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1 Introduction
In RAN1 #70 meeting, the issue of how to handle uplink cross-carrier scheduling/HARQ timing for inter-band TDD Carrier Aggregation (CA) was discussed for the remaining three cases, namely case B, C and D as shown in Table 1: 

· Case B: UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
· Case C: UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor 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
· Case D: PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms
Table 1: Reference cases for PUSCH HARQ/scheduling timing on SCell
	
	SIB1 UL-DL Configuration of Scheduling Cell

	
	0
	1
	2
	3
	4
	5
	6

	SIB1 UL-DL Configuration of Scheduled Cell
	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
	

	Note:
	
	Agreed
	
	Still open (w/ WA)


After discussion, the following harmonized working assumption was reached for progress: 

· 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, we further analyse the consequence of following the working assumption mentioned above for the UL cross-carrier scheduling cases and provide our recommendations on the scheduling/HARQ timing.
2  Discussion 
One important aspect that needs to be taken into account when analysing and selecting the solutions for PUSCH scheduling/HARQ timing for the aggregation of TDD CCs of different UL-DL configuration is the uplink peak data rate performance, since one of the identified benefits of supporting inter-band TDD CA with different configurations is to maximize the peak data rate. 
For Case B, the working assumption – “following scheduled cell timing for PUSCH”, could provide the full peak data rate in the UL of the scheduled cell for CA capable UEs, and therefore is a good choice. As presented in [1], more than 50% gains are observed in UL resource utilization efficiency for majority of Case B with fulfillment of the agreed working assumption. Moreover, lack of DL subframes to carry PHICH, for instance in the case of zero-PHICH DL subframes of Case B, was agreed to be simply solved by relying on PHICH-less operation for those subframes. 
For Case C, it can be observed that working assumption results in UL subframes  efficiency of approximately 50% ~75% on scheduled cell and therefore not an optimized solution in terms of UL peak data rate. However, considering the tradeoffs underlying the harmonized choice, following scheduled cell SIB1 configuration is also a way to simplify design, while still providing a reasonably good data rate performance. 
Table 2: Percentage of usable UL subframe on scheduled Cell for Case D under working assumption

	
	Scheduled Cell SIB1 configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scheduling Cell SIB1 configuration
	0
	
	50%
	0%
	33.4%
	0%
	0%
	60%

	
	6
	100%
	75%
	0%
	67%
	50%
	0%
	


Contrary to Case B and C, the working assumption of following the scheduled cell’s scheduling/HARQ timing for Case D may lead to serious degradation on peak data rate. This is due to the fact that UL subframes on the scheduled cell cannot be scheduled, since the corresponding UL grants/PHICH need to be transmitted in subframes that are UL on the scheduling cell. The percentage of usable UL subframes on scheduled cell is summarized in Table 2 above under the working assumption. As shown in Table 2, none of the UL subframes on SCells with SIB1 UL-DL configuration 2, 4 or 5 can be scheduled in Case D by following the working assumption, which means UL CA would be effectively disabled and thus, not supported implicitly for these configurations. From Table 2, it is vital to note that UL CA is always disabled for all CA capable of UE when cross-carrier scheduling is configured and TDD configuration 2 is configured on scheduled cell. To address this issue, a common reference UL-DL configuration, e.g. UL-DL configuration 1, could be simply used for PUSCH scheduling/HARQ timing on scheduled Cell for the problematic configuration combination marked with red color in Table 2. This solution provides a reasonable trade-off between the complexity/efforts of implementation/standardization/ testing and higher UL peak data rate as shown in Table 3.  
Table 3: Percentage of usable UL subframe on scheduled Cell for Case D by following UL-DL configuration 1
	
	Scheduled Cell SIB1 configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scheduling Cell SIB1 configuration
	0
	
	50%
	100%
	33.4%
	50%
	100%
	40%

	
	6
	50%
	75%
	100%
	67%
	100%
	100%
	


Based on the above observations and considering, we propose the following: 
Proposal 1: For Cases B and C, confirm the working assumption as follows:

· PUSCH HARQ/scheduling timing on scheduled cell follows its own SIB1 configuration when cross-carrier scheduling is configured. 

Proposal 2: For Case D, when cross-carrier scheduling is configured, PUSCH HARQ/scheduling timing on scheduled cell follows:

· TDD UL-DL configuration 1 for the configuration combinations (0,2), (0,4), (0,5), (6,2) and (6,5). 

· its own SIB1 configuration for other configuration combinations.
3 Conclusions

This contribution discussed the PUSCH scheduling/HARQ timing considerations for the three cases of inter-band TDD CA combinations (case B, C and D) with the assumption that cross-carrier scheduling is configured. The trade-offs between additional specification complexity, UE/network complexity and achievable UL peak data rate were taken into account for CA capable UEs. Based on the discussions, we have the following proposals:

Proposal 1: For Cases B and C, confirm the working assumption as follows:

· PUSCH HARQ/scheduling timing on scheduled cell follows its own SIB1 configuration when cross-carrier scheduling is configured. 

Proposal 2: For Case D, when cross-carrier scheduling is configured, PUSCH HARQ/scheduling timing on scheduled cell follows:

· TDD UL-DL configuration 1 for the configuration combinations (0,2), (0,4), (0,5), (6,2) and (6,5). 

· its own SIB1 configuration for other configuration combinations.
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