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1 Introduction
In RAN1#66, RAN1#66bis, RAN1#67 and RAN1#68 meeting, several agreements have been made as described in Annex 2. Email discussion continues until RAN1#68bis on the details of supporting different TDD UL-DL configurations on different bands.

2 Discussion
2.1 PDSCH HARQ timing on SCell
2.1.1 Different cases

It seems that most of the PDSCH HARQ timing on SCell issues can be grouped into 3 categories.
According to the different configurations from Pcell and Scell(s), 3 different cases are identified as follows in Table-1,

Case A
· Scell(s) downlink subframes are a subset of PCell
Case B

· Scell(s) downlink subframes are a superset of PCell

Case C
· Scell(s) downlink subframes are neither a superset nor a subset of PCell

Table 1: the reference PDSCH HARQ timing on SCell
	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	1
	2
	3
	4
	5
	6

	
	1
	B
	
	2
	C
	4
	5
	B

	
	2
	B
	B
	
	C
	C
	5
	B

	
	3
	B
	C
	C
	
	4
	5
	B

	
	4
	B
	B
	C
	B
	
	5
	B

	
	5
	B
	B
	B
	B
	B
	
	B

	
	6
	B
	1
	2
	3
	4
	5
	

	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
	Case A
	Case B
	Case C
	


2.1.2 Email discussion inputs
A). Scell(s) downlink subframes are a subset of PCell (Green grids in Table-1)
There is an agreement from RAN1#68. And the green grids in Table-1 are agreed. 
Agreement: follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration.
B). Scell(s) downlink subframes are a superset of PCell (Red grids in Table-1)
What is the PDSCH HARQ timing on SCell?

Discussion/Company comments:
The comments from multiple companies are attached in Table A1-1.
C). Scell(s) downlink subframes are neither a superset nor a subset of PCell (Yellow grids in Table-1)
1) Whether there are any restrictions for carrier aggregation when Scell(s) downlink subframes are neither a superset nor a subset of Pcell?
2) If supported, provide detail PDSCH HARQ timing on SCell solution for carrier aggregation when Scell(s) downlink subframes are neither a superset nor a subset of Pcell.
Discussion/Company comments:
The comments from multiple companies are attached in Table A1-2.

2.1.3 Observations
	Table 2. Observations on PDSCH HARQ timing on SCell
　
	PDSCH HARQ timing on SCell

	
	Case A
	Case B
	Case C

	Index
	Company
	　
	self-carrier sheduling
	cross-carrier sheduling
	self-carrier sheduling
	cross-carrier scheduling

	1
	Ericsson/ST-Ericsson
	PCell
	Scell
	Support, Table provided

	2
	ZTE
	
	Scell
	Support( Pcell / Conf#4), Table Provided

	3
	IDCC
	
	Scell
	Pcell
	1) Not support (prefer)
2) Conf#5
	Pcell

	4
	Panasonic
	
	Scell
	Pcell
	Pcell
	Not supported

	5
	Pantech
	
	Scell
	Pcell(If multi-TTI scheduling is Not supported);
Scell(If multi-TTI scheduling is supported)
	Table is same as Ericsson
	Pcell(If multi-TTI scheduling is Not supported);
Reference (If multi-TTI scheduling is supported)

	6
	Huawei
	
	Scell
	Pcell(if cross-subframe scheduling is not introduced)
	Not supported

	7
	Renesas
	
	Scell
	Support (Table is same as Ericsson)

	8
	ALU,ASB
	
	Scell
	Pcell（if cross-subframe scheduling is not introduced)
	Support
	Pcell

	9
	Samsung
	
	Scell
	Pcell
	Suuport
	Pcell

	10
	RIM
	
	Scell
	Scell(multi-TTI or/and cross-TTI scheduling shall be supported)
	Support (Table is same as Ericsson)

	11
	Qualcomm
	
	Scell
	Not supported

	12
	Sharp
	
	Pcell(common DL subframes)
a common reference timing(only Scell DLsubframe)
	Support

	13
	Potevio
	
	Scell
	Pcell(non-conflicted subframe)
	Not supported

	14
	NNSN
	
	Scell
	Neither Pcell nor Scell

	15
	LGE
	
	Scell
	Scell
	UL-DL configuration in which DL is defined (at least) for all the subframes where at least one of the two cells (Pcell and Scell) is configured as DL

