes (denoted as
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) on the scheduled SCell c associated with UL subframe n shall include the consistent DL subframes between the scheduling and scheduled SCells with 
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 is determined according to the timing reference configuration of the scheduling SCell.
· The other sections are the same as in Section 2.2.1, where the configuration of the scheduling cell is replaced by the timing reference configuration followed by the scheduling SCell. 

3 Conclusions
In this contribution, we have discussed the codebook size for PUCCH format 3/PUSCH for TDD inter-band CA with different TDD configurations. Based on this discussion we propose that 
· For self-scheduling case:
· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, 
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, if the timing reference configuration is #5.
· For cross-CC scheduling case where SCell is scheduled by PCell, for a UE configured with PUCCH format 3 for HARQ-ACK transmission shall follow the Rel-10 design except the following:

· The set of DL subframes (denoted as
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) on the scheduled cell c associated with UL subframe n shall include the consistent DL subframes with 
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 is determined according to the TDD configuration of the scheduling cell.  
· For HARQ-ACK transmission in an UL subframe n and on PUCCH or on PUSCH not adjusted by an UL grant, 
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· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, 
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 if the TDD configuration of the scheduling cell is #{0,1, 2, 3, 4, 6}. 

· For HARQ-ACK transmission in an UL subframe n and on PUSCH adjusted by an UL grant, 
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,  if the TDD configuration of the scheduling cell is #5.  
· For cross-CC scheduling case where SCell is scheduled by another SCell, for a UE configured with PUCCH format 3 for HARQ-ACK transmission, the HARQ-ACK transmission shall follow the Rel-10 design except the following:

· The set of DL subframes (denoted as
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) on the scheduled SCell c associated with UL subframe n shall include the consistent DL subframes between the scheduling and scheduled SCells with 
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 is determined according to the timing reference configuration of the scheduling SCell.
· The other sections are the same as in Section 2.2.1, where the configuration of the scheduling cell is replaced by the timing reference configuration followed by the scheduling SCell. 
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