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1. Introduction
In RAN1#67 meeting, we have discussed several remaining open issues and shared the views of each company [2]-[8]. As a result, several working assumptions and conclusions were made by intensive discussion, and we have confirmed the some additional issues if the specific configuration (e.g. cross-carrier scheduling) is assumed for CA with different TDD configuration [1]. In this contribution, we will provide our view on working assumptions to be confirmed and possible open issues for supporting CA with different TDD configuration.
2. Discussion
2.1. Working assumption to be confirmed
Downlink cross-carrier scheduling
In RAN1#67, it has confirmed as working assumption that DL cross-carrier scheduling can be supported for scheduling of PDSCH transmission on other serving cells. The main motivation of cross-carrier scheduling is that interference in HetNet environment can be handled even for legacy control channel by coordination of transmission power in the network. In addition, it can also support the PDCCH loading control depending on control signal traffic on each component carrier. Therefore, even for TDD CA with different TDD configuration, in order to remain the benefits from cross-carrier scheduling like Rel-10 CA, it is desirable to support the cross-carrier scheduling for both downlink and uplink in Rel-11 TDD CA with different TDD configurations as well.
New HARQ-ACK timing or not
For new HARQ-ACK timing, whether it is introduced or not was discussed in previous meeting. As a result, related working assumption is as following:
· Option 1: Additional HARQ-ACK timing is added, in addition to existing HARQ-ACK timing in Rel-8/9/10.
· Option 2: 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. The application of HARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.
· Working assumption is option 2. FFS if there are cases where additional timing is needed or is beneficial.
As seen above, the option 2 as working assumption was decided in previous meeting, and whether additional timing is really needed or not was FFS. It seems that most companies prefer to reuse the current Rel-10 HARQ-ACK timings which are related to HARQ feedbacks for PDSCH and PUSCH transmission and thus, reference HARQ-ACK timings in current Rel-10 HARQ-ACK timing table can be independently or commonly applied for both PCell and SCell with different cell-specific TDD configuration. If this approach don’t have significant problems for CA with different TDD configuration, it would be better than introducing new HARQ-ACK timing beyond Rel-8/9/10 HARQ-ACK timing for reducing additional standard effort, implementation and test. However, depending on how to apply the reference HARQ timings for both PCell and SCell, there could be some backward compatibility problems such as the implicit PUCCH resource collision problem between legacy UEs and inter-band CA UEs with different TDD configuration [3]. Therefore, it may also need additional discussions to solve the backward compatible problems.
PUCCH transmission
In Rel-10, PUCCH transmission is available for only PCell. Basically, same principle for all Rel-11 UEs can be applied as seen working assumption. Depending on UE capability which can support the UL CA or not, it is noted that some high-end UEs with UL CA capability may optionally support the PUCCH transmission on SCell (i.e. switching PCell to SCell) for better flexibility of UL A/N timing for CA with different TDD UL-DL configurations. However, since it is proper approach to avoid the design of this kind of optional scheme as much as possible in LTE, it is desirable to strive for common solution of PUCCH transmission. Therefore, we should confirm the working assumption on PUCCH transmission.
Proposal 1. Above working assumptions to be confirmed in RAN1#67 should be baseline for further discussion of CA with different TDD configurations.

2.2. Remaining open issues

DL/UL HARQ-ACK timing

There are two kinds of HARQ timing in LTE specification, where they are the UL HARQ-ACK timing on PUCCH or PUSCH and DL HARQ-ACK timing on PHICH, respectively. As seen in section 2.1, if related working assumptions on HARQ timing and PUCCH transmission is confirmed, then the issue is that how to pick up the HARQ-ACK timing for PCell and SCell(s), respectively from existing Rel-8/9/10 HARQ-ACK timing table in the case of self-scheduling and in the case of cross-carrier scheduling. Moreover, the independent HARQ-ACK timing and common HARQ-ACK timing for both PCell and SCell(s) could be discussed together with consideration of self-scheduling or cross-carrier scheduling for DL/UL HARQ-ACK timing.

