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1 Introduction
In RAN1#67 and #68, thanks to effective email discussion, substantial progress has been made for the support of aggregation of cells with different TDD UL-DL configurations. In RAN1#68, all working assumptions made in RAN1#67 were confirmed and it was agreed that HARQ timing of PCell PDSCH, the scheduling timing and HARQ timing of PCell PUSCH should follow the PCell’s timing. Regarding the HARQ timing of PDSCH on SCell, the UL-DL configuration combinations are categorized into different cases and the following conclusions were reached:
· The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration
In this document we address the issues related to HARQ timing of PDSCH on SCell for the remaining FFS case above for the support of CA with different TDD UL-DL configurations. 
2 Discussions
Seven different TDD UL-DL configurations are defined for LTE TDD. Considering the aggregation of two carriers firstly, there are 42 possible combinations of different TDD UL-DL configurations. To discuss the related design aspect of HARQ timing of PDSCH on SCell, UL-DL configuration combinations are categorized into three cases where the leftover FFS case in last meeting is further classified into case 2 and case 3, as shown in table 1. 
Table 1: Classification of combinations of different TDD UL-DL configurations for DL CA
	Classification
	PCell UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell UL-DL Configuration
	0
	
	★
	★
	★
	★
	★
	★

	
	1
	◎
	
	★
	◇
	★
	★
	◎

	
	2
	◎
	◎
	
	◇
	◇
	★
	◎

	
	3
	◎
	◇
	◇
	
	★
	★
	◎

	
	4
	◎
	◎
	◇
	◎
	
	★
	◎

	
	5
	◎
	◎
	◎
	◎
	◎
	
	◎

	
	6
	◎
	★
	★
	★
	★
	★
	

	Notes:

	 ★
	Case 1: the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration. Solution was agreed in RAN1#68.

	◎
	Case 2: the set of DL subframes indicated by the SCell SIB1 configuration is a superset of the DL subframes indicated by the PCell SIB1 configuration. 

	◇
	Case 3: the set of DL subframes indicated by the SCell SIB1 configuration is neither a superset nor a subset of the DL subframes indicated by the PCell SIB1 configuration.


According to current agreements, for the HARQ timing of PDSCH on SCell, the issue to be addressed is how to link the available ACK/NACK feedback resources on PCell to PDSCHs transmitted in different subframes on SCell without introducing new PDSCH HARQ timing. 

For Case 1: the solution was agreed in RAN1#68 that the PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration for both of self-scheduling and cross-carrier scheduling. No problem has been identified for this solution.

Hereinafter, for case 2 and case 3, we compare three options which are in line with the agreement that no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10 with focus on full-duplex operation mode:
· Option 1: the HARQ timing of PDSCH on SCell shall follow the PCell SIB1 configuration.
· Option 2: the HARQ timing of PDSCH on SCell shall follow the SCell own SIB1 configuration.
· Option 3 (for case 3 only): the HARQ timing of PDSCH on SCell follows TDD UL-DL configuration X as long as the set of UL subframe of UL-DL configuration X is a subset of  UL subframe indicated by PCell SIB1 configuration as well as a subset of UL subframe indicated by SCell SIB1 configuration. 
2.1 HARQ timing of PDSCH on SCell for case 2
18 combinations of different UL-DL configuration belonging to this case have the same characteristic that the set of UL subframes indicated by the PCell SIB1 configuration is a superset of the UL subframes indicated by SCell SIB1 configuration, so there would be no concern on availability of UL subframes on PCell to carry the ACK-NACK corresponding to PDSCH on SCell.

In case of self-scheduling 
For option 1, PDSCH can not be scheduled in those inconsistent DL subframe on SCell as shown in Figure 1-a，accordingly DL peak date rate is impacted, so this solution is not optimal.
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Figure  1 -a:  HARQ timing of PDSCH on Scell follows Pcell SIB 1  configuration  (Self -scheduling)

Ack/NAck for PDSCH on Scell


While for option2, because explicit ACK-NACK resource allocation is used for PDSCH on SCell rather than implicit ACK-NACK resource mapping according to current specification, DL resources on SCell can be fully utilized as long as eNB reserves properly ACK-NACK resources on PCell for PDSCH on SCell, which is implementation specific without extra standard effort, as illustrated in Figure 1-b. Obviously, it can be concluded that option 2 outperforms option 1. 
Proposal 1: for case 2, the HARQ timing of PDSCH on this SCell in case of self-scheduling shall follow the timing corresponding to SCell own SIB1 configuration. (Option 2)
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Figure  1 - b:   HARQ timing of PDSCH on Scell follows Scell SIB 1  configuration  (Self -scheduling )