	16
	CATT
	
	Pcell(?)
	Pcell(?)
	Support. Neither Pcell nor Scell timing

	17
	Intel
	
	Scell
	Scell
	Support (Table is same as Ericsson)


2.1.4 Proposals

Case B

For Case B and self-carrier scheduling, most of the companies propose that SCell PDSCH HARQ timing should follow the SCell HARQ timing.
However, different proposals are presented for Case B and cross-carrier scheduling. It can be split mainly into two different proposals, 
· SCell PDSCH HARQ timing should follow the SCell HARQ timing in case of cross-carrier scheduling (7)

· SCell PDSCH HARQ timing should follow the PCell HARQ timing in case of cross-carrier scheduling (7)

· Depending on whether multi-TTI or/and cross-TTI scheduling is supported (3)

Then it is proposal that, 

Proposal 1:

· For SCell(s) downlink subframes are a superset of PCell (namely case B) in case of self-carrier scheduling, SCell PDSCH HARQ timing should follow the SCell HARQ timing.
· Continue analysis the impact (e.g., performance) of support multi-TTI or/and cross-TTI scheduling in case B
It is also proposed to continue study,

· Study potential specification impact problems when SCell(s) PDSCH follows SCell or PCell HARQ timing.

Case C
By observing the inputs from multiple companies on question “Whether there are any restrictions for carrier aggregation when Scell(s) downlink subframes are neither a superset nor a subset of Pcell?”, it can be split into 4 different proposals,
· Support Scell(s) downlink subframes are neither a superset nor a subset of PCell (12)
· Not support Scell(s) downlink subframes are neither a superset nor a subset of PCell (3)
· Support only in case of self-carrier scheduling (1)
· Support only in case of cross-carrier scheduling (1)
Proposal 2:

· Working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands.
· can be revisit if any problems occurs until RAN1#69

· For Scell(s) downlink subframes are neither a superset nor a subset of PCell (namely case C) in case of self-carrier scheduling, the following two possible reference timing are proposed. 
Alternative 1: 
	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	
	
	
	
	
	

	
	1
	
	
	
	4
	
	
	

	
	2
	
	
	
	5
	5
	
	

	
	3
	
	4
	5
	
	
	
	

	
	4
	
	
	5
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	6
	
	
	
	
	
	
	

	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
	Case A
	Case B
	Case C
	


Alternative 2: 

	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	
	
	
	
	
	

	
	1
	
	
	
	4
	
	
	

	
	2
	
	
	
	3
	4
	
	

	
	3
	
	4
	2
	
	
	
	

	
	4
	
	
	2
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	6
	
	
	
	
	
	
	

	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
	Case A
	Case B
	Case C
	


· Continue discussing PDSCH HARQ timing when Scell(s) downlink subframes are neither a superset nor a subset of PCell (namely case C) in case of cross-carrier scheduling
· Continue analysis (or possible evaluate) the impact (e.g., performance) of support multi-TTI or/and cross-TTI scheduling, E-PDCCH scheduling in case cross-carrier scheduling is not available on that downlink subframe in case C.
And in generally, it is proposed
Proposal 3

· Continue study whether SCell(s) PDSCH HARQ timing in case of cross-carrier scheduling should follow the same HARQ timing as self-carrier scheduling.
2.2 PUSCH HARQ/scheduling timing on Scell
2.2.1 Different cases
There is an agreement in RAN1#68,
· For the full duplex case, follow the SCell SIB1 configuration in case of self scheduling

· Working assumption is that for half-duplex case, follow SCell SIB1 configuration in case of self scheduling. To be confirmed by next meeting.