Firstly, we will discuss the UL HARQ-ACK timing on PUCCH or PUSCH for responses of PDSCH transmission and provide our proposals. For UL HARQ-ACK timing, regardless self-scheduling or cross-carrier scheduling, it can be discussed with same considerations for both because UL HARQ-ACK timing is only related to PDSCH transmitted CCs, which is not corresponding to PDCCH transmission. 
· UL HARQ-ACK timing 
· For both self scheduling and cross-carrier scheduling,
· Independent UL HARQ-ACK timings for PCell and SCell(s), respectively
· In case of UL heavy subframes on PCell, UL HARQ-ACK timing of cell-specific TDD UL-DL configuration on PCell can be directly used for PCell and that of SCell(s) can be also used for SCell(s), respectively. On the other hand, in case of DL heavy subframes on PCell, UL HARQ-ACK timing of PCell can be used for PCell and that of SCell(s) can follow the UL HARQ-ACK timing of PCell or other reference UL HARQ-ACK timings in current UL HARQ-ACK timing table which can support UL HARQ-ACK timing for SCell(s) without any restrictions.
· Based on above observation in case of both UL heavy and DL heavy subframes on PCell, it is proposed that UL HARQ-ACK timing of cell-specific TDD UL-DL configuration on PCell is always used for only PCell, and that of SCell(s) is determined by selecting one of possible reference UL HARQ-ACK timings which are able to support the UL HARQ-ACK transmission of all aggregated SCell(s) without any restrictions. For example, three serving cells are aggregated for CA with different TDD configuration as figure 1 (i.e. PCell, SCell#1 and SCell#2 are configured with TDD UL-DL configuration #0, #1 and #2, respectively). In this case, as proposed principle, UL HARQ-ACK timing of PCell is always configured with cell-specific UL HARQ-ACK timing of PCell (i.e. UL HARQ-ACK timing #0), and those of SCell#1 and #2 are selectively configured with consideration of possible UL HARQ-ACK timings (i.e. UL HARQ-ACK timing #2 and #5 in this case) based on cell-specific TDD UL-DL configuration of all aggregated SCell(s). In the below example, UL HARQ timing of all SCell#1 and #2 are configured as UL HARQ timing #2. It is noted that UL HARQ timing of SCell(s) can be freely and independently selected in possible UL HARQ timings which are referred in table 1.
· According to proposed scheme, there would be no backward compatible issue for both UL and DL heavy subframes on PCell (i.e. implicit PUCCH resource collision), and it doesn’t need to consider the any restrictions such as different TDD UL-DL configurations combinations and therefore, it will provide peak data rate for half and full duplex UEs by proposed common solution. Moreover, it doesn’t require the UL CA capability for Rel-11 UEs.

[image: image1.emf]D S U U U D S U U U PCell

Radio Frame

0

1 2 3 4 5 6 7

8 9

D S U U D D S U U D SCell#1

TDD UL-DL

configuration #0

TDD UL-DL

configuration #1

D S U D D D S U D D

SCell#2

TDD UL-DL

configuration #2

U

D

D

9

UL HARQ-ACK 

timing #0

UL HARQ-ACK 

timing #2

UL HARQ-ACK 

timing #2

D S U

S U

S U

D

D

0

1 2


Figure 1. Proposed UL HARQ-ACK timing for CA with different TDD UL-DL configuration

· Common UL HARQ-ACK timing for both PCell and SCell(s)

· In table 1, it is summarized that possible UL HARQ-ACK timings as a common UL HARQ-ACK timing are determined by consideration of cell specific TDD UL-DL configurations configured on PCell and SCell(s). If there are multiple possible UL HARQ-ACK timings in some TDD UL-DL configurations combinations, the one among them could be indicated by eNB.
· If common UL HARQ-ACK timing for PCell and SCell(s) is different from cell-specific UL HARQ-ACK timing for PCell, it may cause the backward compatible problem of PUCCH resource collision resulting from implicit PUCCH allocation and thus, the additional solution should be discussed for this issue [3]. For additional solution, it may need the restriction of different TDD UL-DL configurations combinations. However, since it could result in many restrictions on TDD UL-DL configurations, it would be not preferred in system design perspective.
Table 1. Possible UL HARQ-ACK timings for CA with different TDD configuration

	Possible UL HARQ-ACK timings
	PCell TDD UL-DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	SCell(s) TDD 