In case of cross-carrier scheduling
After checking all the combinations belong to case 2 (Figure A.1 in Annex is attached for quick checking and one combination is illustrated in Figure 2), the follow issues are observed for option 2:
· If scheduling cell is the PCell
· DL grant issue: those DL subframes on SCell without corresponding DL subframes on scheduling cell can not be scheduled due to lack of DL Grant, accordingly cross-subframe scheduling is required to maximize the DL data rate. As shown by red dashed line in Figure 2, subframe #4 and #9 can not be cross-carrier scheduled by PCell as subframe#4 and #9 are UL subframes on PCell.
· Implicit ACK/NACK mapping issue: as we know, if PUCCH format 1b with channel selection is configured, the ACK/NACK resource for PDSCH on SCell indicated by PDCCH on PCell is implicitly given by the CCE of that PDCCH, so some DL subframes can not be scheduled due to lack of implicit mapped ACK/NACK resources, e.g. subframe#0, #4, #5, #9 on SCell in figure 2. However, at least the following two solutions can address the concern:
· Solution1: using PUCCH format 3 instead of format 1b with channel selection to avoid this issue.

· Solution2: introducing additional explicit ACK/NACK resource allocation mechanism for PDSCH on SCell indicated by PDCCH on PCell.
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Figure  2:   HARQ timing of PDSCH on Scell follows Scell SIB 1  configuration  (Cross-carrier scheduling)


· If scheduling cell is another SCell (same or different UL-DL configuration), there is no implicit ACK/NACK mapping issue as ACK/NACK resource for PDSCH on SCell indicated by PDCCH on another SCell is explicitly allocated, so the only problem is lack of DL grant:
· DL grant issue: cross-subframe scheduling is required only when the set of DL subframes of scheduled cell is a superset of the DL subframes of scheduling cell.
For option 1, it can be observed that more DL subframes can not be scheduled comparing to the case of self-scheduling if the set of DL subframes of scheduling cell is a subset of DL subframes of scheduled Cell given no cross-subframe scheduling, that is to say, the number of DL subframes on PCell is the upper bound of the number of DL subframes which can be scheduled on SCell.
According to above observations, from DL peak data rate point of view, it can be concluded that option 2 is better than option 1 if cross-subfame scheduling is supported and even if cross-subframe scheduling is not supported, option 2 is not worse than option 1 assuming PUCCH format 3 is used. In addition, if the scheduling cell is another SCell rather than PCell, when the set of DL subframes of scheduled cell is not a superset of the DL subframes of scheduling cell, there is no problem at all for option 2 and DL peak data rate is preserved, as shown in figure 3, while for option 1, same problem as self-scheduling can be found. Furthermore, it is not desirable to have variant PDSCH HARQ solution for self-scheduling and cross-carrier scheduling. The necessity of cross-subframe scheduling to maximize the DL peak data was analyzed in [7], though no solution is provided. In our view, forward sub-frame scheduling would not result in much scheduling implementation complexity at eNB side as we have similar UL multiple TTI scheduling mechanism in R8. The details of cross-carrier scheduling can be FFS and one solution in our mind is to reuse some code points of CIF in the DL grant to indicate the subframe index, so it is premature to preclude this mechanism by adopting option 1.
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Regarding the ACK/NACK implicit mapping issue for option 2 which would not happen if more than two cells are configured for CA or scheduling is not PCell, we do not think it is a big deal as PUCCH format 3 can be configured to avoid this issue. PUCCH format 1b with channel selection has limited usage for CA with different UL-DL configurations, so this issue should not be a strong reason to prevent us from adopting a universal solution for case 2. For option 2, PUCCH format 1b with channel selection for 2 cells aggregation with different UL-DL configurations may cause additional standard effort as R8/R10 ACK/NACK mapping table can not be used directly due to different ACK/NACK payloads in some UL subframes comparing to R8/R10. So for option 2, using PUCCH format 3 instead of PUCCH format 1b with channel selection for ACK/NACK report is a simply and clean way.
All in all, with the spirit of future proof and invariant solution for cross-carrier scheduling and self-scheduling, option 2 is preferred. Note: even if cross-subframe scheduling is not supported in the future, the achievable peak data rate by option 2 is still higher than or equivalent to that by option 1. 
Proposal 2: for case 2, in case of cross-carrier scheduling, the HARQ timing of PDSCH on cross-carrier scheduled SCell shall follow the timing corresponding to this SCell own SIB1 configuration regardless of whether cross-subframe scheduling is supported or not (Option2). Cross-subframe scheduling can be considered as complementary solution.
2.2 HARQ timing of PDSCH on SCell for case 3
6 combinations of different UL-DL configuration belonging to this case have non-uniform subframe discrepancy posing additional complexity of PDSCH HARQ timing design.
In case of self-scheduling 
For this case, DL subframes on SCell can not be fully utilized by either option 1 or option 2, as shown in figure A.2 -1 and figure A.2-2 in Annex. We also observed that option 1 poses less scheduling restriction than option 2 after checking all the 6 combinations. By option 3, as shown in figure A.2-3 in Annex, all the DL subframes on SCell can be utilized as long as the HARQ timing of PDSCH on SCell follows the reference UL-DL configuration #4. Signalling for reference UL-DL configuration X is not needed because X should be #4 for combination of {#1,#3} or {#3,#1}, and 5 for combination of {#2,#4},{#2,#3}, {#3,#2} or{#4,#2}.
The main concern on option 3 is the larger ACK/NACK payload size on a certain UL subframe, which may penalize the DL peak data rate and may result in ACK/NACK payload size >20 bits when aggregating more than 2 CCs, e.g. 4 CCs with UL-DL configurations of {#2 (PCell), #1, #4, #4}. Hence it is not so obvious that option 3 can always outperform the option 1, though DL peak data rate can possibly be preserved by option 3 when channel condition is good enough. 
In case of cross-carrier scheduling
It can be observed that DL subframes on SCell can not be fully utilized by whichever option as shown in figure A.3 in Annex in case of cross-carrier scheduling assuming no cross-subframe scheduling. As observed in case 2, option 2 and option 3 also have the problem of lack of DL grant and implicit ACK/NACK resource mapping comparing to the case of self-scheduling while option 1 only have the same problem as in self-scheduling. 
It was proposed in [2][3] that case 3 is not supported for aggregation of inter-band cells with different TDD UL-DL configurations to simplify specification and implementation efforts, which would not hurt system flexibility much. In our point of view, it is hard to say those combinations are not typical in the Het-net deployment scenarios because configuration #1 and #2 are popular now in homogenous networks while configuration#3 and #4 are suitable for hot spots. Hence, to draw the conclusion on whether to support case 3, operator’s input is very helpful. 
If case 3 is supported, with the spirit of common solution for various numbers of CCs aggregated and for both self-scheduling and cross-carrier scheduling, we prefer option 1 for combination of {#2,#4},{#2,#3}, {#3,#2} or {#4,#2} because of balanced ACK/NACK payload size and the support of up to 5 CCs, while prefer option 3 for  combination of {#1,#3} and {#3,#1} to maximize the DL peak data rate.
Proposal 3: if case 3 is supported, for combination of {#2,#4},{#2,#3}, {#3,#2} or {#4,#2}, the HARQ timing of PDSCH on SCell shall follow the timing corresponding to PCell SIB1 configuration, otherwise follow the timing corresponding to UL-DL configuration #4, regardless of self-scheduling or cross-carrier scheduling.
2.3 Half-duplex operation

