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1 Introduction

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

· For PUCCH transmission, PUCCH on PCell-only.
· No new HARQ-ACK timing.
· Here “no new HARQ-ACK timing” means no new HARQ-ACK table beyond those already defined in Rel-8/9/10.

· FFS if exception is needed for the case of aggregating the 10 ms RTT and other RTTs for cross-scheduling in uplink.

· FFS on the application of HARQ-ACK timing of one TDD UL-DL configuration to an SCell with a different TDD UL-DL configuration.

· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.

· PCell timing is the same as Rel-8/9/10.
· 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 contribution, we discuss the remaining issues for PDSCH HARQ timing design for both non cross-carrier scheduling and cross-carrier scheduling. 

2 PDSCH HARQ timing design
In this section, we discuss the PDSCH HARQ timing design aimed to the full-duplex UEs, assuming half-duplex UEs are supported by the same timing design with the scheduling based solution [2]. The following discussion focuses on the FFS scenario when 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. The PDSCH HARQ timing for non cross-carrier scheduling and cross-carrier scheduling is discussed in section 2.1 and section 2.2 respectively. 
2.1 PDSCH HARQ timing for non cross-carrier scheduling
The FFS scenario can be divided into two cases: 
Case 1: The set of DL subframes indicated by the SCell SIB1 configuration is a superset of the PCell. 

Case 2: The special combination cases, where for some subframes on PCell are DL and SCell are UL, and for some other subframes the other way around. 
For case 1, the subframe on the PCell is always a UL subframe when the HARQ-ACK for the SCell needs to be transmitted according to SCell’s HARQ timing. An example is shown in Fig. 1. It is straightforward for the SCell to follow its own HARQ-ACK timing by the SCell SIB1 configuration. In this case, therefore, the PCell and SCell follow their own PDSCH HARQ timings, which is simple to be implemented since no new PDSCH HARQ timing is introduced. 
An alternative scheme is to let the SCell follow the PCell’s PDSCH HARQ timing. However, some DL subframes on the SCell have to be muted when the subframes are UL on the PCell at the same time, due to that there is no corresponding PDSCH HARQ timing on the PCell. For example in Fig. 1, subframes 3 and 8 on the SCell have to be muted. Obviously, peak data rate is penalized which is not consistent with the motivation of applying CA. 
Therefore, for the SCell’s PDSCH HARQ timing in case 1, it is preferred to follow its own timing. 
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Fig. 1. Case 1 for PDSCH HARQ timing of the SCell
For case 2, there are totally three aggregation combinations which include the combination of TDD configuration {(UL-DL configuration) 2+ (UL-DL configuration) 4}, {2+3} and {1+3}. We take the case of combination 1+3 as an example for illustration, as shown in Fig. 2. It is straightforward for the DL subframes 7 and 8 to follow the SCell’s own HARQ timing. Moreover, it is impossible for them to follow PCell’s timing since the same subframes on the PCell are UL subframes. However, DL subframe 9 on the SCell cannot follow the SCell’s own PDSCH HARQ timing since subframe 4 on the PCell is a DL subframe. So it is not applicable for the SCell to follow either PCell’s timing or its own timing.
However, as these three combinations are not the typical cases in the system deployment, we prefer to support them only if there is clear need of such combination scenarios. 
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Fig. 2. Case 2 for PDSCH HARQ timing of the SCell
Base on above discussion, we propose the following PDSCH HARQ timing rules for the SCell, and it can be also indicated in Fig. 3: 
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Fig. 3. The configuration which the SCell follows for non cross-carrier scheduling
Proposal 1: 
For PDSCH HARQ timing of the SCell in case of non cross-carrier scheduling, 

· The SCell’s PDSCH HARQ timing follows its own timing if the set of DL subframes indicated by the SCell SIB1 configuration is a superset of the DL subframes indicated by the PCell SIB1 configuration.
· The special combinations of configurations {2+4}, {2+3} and {1+3} should be supported only if there is clear need of such combination scenarios. 

2.2 PDSCH HARQ timing for cross-carrier scheduling
In this section, the PDSCH HARQ timing for cross-carrier scheduling is discussed and the resource allocation for PUCCH format 1b with channel selection is also considered.
It is noted that the resource allocation issue for PUCCH format 1b with channel selection is different between cross-carrier scheduling and non cross-carrier scheduling. HARQ-ACKs of the SCell use the implicit PUCCH format 1b resource on the PCell for cross-carrier scheduling while they use explicit resource for non cross-carrier scheduling.  When the explicit resource is used, the same resource allocation scheme as in Rel-10 can be reused. In the following discussion on PDSCH HARQ timing for cross-carrier scheduling case, the implicit resource allocation is considered.
Option 1: The SCell’s PDSCH HARQ timing follows its own timing. 
For option 1, there may be no implicit PUCCH format 1b resource available for some DL subframes in the SCell. An example is shown in Fig. 4, where there would be PDCCH scheduling restriction to avoid the possible implicit PUCCH resource collision, since no implicit PUCCH resource is reserved in subframe 2 on the PCell for PDSCH transmission in subframe 4 on the SCell which is cross-scheduled by the PCell. 
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Fig. 4. Option 1 for PDSCH HARQ timing of the SCell for cross-carrier scheduling
Option 2: The SCell follows the PCell’s PDSCH HARQ timing. 
Under the assumption that no cross-subframe scheduling is introduced for DL cross-carrier scheduling in Rel-11 [4], DL cross-carrier scheduling is only supported when PDCCH on a serving cell c in subframe n schedules PDSCH on other serving cell(s) in subframe n.
With the above assumption, option 2 is a common solution with the case when the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration. Furthermore, the implicit PUCCH resource allocation issue for option 1 is also resolved. As shown in Fig. 5, subframes 3 and 8 on the SCell are muted, so all the remaining DL subframes on the SCell can follow the PCell’s PDSCH HARQ timing. 
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Fig. 5. Option 2 for PDSCH HARQ timing of the SCell for cross-carrier scheduling
Based on the issue of implicit PUCCH resource allocation in case of PUCCH format 1b with channel selection, we prefer option 2, and it can be also indicated in Fig. 6:
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Fig. 6. The configuration which the SCell follows for cross-carrier scheduling
Proposal 2: 
For PDSCH HARQ timing of the SCell in case of cross-carrier scheduling, the SCell follows the PCell’s PDSCH HARQ timing, under the assumption that no cross-subframe scheduling is introduced in Rel-11. 

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

Proposal 1: 

For PDSCH HARQ timing of the SCell in case of non cross-carrier scheduling, 

· The SCell’s PDSCH HARQ timing follows its own timing if the set of DL subframes indicated by the SCell SIB1 configuration is a superset of the DL subframes indicated by the PCell SIB1 configuration.

· The special combinations of configurations {2+4}, {2+3} and {1+3} should be supported only if there is clear need of such combination scenarios. 

Proposal 2: 

For PDSCH HARQ timing of the SCell in case of cross-carrier scheduling, the SCell follows the PCell’s PDSCH HARQ timing, under the assumption that no cross-subframe scheduling is introduced in Rel-11. 
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