UL-DL configuration
	0
	0
	1, 2, 4, 5
	2, 5
	3, 4, 5
	4, 5
	5
	1, 2, 3, 4, 5, 6

	
	1
	1, 2, 4, 5
	1
	2, 5
	4, 5
	4, 5
	5
	1, 2, 4, 5

	
	2
	2, 5
	2, 5
	2
	5
	5
	5
	2, 5

	
	3
	3, 4, 5
	4, 5
	5
	3
	4, 5
	5
	3, 4, 5

	
	4
	4, 5
	4, 5
	5
	4, 5
	4
	5
	4, 5

	
	5
	5
	5
	5
	5
	5
	5
	5

	
	6
	1, 2, 3, 4, 5, 6
	1, 2, 4, 5
	2, 5
	3, 4, 5
	4, 5
	5
	6


Proposal 2. For UL HARQ-ACK timing, the proposed UL HARQ-ACK timing rule (e.g. figure 1) can be supported for all aggregated serving cells with different TDD configurations.
Secondly, the DL HARQ-ACK timing via PHICH will be discussed with considering self-scheduling and cross-carrier scheduling, respectively. Basically, since PHICH is transmitted on the cell carrying the UL grant as a conclusion in RAN1#67, it would be likely to be affected by a scheduling method which can be self or cross-carrier scheduling. As well known, in case of self-scheduling, there would be no significant problems of DL HARQ-ACK timing via PHICH for both half duplex UEs with dynamic scheduling and full duplex UEs. On the other hand, if UL cross-carrier scheduling is configured for UL grant in CA with different TDD configuration, the more potential problems (e.g. backward compatibility and scheduling problems) could arise than self-scheduling case. Moreover, it is noted that in case of cross-carrier scheduling, if DL HARQ-ACK timing on PCell is different from that of SCell(s), a backward compatible problem would be occurred due to different understanding (i.e. different understanding on the number of REGs in control region) on control region of PCell. The followings are our observations on DL HARQ-ACK timing considering above described various cases including cross-carrier/self scheduling and common/independent DL HARQ-ACK timing. In this section, it is assumed that PCell is cross-scheduling serving cell.
· DL HARQ-ACK timing (i.e. PHICH transmission/UL scheduling timing)
· For self-scheduling case
· Independent DL HARQ-ACK timing for PCell and SCell(s), respectively
· If the independent DL HARQ-ACK timing rule is applied for self-scheduling, it is natural that cell-specific DL HARQ-ACK timings of PCell and SCell(s) are configured by that of PCell and SCell, respectively. Thus, there would be no problem to apply the independent DL HARQ-ACK timing based on cell-specific DL HARQ-ACK timing of each serving cells.
· Common DL HARQ-ACK timing for both PCell and SCell(s)

· There is no clear motivation of common DL HARQ timing in case of self-scheduling case compared to independent DL HARQ-ACK timing rule.
· Cross-carrier scheduling case (most problematic case) 
·  Independent DL HARQ-ACK timing for PCell and SCell(s), respectively
· According to DL HARQ-ACK timing independently applied for each serving cell, there would be cases that cross-carrier scheduling can not be supported in conflicting subframes (i.e. UL on PCell and DL on SCell), or backward compatible problem is occurred on PCell (i.e. cross-scheduling cell) due to different PHICH transmission timing from legacy Rel-8/9/10 UEs on PCell [3].
· Common DL HARQ-ACK timing for both PCell and SCell(s)

· The main benefit of applying common DL HARQ-ACK timing for all aggregated serving cells is allowing further optimization for both half duplex and full duplex UEs. It is well matched with conclusion in RAN1#67 which is striving for a common solution for both full duplex and half duplex.

· In case of UL heavy subframes on PCell, cell specific DL HARQ-ACK timing of PCell as a common DL HARQ timing can be used for both PCell and SCell(s) due to less number of DL subframes for DL HARQ-ACK timings on PCell. In this case, there would be no backward compatible problem due to same DL HARQ-ACK timing on PCell as that of all serving cells.
· In case of DL heavy subframes on PCell, it would need a common DL HARQ timing for all aggregated serving cells because that of PCell can not be applied for all aggregated serving cells. As seen table 2, it is summarized for possible common DL HARQ-ACK timing according to cell-specific TDD UL-DL configuration on respective serving cells. However, if selected common DL HARQ-ACK timing for all aggregated serving cells is different from that of PCell, it would also cause the backward compatible problem. 
· The orange combinations of TDD UL-DL configurations represent the backward compatible problem cases.
From the above observations, we think it seems be desirable to use the DL HARQ-ACK timing rule which can support optimization on peak data rate for both half and full duplex UEs and no backward compatible problem.

As one simple solution in case of cross-carrier scheduling, a DL HARQ-ACK timing of PCell is always followed by cell specific DL HARQ-ACK timing on PCell, while that of SCell(s) is followed by a common DL HARQ-ACK timing to support the HARQ operation on TDD UL-DL configurations on SCell(s) as referred in Table 2. After that, the UL cross-carrier scheduling on PCell as cross-scheduling CC is only achieved for the case that the cell-specific DL HARQ-ACK timing on PCell is same as a common DL HARQ-ACK timing for SCell(s). Accordingly, the backward compatible problem can be solved by using above rules. Thereby, we can obtain full flexibility and optimization of both half and full duplex UEs without any restrictions (e.g. TDD UL-DL configurations combinations, the number of TDD UL-DL configuration and only for optimization of full duplex), even if the benefit from UL cross-carrier scheduling is weaken.