It is natural that RAN1 design should focus on the full-duplex operation in order to fully exploit the benefits offered by aggregation of cells with different TDD UL-DL configurations. It is acceptable not to optimize the performance for half-duplex mode and scheduling based solution can make the solution designed for full-duplex mode viable for half-duplex mode. That is to say, if a UE is not capable of full-duplex operation, the eNB can impose necessary scheduling restrictions to serve the UE in the half-duplex manner. 
3 Conclusion
In this contribution, we categorize the UL-DL configuration combinations into 3 cases for the support of DL CA with different TDD UL-DL configurations and discuss the HARQ timing of PDSCH on SCell for the remaining case 2 and case 3. In particular, we propose: 

Proposal 1: for case 2, the HARQ timing of PDSCH on SCell in case of self-scheduling shall follow the timing corresponding to SCell own SIB1 configuration (Option 2).

Proposal 2: for case 2, in case of cross-carrier scheduling, the HARQ timing of PDSCH on cross-carrier scheduled SCell shall follow the timing corresponding to this SCell own SIB1 configuration regardless of whether cross-subframe scheduling is supported or not (Option 2). Cross-subframe scheduling can be considered as complementary solution. 
Proposal 3: if case 3 is supported, for combination of {#2,#4},{#2,#3}, {#3,#2} or {#4,#2}, the HARQ timing of PDSCH on SCell shall follow the timing corresponding to PCell SIB1 configuration, otherwise follow the timing corresponding to UL-DL configuration #4, regardless of self-scheduling or cross-carrier scheduling.
To sum up, in other words, HARQ timing of PDSCH on a certain SCell is determined by rules based on the combination of {PCell SIB 1 configuration, SCell SIB1 configuration}, which can be given by the following table:

	PDSCH HARQ timing on SCell follows UL-DL configuration #
	PCell UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell UL-DL Configuration
	0
	
	1
	2
	3
	4
	5
	6

	
	1
	1
	
	2
	[4]
	4
	5
	1

	
	2
	2
	2
	
	[3]
	[4]
	5
	2

	
	3
	3
	[4]
	[2]
	
	4
	5
	3

	
	4
	4
	4
	[2]
	4
	
	5
	4

	
	5
	5
	5
	5
	5
	5
	
	5

	
	6
	6
	1
	2
	3
	4
	5
	

	Notes: 
	 Case 1
	Case 2
	Case 3
	[]:if supported


Proposal 4: half-duplex operation mode is supported by the scheduling based solution.
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Figure A.1: PDSCH HARQ timeline for different UL-DL configurations
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Figure A.2: illustrations of case 3 in case of self-scheduling
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Figure A.3: illustrations of case 3 in case of cross-carrier scheduling
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