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1 Introduction

In the RAN1 #68bis meeting, some agreements and working assumptions were achieved on PDSCH HARQ timing for the inter-band TDD CA with different UL-DL configurations [1], which can be summarized as following: 

· On PDSCH timing  for the case where SCell(s) downlink subframes is a superset of PCell 
· 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.
· In case of cross-carrier scheduling, it is FFS.
· On PDSCH timing for the case where SCell(s) downlink subframe is neither a subset nor a superset of PCell 

· In case of self-carrier scheduling

· For full duplex case, agreement is that SCell PDSCH HARQ timing should follow the timing of the configuration with the common set of UL subframes for PCell and SCell.

· For half duplex case, working assumption is using the same scheme as the full duplex case. 
· 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.

· In case of cross-carrier scheduling, working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands.
In this contribution, we discuss the remaining issues for PDSCH HARQ timing design for both self-carrier scheduling and cross-carrier scheduling. 

2 PDSCH HARQ timing design
The PDSCH HARQ timing for self-carrier scheduling and cross-carrier scheduling is discussed in section 2.1 and section 2.2 respectively. 
2.1 PDSCH HARQ timing for self-carrier scheduling
For full-duplex UEs, it has been already agreed to use the reference timing in Fig. 1 on PDSCH HARQ timing of the SCell for self-carrier scheduling. 
For half-duplex UEs, it is preferred to have a common solution with the case of full-duplex UEs in order to simplify the implementation. Therefore, the working assumptions for half-duplex UEs in case of self-carrier scheduling is to apply the same HARQ timing table as shown in Fig. 1 for the PDSCH HARQ timing of the SCell, and we propose it to be confirmed. 
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Fig. 1. The configuration which the SCell follows for self-carrier scheduling
Proposal 1: 
For half-duplex UEs, on PDSCH HARQ timing of the SCell in case of self-carrier scheduling, the same HARQ timing scheme is adopted as that for full-duplex UEs. 
2.2 PDSCH HARQ timing for cross-carrier scheduling
On determining PDSCH HARQ timing of the SCell in case of cross-carrier scheduling, mainly two issues could be considered: 
Issue 1: Whether to introduce DL cross-subframe/multi-subframe scheduling in order to utilize all the DL subframes on the SCell

Issue 2: Whether to maintain the Rel-10 implicit PUCCH resource allocation in case of PUCCH format 1b with channel selection 

For issue 1, based on the analysis in [2], we propose DL cross-subframe/multi-subframe scheduling is not introduced in Rel-11 while considering the extra standardization effort, but it can be considered in further releases. 

For issue 2, it is noted that the resource allocation for PUCCH format 1b with channel selection is different between cross-carrier scheduling and self-carrier scheduling. In Rel-10, HARQ-ACKs of the SCell use the implicit PUCCH format 1b resource on the PCell for cross-carrier scheduling, while explicit resource is used in case of self-carrier scheduling. 

The following two options could be considered as candidate solutions, the analysis is under the assumption without cross-subframe/multi-subframe scheduling, and mainly focused on the issue 2. 

Option 1: The SCell’s PDSCH HARQ timing follows the self-scheduling timing. 
For option 1, there may be no implicit PUCCH format 1b resource available for some DL subframes of the SCell. An example is shown in Fig. 2, where the PUCCH resource on subframe #8 is reserved corresponding to the cross-scheduling PDCCH in DL subframe #4 on PCell with PCell’s HARQ timing. But, there is no implicit PUCCH resource reserved in subframe #2 on the PCell for PDSCH transmission in subframe #4 on the SCell.There would be PDCCH scheduling restriction to avoid the possible implicit PUCCH resource collision. 

[image: image2.emf]D S

U(5,6) U(9) D D S U(0,1) U(4) D

D S U(4,5,6,8) D D D S

Configuration 1

(PCell)

U(9,0,1,3) D D

0 1 2 3 4 5 6 7 8 9 Subframe index

Configuration 2 

(SCell)

Original HARQ-ACK for subframe 4 on 

the SCell is transmitted on subframe 2

No implicit PUCCH for subframe 4

D S

U(5,6) U(9) D D S U(0,1) U(4) D

D S U(4,5,6,8) D D D S

Configuration 1

(PCell)

U(9,0,1,3) D D

0 1 2 3 4 5 6 7 8 9 Subframe index

Configuration 2 

(SCell)

Frame n

Frame n+1


Fig. 2. Option 1 for PDSCH HARQ timing of the SCell for cross-carrier scheduling
Option 2: The SCell follows the PCell’s PDSCH HARQ timing. 
For this option, the implicit PUCCH resource allocation issue for option 1 could be solved in most combinations when two carriers are configured for a UE. As shown in Fig. 3, subframes #3 and #8 on the SCell are muted under the assumption of no cross-subframe/multi-subframe scheduling, so all the remaining DL subframes on the SCell can follow the PCell’s PDSCH HARQ timing. In this case, it can guarantee that the implicit PUCCH 1b resource always exists in the related UL subframe on the PCell. 
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Fig. 3. Option 2 for PDSCH HARQ timing for PCell-to-SCell cross-carrier scheduling
However, the implicit PUCCH resource issue still exists with option 2 for the six special combinations (configuration {1+3&3+1}, {2+3&3+2} and {2+4&4+2}) which are already supported with the timing scheme shown in Fig. 1 according to the working assumption of RAN1 #68bis meeting, since the reference configuration is not same as the cross-scheduling cell SIB1 configuration. 

To summarize, option 1 is preferred since it is a common solution as the case of self-carrier scheduling to simplify the specification. 
Proposal 2: 
On PDSCH HARQ timing of the SCell in case of cross-carrier scheduling, the SCell follows the SCell’s own PDSCH HARQ timing. 

3 Conclusion
In this contribution, the remaining issues for PDSCH HARQ timing of the SCell are discussed. It is proposed that:

Proposal 1: 

For half-duplex UEs, on PDSCH HARQ timing of the SCell in case of self-carrier scheduling, the same HARQ timing scheme is adopted as that for full-duplex UEs. 

Proposal 2: 

On PDSCH HARQ timing of the SCell in case of cross-carrier scheduling, the SCell follows the SCell’s own PDSCH HARQ timing. 
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