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1
Introduction and Background
In RAN1#67, the discussion on the inter-band CA for supporting different TDD UL-DL configurations was concluded as follows [1]:
· The number of supported bands

· keep the number of supported bands agnostic to RAN1 

· Strive for common solution for different numbers of UL-DL configurations

· Focus on 2 configuration case

· The HARQ timing rules is as follows,
· 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 H-ARQ-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.

· PHICH is transmitted on the cell carrying the UL grant.
· For PUCCH transmission, working assumption is PUCCH on PCell-only.

· The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,
· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.
· For the mapping rule of DL Grant and PDSCH transmission (downlink)
· DL Grant and PDSCH are in the same TTI.
· For the mapping rule of UL Grant and PUSCH transmission (uplink)
· Same scheduling timing rule in Rel8/9/10 should be used.
· For cross-carrier scheduling, if cross-carrier scheduling is supported 

· For the mapping rule of DL Grant and PDSCH transmission (downlink)
· DL Grant and PDSCH are in the same TTI.
· Multi-TTI/cross-subframe scheduling is FFS.
· For the mapping rule of UL Grant and PUSCH transmission (uplink) FFS
In this contribution, our views on the remaining open issues of TDD inter-band CA with different TDD UL-DL configurations [2] are presented and the related general design considerations with respect to those open issues are discussed.
2

Open Issues and General Considerations 
In single carrier TDD, each cell has a single TDD UL-DL configuration associated to it. Considering the UL scheduling, DL scheduling, UL HARQ timing and DL HARQ timing for a given cell, every UE and its serving eNB follow the rules corresponding to the (same) TDD UL-DL configuration of that cell.  When TDD UL-DL configurations of aggregated cells are different, following these rules may result in limitations such as scheduling and HARQ feedback limitations. As a result, other design alternatives (for example, having at least one of those processes following a different TDD UL-DL configuration) need to be considered for TDD inter-band CA with different TDD UL-DL configurations. 

In RAN1#67, a working assumption was considered for HARQ-ACK stating that no new HARQ-ACK timing is introduced, however, the application of H-ARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration was considered FFS. For DL scheduling, it was agreed as a working assumption that the DL grant and PDSCH are in the same TTI. 
In the following sections, some of the remaining open issues with respect to design of the aforementioned four processes, i.e., UL HARQ timing, DL HARQ timing, DL scheduling and UL scheduling are further discussed and the related design aspects are briefly reviewed.

2.1 HARQ Timing

As discussed in RAN1#67, one of the options to design HARQ timing is the possibility of  applying H-ARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration. If such approach is adapted, then the next question is whether such application of a different TDD UL-DL configuration should be considered for PCell only, SCell(s) only or possibly all cells.

Considering the PCell, if any of those four PCell processes follow a TDD UL-DL configuration different than that of the PCell, then there might be some potential problems such as the support of the legacy UEs since those UEs may not be aware of these modifications (e.g., ambiguity in PHICH and PDCCH detection in the case of UL HARQ modification). Furthermore, since such modification would likely be a function of the SCell(s) TDD UL-DL configuration(s), supporting more than one SCell may impose further restriction and/or limitations on the PCell operation. However, if the PCell operation is not modified, then:

· Legacy UEs may be fully supported
· PCell operation may remain unchanged even if SCell(s) are activated/deactivated 

· No PCell inefficiency due to inter-band CA

· No restriction on the number of cells to be aggregated. In this case, any solutions for two-cell CA system can be extended to support more than two cells (see Section 2.4 for more detail)

Therefore, the following arrangement for PCell operation is proposed:
Proposal 1:
PCell UL-DL scheduling and HARQ-ACK timing always follow those of the PCell’s TDD UL-DL configuration.

