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1. Introduction

In RAN1#76, there was a discussion on the DL HARQ timing alternatives for FDD SCell self-scheduling in TDD PCell case but conclusion could not be reached [1]. Following up the RAN1 discussion, it was recommended in RAN#63 that RAN1 should make conclusion in RAN1#76bis and if RAN1 cannot reach a conclusion, TDD PCell scenario will not be supported for TDD-FDD CA operation in Rel-12 [2]. In this contribution, we summarize the options for DL HARQ timing on table and make our suggestions to support TDD PCell case.
2. DL HARQ timing options
In this section, we summarize DL HARQ timing options mainly discussed in RAN1#76 in the following tables, where details can be found in [3][4][5][6]. We keep the same naming of HARQ timing options and the same naming of HARQ timing entries for option 1-x used during the discussion in RAN1#76 for easy identification.
· Option 1-1

	TDD PCell 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

	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
	-
	-
	-
	-
	-

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


· Option 1-2
	TDD PCell 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

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

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

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


· Option 2c-B

	TDD PCell

UL-DL config.
	RRC-configurable 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

	TDD PCell

UL-DL config.
	RRC-configurable 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

	TDD PCell

UL-DL config.
	Reference configuration for FDD SCell
(2 aggregated cells)
	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


3. HARQ-ACK transmission schemes
Depending on the DL HARQ timing options, supportable HARQ-ACK formats and HARQ-ACK transmission schemes can be different. We briefly summarize the HARQ-ACK transmission schemes for each DL HARQ timing options discussed in RAN1#76 as below.
3.1. Channel selection with PUCCH format 1b

· For DL HARQ timing option 1-1, 1-2
Alt.1)

For M>4, 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.
Missing DAI > 4 case is handled by one of the followings methods
· Alt.1-1) When the total number of correctly received PDSCHs exceeds 4, the UE shall use the HARQ-ACK resource value transmitted in the TPC field on the last received PDCCH/EPDCCH for PDSCH scheduling
· Alt.1-2) For M>4, UE can understand if there exists more PDCCH/EPDCCH to be transmitted for PDSCH scheduling in the next DL subframe(s) within the HARQ-ACK bundling window by the value of the TPC field in the DCI transmitted with DAI>=4 for the SCell
Alt.2)

ACK/NACK channel selection can be configured only with the TDD PCell UL/DL configurations which don’t require DL HARQ timing with M > 4 on the FDD SCell
· For DL HARQ timing option 2c-B, 2c-B1
HARQ-ACK transmission as in inter-band TDD CA case can be applied following reference configuration for FDD SCell
· For DL HARQ timing option 2c-B2

Channel selection cannot be configured for any TDD PCell UL-DL configurations. It should be noted that anyhow, channel selection scheme should be applied in case of SR + single HARQ-ACK with DAI=1 on PCell as in Rel-10/11 specification.

3.2. PUCCH format 3

· For DL HARQ timing option 1-1, 1-2
When configured with PF3, maximum number of aggregated cells is limited for the M>4 cases so that number of ACK/NACK bits on PF3 does not exceed 21.

· For DL HARQ timing option 2c-B, 2c-B1, 2c-B2
HARQ-ACK transmission as in inter-band TDD CA case can be applied following reference configuration for FDD SCell

4. Discussion and suggestion
4.1. Support of TDD PCell in Rel-12 TDD-FDD CA

When introducing an important feature in a LTE release, in has been convention to support RAN1 functionalities for that release while frequency band allocation or operators actual deployments can be introduced in any future time frame. Since TDD PCell case is apparently a major concept in parallel with FDD PCell case which compose TDD-FDD CA feature, and quite a discussion has been done for DL HARQ timing for TDD PCell case, we think RAN1 should strive to complete the TDD-FDD CA specification including TDD PCell case in Rel-12.
Suggestion 1: Rel-12 TDD-FDD CA specification should support TDD PCell case

4.2. DL HARQ timing

Regarding HARQ timing and HARQ-ACK transmission scheme for TDD PCell case, we should support HARQ feedback for all DL subframes on FDD SCell to enable maximum throughput on FDD SCell in case of TDD-FDD CA, which can be realized by HARQ timings defined as in option 1-1 or option 1-2. Moreover, to avoid unnecessary coverage limitation with TDD PCell deployment, it is not desirable to confine the HARQ-ACK feedback into a certain UL subframe as in 2 carrier aggregation case in option 2-B2.
Suggestion 2: HARQ feedback for all DL subframes on FDD SCell should be supported as in DL HARQ timing option 1-1 or 1-2, where HARQ feedback should be distributed to a reasonable level over UL subframes to avoid unnecessary coverage limitation.
4.3. HARQ-ACK transmission scheme

In principle, it is desirable to support all the HARQ-ACK transmission schemes defined for legacy releases also for TDD-FDD CA, that is, both channel selection with PUCCH format 1b and PUCCH format 3, since each HARQ-ACK scheme has trade-offs to the other. On the other hand, there seems to be different views on the necessity of further specification works to support the case of M > 4 by channel selection with PUCCH format 1b or PUCCH format 3 in the Rel-12 time frame. Depending on the further discussion, supportable HARQ-ACK transmission schemes or HARQ-ACK timings may be limited to avoid M > 4 cases in Rel-12 specifications.
Suggestion 3: If inevitable in Rel-12 time frame, supportable HARQ-ACK transmission schemes or HARQ-ACK timings may be limited to avoid M > 4 cases.
5. Summary and suggestions
In this contribution, we discussed the options for DL HARQ timing on table. Our suggestions are summarized as follows.
Suggestion 1: Rel-12 TDD-FDD CA specification should support TDD PCell case

Suggestion 2: HARQ feedback for all DL subframes on FDD SCell should be supported as in DL HARQ timing option 1-1 or 1-2, where HARQ feedback should be distributed to a reasonable level over UL subframes to avoid unnecessary coverage limitation.
Suggestion 3: If inevitable in Rel-12 time frame, supportable HARQ-ACK transmission schemes or HARQ-ACK timings may be limited to avoid M > 4 cases.
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