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1. Introduction
In RAN1#68 meeting, we have confirmed several working assumptions which came from RAN1#67 as following [1]:
· For PUCCH transmission, PUCCH on PCell-only.

· No new HARQ-ACK timing. 
· Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. 
· FFS if exception is needed for the case of aggregating the 10ms RTT and other RTTs for cross-scheduling in uplink.

· FFS on the application of H-ARQ-ACK timing of one TDD UL-DL configuration to an SCell with a different TDD UL-DL configuration.
· Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n

· FFS support of other type of cross-carrier scheduling in Rel-11
In addition to above agreement, we have also agreed the PDSCH HARQ timing of PCell and SCell on the case as second bullet in below:
· 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 based on the agreement above, we will discuss the remaining open issues (FFS) focusing on PDSCH HARQ timing on SCell, considering support of multi-TTI/cross-subframe scheduling or not. 
2. PDSCH HARQ timing on SCell
According to agreements from RAN1#68, there is a remaining PDSCH HARQ timing issue for SCell in the cases that 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 (Case 1), and DL subframes indicated by the SCell SIB1 configuration are neither a superset nor a subset of DL subframes indicated by the PCell SIB1 configuration (Case 2). In section 2, it would be therefore discussed for handling this issue considering the different scheduling scheme which would be either self-scheduling or cross-carrier scheduling, and we will focus on two different TDD UL-DL configuration case as conclusion from RAN1#67 for PDSCH HARQ timing on SCell.
2.1. Self-scheduling case
For the PDSCH HARQ timing on SCell in case of self-scheduling, several alternatives can be provided for remaining cases (i.e. case 1 and 2) as already mentioned above. In case of self-scheduling, 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 as Case 1, the PDSCH HARQ timing on SCell can be discussed as below. 
Case 1 :

· Alt 1. Follow PCell’s SIB 1 configuration 
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Figure 1. Following the PCell SIB 1 configuration for PDSCH HARQ timing on SCell
· Pros: It would be simple implementation and less standardization work due to PDSCH HARQ timing same as PCell. Alt 1 seems be therefore well matched for basic operation of the half duplex UE because it would be selected to only one direction (i.e. DL or UL subframe) in conflicting subframe (i.e. UL subframe in Figure 1).
· Cons: It will be definitely decrease of DL peak data rate for full duplex UE (e.g. about 50% in figure 1). The reduction of DL peak data rate is not aligned with the motivation of CA. 
· Alt 2. Follow SCell’s SIB 1 configuration
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Figure 2. Following the SCell SIB 1 configuration for PDSCH HARQ timing on SCell
· Pros: It will support the DL peak data rate on SCell because all HARQ ACK in DL subframes on SCell can be indicated by SCell SIB 1 configuration as seen figure 2.  
· Cons: Implementation complexity may be slightly increased compared to alt 1. However, it seems there is no any significant problem in case of self-scheduling by following SCell’s SIB 1 configuration.
Proposal 1: In case of self-scheduling, following SCell’s SIB 1 configuration for PDSCH HARQ timing of SCell should be supported to keep the DL peak data rate when the set of DL subframes indicated by SCell SIB1 configuration are not a subset of DL subframes indicated by PCell SIB1 configuration. (Case 1)
In addition to case 1, there is one remaining case that DL subframes indicated by the SCell SIB1 configuration are neither a superset nor a subset of DL subframes indicated by the PCell SIB1 configuration as Case 2. In this case, either PCell’s SIB 1 configuration for simplicity or reference PDSCH HARQ timing based on current Rel-8/9/10 table for full supporting PDSCH transmission on SCell could be considered for the PDSCH HARQ SCell with self-scheduling as below.
Case 2 :
· Alt 1. Follow PCell’s SIB 1 configuration 
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Figure 3. Following the PCell SIB 1 configuration for PDSCH HARQ timing on SCell
· Pros: It would be simple implementation and less standardization work due to PDSCH HARQ timing same as PCell. Alt 1 seems be therefore well matched for basic operation of the half duplex UE because it would be selected to only one direction (i.e. DL or UL subframe) in conflicting subframe.

