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1. Introduction

HARQ operation for TDD-FDD carrier aggregation (CA) was discussed at great length before and during the RAN1 #76 meeting. Several agreements were reached regarding self- and cross-carrier scheduling as noted in [1]. One outstanding issue is the self-scheduling case of an FDD SCell aggregated with a TDD PCell. The two main options, and all their derivatives, were discussed during a prior RAN1 email discussion and are well summarized in [2]. Unfortunately, it was difficult to reach a consensus at RAN1 #76. This contribution discusses these two options and makes some recommendations on finalizing the DL HARQ timing for TDD-FDD CA. 
2. DL HARQ Timing
2.1. HARQ timing based on PCell UL/DL configuration
The downlink association set (bundling window) of the TDD PCell UL/DL configuration can be extended to support HARQ-ACK feedback of all FDD DL subframes as shown in Table 1 (reproduced from [2]). The values in square brackets indicate the new HARQ-ACK timing for DL subframes on the FDD SCell. It can be seen that some UL/DL configurations have several alternatives based on different design tradeoffs involving eNB scheduler complexity, balancing HARQ-ACK payload size across UL subframes and HARQ round trip time. 
Regarding these design tradeoffs we note that in previous releases HARQ-ACK feedback for a scheduled subframe is transmitted no later than HARQ-ACK feedback for a subsequently scheduled subframe. It is desirable if this ordering is preserved so as not to increase the complexity of the MAC entity. Secondly, it is desirable to strive for a balanced HARQ-ACK payload across all UL subframes. This ensures uniform PUCCH coverage requirements for TDD-FDD CA.
Table 1 Modified Downlink Association Set Index to support an FDD SCell
	PCell UL/DL

Conf.
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0A
	-
	-
	6, [5]
	[5], [4]
	4
	-
	-
	6, [5]
	[5], [4]
	4

	0B
	 
	 
	6, [5], [4]
	 
	[5], 4
	 
	 
	6, [5], [4]
	 
	[5], 4

	1
	-
	-
	7, 6, [5]
	[5], 4
	-
	-
	-
	7, 6, [5]
	[5], 4
	-

	1*
	
	
	7, 6
	[6], [5], 4
	
	
	
	7, 6
	[6], [5], 4
	

	2
	-
	-
	8, 7, 6, [5], 4
	-
	-
	-
	-
	8, 7, 6, [5], 4
	-
	-

	3
	-
	-
	11, [10], [9], [8], 7, 6
	6, 5
	5, 4
	-
	-
	-
	-
	-

	3a
	-
	-
	11, [10], 7, 6
	[10], 6, 5
	[10], 5, 4
	
	
	
	
	

	4
	-
	-
	12, 11, [10], [9], 8, 7
	7, 6, 5, 4
	 
	 
	 
	 
	 
	 

	4a
	
	
	12, 11, [10], 8, 7
	[10], 7, 6, 5, 4
	 
	 
	 
	 
	 
	 

	5
	-
	-
	13, 12, 11, [10], 9, 8, 7, 6, 5, 4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	[8], 7
	7, [6]
	[6], 5
	-
	-
	7
	7, [6], [5]
	-

	6a
	
	
	[8], 7
	7, [6]
	[6], 5
	-
	-
	7, [5]
	7, [5]
	

	6*
	-
	-
	7
	7, [6], [5]
	5
	-
	-
	7, [6], [5], [4]
	7
	-


Comparing the UL/DL configurations with alternative solutions we have the following observations:

1) Comparison of options 0A and 0B: Option 0A tries to balance the HARQ-ACK payload across UL subframes. As there is no HARQ-ACK feedback for the PCell in subframes 3 and 8 for UL/DL Configuration 0, the eNB cannot signal a TPC command for these subframes. However, PUCCH transmission in subframes 3/8 is supported in Rel-11 TDD inter-band CA with different UL/DL configurations. Option 0B, however, avoids this problem by scheduling feedback only in subframes 2, 4, 7 and 9, albeit with an increase in the payload. Hence, the tradeoff is between no TPC command and payload restriction at most 4 bits as opposed to 6 bits (when the SCell is configured for spatial multiplexing). Therefore, we do not see significant issues with supporting either Option 0A or 0B.
2) Comparison of Options 1 and 1*: For Option 1 an UL grant may be sent before the last scheduled DL subframe in a DAI set. This is the case for subframe 2 where the UL grant is sent in subframe 6 of the previous radio frame but a PDSCH may be scheduled in subframe 7 of the previous radio frame. This problem was solved by implementation in Rel-11 inter-band TDD CA, where the eNB is tasked with determining the correct DAI value. Option 1* on the other hand targets a more efficient solution, in terms of UCI overhead on PUSCH by ensuring that the latest DL subframe is also the carrying the UL grant. It should also be noted that this problem occurs for the timing alternatives associated with UL/DL configuration 6. Since the HARQ-ACK payload is similar in both alternatives we have a slight preference for adopting Option 1*. 

