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1. Introduction
In RAN1#68bis meeting [1], the following conclusion has been reached:
· On PDSCH timing  for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self scheduling

· For full-duplex case, agreement is that SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing

•
Can be revisited after discussion of other DL and UL cases

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

•
Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

•
Alt 2: the transmission direction is determined by eNB

· In case of cross-carrier scheduling

· Alt 1: Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 

· On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)

· In case of self-carrier scheduling, 

· For full duplex case, the timing table in alternative 1 is agreed.

· For half duplex case, working assumption is the timing table in alternative 1

· In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

· In case of cross-carrier scheduling, working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands

· Can be revisit if any problems occurs until RAN1#69

· For PUSCH timing caseB (UL subframes of scheduled cell are a superset of the UL subframes of scheduling cell and RTT of the scheduling cell is 10ms)
· 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

· Continue discussion; take into account UE procedure considerations if PHICH is not available. 
· Agreement: Confirm the working assumption from RAN1#68: for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.
There are still some issues associated with PDSCH and PUSCH timing under debating. Especially, in cross-carrier scheduling, the issues with PUCCH resource for PDSCH HARQ-ACK, and PHICH resource for PUSCH HARQ-ACK are the determining factor for choosing scheduling cell timing or scheduled cell timing to follow. In this contribution, we provide our view on the HARQ-ACK timing and propose solutions on how to solve the resource issues with both PUCCH and PHICH such that the peak data rate on both PDSCH and PUSCH can be achieved.
2. PUCCH for PDSCH HARQ-ACK
As listed in Section 1, on PDSCH timing, for the case where SCell(s) downlink subframes is a superset of PCell (case B), there are two timing candidates under consideration in case of cross-carrier scheduling, i.e., Alt 1: Follow PCell timing and Alt 2: Follow SCell timing. The benefit of Alt 1 is no additional specification effort is needed; while the benefit of Alt 2 is able to use all DL subframes in SCell to achieve the peak data rate.
In our view, the chief purpose of carrier aggregation is to improve the peak data rate. Adopting any scheme which scarifies the peak data rate would defeat the whole purpose of CA. Therefore, we think Alt 2 is the better approach to take.
Proposal 1: In cross-carrier scheduling Case B, SCell PDSCH HARQ follows SCell timing.
With this proposal, there may be difficult to use implicit PUCCH resources for PUCCH format 1b with channel selection due to difference in downlink association set index defined by Table 10.1.3.1-1 in TS 36.213 [2], as shown in Table 1below.
Table 1 Downlink association set index
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	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Considering an example of CA between PCell configuration 6 and SCell configuration 2 and looking at subframe #2 or #7, the downlink association set of PCell {7} is different from one of SCell {8,7,4,6}, highlighted in yellow. Based on the current specification, for cross-carrier scheduling and PUCCH format 1b with channel selection, PUCCH resource is indicated by the CCE index of DL assignment. Figure 1 illustrates the PUCCH resource allocation at subframe #2 or #7 for above mentioned example with three OFDM symbols used for PDCCH region. As we can see, there is a possibility of resource collision of implicit PUCCH resources.
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Figure 1 PUCCH resource allocation at subframe#2 in configuration 6 cell and configuration 2 cell
However, this issue can be solved with reasonable standards effort. One way is to do a little adjustment to the implicit PUCCH resource mapping for advanced CA UEs. Taking the same example, aggregating of  PCell configuration 6 and SCell configuration 2, If we modify the PUCCH resource mapping as illustrated in Figure 2b, the PUCCH resource collision can be completely avoided. With this approach, the PUCCH format 1b with channel selection can be easily supported in the different UL/DL configuration CA case. 
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Figure 2 Illustration of modified PUCCH resource allocation mapping for CA UE at subframe#2 in CA with PCell configuration 6 and SCell configuration 2 to avoid the collision
There are other solutions which can be useful to solve the possible PUCCH resource collision issue. Explicit PUCCH resource indication can be used as it has already been used in the non-cross-carrier scheduling cases. eNB assisted PUCH resource collision avoidance schemes can be also effective in this scenario.  
Proposal 2: PUCCH format 1b with channel selection can be supported in CA with different TDD UL/DL configurations.

3. PHICH for PUSCH HARQ-ACK
On the UL, the debating on SCell PUSCH timing with cross-carrier scheduling for case B (UL subframes of scheduled cell are a superset of the UL subframes of scheduling cell and RTT of the scheduling cell is 10ms) has been narrowed down to two alternatives, as listed in Section 1. Alt 1: Follow the scheduling cell’s PUSCH timing and Alt 2: Follow the scheduled cell’s PUSCH timing. The benefit of Alt 1 is no PHICH issue, but it can not achieve the peak data rate because of losing some PUSCH subframes. The benefit of Alt 2 is being able to achieve peak data rate, but it is associated with PHICH resource issue.
In our view, again, the main purpose of carrier aggregation is to improve the peak data rate on both DL and UL. All subframes should be available to any UE. We support Alt 2 to follow the scheduled cell’s PUSCH timing on SCell. 
To solve the PHICH resource issue, three possible solutions can be considered.
1. Use adaptive HARQ retransmission instead of relying on the ACK/NACK on PHICH. This can implicitly convey ACK/NAK information and as such there is no need for ACK/NACK transmission in DL subframes. With adaptive retransmission, the retransmission Physical Resource Block (PRB) can be different from the initial PUSCH PRB. This provides an opportunity to choose more desirable radio resources based on the current radio channel condition and leads to better performance. However, since UL grant is UE specific, it may become costly, in terms of PDCCH resource, if there are a significant number of retransmissions relying on this scheme. 
2. Provision PHICH resource for CA UE at subframes without PHICH resources. There are a number of ways to implement this, such as puncturing onto the existing control region, using special PDCCH, ePHICH etc.
3. Multiplex ACK/NACK onto PCFICH resource elements. This could create extra PHICH resources in the DL subframe where normal PHICH resource is not available.
Based on views stated above, we propose,
Proposal 3: For PUSCH timing caseB, i.e.,UL subframes of scheduled cell are a superset of the UL subframes of scheduling cell and RTT of the scheduling cell is 10ms, for cross-carrier scheduling, scheduled cell follows the scheduled cell’s PUSCH timing.
4. Conclusion

We have discussed our views on the HARQ-ACK timing and proposed solutions on how to solve the resource issues with both PUCCH and PHICH, such that the peak data rate on both PDSCH and PUSCH can be achieved. Our proposals are listed as follows,
Proposal 1: In cross-carrier scheduling PDSCH Case B, i.e., SCell(s) downlink subframes is a superset of PCell, SCell PDSCH HARQ follows SCell timing.
Proposal 2: PUCCH format 1b with channel selection can be supported in CA with different TDD UL/DL configurations.
Proposal 3: For PUSCH timing caseB, i.e.,UL subframes of scheduled cell are a superset of the UL subframes of scheduling cell and RTT of the scheduling cell is 10ms, for cross-carrier scheduling, scheduled cell follows the scheduled cell’s PUSCH timing.
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