· Cons: It will be definitely decrease of DL peak data rate for full duplex UE (e.g. about 50% in figure 1). The reduction of DL peak data rate is not aligned with the motivation of CA.
· Alt 2. Follow reference PDSCH HARQ timing 
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Figure 4. Following the reference PDSCH HARQ timing (i.e. TDD UL DL configuration #5) for PDSCH HARQ timing on SCell
· Pros: It can support the DL peak data rate. There is no need to indicate the reference PDSCH HARQ timing since the preferred reference PDSCH HARQ timing can be predefined for TDD combinations in case 2.
· Cons: Implementation complexity may be slightly increased compared to alt 1. In some combinations in case 2, reference PDSCH HARQ RTT might be delayed compared to each serving cell with own SIB 1 PDSCH HARQ timing. However, we don’t see it could be significant problem in LTE TDD system because reference PDSCH HARQ timing is also supported in current PDSCH HARQ timing table.
Proposal 2: In case of self-scheduling, following reference PDSCH HARQ timing for PDSCH HARQ timing of SCell should be supported to keep the DL peak data rate when DL subframes indicated by the SCell SIB1 configuration are neither a superset nor a subset of DL subframes indicated by the PCell SIB1 configuration. (Case 2)
2.2. Cross-subframe/Multi-TTI scheduling
The main motivation of multi-TTI scheduling is to support the DL peak data rate in case of cross-carrier scheduling for inter-band CA with different TDD UL-DL configuration. However, since it will make additional standard works and implementation issue in Rel-11 TDD, it should be carefully checked on what kind of benefits and drawbacks would be expected when introducing the multi-TTI scheduling in Rel-11. In our view on multi-TTI scheduling, when considering specific TDD DL-UL configuration combinations (e.g. TDD configuration #0 as scheduling cell and TDD configuration #5 as scheduled cell), it would result in the serious impact to DL peak data rate because 5 DL subframes within one radio frame could not be used for PDSCH transmission due to UL subframe on scheduling cell as seen figure 5. In this case, inter-band CA UEs could not sufficiently enjoy the benefits from carrier aggregation with different TDD UL-DL configuration especially for full duplex UEs, while it may not be serious problem for half duplex UE due to fundamental property of half duplex. Therefore, we think that multi-TTI scheduling could be considered as complementary scheme in Rel-11 at least for full duplex UE in terms of supporting the DL peak data rate.

Proposal 3: For the full duplex UE, it could be considered to introduce the multi-TTI scheduling in Rel-11, while for half duplex UE, it should not be supported in Rel-11.
2.3. Cross CC scheduling case
In 2.3 section, in case of cross-carrier scheduling (CCS), it would be also separately discussed for the PDSCH HARQ timing on SCell in either case 1 or 2. It is assumed that DL grant for PDSCH on SCell is transmitted on PCell as scheduling cell by CCS and multi-TTI scheduling is not supported. 
Case 1:

In case of cross-carrier scheduling, 
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Figure 5. Following PCell SIB1 configuration in case 1 without multi-TTI scheduling

· It is very straightforward to follow the PCell SIB 1 configuration for PDSCH HARQ timing on SCell in above case due to no scheduling ability for DL subframes on SCell in conflicting subframe as seen figure 5.

· In order to avoid the decrease of DL peak data rate, it may consider that the cross CC scheduling is only allowed when aggregated serving cells have same DL subframe in one TTI. However, it would loss the gain from interference avoidance of PDCCH by using CCS.
Proposal 4: Without multi-TTI scheduling in case of cross CC scheduling, following the PCell SIB 1 configuration for PDSCH HARQ timing on SCell should be supported when the set of DL subframes indicated by SCell SIB1 configuration are not a subset of DL subframes indicated by PCell SIB1 configuration. (Case 1)
If multi-TTI scheduling is supported in Rel-11, following the SCell SIB 1 configuration for PDSCH HARQ timing on SCell would be then most acceptable solution to support DL peak data rate while the issue on additional PUCCH resource mapping should be handled. The details are FFS.