3) Comparison of Options {3, 4} and {3a, 4a}: it can be seen that {3a, 4a} offers a balanced HARQ-ACK payload. However, the consequence of this approach is out-of-sequence HARQ-ACK reception. As mentioned earlier we are unclear if this is a problem for the MAC entity. Therefore, we slightly prefer {3, 4} even though it leads to a larger HARQ-ACK payload.
2.2. HARQ timing based on a DL-reference UL/DL configuration

Option 2c seeks to minimize testing and specification efforts by essentially treating an FDD SCell as a TDD SCell with a different UL/DL configuration compared to the TDD PCell. Therefore, a DL-reference UL/DL configuration can be configured for the FDD SCell to support DL HARQ timing. To further reduce testing efforts it was proposed to limit the options for the DL-reference configuration to DL-heavy UL/DL configurations {2, 4, 5}. The main drawback to this solution is that some DL subframes on the FDD SCell may not be scheduled because there is no assigned UL subframe on the PCell for the corresponding HARQ-ACK indication. For example, for UL/DL Configuration 2, subframes 2 and 7 cannot be scheduled. This solution is not preferable as it reduces the motivation of aggregating TDD and FDD cells for a UE if some DL subframes cannot be scheduled. 

Proposal 1: 

· DL HARQ timing for a self-scheduled FDD SCell aggregated with a TDD PCell is based on the PCell UL/DL configuration with additional new timing to support all DL subframes.

· The new timing is given by {0A, 1*, 2, 3, 4, 5, 6} in Table 1. 
· Alternatively, Option 1 is acceptable if Option 1* is deemed to be a small optimization.
If consensus between these two main options cannot be reached, perhaps one way forward is as a hybrid of the two solutions as proposed in [3], where a set of DL-reference configurations {2, 4, 5} is chosen and new HARQ timing is added to support feedback from all DL subframes of the FDD SCell. The benefit would be a reduction in the number of new DL-reference UL/DL configurations required for TDD-FDD CA. An example would be to select the DL reference configurations {2, 4, 5} in Table 1. 
2.3. PUCCH Resource Allocation

For Rel-11, the maximum PUCCH Format 3 payload size can be 22 bits when CSI is multiplexed with HARQ-ACK and SR. To fit this payload size for TDD-FDD CA, some restrictions are needed on the allowable number of aggregated serving cells. For example, for Options {3, 4} in Table 1, at most four cells can be configured (e.g. 2 FDD + 2 TDD).
Proposal: When PUCCH Format 3 is configured the number of configured serving cells is such that the total HARQ-ACK payload size is at most 21 bits, without any additional bundling beyond what is specified in Rel-11.  

For PUCCH Format 1b with channel selection, an unresolved issue is how to support HARQ-ACK bundling if the bundling window size, M > 4. It was also mentioned in [2] that a DTX-to-ACK problem may occur when M > 4 because the UE may report ACK if it correctly receives the fourth subframe but does not receive the last one or two DL subframes associated with the bundling window for an UL subframe (e.g. subframe 2 of Configuration 4 in Table 1 where M = 6). Several solutions to prevent the DTX-to-ACK problem for PUCCH Format 1b with channel selection were proposed in [2]. At this late stage in the WI, it may be difficult to achieve consensus on a solution with significant specification impact. Therefore, we recommend that PUCCH Format 1b with channel selection is only configured in cases where the TDD PCell UL/DL configuration would not require bundling window sizes of M > 4.
Proposal: PUCCH Format 1b with channel selection is only configured in cases where the TDD PCell UL/DL configuration would not require bundling window sizes of M > 4.
3. Conclusion

In this contribution we provide our views on the DL HARQ timing for a self-scheduled FDD SCell aggregated with a TDD PCell. In summary we propose that 
· DL HARQ timing for a self-scheduled FDD SCell aggregated with a TDD PCell is based on the PCell UL/DL configuration with additional new timing to support all DL subframes.

· The new timing is given by {0A, 1*, 2, 3, 4, 5, 6} in Table 1. 
· Alternatively, Option 1 is acceptable if Option 1* is deemed to be a small optimization.

· Alternatively, consider taking DL-reference configurations from the set {2, 4, 5} in Table 1.

· When PUCCH Format 3 is configured the number of configured serving cells is such that the total HARQ-ACK payload size is at most 21 bits, without any additional bundling beyond what is specified in Rel-11.
· PUCCH Format 1b with channel selection is only configured in cases where the TDD PCell UL/DL configuration would not require bundling window sizes of M > 4.
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