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1. Introduction

In RAN1#70 meeting, there was a working assumption on PDSCH/PUSCH HARQ timing for the CA with different TDD UL-DL configurations as below, based on online discussion [1]. 

Working assumption:

· Applicable for cases B, C and D

· Follow P-Cell timing for PDSCH, regardless of the number of aggregated CCs
· Follow scheduled cell timing for PUSCH,
· In a subframe where an UL grant is not detected,
· UE is not expected to decode PHICH in a subframe where PHICH is not available
· UE will deliver an “ACK” from PHY to MAC layer in that subframe
· FFS if there are other issues relating to UE behavior
In this contribution, with observation on the conclusions above, we suggest our view on determination of PUSCH HARQ timing reference for the cross-CC scheduling case to support the CA with different TDD UL-DL configurations. 
2. PUSCH HARQ related issues
Regarding PUSCH HARQ timing reference for the scheduled cell in case of cross-CC scheduling, as having been considered so far, there are 4 different cases as shown in Table 1 below according to UL subframe set relationship between scheduling cell and scheduled cell, as well as PUSCH HARQ RTT of scheduling cell. First of all, for Case A where scheduling cell has a superset of UL subframes in scheduled cell, it was already agreed that PUSCH HARQ timing for the scheduled cell is determined to follow the UL-DL configuration of scheduling cell. It should be also noted here that the combination with (scheduling cell, scheduled cell) = UL-DL configuration (#6, #0) is better to be treated as Case B (rather than Case D) even though scheduling cell has non-10ms RTT since the DL subframes required to schedule all the UL subframes in scheduled cell (#0) are all available in scheduling cell (#6). 
Table 1: Case classification for PUSCH HARQ timing reference in case of cross-CC scheduling
	HARQ/scheduling timing of PUSCH on Scheduled Cell follows TDD UL-DL Configuration #
	Scheduling cell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell SIB-1 UL-DL Configuration
	0
	　
	B
	B
	B
	B
	B
	B

	
	1
	D
	　
	B
	C
	B
	B
	D

	
	2
	D
	A
	　
	C
	C
	B
	D

	
	3
	D
	C
	C
	　
	B
	B
	D

	
	4
	D
	A
	C
	A
	　
	B
	D

	
	5
	D
	A
	A
	A
	A
	　
	D

	
	6
	D
	B
	B
	B
	B
	B
	　

	
	 Case A
	Case B
	Case C
	Case D
	　
	　
	　


For Case B (where scheduled cell has a superset of UL subframes in scheduling cell), first of all, it is reasonable that PUSCH HARQ timing for the scheduled cell is determined to follow its own UL-DL configuration. In addition, in case that PHICH is not available in scheduling cell (i.e. in case that UL grant/PHICH timing for a scheduled cell’s UL subframe is determined to a scheduling cell’s DL subframe without PHICH resource reservation), PHICH-less operation (i.e. no automatic PUSCH retransmission, UL grant based adaptive PUSCH retransmission only) is to be supported. Therefore, we propose to confirm the current working assumption for the PUSCH HARQ Case B. 

Proposal 1: For the PUSCH HARQ Case B, the working assumption to follow scheduled cell’s timing and to adopt PHICH-less operation is confirmed. 
For remaining Case C (where UL subframes in scheduling cell is neither superset nor subset of those in scheduled cell) and Case D (where scheduling cell has a superset of UL subframes in scheduled cell and PUSCH HARQ RTT is different between the two cells), on the other hand, significant portion of or (at the worst) all of UL subframes in the scheduled cell would not be able to be scheduled in some CA combination cases if the current working assumption (to follow scheduled cell’s timing) is just applied even for these Cases C/D. As already revealed in [2], it is desirable to define more reasonable UL-DL configuration as PUSCH HARQ timing reference for the scheduled cell for Cases C/D, by taking both UL resource utilization and PUSCH HARQ latency into account. The following 3 principles can be considered.

