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1. Introduction
In RAN#63[1], the conclusion of DL PDSCH timing of FDD SCell for TDD-FDD CA is: if no RAN1 decision by RAN#64, then TDD PCell will not be considered in Rel-12. In this contribution, we analyze this issue and give our views.
2. DL PDSCH timing of FDD SCell for TDD-FDD CA
There are two options for PDSCH timing of FDD SCell when PCell is TDD cell [2].
· Option 1):  FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· If UL/DL configuration 5 is used, the number of HARQ processes is less than 17

· Option 2-c):  The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations

· The DL reference TDD U/D configuration is configured by higher layers

If Option 2-c is agreed, only part of FDD DL subframes will be scheduled for the TDD-FDD CA capable UEs. The number of DL subframes that can be scheduled depends on the number of DL subframes of DL reference TDD U/D configuration. But all FDD DL subframes can be scheduled if Option 1 is agreed. Both options need some specification changes. For option 1, the scheme of HARQ-ACK feedback for M>4 should be considered. For option 2-c, the DL reference TDD U/D configuration may be defined per each TDD-FDD CA combination. Based on the above analysis, we prefer Option1 to fully utilize FDD DL subframes.

For Option 1, additional new timing for remaining subframes of FDD SCell should be considered. One important design principle of PDSCH timing is even distribution of ACK/NACK bits over uplink subframes. But for some TDD U/D configurations, this will bring some drawbacks. For Configuration#0, in order to achieve even distribution of ACK/NACK bits over uplink subframes, subframe #3 and #8 should be used for HARQ-ACK transmission. The specification impact cannot be ignored because new uplink subframes would be applied for HARQ-ACK transmission. For Configuration#3, if ACK/NACK bits is even distributed over uplink subframes, the issue of "scheduling behind but feedback earlier" will be existed which was shown as Figure 1.
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Figure 1 DL PDSCH timing of FDD cell and TDD cell with TDD U/D configuration#3
 "Scheduling behind but feedback earlier" should be avoided in PDSCH timing considering the following reasons.

· "Scheduling behind but feedback earlier" will increase the eNB's scheduling complexity.

· "Scheduling behind but feedback earlier" will result in non-continuous feedback because time domain correlation in a bundling window will be broken.
· "Scheduling behind but feedback earlier" will affect the efficiency of power control because the TPC for earlier scheduled subframe will be accumulated later in accumulation of TPC command for PUCCH.

Based on above analysis, our preferred PDSCH timing is shown in Table 1.  

Table1: Downlink association set index
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	TDD UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 5, 4
	-
	5, 4
	-
	-
	6, 5, 4
	-
	5,4

	1
	-
	-
	7, 6, 5
	5, 4
	-
	-
	-
	7, 6, 5
	5,4
	-

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

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

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

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

	6
	-
	-
	8, 7
	6, 7
	6, 5
	-
	-
	7
	7,6, 5
	-


Proposal 1:  FDD SCell PDSCH timing depends on TDD PCell timing and additional new timing for remaining subframes of FDD SCell. The specific PDSCH HARQ timing of FDD SCell is shown in Table 1. 
M will be larger than 4 according to Table 1. The existing channel selection only works for M<=4. Channel selection for M>4 should be considered, where M is maximum one of MFDD and MTDD. There are two alternatives:

· Alt 1: Introduce the mapping tables for M>4 

· Alt2: First perform subframe bundling to bundle the ACK/NACK response for some FDD DL subframes, then use existing mapping table
For Alt1, the specification impact is larger because the mapping tables for M=5 and M=6 should be introduced. The DL throughput is reduced because one mapped state represents more states for M>4. For Alt2, ACK/NACK responses after subframe bundling are no more than 4, so the existing mapping table is enough. The specification impact is negligible for Option 2. But the impact on DL throughput cannot be avoided. From the perspective of specification impact, we prefer Alt2.
Proposal 2: For channel selection, ACK/NACK responses for DAI>=4 FDD DL subframes need to be bundled.

If the DL assignment of DAI=5/6 is missed and the subframe of DAI=4 is correctly received, UE will report ACK because the ACK/NACK response for DAI>=4 are bundled. Then DTX-ACK error would occur for DAI=5/6 missing case. Such DTX-ACK error can be solved by eNB implementation by applying flexible scheduling to avoid the DAI=5/6 missing case. 
PUCCH format3 can be configured for HARQ-ACK feedback in the case of M>4. PUCCH format3 can be configured as the only HARQ-ACK feedback scheme when TDD PCell U/D configuration is {2, 3, 4}. Considering the resource overhead of PUCCH format3, we think PUCCH format3 should not be the only solution.

If the number of carrier to be aggregated is five, the HARQ-ACK feedback bits will larger than 20 according to Option 1. The existing PUCCH feedback schemes (e.g. PUCCH format3) only work for HARQ-ACK feedback bits no more than 20. In order to support more HARQ-ACK feedback bits, there are two Alternatives:
· Alt1：New PUCCH feedback scheme
· Alt2：limit the number of carriers to be aggregated 
Considering limited time for TDD-FDD CA, we prefer Alt2 to resolve this issue in this release. The number of carriers to be aggregated is shown in Table2.

Table2: The number of carrier to be aggregated
	TDD PCell U/D configuration
	Number of carriers to be aggregated  

	0，1，6
	5

	2，3
	4

	4，
	3

	5
	2


For UE configured with TDD-FDD CA and eIMTA, the TDD PCell U/D configurations in Table 2 are replaced by TDD DL HARQ reference configurations.

Proposal 3: In order to reuse existing HARQ-ACK feedback schemes largely, the number of carriers to be aggregated should be limited as listed in Table 2 with specific numbers of aggregated carriers for different U/D configurations.
3. Conclusion

In this contribution, issues and potential solutions for TDD-FDD CA are discussed. We have following proposals:
Proposal 1:  FDD SCell PDSCH timing depends on TDD PCell timing and additional new timing for remaining subframes of FDD SCell. The specific PDSCH HARQ timing of FDD SCell is shown in Table 1. 
Proposal 2: For channel selection, ACK/NACK responses for DAI>=4 FDD DL subframes need to be bundled.

Proposal 3: In order to reuse existing HARQ-ACK feedback schemes largely, the number of carriers to be aggregated should be limited as listed in Table 2 with specific numbers of aggregated carriers for different U/D configurations.
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