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1. Introduction
In RAN1#68bis meeting, we have confirmed the working assumptions from RAN1#68 and discussed the PUSCH scheduling/HARQ timing on SCell [1]. However, for PUSCH scheduling/HARQ timing on SCell, we have just discussed the pros and cons on each alternative for the case B where the HARQ RTT is 10ms and the number of UL subframe on scheduled cell is a superset of that on scheduling cell, when configuring the cross-carrier scheduling for UL transmission. Therefore, in this contribution, we will discuss the remaining issues related with PUSCH HARQ/scheduling timing according to conclusion as below.
PUSCH timing

Case B:

· For cross carrier scheduling

· Alt 1: Follow the scheduling cell’s PUSCH timing

· Benefit: no PHICH issue

· Drawback: lose some PUSCH subframes, peak rate may not be achievable

· Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)

· Benefit: can achieve peak rate

· Drawback: PHICH may not be available for some subframes

Conclusion: continue discussion, take into account UE procedure considerations if PHICH is not available. 

2. PUSCH scheduling and HARQ timing on SCell
For PUSCH scheduling/HARQ timing on SCell in case of cross CC scheduling (i.e. CCS), it has been agreed that if the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms (i.e. Case A), then follow the scheduling cell SIB 1 configuration. Thus, the remaining cases (i.e. Case B/C/D as below) of PUSCH scheduling/HARQ timing on SCell in case of CCS will be separately discussed to cover all the TDD UL-DL configurations combinations for the PUSCH scheduling/HARQ timing on SCell as seen table 1. 
Table 1: 4 Different cases for the reference PUSCH HARQ/scheduling timing on SCell
	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
	D

