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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. Based on the practical benefits from the working assumption, we propose to confirm the working assumption for Case B. 
Proposal 1: For Case B, PUSCH HARQ/scheduling timing on scheduled cell follows its own SIB1 configuration when cross-carrier scheduling is configured. 
Contrary to Case B, the working assumption of following the scheduled cell’s scheduling/HARQ timing for Case C and 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. For instance, approximately 25% ~50% UL subframes on SCell could not be utilized for Case C and more seriously none of the UL subframes on SCells with SIB1 UL-DL configuration of #2, #4 or #5 can be scheduled in Case D by following the working assumption, which means UL CA is disabled and not supported implicitly. 
Based on the above observations and considering the trade-off between practical peak data rate benefit and cost of implementation/specification, we provide further recommendations on PUSCH HARQ/scheduling timing for case C and D in the following sections. 
2.1 Case C:
This case corresponds to 6 out of 42 combinations (see Table 1). In our view, the solution that maximizes uplink peak data rate for CA capable UEs while maintaining acceptable specification complexity is preferred. 
For the two configuration combinations, e.g. {Config.2 (scheduling cell) + Config.3/4 (scheduled cell)}, the maximum UL spectral efficiency is obtained by simply following scheduled cell’s scheduling/HARQ timing as illustrated in Figure 2, which is fully aligned with the working assumption well. 
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Figure 2: PUSCH Scheduling/HARQ timing for configuration combinations {Config.2 + Config.3/4}
Table 3: Reference UL-DL configuration for Case C

	
	SIB1 UL-DL Configuration of Scheduling Cell

	
	1
	2
	3
	4

	SIB1 UL-DL Configuration of Scheduled Cell
	1
	
	-
	6
	-

	
	2
	-
	
	1
	1

	
	3
	6
	3
	
	-

	
	4
	-
	4
	-
	


For the other four cases, simply following scheduled cell for PUSCH on SCell would decrease the UL peak data rate for carrier aggregation due to lack of UL grant resources on scheduling cell as pre-mentioned. To address this issue, reference UL-DL configurations corresponding to the respective configuration combinations could be used for PUSCH transmission on SCell, as summarized in Table 3.There are trade-offs between implementation complexity and higher UL peak data rate for these cases and following the scheduling Cell SIB1 configurations may be an acceptable trade-off.  
Based on above analysis, we propose the following to enable higher peak data rate: 
Proposal 2: For Case C, PUSCH HARQ/scheduling timing on scheduled cell may follow the selected reference UL-DL configuration when cross-carrier scheduling is configured.
2.2 Case D:
This case corresponds to 12 out of 42 combinations (see Table 1). No restriction imposed on the configuration combination is preferred in order to simplify the core specification and provide sufficient flexibility for network deployment. PUSCH scheduling/HARQ timing on scheduled cell can simply follow the scheduling cell SIB1 configuration without decreasing UL peak data rate. The main issue arising from this method is that the UL subframes belonging to the same HARQ process may shift position within the frames over the time. However, this issue could be solved by deferring the PUSCH re-transmission to the next available UL subframe. 
Proposal 3: For Case D, PUSCH HARQ/scheduling timing on scheduled cell may follow the scheduling cell SIB1 configuration when cross-carrier scheduling is configured.
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 complexities, 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 Case B, PUSCH HARQ/scheduling timing on scheduled cell should follow its own SIB1 configuration when cross-carrier scheduling is configured. 
Proposal 2: For Case C, PUSCH HARQ/scheduling timing on scheduled cell may follow the selected reference UL-DL configuration when cross-carrier scheduling is configured.
Proposal 3: For Case D, PUSCH HARQ/scheduling timing on scheduled cell may follow the scheduling Cell SIB1 configuration when cross-carrier scheduling is configured.
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