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1. Introduction
In RAN1#68bis meeting, we have agreed some remaining PDSCH HARQ timing on SCell as following [1]:
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 
Continue discussion. Revisit after the cross-subframe scheduling discussion.

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

From the agreements in RAN1#68bis, there are some remaining issues related with PDSCH HARQ timing on SCell such as remaining cases for PDSCH HARQ timing on SCell, transmission direction for half duplex UE, introduction of cross-subframe scheduling and so on. In this contribution, we will therefore focus on the remaining above issues related with PDSCH HARQ timing on SCell and provide our view on that.
2. Remaining PDSCH HARQ timing issues on SCell
According to discussions from RAN1#68bis, we have still several remaining issues for PDSCH HARQ timing on SCell with the consideration on self/cross-carrier scheduling and full/half duplex UE. For the divided different cases as table 1, the combinations of both PCell and SCell’s SIB1 configuration are divided into three cases which are the case A, B and C for PDSCH HARQ timing on SCell. For the case B and C, there are still several remaining issues to be confirmed, even if it was discussed in RAN1#68bis (case A was already agreed to follow the PCell SIB1 configuration for PDSCH HARQ timing on SCell). 
Table 1: 3 Different cases for PDSCH HARQ timing on SCell

	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	A
	A
	A
	A
	A
	A

	
	1
	B
	
	A
	C
	A
	A
	B

	
	2
	B
	B
	
	C
	C
	A
	B

	
	3
	B
	C
	C
	
	A
	A
	B

	
	4
	B
	B
	C
	B
	
	A
	B

	
	5
	B
	B
	B
	B
	B
	
	B

	
	6
	B
	A
	A
	A
	A
	A
	

	
	Case A
	Case B
	Case C
	


2.1. For Case B
In case of self-scheduling
For the case where SCell downlink subframes are a superset of PCell(i.e. Case B), it was agreed to follow the SCell SIB 1 configuration for full duplex UE in case of self scheduling (but, for half duplex UE, it is just working assumption), while there is still no agreement for PDSCH HARQ on SCell in case of cross-carrier scheduling for both half duplex and full duplex UE [2]. 
For half duplex UE, it is quite related with the decision on the transmission direction in conflicting subframe where it has proposed two alternatives composing of both following PCell SIB 1 configuration and the method by eNB determination [3]. Accordingly, if half duplex operation is following PCell SIB1 configuration in conflicting subframe, then current working assumption could be revisited to be changed. However, it would be that following PCell SIB1 configuration for half duplex UE operation would restrict the half duplex UE operation especially for traffic adaptation and peak data rate and therefore, it would be against our observations of different TDD configuration and carrier aggregation. And also, when considering the commonality of PDSCH HARQ timing on SCell for both half and full duplex UE, it would be desirable that current working assumption is confirmed as agreement in RAN1#69.
Proposal 1: For half duplex UE in case of self-scheduling, the current working assumption should be confirmed when scheduled SCell downlink subframes are a superset of PCell (i.e. Case B)
In case of cross-carrier scheduling
In case of cross-carrier scheduling, two alternatives for PDSCH HARQ on SCell have been addressed as conclusion of RAN1#68bis for the Case B as below.
· Alt 1. following PCell timing

· Benefit : reuse Rel-10 PUCCH A/N transmission scheme. No additional specification is needed.
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Figure 1. Following the PCell SIB 1 configuration for PDSCH HARQ timing on SCell
· Alt 2. following SCell timing

· Benefit : it is able to use all DL subframes in SCell
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Figure 2. Following the SCell SIB 1 configuration for PDSCH HARQ timing on SCell