· To avoid complicated HARQ timing design, it seems be reasonable not to determine UL-DL configuration #0 as PUSCH HARQ timing reference. 
· To increase UL resource utilization, it seems be desirable to minimize amount of non-schedulable UL subframes in the scheduled cell. 
· To reduce PUSCH HARQ latency, it seems be efficient to choose UL-DL configuration with smaller RTT as long as UL subframe loss would not be caused. 
Based on these principles, Table 2 provides PUSCH HARQ timing reference for all the cases in case of cross-CC scheduling. In particular, for the combinations belonging to cases 1, 2, and 3 in Table 2, some UL grant/PUSCH/PHICH timing(s) associated with misalignment in UL between scheduled cell and reference configuration and/or misalignment in DL between scheduling cell and reference configuration could be skipped. Note here that, except for two combinations with (scheduling cell, scheduled cell) = UL-DL configuration(#0, #3) or (#0, #6) where only one UL subframe would not be available, the number of un-schedulable UL subframes in the scheduled cell could be zero for all the combinations. 
Table 2: PUSCH HARQ timing reference for the scheduled cell in case of cross-CC scheduling

	HARQ/scheduling timing of PUSCH on Scheduled Cell follows TDD UL-DL Configuration #
	Scheduling cell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell SIB-1 UL-DL Configuration
	0
	
	0
	0
	0
	0
	0
	0

	
	1
	6
(case 2)
	
	1
	6
(case 1)
	1
	1
	6
(case 1) 

	
	2
	1
	1
	
	1
	1
	2
	1

	
	3
	6
(case 3)
	6
(case 1)
	3
	
	3
	3
	6
(case 1) 

	
	4
	6
(case 3)
	1
	4
	3
	
	4
	1

	
	5
	1
	1
	2
	3
	4
	
	1

	
	6
	6
(case 2)
	6
	6
	6
	6
	6
	

	
	 Case A
	Case B
	Case C
	Case D
	　
	　
	　


More specifically, misalignment in DL/UL between scheduling/scheduled cell and reference configuration in cases 1, 2, and 3 can be briefly explained as below. 
▪ case 1: There exist a subframe which is UL (denoted as “virtual UL”) in reference configuration but DL in scheduled cell
▪ case 2: There exist a subframe which is DL (denoted as “virtual DL”) in reference configuration but UL in scheduling cell

▪ case 3: There exist both case 1 and case 2

Regarding case 1, UL grant/PUSCH/PHICH timing (transmission) associated with the virtual UL (i.e. UL grant to schedule the virtual UL, PUSCH transmission in the virtual UL, and PHICH for PUSCH transmitted in the virtual UL) could be skipped. Figure 1 illustrates an example of this HARQ timing skipping operation in case 1 when UL-DL configurations of scheduling cell, scheduled cell, and HARQ reference are #6, #1, and #6, respectively. 
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Figure 1: An example of HARQ timing skipping in case 1 (scheduling cell with #6, scheduled cell with #1)

Regarding case 2, similarly as HARQ timing skipping in case 1 above, PHICH/UL grant/PUSCH timing (transmission) associated with the virtual DL (i.e. PHICH transmission in the virtual DL, UL grant transmission in the virtual DL, and PUSCH scheduled from the virtual DL) could be skipped. Figure 2 shows an example of HARQ timing skipping operation in case 2 when UL-DL configurations of scheduling cell, scheduled cell, and HARQ reference are #0, #6, and #6, respectively.
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Figure 2: An example of HARQ timing skipping in case 2 (scheduling cell with #0, scheduled cell with #6)
Regarding case 3 where both cases 1 and 2 would be present in different subframe timing for a combination, HARQ timing skipping operation for the virtual UL/DL suggested above could be applied according to case/subframe. 
Besides, similarly in Case B, PHICH-less operation with only UL grant based PUSCH retransmission is to be supported for the Cases C and D in Table 2 as well, in case that PHICH is not available in scheduling cell.
Proposal 2: For the PUSCH HARQ Cases C and D, considering UL resource utilization and PUSCH HARQ latency, UL-DL configuration of HARQ timing reference for the scheduled cell is determined as provided in Table 2. HARQ (UL grant/PUSCH/PHICH) timing skipping operation is applied according to the combination of scheduling/scheduled cell and reference configuration. 
3. Summary
We suggest in this contribution our view on PUSCH HARQ timing reference determination for the cross-CC scheduling case to support the CA with different TDD UL-DL configurations. Finally, we propose: 

Proposal 1: For the PUSCH HARQ Case B, the working assumption to follow scheduled cell’s timing and to adopt PHICH-less operation is confirmed. 
Proposal 2: For the PUSCH HARQ Cases C and D, considering UL resource utilization and PUSCH HARQ latency, UL-DL configuration of HARQ timing reference for the scheduled cell is determined as provided in Table 2. HARQ (UL grant/PUSCH/PHICH) timing skipping operation is applied according to the combination of scheduling/scheduled cell and reference configuration. 
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