Therefore, only cross-carrier scheduling needs to be discussed after RAN1#68.
According to the different configurations from scheduling cell and scheduled cell, 4 different cases are identified as follows in Table-3 when cross-carrier scheduling is used,

Case A

· UL subframes indicated by the scheduled cell SIB1 configuration are a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

Case B

· UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

Case C

· UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

Case D

· PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms
Table 3: the reference PUSCH HARQ/scheduling timing on Scell
	HARQ/scheduling timing of PUSCH on Scheduled Cell follows TDD UL-DL Configuration #
	Scheduling cell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell SIB-1 UL-DL Configuration
	0
	　
	B
	B
	B
	B
	B
	D

	
	1
	D
	　
	B
	C
	B
	B
	D

	
	2
	D
	A
	　
	C
	C
	B
	D

	
	3
	D
	C
	C
	　
	B
	B
	D

	
	4
	D
	A
	C
	A
	　
	B
	D

	
	5
	D
	A
	A
	A
	A
	　
	D

	
	6
	D
	B
	B
	B
	B
	B
	　

	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
	 Case A
	Case B
	Case C
	Case D
	　
	　
	　


2.2.2 Email discussion inputs
A). UL subframes indicated by the scheduled cell SIB1 configuration are a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms (Green grids in Table-3)
There is an agreement from RAN1#68. And the green grids in Table-1 are agreed. 
Agreement: It has concluded PUSCH HARQ/scheduling timing on SCell follow the scheduling cell SIB1 configuration if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms.
B). UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms(Red grids in Table-3)
Should cross-carrier scheduling be supported for this case and, if supported, what is the PUSCH HARQ/scheduling timing on SCell?
Discussion/Company comments:
The comments from multiple companies are attached in Table A1-3.

C). UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms(Yellow grids in Table-3)
Should cross-carrier scheduling be supported for this case and, if supported, what is the PUSCH HARQ/scheduling timing on SCell?
The comments from multiple companies are attached in Table A1-4.

D). If the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms(Grey grids in Table-3)
Should cross-carrier scheduling be supported for this case and, if supported, what is the PUSCH HARQ/scheduling timing on SCell?
Discussion/Company comments:
The comments from multiple companies are attached in Table A1-5.

2.2.3 Observations
Table 4. Observations on PUSCH HARQ/scheduling timing on SCell
	　
	PUSCH HARQ/scheduling timing on SCell

	
	Case A
	Case B
	Case C
	Case D

	Index
	Company
	　
	cross-carrier scheduling
	cross-carrier scheduling
	cross-carrier scheduling

	1
	Ericsson/ST-Ericsson
	scheduling cell

	scheduling cell 
	Scheduling cell
	Not supported

	2
	ZTE
	
	scheduled cell
	Scheduled cell for combination {#2,#3} and {#2,#4}

Otherwise, consider subframe dependent solution
	Only {#6,#0} is supported

	3
	IDCC
	
	scheduled cell
	not supported(prefer)
if supported, follow configuration #1
	option1:not supported(prefer)
option2:UL/DL configuration 1 as reference

	4
	Panasonic
	
	scheduled cell
	Not supported
	only (scheduling cell=#6, scheduled

cell=#0) is supported and follow scheduled cell

	5
	Pantech
	
	scheduled cell
	Scheduled cell if supported
	Not supported

	6
	Huawei
	
	scheduled cell
	only supported if there is clear need
	Scheduling cell

	7
	Renesas
	
	scheduled cell
	Scheduling cell
	Scheduled cell

	8
	ALU,ASB
	
	scheduling cell 
	UL Grant and HARQ timing might be different 
	Be careful to decide whether to support

	9
	Samsung
	
	scheduling cell and 
scheduled cell for UL subframe not aligned case (if supported)
	Scheduling cell, 
a reference timing for UL subframe not aligned case (if supported)
	a reference configuration

	10
	RIM
	
	scheduled cell
	A Reference timing with union with set of UL subframe in PCell and SCell
	can be support if there is not much additional complexity introduced in the spec

	11
	Qualcomm
	
	scheduled cell
	Not supported
	Scheduled cell

	12
	Sharp
	
	scheduling cell 
	　
	Scheduling cell

	13
	Potevio
	
	scheduled cell
	Not supported
	Not supported

	14
	NNSN
	
	scheduled cell
	{scheduling cell, scheduled cell}:
{#2,#3}, #3 as reference;
{#2,#4}, #4 as reference;
{#4,#2}, #1 as reference; 
other combination not supported
	Not supported

	15
	LGE
	
	scheduled cell
	UL-DL configuration in which UL is defined (at least) for all the subframes where at least one of the two cells (scheduling cell and scheduled cell) is configured as UL
	UL-DL configuration in which UL is defined (at least) for all the subframes where at least one of the two cells (scheduling cell and scheduled cell) is configured as UL

