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Introduction
In RAN1 #76, many issues about TDD-FDD CA were discussed, and some conclusion have been reached. However, no agreement between the two options was made for the PDSCH HARQ timing on FDD SCell with self- carrier scheduling, when PCell is TDD carrier. In this contribution, we will keep discussing the design for DL HARQ timing for TDD-FDD CA with self-carrier scheduling when TDD is PCell and give our suggestions.
Discussion
The only open issue from SR (RP-140517) is TDD Pcell DL HARQ timing for TDD-FDD carrier aggregation with self-carrier scheduling on FDD SCell [1]. “If no consensus is made, TDD PCell for TDD-FDD carrier aggregation is not supported in Rel-12” was written in the RAN1_76bis draft agenda. In our opinion, the TDD PCell & FDD SCell scene owns its existence and actual deployment requirements. To protect the integrity of specification, TDD PCell for TDD-FDD CA should be supported in Rel-12 no matter whether the consensus is made.
Proposal 1: To protect the integrity of specification, TDD PCell for TDD-FDD CA should be supported in Rel-12.
There are two options for TDD Pcell DL HARQ timing with self-carrier scheduling on FDD Scell:
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
	2-c) The DL reference TDD U/D configuration is configured by higher layers
Option 1)
Option 1) has the benefit of high efficiency which allows all subframes in FDD SCell to be scheduled. Table-1 shows the alternatives option 1) for each TDD UL/DL configuration [2].
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	UL-DL Conf.
	Subframen

	
	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]
	-

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


In RAN1 #76, the alternatives are optimized: 
1) option 0A has better load balancing than option 0B; 
2) option 1* has better load balancing but higher HARQ-ACK feedback latency than option 1;
3) in spite of the better load balancing from option {3a, 4a}, option {3, 4} provides lower feedback latency and no “scheduling behind but feedback earlier” behavior；
4) option 6 has better load balancing than option 6*.
So, the better PDSCH HARQ timing for Option 1) should follow {0A, 1*, 2, 3, 4, 5, 6} [3]. However, new HARQ timing design, which needs some enhancements of UCI, DCI and buffer of UEs, means heavy specification impact.
Option 2-c)
Compared with Option 1), Option 2-c) has the advantage of reusing the existing Rel-11 specification with lighter specification impact. Table-2 shows the allowed reference congigurations: 
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	TDD PCell UL-DL configuration
	Allowed reference configuration for FDD-SCell

	0
	2, 5

	1
	2, 5

	2
	2, 5

	3
	4, 5

	4
	4, 5

	5
	5

	6
	2, 5


Obviously, Option 2-c) has the lowest efficiency with configuration 2/4 which UL/DL ratio is 1/4. However, not all the DL subframes on FDD SCell must be used for TDD-FDD CA capable UEs so that the loss is negligible. From the whole system perspective, to earn the limited gain the heavy specification impact Option 1) brings，the insignificant efficiency loss of option 2-c) is more acceptable.
There may be a limitation of the numbers of aggregated cells. Even if PUCCH format 3 is used, when choosing reference configuration 5(UL/DL ratio is 1/9), up to two cells can be aggregated. To get more cells aggregated, additional bundling (e.g., time-domain, CC-domain bundling) could be the solution [4]. 
Due to the affordable efficiency and light specification impact, Option 2-c) is suggested as the solution for DL PDSCH HARQ timing on FDD SCell when TDD is PCell.
Proposal 2: Option 2-c) is suggested as the solution for DL PDSCH HARQ timing on FDD SCell when TDD is PCell.
Conclusion
In this contribution, we state the integrity of specification analyzed the pros and cons of Options 1) and 2-c) for HARQ timing of PDSCH transmission on FDD SCell when PCell is TDD. We propose that:
Proposal 1: To protect the integrity of specification, TDD PCell for TDD-FDD CA should be supported in Rel-12.
Proposal 2: Option 2-c) is suggested as the solution for DL PDSCH HARQ timing on FDD SCell when TDD is PCell.
Reference
[1] RP-140517, “RP-140517 Status Report LTE TDD-FDD Joint Operation including Carrier Aggregation”, LG Electronics, ETRI, DOCOMO, Nokia, NSN, Samsung, ITL, Orange, NEC. 3GPP TSG RAN meeting #63, Fukuoka, Japan, 3 - 6 March 2014.
[2] R1-140215, “Remaining issues on HARQ timing for TDD-FDD CA”, ETRI. 3GPP RAN1#76, Prague, Czech Republic, February 10-14, 2014.
[3] R1-140864, “WF on HARQ timing for TDD-FDD CA”, LG Electronics, ETRI, DOCOMO, Nokia, NSN, Samsung, ITL, Orange, NEC. 3GPP RAN1#76, Prague, Czech Republic, February 10-14, 2014.
[4] R1-140450, ”Solutions for TDD-FDD CA”, Qualcomm Incorporated. 3GPP RAN1#76, Prague, Czech Republic, February 10-14, 2014.
