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1. Introduction

In RAN1#75, the following aspects were agreed to be discussed in RAN1 email reflector for TDD-FDD CA operation [1], that is, further details on HARQ timing for self-carrier scheduling of FDD SCell when TDD PCell is configured, there are largely 2 options under discussion, that is, option 1 and option 2c. In this paper, we summarize the email discussion on those 2 options related to the DL HARQ timing and further details to be specified.

	Possible agreements:

· When PCell is TDD carrier and SCell is FDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing is FFS

· Continue offline discussion until Thursday – Joon (LG)
R1-136009
Offline discussion on self-scheduling for TDD-FDD CA
LG Electronics
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

Conclusion:

· Email discussion until RAN1 #76 meeting about the detail of Options 1) and 2-c) of  HARQ timing of PDSCH transmission on SCell with self-scheduling when PCell is TDD carrier and SCell is FDD carrier


2. DL HARQ timing option 1
The following table 1 contains HARQ-ACK timing candidates for option 1 discussed in the RAN1 email. As more narrowed-down alternatives, the following two detailed alternatives were discussed further.
Option 1-1) HARQ timing {0A, 1*, 2, 3, 4, 5, 6} in table 1 for U/D configuration {0, 1, 2, 3. 4, 5, 6}

Option 1-2) HARQ timing {0A, 1, 2, 3a, 4a, 5, 6} in table 1 for U/D configuration {0, 1, 2, 3. 4, 5, 6}

Table 1. Alternatives for HARQ-ACK transmission timing for option 1

	UL-DL

Conf.
	HARQ

timing
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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

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

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

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

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

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

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

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

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

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

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

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


Brief summary of each HARQ timing alternatives are as follows.

· DL HARQ timing 0A vs. 0B

· HARQ timing 0A: 0A utilize subframe 3/8 for HARQ-ACK transmission for better HARQ-ACK payload balancing than 0B among UL subframes, which is not the case for Rel-10 LTE. However, in Rel-11 inter-band TDD CA, subframe 3/8 are also used for HARQ-ACK transmission.

· HARQ timing 0B: 0B doesn’t utilize subframe 3/8 for HARQ-ACK transmission, which results in worse HARQ-ACK payload balancing than 0A.
· DL HARQ timing 1 vs. 1* (6*)
· HARQ timing 1: There can be the cases where PDSCH corresponding to the HARQ-ACK transmission on subframe n can be scheduled after the DCI transmission which schedules PUSCH on subframe n, so called, “UL DAI signalling before PDSCH scheduling”. In this case, eNB may not be able to indicate number of scheduled DL subframes within M subframes by 
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 to optimize the HARQ-ACK overhead on PUSCH.

· HARQ timing 1*: With this alternative, no “UL DAI signalling before PDSCH scheduling” occurs. Therefore, eNB can always indicate number of scheduled DL subframes within M subframes by 
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 to optimize the HARQ-ACK overhead on PUSCH. (6* also satisfies the same condition as 1* but with worse HARQ-ACK overhead balancing than 6)
On the other hand, it should be noted that in Rel-11 TDD inter-band CA, there also exist the same cases as described in HARQ timing 1 and no special handling was taken account for to optimize the HARQ-ACK overhead on PUSCH in those cases. On the other hand, HARQ-ACK response delay with HARQ timing 1 is faster than HARQ timing 1* for some DL subframes as shown in table 1. In overall, there seems to be slight trade off between two alternatives regarding HARQ-ACK overhead and HARQ-ACK response delay.

· DL HARQ timing {3, 4} vs. {3a, 4a}

· HARQ timing {3a, 4a}: There can be the cases where a subframe for HARQ-ACK transmission corresponding to the PDSCH scheduled in subframe n-k precedes the subframe for HARQ-ACK transmission corresponding to the PDSCH scheduled in subframe n-l where l>k, so called, “reversal HARQ feedback subframe order”, which may complicate eNB scheduler operation.

· HARQ timing {3, 4}: With this alternative, no “reversal HARQ feedback subframe order” occurs.