	
	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
	　
	　
	　


I. Case B: UL subframes of scheduled cell SIB 1 configuration is a super set of UL subframes of scheduling cell SIB1 configuration and scheduling cell’s HARQ RTT is 10ms.
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Figure 1. Following the scheduled cell SIB 1 configuration for case B
Alt 1. Follow the scheduling cell SIB 1 configuration for PUSCH HARQ/scheduling timing on SCell 
· It can not support the UL peak data rate.
· There is no PHICH collision issue on scheduling.
Alt 2. Follow the scheduled cell SIB 1 configuration for PUSCH HARQ/scheduling timing on SCell (as seen figure 1)
· It can support the UL peak data rate.
· It would need to handle the PHICH collision issue.
Comparing all the alternatives for the Case B, it is preferred to follow the scheduled cell SIB 1 configuration for PUSCH HARQ/scheduling timing on SCell as for alt 2 because it can support the UL peak data rate and it seems that one of considerations for application of CA with different TDD configuration is well matched. However, there would be handling issue of PHICH collision due to different control region understanding on scheduling cell between legacy UE and inter-band CA TDD Rel-11 UE. In our view, we think it does not require the significant standard effort and can be handled by scheduling techniques. Thus, if the alt 2 is chosen as the PUSCH HARQ/scheduling timing in the case B, then it should be discussed, and more details will be discussed in section 3.
Proposal 1: For supporting UL peak data rate in Case B, scheduled cell SIB1 configuration should be supported for PUSCH HARQ/scheduling timing on SCell. 
II. Case C: UL subframes of scheduled cell SIB 1 configuration is neither a super set nor subset of UL subframes of scheduling cell SIB1 configuration and scheduling cell’s HARQ RTT is 10ms.
For the case C, there are 6 combinations of TDD configuration among serving cells which are the combinations of TDD UL-DL configuration (1,3), (2,3), (2,4), (3,1), (3,2) and (4,2). So, in those TDD UL-DL configuration combinations, there is no relation between each other about UL/DL subframe configuration between serving cells. In case C, some companies said that those TDD configuration combinations are restricted to use for different TDD configuration for the simplicity [2]. However, in our view, we do not find special reason for allowing that kind of restriction and we think all the combinations in case C (i.e. 6 combinations) can be supported for different TDD configuration with one of below alternatives.
Alt 1. Follow scheduling cell SIB 1 configuration 
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Figure 2. Following the scheduling cell SIB 1configuration for case C
Regarding alt 1, it is just following scheduling cell SIB 1 configuration as seen figure 2 and thus, it can get the simple PUSCH HARQ/scheduling design for case C. However, alt 1 will result in a decrease of UL peak data rate due to no scheduling timing for some UL data transmission on SCell as for subframe #4 in figure 2. 
Alt 2. Follow reference PUSCH HARQ/scheduling timing 
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Figure 3. Following the scheduled cell SIB 1 configuration for case C
Unlike alt 1, alt 2 for case C may support UL peak data rate by applying the reference PUSCH HARQ/scheduling timing while it may require the scheduling restriction on a specific PUSCH HARQ timing in certain combinations (i.e. {1,3}, {3,1} by TDD UL-DL configuration #3 with scheduling restriction) of different TDD UL-DL configuration for supporting UL peak data rate as seen figure 3. However, for other combinations except {1,3}, {3,1} in case C, the UL peak data rate can be supported by applying the reference PUSCH HARQ/scheduling timing. For example, the combinations of these TDD UL-DL configuration {2, 3}, {2, 4}, {3, 2} and {4, 2} can be handled by reference PUSCH HARQ/scheduling timing 3, 4, 1 and 1, respectively for supporting UL peak data rate.
With above observations for alt 1 and 2 in case C, it seems that applying alt 2 for case C can give better UL resource utilization in SCell compared to alt 1. Therefore, we prefer alt 2 in case C.
Proposal 2: It is preferred to follow the reference PUSCH HARQ timing to maximize UL data rate in case C. (i.e. For PUSCH HARQ timing in case C, the combinations {1,3}, {3,1} can be handled by TDD UL-DL configuration #3 and other combinations {2, 3}, {2, 4}, {3, 2} and {4, 2} can be handled by TDD UL-DL configuration 3, 4, 1 and 1, respectively).
III. Case D: Scheduling cell’s HARQ RTT is not 10ms.
The remaining case is a case D where PUSCH HARQ RTT of scheduling cell is not 10ms on inter-band CA with different TDD configuration. In this case, just following either scheduling or scheduled cell SIB 1 configuration will result in non-acceptable PUSCH HARQ operation, and even with the other reference PUSCH HARQ timing, it would be also observed same problems which can not support the PHICH transmission and cross-carrier scheduling in some subframes. Therefore it can not apply the current PUSCH HARQ timing without any modification due to miss-matched PUSCH HARQ timing for case D. In order to support all TDD combinations in the case D, it would require more standard impact and complex implementation. So, it should be restricted for using corresponding TDD configurations combinations in case D. 
Proposal 3: It should be restricted to use corresponding TDD configuration combinations in case where PUSCH HARQ RTT on scheduling cell is not 10ms in case of CCS.
3. PHICH collision issue
As discussed in the previoius section, in order to support peak data rate in case of CCS in some TDD configuration combinations as for case B and C in section 2.2, scheduled cell SIB1 configuration can be supported for PUSCH HARQ/scheduling timing on SCell. If scheduled cell SIB1 configuration is applied for HARQ/scheduling timing on SCell, there will be a PHICH collision issue due to different understanding of control region between legacy UE and Rel-11 UE on inter-band CA. Regarding PHICH collision issue, three alternatives can be considered for solution as below.
· Alt 1. Only allow PHICH transmission for scheduled cell in DL subframe on scheduling cell which is same as PHICH timing of scheduling cell, in other case where PHICH timing of scheduled cell is not same as scheduling cell, PDCCH can be transmitted to indicate PUSCH HARQ ACK by adaptive HARQ manner instead of PHICH based on non-adaptive HARQ. (UL grant only) 
· Alt 2. Define additional physical resource such as ePHICH (if ePHICH is introduced in Rel-11).
· Alt 3. Restrict cross-carrier scheduling in the subframe where PHICH timing of scheduled cell is not same as that of scheduling cell. (scheduling restriction)
Proposal 4: Alt 1 or 3 should be considered for handling for PHICH collision issue.
4. Conclusion
This contribution provides our views on remaining issues of PUSCH HARQ/scheduling timing on SCell for inter-band CA with different TDD configuration. For conclusions, the followings are our proposals:
· Proposal 1: For supporting UL peak data rate in case 1, scheduled cell SIB1 configuration should be supported for PUSCH HARQ/scheduling timing on SCell. PHICH issue on scheduling cell is FFS.
· Proposal 2: It is preferred to follow the reference PUSCH HARQ timing to maximize UL data rate in case C. (i.e. For PUSCH HARQ timing in case C, the combinations {1,3}, {3,1} can be handled by TDD UL-DL configuration #3 and other combinations {2, 3}, {2, 4}, {3, 2} and {4, 2} can be handled by TDD UL-DL configuration 3, 4, 1 and 1, respectively).
· Proposal 3: It should be restricted to use corresponding TDD configuration combinations in case where PUSCH HARQ RTT on scheduling cell is not 10ms in case of CCS.

· Proposal 4: One of method among alternatives can be considered for handling for PHICH collision issue.
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