In R10, TDD supports seven different TDD UL-DL configurations. Considering the aggregation of two carriers, there are 49 possible combinations of TDD UL-DL configurations, 42 of which have different TDD UL-DL configurations for the two carriers. Some rules and/or tables can be designed to define the SCell HARQ-ACK behavior for each of these combinations. 
For an example of such rules, consider the case of DL HARQ-ACK timing with non-cross carrier scheduling and full-duplex. In this case, the problem is that for some configuration combinations and subframes, it is not possible to send the SCell DL HARQ-ACK on the PCell, because the corresponding PCell subframe may be a DL subframe instead of an UL subframe to carry that feedback (note that it is agreed that PUCCH is only sent over PCell). One example scenario is presented in Figure 1, where PCell is set to configuration 2 and SCell set to configuration 1, i.e., (PCell,SCell)=(2,1). According to SCell HARQ-ACK timing, the DL HARQ feedback of SCell subframe 4 should be sent in UL subframe 8, however, subframe 8 of PCell is a DL subframe and cannot carry any UL data [3]. 
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Figure 1: Example combination of (PCell, SCell)=(2,1) configurations where SCell cannot send the DL HARQ feedback for its subframe 4.

Now consider, instead, if for this specific combination, SCell DL HARQ follows the PCell DL HARQ. Since for every SCell DL subframe there is also a PCell DL subframe, there would be a PUCCH opportunity for every DL subframe of the SCell, e.g., the DL HARQ feedback of the SCell subframe 4 would be sent in the PCell UL subframe 2 in the next frame (see Figure 2). 
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Figure 2: Example combination of (PCell, SCell)=(2,1) configurations where SCell follows PCell DL HARQ timing for its subframe 4.
This rule can be extended to any PCell and SCell combination for which the DL subframes of the SCell are a subset of the DL subframes of the PCell as indicated in Table 1. For some other combinations, the SCell could always send its DL HARQ-ACK feedback on the PCell. These combinations correspond to the scenarios where the SCell UL subframes are a subset of the PCell UL subframes (see Table 2), and therefore, for this group the SCell DL HARQ-ACK timing may follow its own (i.e., SCell) DL HARQ-ACK timing without any problem. For a few (6) PCell/SCell combinations where neither the SCell DL subframes nor UL subframes are a subset of the PCell’s, SCell DL HARQ-ACK timing could follow that of another TDD UL-DL configuration (e.g., configuration 4 or 5) which enables all SCell DL HARQ to be transmitting in a PCell UL subframe. 

Table 1: TDD UL-DL configurations combinations for which SCell DL HARQ-ACK timing may follow that of the PCell for the case of non-cross carrier scheduling.

	Combination (PCell, SCell)
	Combination (PCell, SCell)
	Combination (PCell, SCell)
	Combination (PCell, SCell)
	Combination (PCell, SCell)

	(1,0)
	(2,6)
	(4,1)
	(5,1)
	(5,6)

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

	(2,0)
	(3,6)
	(4,6)
	(5,3)
	

	(2,1)
	(4,0)
	(5,0)
	(5,4)
	


Table 2: TDD UL-DL configurations combinations for which SCell DL HARQ-ACK timing may follow that of the SCell for the case of non-cross carrier scheduling.
	Combination (PCell, SCell)
	Combination (PCell, SCell)
	Combination (PCell, SCell)
	Combination (PCell, SCell)
	Combination (PCell, SCell)

	(0,1)
	(0,5)
	(1,5)
	(4,5)
	(6,4)

	(0,2)
	(0,6)
	(2,5)
	(6,1)
	(6,5)

	(0,3)
	(1,2)
	(3,4)
	(6,2)
	

	(0,4)
	(1,4)
	(3,5)
	(6,3)
	


The timing rules to apply to a SCell should be considered separately for the cases of cross-carrier scheduling and non-cross carrier scheduling since the interaction between the PCell and SCell is different in each of these cases.

Proposal 2:
SCell HARQ-ACK timing design rules should be investigated separately for the case of cross-carrier scheduling and non-cross carrier scheduling.
2.2 DL Cross-Carrier Scheduling

As a working assumption in RAN1#67, the DL grant and PDSCH are in the same TTI.  Another option which was left as FFS in RAN1#67 is the use of multi-TTI/cross-subframe scheduling. 

In cross-carrier scheduling, SCell DL subframes that are not also DL subframes in PCell would be blocked from being scheduled if DL PDCCHs for the SCell (which are carried on the PCell) can only grant SCell PDSCH in the same subframes as the PDCCH. If, however, multi-TTI/cross-subframe scheduling is allowed, such blocked subframes could be used and the spectral efficiency of the SCell could be increased (where the increase would depend on the TDD UL-DL configurations combinations). However, considering that the use of multi-TTI/cross-subframe scheduling would require a new DL scheduling timing to be defined, which may require significant effort and may not justify the resulting increase in the spectral efficiency of the SCell, it is proposed to agree on the RAN1#67 working assumption. 
Proposal 3:
DL grant and PDSCH are in the same TTI (reaffirmation of the existing WA).