On the other hand, HARQ timing {3a, 4a} provides better HARQ-ACK overhead balancing and smaller maximum M value than HARQ timing {3, 4} as shown in table 1.

2.1. ACK/NACK channel selection for M>4 cases

With DL HARQ timing option 1, M value can exceed 4 even for U/D configurations other than 5, depending on the TDD PCell U/D configuration and more detailed HARQ timing alternatives as follows.

For U/D configuration 2:

· M=5

For U/D configuration 3:

· HARQ timing alternative 3: maximum M =6

· HARQ timing alternative 3a: maximum M =4

For U/D configuration 4:

· HARQ timing alternative 4: maximum M =6

· HARQ timing alternative 4a: maximum M =5

Since Rel-11 ACK/NACK channel selection is designed to support up to M=4, solution for the M > 4 cases is necessary to support ACK/NACK channel selection for DL HARQ timing option 1. The following alternative solutions were discussed.

· CHsel option 1: Scheduling restriction of maximum DAI=4

With this solution, eNB can schedule up to maximum DAI=4 within M subframes even if M > 4. 

· CHsel option 2: Bundling ACK/NACK bits for DAI ( 4

With this solution, UE bundles (logical-AND operation) ACK/NACK bits for DAI ( 4 into single HARQ ACK/NACK bit to reuse the Rel-11 channel selection table. In this case, eNB may not be able to distinguish between, for example, UE’s bundled ACK transmission for DAI ( 4 and UE’s missing DCI for DAI > 4. There can be options to handle this potential problem.

· CHsel option 2-1) no special handling for missing DL scheduling DCIs with DAI>4
· eNB can schedule only up to DAI=4 if it wants to avoid UE’s DCI missing cases. Otherwise, eNB can schedule DAI > 4 resorting on RLC retransmission for the DCI missing cases.

· CHsel option 2-2) UE selects a PUCCH format 1b resource for channel selection from the ARI value in last received PDCCH (ARI values with DAI>4 can be independently set from those with DAI ( 4)
· With this operation, eNB can tell whether UE’s HARQ-ACK response includes ACK/NACK information for DAI > 4 or not by indicating different PUCCH format 1b resources between ARI with DAI ( 4 and ARI with DAI > 4.

· CHsel option 2-x) There are other options introduced in each company’s paper, for example further utilization of TPC bits for DAI>=4 [R1-140208, Huawei] or further scheduling restriction [R1-130310, LG]
2.2. ACK/NACK on PUCCH format 3 for M>4 cases

With DL HARQ timing option 1, HARQ-ACK payload on PUCCH format 3 can exceed 21 bits due to M > 4 depending on the TDD PCell U/D configuration and TDD/FDD SCell combination. The following was proposed.
· Proposal PF3) For TDD PCell and FDD SCell with HARQ timing option 1, when configured with PF3, maximum number of aggregated cells can be limited for the M>4 cases so that number of ACK/NACK bits on PF3 does not exceed 21. Detailed number of cells depends on the agreement on HARQ timings.
3. DL HARQ timing option 2c
In RAN1 email discussion, largely 4 candidate options were discussed for details of DL HARQ timing option 2c as follows.

· Option 2c-A1: No limitation to the configurable reference U/D configuration

Any of 7 U/D configuration is RRC configured to FDD SCell as a “nominal” U/D configuration. Then, HARQ timing for FDD SCell is derived from the inter-band TDD CA rule

· Option 2c-B: Limitation to the reference U/D configuration

Configurable reference U/D configuration is restricted to those whose UL subframe set is subset of the TDD PCell’s UL subframe set. The resultant configurable reference U/D configuration is shown in table 2.