Proposal 5: If multi-TTI scheduling is agreed in Rel-11 in case of cross CC scheduling, following the SCell SIB 1 configuration for PDSCH HARQ timing on SCell should be supported when the set of DL subframes indicated by SCell SIB1 configuration are not a subset of DL subframes indicated by PCell SIB1 configuration. (Case 1) The issue on PUCCH resource mapping on PCell is FFS.
Case 2:

In case of cross-carrier scheduling,
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Figure 6. Following reference PDSCH HARQ for PDSCH HARQ timing on SCell in case 2 with multi-TTI scheduling

In this case, following PCell SIB 1 configuration is possible for PDSCH HARQ timing on SCell and thus, it would lead to simple implementation and less standard work but, not supporting DL peak data rate. Additionally, following reference PDSCH HARQ timing can be also considered for PDSCH HARQ timing of SCell with supporting DL peak data rate if multi-TTI scheduling is supported. However, it would also result in issue on PUCCH resource mapping between legacy UE and Rel-11 inter-band CA TDD UE [2] as for case 1 above. Therefore, there could be a trade-off between increase of DL peak data rate and additional standard work in case 2. Regarding this trade-off, we think that it is desirable to follow the PCell SIB 1 configuration for PDSCH HARQ timing of SCell in case 2 when multi-TTI scheduling is not supported. However, if multi-TTI scheduling is supported, following reference PDSCH HARQ timing is most preferred solution in case 2.
Proposal 6: Without multi-TTI scheduling in case of cross CC scheduling, Following the PCell SIB 1 configuration for PDSCH HARQ timing of SCell is preferred when the set of DL subframes indicated by SCell SIB1 configuration are neither subset nor superset of DL subframes indicated by PCell SIB1 configuration. (Case 2)
Proposal 7: If multi-TTI scheduling is agreed in Rel-11, following the reference PDSCH HARQ for PDSCH HARQ timing on SCell should be supported when the set of DL subframes indicated by SCell SIB1 configuration are neither subset nor superset of DL subframes indicated by PCell SIB1 configuration. (Case 2) The issue on PUCCH resource mapping on PCell is FFS.

3. Conclusion
This contribution provides our views on remaining issues about PDSCH HARQ timing on SCell for inter-band CA with different TDD configuration. For conclusions, the followings are our proposals:
· Proposal 1: In case of self-scheduling, following SCell’s SIB 1 configuration for PDSCH HARQ timing of SCell should be supported to keep the DL peak data rate when the set of DL subframes indicated by SCell SIB1 configuration are not subset of DL subframes indicated by PCell SIB1 configuration. (Case 1)
· Proposal 2: In case of self-scheduling, following reference PDSCH HARQ timing for PDSCH HARQ timing of SCell should be supported to keep the DL peak data rate when DL subframes indicated by the SCell SIB1 configuration are neither a superset nor a subset of DL subframes indicated by the PCell SIB1 configuration.(Case 2) 

· Proposal 3: For the full duplex UE, it could be considered to introduce the multi-TTI scheduling in Rel-11, while for half duplex UE, it should not be supported in Rel-11.
· Proposal 4: Without multi-TTI scheduling in case of cross CC scheduling, following the PCell SIB 1 configuration for PDSCH HARQ timing on SCell should be supported when the set of DL subframes indicated by SCell SIB1 configuration are not subset of DL subframes indicated by PCell SIB1 configuration. (Case 1)
· Proposal 5: If multi-TTI scheduling is agreed in Rel-11 in case of cross CC scheduling, following the SCell SIB 1 configuration for PDSCH HARQ timing on SCell should be supported when the set of DL subframes indicated by SCell SIB1 configuration are not subset of DL subframes indicated by PCell SIB1 configuration. (Case 1) The issue on PUCCH resource mapping on PCell is FFS.
· Proposal 6: Without multi-TTI scheduling in case of cross CC scheduling, Following the PCell SIB 1 configuration for PDSCH HARQ timing of SCell is preferred when the set of DL subframes indicated by SCell SIB1 configuration are neither subset nor superset of DL subframes indicated by PCell SIB1 configuration. (Case 2)
· Proposal 7: If multi-TTI scheduling is agreed in Rel-11, following the reference PDSCH HARQ for PDSCH HARQ timing on SCell should be supported when the set of DL subframes indicated by SCell SIB1 configuration are neither subset nor superset of DL subframes indicated by PCell SIB1 configuration. (Case 2) The issue on PUCCH resource mapping on PCell is FFS.
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