Table 2. Applicable common DL HARQ-ACK timings

	Applicable common DL HARQ-ACK timings for both CC#1 and CC#2
	TDD UL-DL configuration for CC#1

	
	
	0
	1
	2
	3
	4
	5
	6

	TDD UL-DL configuration
for CC#2
	0
	0
	0
	0
	0
	0
	0
	0

	
	1
	0
	1
	0, 1, 6
	0, 6
	0, 1, 6
	0, 1, 6
	0, 6

	
	2
	0
	0, 1, 6
	2
	0, 3, 4, 5, 6
	0, 1, 3, 4, 5, 6
	0, 1, 2, 3, 4, 5, 6
	0, 6

	
	3
	0
	0, 6
	0, 3, 4, 5, 6
	3
	0, 3, 4, 5, 6
	0, 3, 4, 5, 6
	0, 6

	
	4
	0
	0, 1, 6
	0, 1, 3, 4, 5, 6
	0, 3, 4, 5, 6
	4
	0, 1, 3, 4, 5, 6
	0, 6

	
	5
	0
	0, 1, 6
	0, 1, 2, 3, 4, 5, 6
	0, 3, 4, 5, 6
	0, 1, 3, 4, 5, 6
	5
	0, 6

	
	6
	0
	0, 6
	0, 6
	0, 6
	0, 6
	0, 6
	6


Proposal 3. For DL HARQ-ACK timing via PHICH, the DL HARQ-ACK timings for PCell should be followed by cell-specific DL HARQ-ACK timing on PCell, and that of SCell(s) is FFS.

Multi-TTI/cross-subframe scheduling
For handling of DL scheduling problem, multi-TTI/cross-subframe scheduling was introduced by many companies if DL cross-carrier scheduling is supported in Rel-11 TDD. As a working assumption in RAN1#67, if DL cross-carrier scheduling is confirmed, multi-TTI/cross-subframe scheduling can be used for supporting DL peak data rate for both half and dull duplex UEs. Therefore, we think it should be supported in Rel-11 even if there are the trade-offs between standard efforts and benefits from multi-TTI/cross-subframe scheduling. 
Proposal 4. For multi-TTI/cross-subframe scheduling, it should be supported for DL peak data rate, which is well matched for main motivations of introduction of different TDD configuration in Rel-11.
UL cross-carrier scheduling
As a DL cross-carrier scheduling, UL cross-carrier scheduling is also able to be considered for purpose of an interference handling and traffic load control of control channel. In that sense, we think that the various benefit from cross-carrier scheduling as already introduced in Rel-10 UEs should be also enjoyed for Rel-11 TDD CA UEs. However, as already discussed in previous DL HARQ-ACK timing section, because the issue of whether UL cross-carrier scheduling is supported is closely related to discussion of DL HARQ-ACK timing for different TDD configurations, we think it needs to decide the support of UL cross-carrier scheduling before further discussion of DL HARQ-ACK timing.
Proposal 5. In Rel-11 TDD CA, UL cross-carrier scheduling should be supported for enjoying the various benefits from Rel-10.
Simultaneous Tx/Rx
There are two options for further optimization and discussion for all the issues from different TDD UL-DL configurations as below.
· Option 1. both full duplex and half duplex
· Option 2. only full duplex
Basically, since RAN#1 decided that RAN#1’s solution should support both full duplex and half duplex, it seems that these which option for further discussion could be firstly optimized. The option 1 can provide the different types based on UE capability, while option 2 seems to provide only one type of UE capability. There are some trade-offs between standard efforts including test works and further optimizations for both types of UEs. Based on above observations, we prefer the option 1 because there may be many necessities for supporting half duplex UEs depending on deployment scenarios and market situation. Moreover, since we have a conclusion on striving for a common solution for both full and half duplex, it is desirable to support option 1.
Proposal 6. For simultaneous Tx/Rx, option 1 is preferred as working assumption for further discussion.
3. Conclusion
This contribution provides our views on above questions from previous meeting for further discussion of different TDD configuration. For conclusions, the followings are our proposals:
Proposal 1. Above working assumptions to be confirmed in RAN1#67 should be baseline for further discussion of CA with different TDD configurations.

Proposal 2. For UL HARQ-ACK timing, the proposed UL HARQ-ACK timing rule (e.g. figure 1) can be supported for all aggregated serving cells with different TDD configurations.
Proposal 3. For DL HARQ-ACK timing via PHICH, the DL HARQ-ACK timings for PCell should be followed by cell-specific DL HARQ-ACK timing on PCell, and that of SCell(s) is FFS. 
Proposal 4. For multi-TTI/cross-subframe scheduling, it should be supported for DL peak data rate, which is well matched for main motivations of introduction of different TDD configuration in Rel-11.
Proposal 5. In Rel-11 TDD CA, UL cross-carrier scheduling should be supported for enjoying the various benefits from Rel-10.
Proposal 6. For simultaneous Tx/Rx, option 1 is preferred as working assumption for further discussion.
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