Table 2. Restriction to the configurable reference configuration with option 2c-B
	TDD PCell

U/D configuration
	Allowed reference configuration for FDD SCell

	0
	{0, 1, 2, 3, 4, 5, 6}

	1
	{1, 2, 4, 5}

	2
	{2, 5}

	3
	{3, 4, 5}

	4
	{4, 5}

	5
	{5}

	6
	{1, 2, 3, 4, 5, 6}


· Option 2c-B1: Further limitation to the reference U/D configuration (table 3)

Table 3. Further restriction to the configurable reference configuration with option 2c-B1
	TDD PCell

U/D configuration
	Allowed reference configuration for FDD SCell

	0
	{2, 4, 5}

	1
	{2, 4, 5}

	2
	{2, 5}

	3
	{4, 5}

	4
	{4, 5}

	5
	{5}

	6
	{2, 4, 5}


· Option 2c-B2: Further limitation to the reference U/D configuration (table 4)

Table 4. Further restriction to the configurable reference configuration with option 2c-B2
	TDD PCell

U/D configuration
	Allowed reference configuration for FDD SCell (2 aggregated cells)
	Allowed reference configuration for FDD SCell (more than 2 aggregated cells)

	0
	5
	2

	1
	5
	2

	2
	5
	2

	3
	5
	4

	4
	5
	4

	5
	5
	Not applicable

	6
	5
	2


4. Companies’ views on the overall alternatives
In the RAN1 email discussion over option 1 and option 2c, the following has been companies’ views and preferences as for the detailed alternatives.
Option 1-1) LG, NEC, ZTE, Samsung, Orange, NTT DOCOMO, Nokia*, NSN*, Sharp, ETRI, KDDI, KT Corp., [ITL]

Option 1-2) LG, Samsung, [Orange], [NTT DOCOMO], Huawei, HiSilicon, [KDDI], KT Corp., ITL
Option 2c-B) Nokia, NSN, [ITL], ALU, ASB, CMCC, CATT
Option 2c-B1) Nokia, NSN, ITL, ALU, ASB, CMCC, CATT
Option 2c-B2) Huawei, HiSilicon, CMCC
 * NNSN is fine with option 1-1 with the following addition (CHsel option 2-2)
- For TDD PCell and FDD SCell with HARQ timing option 1, when configured with PF1b with channel selection, HARQ-ACK bits for DAI>=4 for each cell are bundled by logical-AND operation. For PDSCH transmission on the FDD SCell indicated by the detection of PDCCH in subframes k_m, m=4 or m=5, if the total number of detected PDCCHs exceeds 4, the UE shall use the TPC field in the last received PDCCH to determine the HARQ-ACK resource values.

 

Regarding solutions for M>4 with option 1, the following was companies’ preferences in the RAN1 email discussion.

· CHsel option 1: Scheduling restriction of maximum DAI=4

· Supported by: Sharp

· CHsel option 2: Bundling ACK/NACK bits for DAI ( 4

· Supported by: LG, NEC, ZTE, Huawei, HiSi, ETRI, ITL, DOCOMO, Samsung, Potevio
· CHsel option 2-1) no special handling for missing DL scheduling DCIs with DAI>4
· Supported by: Samsung, ZTE
· CHsel option 2-2) UE selects a PUCCH format 1b resource for channel selection from the ARI value in last received PDCCH (ARI values with DAI>4 can be independently set from those with DAI ( 4)
· Supported by: Nokia, NSN, DOCOMO
· CHsel option 2-3) TPC bits with DAI ( 4 for SCell indicates further scheduling of PDSCH or PDCCH for SPS release with DAI > 4

· Supported by: Huawei, HiSi
· Proposal PF3) For TDD PCell and FDD SCell with HARQ timing option 1, when configured with PF3, maximum number of aggregated cells can be limited for the M>4 cases so that number of ACK/NACK bits on PF3 does not exceed 21. Detailed number of cells depends on the agreement on HARQ timings.
· Supported by: Nokia, NSN, LG, Huawei, HiSi, Samsung, ZTE, DOCOMO
5. Recommendations
Considering the number of supporting companies, it is recommended to introduce HARQ timing option 1-1. 
For further details of option 1-1, the following options are recommended.

· CHsel option 2: Bundling ACK/NACK bits for DAI ( 4
· Further discussion is needed on solutions for handling missing DAI > 4
· Proposal PF3) For TDD PCell and FDD SCell with HARQ timing option 1, when configured with PF3, maximum number of aggregated cells can be limited for the M>4 cases so that number of ACK/NACK bits on PF3 does not exceed 21.
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