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1
Introduction and Background
In RAN1#68, the discussion on the inter-band CA for supporting different TDD UL-DL configurations for non cross-carrier scheduling was concluded as follows [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 on the application of H-ARQ-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

· The PUSCH HARQ/scheduling timing on SCell shall

· For the full duplex case, follow the SCell SIB1 configuration in case of self scheduling

In this contribution, our views on the remaining open issues for full duplex non cross-carrier scheduling of TDD inter-band CA with different TDD UL-DL configurations ([1][2]) are presented and the related general design considerations are discussed. The goal of this document is to provide a comprehensive overview of SCell operation (covering both previous agreements and open issues) for the scenario of full duplex non cross-carrier scheduling. Our views on cross-carrier scheduling of TDD inter-band CA is presented in [4].
2
Non Cross-Carrier Scheduling 
In single carrier TDD, each cell has a single TDD UL-DL configuration associated with 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 some 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 some scheduling and HARQ feedback limitations in some scenarios. A possible approach to minimize (or possibility avoid) these limitations is to have one or more of these processes to follow the timing of a different TDD UL-DL configuration. However, the main challenge of this approach is to define and/or assign the TDD UL/DL configuration that each of those processes needs to follow.  

In RAN1#68, it was agreed that PCell operation stays the same as that of TDD in Rel-10, i.e., PCell follows its own timing for all processes. Regarding the non cross-carrier (self) scheduling SCell operation, the PUSCH scheduling/HARQ timing was confirmed to follow the SCell’s SIB1 configuration. For PDSCH HARQ timing an agreement was reached only for the cases where the DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell’s SIB1 configuration, which is to follow PCell’s SIB1 configuration. Other cases were FFS. 

In this document, the SCell operation for non cross-carrier scheduling TDD inter-band carrier aggregation with different TDD UL/DL configurations is investigated, and the related remaining open issues are discussed.
2.1 DL Scheduling/HARQ Timing

In RAN1#67, it was agreed to have DL grant and PDSCH in the same TTI, i.e., the same as that of TDD operation in R10. Therefore, the same assumption is also applicable to the SCell operation and no further specification effort is required with respect to the SCell DL scheduling timing. 

Regarding the SCell DL HARQ timing, the main problems for the non cross-carrier scheduling scenario are that, 1) for some configuration combinations and subframes, if the SCell follows its own DL HARQ timing then 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), and 2) for some configuration combinations and subframes, if the SCell DL HARQ timing follows that of the PCell’s then some SCell DL subframes cannot be scheduled and consequently wasted. One example is presented in Figure 1, where PCell is set to configuration 2 and SCell is 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.

As discussed during RAN1#67 and RAN1#68, one option to TDD operation is the application of HARQ timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration. In order to apply this concept to SCell operation, then the next question is which TDD UL/DL configuration to follow for each process. 

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. These 42 combinations can fall into 3 categories as follow:
Case 1: SCell DL subframes are a subset of PCell DL subframes

This is equivalent to having SCell UL subframes as a superset of PCell UL subframes. This case corresponds to 18 combinations out of 42 combinations (see Table 1). As agreed in RAN1#68, in this case SCell DL HARQ follows the PCell SIB1 configuration (i.e., PCell TDD UL/DL configuration). For these combinations, since for every SCell DL subframe there is also a PCell DL subframe, there would be always a PUCCH opportunity for every DL subframe of the SCell, e.g., for the example configuration of Figure 1 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). 

Table 1: TDD UL/DL configurations combinations for which SCell DL subframes are a subset of PCell DL subframes.

	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)
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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.

Case 2: SCell UL subframes are a subset of PCell UL subframes

This case is equivalent to having SCell DL subframes as a superset of PCell DL subframes. This case corresponds to 18 combinations out of 42 combinations (see Table 2). For this case it is proposed that the SCell DL HARQ to follow that of the SCell SIB1 configuration, i.e., its own TDD UL/DL configuration:
Proposal 1: SCell DL HARQ timing shall follow that of the SCell SIB1 configuration if the set of UL subframes indicated by the SCell SIB1 configuration is subset of the UL subframes indicated by the PCell SIB1 configuration.

In these 18 combinations, for every SCell DL HARQ to be sent to eNB on a PCell UL subframe, there is always an UL subframe on the PCell to carry such feedback since there is a PCell UL subframe for every SCell UL subframe. So by applying Proposal 1 to these combinations, there would be always a PUCCH opportunity for every DL subframe of the SCell and as a result, all SCell DL subframes can be granted and no SCell DL subframe is wasted.

Table 2: TDD UL/DL configurations combinations where SCell DL subframes are a subset of PCell DL subframes.
	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)
	


Case 3: SCell UL subframes are neither a subset nor a superset of PCell UL subframes

This case corresponds to 6 combinations out of 42 combinations (see Table 3). Two options can be considered for the SCell operation of these combinations:

Option 1: The 6 combinations, presented in Table 3, are not supported for TDD inter-band carrier aggregation. This option simplifies the specification effort by avoiding the introduction of exception to the solutions provided in Cases 1 and 2, i.e., SCell DL timing either follows PCell’s or SCell’s SIB1 configuration.

Option 2: The SCell DL HARQ follows that of the TDD UL/DL configuration 5. By doing so the DL HARQ feedback of every SCell DL subframe is sent in the UL subframe #2 which is also an UL subframe for all TDD UL/DL configurations such as all PCells in Table 3. In other words, there would be always a PUCCH opportunity for every DL subframe of the SCell and as a result, all SCell DL subframes can be granted and no SCell DL subframe is wasted.

Table 3: TDD UL/DL configurations combinations for which SCell UL subframes are neither a subset nor a subset of PCell UL subframes.

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

	(1,3)
	(3,1)

	(2,3)
	(3,2)

	(2,4)
	(2,4)


Proposal 2: For the combinations for which the UL subframes indicated by the SCell SIB1 configuration is neither a superset nor a subset of the UL subframes indicated by the PCell SIB1 configuration, two options are available for the operation of the SCell DL HARQ:
Option 1: These combinations are not supported for non cross-carrier TDD inter-band carrier aggregation with different TDD UL/DL configurations. 
Option 2: The SCell DL HARQ timing follows that of the TDD UL/DL configuration 5.

The choice between Option 1 and Option 2 is FFS.
2.2 UL Scheduling/HARQ Timing

In RAN1#68, it has already been agreed that UL (PUSCH) scheduling/HARQ timing of the SCell shall follow that of the SCell SIB1 configuration, i.e., the SCell’s TDD UL/DL configuration. Therefore, no further specification effort is required for the SCell UL scheduling/HARQ timing operation for the case of non cross-carrier scheduling.

4
Conclusions and Proposals

In this contribution, some of the remaining open issues of the SCell operation for full duplex non cross-carrier scheduling in TDD inter-band CA with different TDD UL-DL configurations are discussed and the following proposals are recommended:
Proposal 1: SCell DL HARQ timing shall follow that of the SCell SIB1 configuration if the set of UL subframes indicated by the SCell SIB1 configuration is a subset of the UL subframes indicated by the PCell SIB1 configuration.
Proposal 2: For the combinations for which the UL subframes indicated by the SCell SIB1 configuration is neither a superset nor a subset of the UL subframes indicated by the PCell SIB1 configuration, two options are available for the operation of the SCell DL HARQ:
Option 1: These combinations are not supported for non cross-carrier TDD inter-band carrier aggregation with different TDD UL/DL configurations. 

Option 2: The SCell DL HARQ timing follows that of the TDD UL/DL configuration 5.

The choice between Option 1 and Option 2 is FFS.
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