As seen figure 1 and 2, it is clearly shown that each alternative has some pros and cons as a solution for case B when configuring cross-carrier scheduling. As mentioned already, following SCell timing as alt 2 would be most acceptable solution, if the design of PDSCH HARQ timing is focused on maximizing the peak data rate which is one of observations when introducing inter-band CA with different TDD configuration. On the other hand, following PCell timing as alt 1 would significantly reduce the benefits provided by introducing inter-band CA with different TDD configuration such as increasing data rate, traffic adaptation and so on. However, if alt 2 is supported as an agreement in this case, the multi-TTI scheduling should be introduced to support the DL peak data rate on SCell [1]. Because similar method as TDD UL-DL configuration 0 (by using UL index) in Rel-8/9/10 has been used for UL scheduling, it would need less standard effort to introduce the multi-TTI scheduling for DL scheduling in conflicting subframe on SCell. In some contributions [4-6], the details of signalling methods for supporting multi-TTI scheduling (e.g. using CIF to indicate a subframe index) are proposed. We also think that those signalling methods for multi-TTI scheduling could be simple or similar to current method (i.e. UL index in TDD UL-DL configuration 0) and the details can be discussed in the meeting.
Proposal 2: Multi-TTI scheduling shall be introduced to support DL peak data rate in Rel-11 inter-band CA with different TDD UL-DL configuration.
Proposal 3: In case of cross-carrier scheduling, following scheduled SCell timing shall be supported when scheduled SCell downlink subframes are a superset of PCell (i.e. Case B)
2.2. For Case C
For the case where scheduled SCell downlink subframes are neither a superset nor subset of PCell (i.e. Case C), it was agreed to follow the proposed reference PDSCH HARQ timing as table 2 for full duplex UE in case of self scheduling (but, for half duplex UE, it is just working assumption), while in case of cross-carrier scheduling, there is still no agreement for PDSCH HARQ on SCell as for case B.

Table 2: Agreed reference HARQ timing for Case C (as yellow cases)
	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	
	
	
	
	
	

	
	1
	
	
	
	4
	
	
	

	
	2
	
	
	
	5
	5
	
	

	
	3
	
	4
	5
	
	
	
	

	
	4
	
	
	5
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	6
	
	
	
	
	
	
	

	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
	Case A
	Case B
	Case C
	


In case of self-scheduling
As for case B, the PDSCH HARQ timing on SCell for half duplex UE in self-scheduling would be also depending on the decision of transmission direction (as addressed in previous section) in conflicting subframe. The same principle as case B could be applied for case C which means that following PCell subframe direction would weaken the benefits from using different TDD configuration on inter-band CA. The PDSCH HARQ timing on SCell for half duplex UE could be applied for half duplex UE in case C and thus, it is desirable to confirm current working assumption as an agreement.
Proposal 4: For half duplex UE in case of self-scheduling, the current working assumption should be confirmed when scheduled SCell downlink subframes are a neither superset nor subset of PCell (i.e. Case C)
In case of cross-carrier scheduling
In case of cross-carrier scheduling, we have agreed as working assumption which is that there is no restriction on the combinations of TDD UL-DL configurations on different bands. Thus, for case C in case of cross-carrier scheduling, it would also have same issues on whether multi-TTI scheduling is needed and implicit PUCCH resource collision caused by different PDSCH HARQ timing on PCell if reference PDSCH HARQ is supported as seen in table 2 for self-scheduling. Therefore, with the spirit of common solution for self-scheduling and cross-carrier scheduling, we prefer that following reference PDSCH HARQ timing as table 2 in cross-carrier scheduling should be supported in case C for both half duplex and full duplex UE.
Proposal 5: For both half and full duplex UE in case of cross-carrier scheduling, following reference PDSCH HARQ timing as table 2 should be supported when scheduled SCell downlink subframes are a neither superset nor subset of PCell (i.e. Case C)
2.3. PUCCH A/N transmission for cross-carrier scheduling
As discussed in previous section, in order to support DL peak data rate on SCell, the PDSCH HARQ timing different from that of PCell should be introduced on SCell in case of cross-carrier scheduling as seen figure 1. Due to that, if channel selection scheme is configured as PUCCH A/N transmission in inter-band CA with different TDD UL-DL configuration, PUCCH resource collision between PCell and SCell could happen caused by implicit resource allocation manner. To solve this issue, it would require the slight modification of Rel-10 PUCCH A/N transmission method and the possible candidates are following as below.
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Figure 3. PUCCH resource collision due to different DL subframe association for a UL subframe
· Alt 1. using ARI 
For channel selection in Rel-10, it has been used for indicating PUCCH resource for PDSCH A/N on SCell in case of self-scheduling (by using TPC field in DL DCI) while implicit resource allocation has been used for derivation of PUCCH resource for PDSCH A/N on SCell in case of cross-carrier scheduling. However, due to addressed problem, since implicit resource allocation can not be used for indication of PUCCH resource, ARI by using TPC field could be used even when configuring cross-carrier scheduling on PCell. By doing that, it can easily avoid the PUCCH collision caused by implicit PUCCH resource allocation and different PDSCH HARQ timing with little modification.
· Alt 2. using CIF 
For the problem on PUCCH resource allocation in channel selection, it occurs only when configuring cross-carrier scheduling and channel selection as PUCCH A/N transmission. With consideration on those points, current CIF field using 3bits in DCI can be divided by two purposes where one is to use indicate cell index as original purpose by using only 1bit since channel selection is only available when configuring two serving cells and the other is used for indicating PUCCH resource for PDSCH HARQ A/N on SCell by using remaining 2bits in CIF field as table 3 and 4. Thus, the PUCCH resource collision problem can be solved by using alt 2 method and it could be also less standard impact.
Table 3: indication of serving cell by 1bit in CIF
	CIF 1bit
	Serving cell Index