2.3 UL Cross-Carrier Scheduling

If cross-carrier scheduling is agreed to be supported for the UL, then the first topic to address would be how to design the UL grant timing. 

In cross-carrier scheduling, there may be limitations on SCell UL scheduling opportunities, similar to limitations on SCell DL scheduling opportunities (as mentioned in Section 2.2); as an example, if the SCell follows the UL timing of its own TDD UL-DL configuration, then some of the SCell UL subframes may not be able to be scheduled. This limitation may be caused by the possibility of not having a PCell DL subframe to carry such SCell UL grant.

One option to address such limitation is to use multi-TTI/cross-subframe scheduling. However, for the same reason discussed for DL case in Section 2.2 (e.g., the requirement to have a new scheduling timing, etc.), the multi-TTI/cross-subframe scheduling may not be practical. Another option is to increase the flexibility of UL cross-carrier scheduling by allowing the application of UL grant timing of a TDD UL-DL configuration different than that of the SCell to the SCell operation. Therefore, the following guideline is proposed for UL scheduling:

Proposal 4:

No new UL scheduling timing. Here “no new UL scheduling timing” means no new UL scheduling timing table beyond those already defined in Rel-8/9/10. The application of UL scheduling timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.
2.4 TDD UL-DL Configurations Combinations

As discussed in Section 2.1, if Proposal 1 is adopted, i.e., PCell UL-DL scheduling and HARQ-ACK timing always follow those of the PCell’s TDD UL-DL configuration, then in a two-cell carrier aggregation scenario, the PCell’s processes would always follow the PCell’s TDD UL-DL configuration and the SCell’s processes would be a function of the SCell’s TDD UL-DL configuration and the PCell’s TDD UL-DL configuration. 

Among those 42 different TDD configuration combinations for a two-cell system, it may be possible to impose some limitations or restrictions on the combinations in order to have a simpler design and/or specification effort. However, the decision on which combination(s) to restrict would depend on the solutions adopted. Therefore, what restrictions to impose, if any, should be part of the trade-off analysis and discussions when deciding on the scheduling and HARQ-ACK timing solutions.
Proposal 5:

Any restriction on TDD UL-DL configuration combinations is FFS (to be decided as part of the analysis of which scheduling and HARQ-ACK timing solutions to adopt).

Regarding the number of the carriers to be supported, if the PCell operation is not modified and the SCell operation is a function of the SCell and PCell configurations as recommended and discussed, then for scenarios where there is more than one SCell, e.g., three SCells, the operation of each SCell may be configured separately by just considering that SCell TDD UL-DL configuration and the PCell TDD UL-DL configuration. This means that TDD UL-DL configurations of different SCells may not impact each other’s operation. As a result, any solution proposed for a system with two aggregated cells can be extended to the case of supporting more than two cells.

Proposal 6:

Keep the number of supported bands agnostic to RAN1 (affirmation of the existing WA).
4
Conclusions and Proposals

In this contribution, some of the remaining open issues of TDD inter-band CA with different TDD UL-DL configurations are considered and the related general design considerations with respect to those open issues are discussed.

Proposal 1: PCell UL-DL scheduling and HARQ-ACK timing always follow those of the PCell’s TDD UL-DL configuration.
Proposal 2: SCell HARQ-ACK timing design rules should be investigated separately for the case of cross-carrier scheduling and non-cross carrier scheduling.

Proposal 3: DL grant and PDSCH are in the same TTI (affirmation of the existing WA).

Proposal 4: No new UL scheduling timing. Here “no new UL scheduling timing” means no new UL scheduling timing table beyond those already defined in Rel-8/9/10. The application of UL scheduling timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.
Proposal 5: Any restriction on TDD UL-DL configurations combinations is FFS (to be decided as part of the analysis of which scheduling and HARQ-ACK timing solutions to adopt).
Proposal 6: Keep the number of supported bands agnostic in RAN1 specifications (affirmation of the existing WA).
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