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1 Introduction

It has been confirmed in RAN1 #74b [1] to support TDD-FDD carrier aggregation with a minimum UE hardware requirement of two DL and one UL. The following list of issues for TDD-FDD CA was observed during the discussion in RAN1 #74b [1]:

· Following issues need to be clarified in TDD-FDD CA

· How many CCs are supported?

· How to support or whether or not to support Tx/RX separation?
· Whether or not to support half-duplex?

· Which minimum UE capability should be assumed?

· Whether or not cross-carrier scheduling is supported?
· Whether or not to support PUCCH on Pcell or Scell?
· How to support HARQ/scheduling?

· DL self-carrier scheduling

· UL self-carrier scheduling

· DL cross-carrier scheduling (if supported)

· UL cross-carrier scheduling (if supported)

We discuss the baseline CA solutions targeting UEs with minimum required hardware capability and serving cell self-scheduling in [3]. In this contribution, we discuss potential PDSCH timing enhancements for FD SCell self-scheduling with TDD as PCell.

2 DL HARQ-ACK timings enhancements for the self-scheduling case

The DL HARQ-ACK feedback timing for a SCell in Rel-11 interband TDD CA with different UL/DL configurations in different bands is resolved via a DL-reference UL/DL configuration. The DL-reference UL/DL configuration serves as pointer to existing DL HARQ-ACK feedback timing and procedures. This DL-reference UL/DL configuration framework can be reused for Rel-12 TDD-FDD CA as discussed in [3]. An example of TDD configuration #1 PCell and FDD SCell is illustrated in Figure 4, where the FDD SCell follows the DL HARQ-ACK timing determined by the DL-reference configuration #2. There are eight SCell DL subframes with HARQ-ACK feedback timing.
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Figure 4 DL HARQ-ACK timing illustration of TDD configuration #1 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined by DL-reference configuration #2.

Since every TDD UL/DL configuration contains at least one UL subframe, it can be observed that no DL-reference configuration based on the existing seven TDD UL/DL configurations can enable all FDD SCell DL subframes to have HARQ-ACK feedback timings. It may hence be worth further study whether simple extensions to the DL HARQ-ACK subframe association sets can be devised to enable more usable FDD SCell DL subframes.
2.1 Association set completion
One possible such solution is to “complete” the existing DL HARQ-ACK subframe association set. More specifically, let the kmin and kmax denote the smallest and the large values in the association set K of a UL/DL configuration X, A DL-reference configuration X* can be defined based on the completed association set given by 

K* = {kmin, kmin+1, …, kmax}.

Taking UL/DL configuration 2 as an example, the association K={8,7,4,6} in subframes #2 and #7 gives kmin=4 and kmax=8. Therefore, a new DL-reference configuration 2* can be defined based on the completed association set K*={8,7,4,6,5}, where 5 is added. If the DL HARQ-ACK of the FDD SCell follows this DL-reference configuration 2*, then all of the FDD SCell DL subframes can be used. This is illustrated in Figure 5 for the example of TDD configuration #1 PCell and FDD SCell.

Based on this association set completion solution, four candidate DL-reference configurations are listed in Table 1. The additional subframes in the modified association sets are shown in bold face. (Note that these candidate DL-reference configurations are meant for determining DL HARQ-ACK timings for an FDD SCell only and not meant for defining new TDD UL/DL configurations.) 

A potential DL-reference configuration assignment for the FDD SCell with different TDD PCell UL/DL configurations to consider is as follows:
· For the cases of UL/DL configuration #0, #3 and #6 TDD PCells, the DL-reference configuration for the FDD SCell can be set to #3*.

· For the cases of UL/DL configuration #1 and #2 TDD PCells, the DL-reference configuration for the FDD SCell can be set to #2*. 

· For the cases of UL/DL configuration #4 and #5 TDD PCells, the DL-reference configuration for the FDD SCell can be set to #4* and #5*, respectively.

Table 1 Candidate DL-reference configurations based on simple association set completion principle: K* = {kmin, kmin+1, …, kmax}.
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2*
	
	
	8, 7, 4, 6, 5
	
	
	
	
	8, 7, 4, 6, 5
	
	

	3*
	
	
	7, 6, 11, 10, 9, 8
	6, 5
	5, 4
	
	
	
	
	

	4*
	
	
	12, 8, 7, 11, 10, 9
	6, 5, 4, 7
	
	
	
	
	
	

	5*
	
	
	13, 12, 9, 8, 7, 5, 4, 11, 6, 10
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Figure 5 DL HARQ-ACK timing illustration of TDD configuration #1 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined a DL-reference configuration #2*.

2.2 Potential further adjustment

For the cases of TDD PCell with UL/DL configurations #0, #1 and #6, one may observe the HARQ-ACK payload sizes are rather uneven on the different PCell UL subframes. For the example of TDD configuration #1 PCell and FDD SCell illustrated in Figure 5, PCell UL subframe #2 is associated with 7 DL subframes while UL subframe #3 is associated with only 1 DL subframe. To address this, one possible simple extension is to increase the association set for subframes #3 and #8 to {4,5,6} (i.e., 5 and 6 are inserted) as shown in Table 2. With this DL-reference configuration #1* set to the FDD SCell, every PCell UL subframe has the same number of 4 associated DL subframes between one TDD PCell and one FDD SCell as illustrated in Figure 6.

We further observe this DL-reference configuration #1* is also applicable to the cases of PCell with #0 and #6 UL/DL configurations as illustrated in Figure 7 and Figure 8 with rather well-balanced HARQ-ACK loads on different PCell UL subframes for these two cases. When DL-reference configuration #1* is applied to the cases of PCell with #0 UL/DL configuration, new PUCCH resources for UEs configured with TDD-FDD CA will be needed in subframes #3 and #8. This proposal is also considered in [5].

A potential DL-reference configuration assignment for the FDD SCell with different TDD PCell UL/DL configurations to consider is as follows:
· For the cases of UL/DL configuration #0, #1 and #6 TDD PCells, the DL-reference configuration for the FDD SCell can be set to #1*.

· For the cases of UL/DL configuration #2, #3, #4 and #5 TDD PCells, the DL-reference configuration for the FDD SCell can be set to #2*, #3*, #4* and #5*, respectively.

Table 2 Candidate DL-reference configuration based on inserting 5 to each non-empty association set.
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1*
	
	
	7, 6
	4, 5, 6
	
	
	
	7, 6
	4, 5, 6
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Figure 6 DL HARQ-ACK timing illustration of TDD configuration #1 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined a DL-reference configuration #1*.
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Figure 7 DL HARQ-ACK timing illustration of TDD configuration #6 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined a DL-reference configuration #1*.
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Figure 8 DL HARQ-ACK timing illustration of TDD configuration #0 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined a DL-reference configuration #1*.

3 Conclusions

Based on the discussion in the contribution about HARQ timings we propose

Proposal 1 In case of TDD as PCell, study further whether simple extensions to the DL HARQ-ACK subframe association sets can be devised to enable more usable FDD SCell DL subframes with self-scheduling.
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