	’0’
	000 (or PCell)

	‘1’
	001 (or SCell)


Table 4: indication of PUCCH resource by 2bit in CIF
	A/N resource indication by 2 bits in CIF
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	’00’
	The 1st PUCCH resource value configured by the higher layers

	‘01’
	The 2nd PUCCH resource value configured by the higher layers

	‘10’
	The 3rd PUCCH resource value configured by the higher layers

	‘11’
	The 4th PUCCH resource value configured by the higher layers


· Alt 3. switching PUCCH format 3
The other alternative can be switching from channel selection to PUCCH format 3 when PUCCH resource collision is expected in UL subframe due to different PDSCH HARQ timing between PCell and SCell. This alternative would have less standard effort to handle this issue. One concern point might be the PUCCH resource overhead and PUCCH link performance using PUCCH format 3 instead of channel selection in this case. However, since from this solution it can support the peak DL data rate with combination of multi-TTI scheduling as mentioned above, it could be also one of candidates to solve the PUCCH resource collision issue.
With proposed candidate schemes, PUCCH resource collision issue could be easily solved and it would not be desirable to preclude supporting DL peak data rate on SCell due to this issue. With the spirit of future proof and invariant solution for cross-carrier scheduling and self scheduling, it is preferred that above proposed candidates for this issue shall be handled for maximum data rate on SCell.

Proposal 6: Among the proposed candidates, one method should be applied for handling PUCCH resource collision issue. 
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: For half duplex UE in case of self-scheduling, the current working assumption should be confirmed when scheduled SCell downlink subframes are a superset of PCell (i.e. Case B)
· Proposal 2: Multi-TTI scheduling shall be introduced to support DL peak data rate in Rel-11 inter-band CA with different TDD UL-DL configuration.
· Proposal 3: In case of cross-carrier scheduling, following scheduled SCell timing shall be supported when scheduled SCell downlink subframes are a superset of PCell (i.e. Case B)
· Proposal 4: For half duplex UE in case of self-scheduling, the current working assumption should be confirmed when scheduled SCell downlink subframes are a neither superset nor subset of PCell (i.e. Case C)
· Proposal 5: For both half and full duplex UE in case of cross-carrier scheduling, following reference PDSCH HARQ timing as table 2 should be supported when scheduled SCell downlink subframes are a neither superset nor subset of PCell (i.e. Case C)
· Proposal 6: Among the proposed candidates, one method should be applied for handling PUCCH resource collision issue.
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