	16
	CATT
	
	Full duplex: scheduled cell
half duplex: scheduling cell SIB1 configuration
	opt.1 a reference configuration or Scheduling cell;
opt.2 scheduling cell
	opt.1: a reference configuration
opt.2: scheduling cell

	17
	Intel
	
	scheduled cell
	Scheduling cell
	Scheduling cell


2.2.4 Proposals

Case B
For case B and cross-carrier scheduling, different proposals are presented for Case B and cross-carrier scheduling. It can be split mainly into three different proposals,

· PUSCH HARQ/scheduling timing on Scell should follow the scheduled cell (11)

· PUSCH HARQ/scheduling timing on Scell should follow the scheduling cell (4)

· Depending on UE duplex-mode (1)
· subframe dependent solution (1)
Then it is proposed that,

Proposal 4

· Working assumption is that PUSCH HARQ/scheduling timing on Scell should follow the scheduled cell in case UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms (namely case B).
Case C
By observing the inputs from multiple companies on question “Should cross-carrier scheduling be supported for this case?” it can be split into 3 different proposals,

· Supported (11)
· Part of the combination supported (1)
· Not supported (5)
Proposal 5
· Working assumption is that cross-carrier scheduling is supported when UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms (namely case C).
The reference timing of scell is quite diverse from companies. It is proposed,
· Continue discussing PUSCH HARQ/scheduling timing when UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms (namely case C)

Case D
By observing the inputs from multiple companies on question “Should cross-carrier scheduling be supported for this case?”, it can be split into 4 different proposals,

· Supported (9)

· Part of the combination supported (2)
· Not supported (6)
It is proposed that,
The reference timing of scell is quite diverse from companies. It is proposed that 

Proposal 6
· Continue discussing the possibility of supporting cross-carrier scheduling and PUSCH HARQ/scheduling timing on Scell when if the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms.
3 Conclusion

Proposal 1:

· For SCell(s) downlink subframes are a superset of PCell (namely case B) in case of self-carrier scheduling, SCell PDSCH HARQ timing should follow the SCell HARQ timing.
· Continue analysis the impact (e.g., performance) of support multi-TTI or/and cross-TTI scheduling in case B
· Study potential specification impact problems when SCell(s) PDSCH follows SCell or PCell HARQ timing.

Proposal 2:

· Working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands.

· can be revisit if any problems occurs until RAN1#69

· For Scell(s) downlink subframes are neither a superset nor a subset of PCell (namely case C) in case of self-carrier scheduling, the following two alternative reference timing are proposed. 

· Alternative 1: 
	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	
	
	
	
	
	

	
	1
	
	
	
	4
	
	
	

	
	2
	
	
	
	5
	5
	
	

	
	3
	
	4
	5
	
	
	
	

	
	4
	
	
	5
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	6
	
	
	
	
	
	
	

	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
	Case A
	Case B
	Case C
	


Alternative 2: 

	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	
	
	
	
	
	

	
	1
	
	
	
	4
	
	
	

	
	2
	
	
	
	3
	4
	
	

	
	3
	
	4
	2
	
	
	
	

	
	4
	
	
	2
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	6
	
	
	
	
	
	
	

	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
	Case A
	Case B
	Case C
	


· Continue discussing PDSCH HARQ timing when Scell(s) downlink subframes are neither a superset nor a subset of PCell (namely case C) in case of cross-carrier scheduling
· Continue analysis the impact (e.g., performance) of support multi-TTI or/and cross-TTI scheduling in case C.
Proposal 3

· Continue study whether SCell(s) PDSCH HARQ timing in case of cross-carrier scheduling should follow the same HARQ timing as self-carrier scheduling

Proposal 4

· Working assumption is that PUSCH HARQ/scheduling timing on Scell should follow the scheduled cell in case UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms (namely case B).
Proposal 5
· Working assumption is that cross-carrier scheduling is supported when UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms (namely case C).
· Continue discussing PUSCH HARQ/scheduling timing when UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms (namely case C)

Proposal 6
· Continue discussing the possibility of supporting cross-carrier scheduling and PUSCH HARQ/scheduling timing on Scell when if the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms.
Annex 1: Detailed email discussion inputs from multiple companies
Table A1-1: PDSCH HARQ timing on SCell case B - Scell(s) downlink subframes are a superset of PCell
	Discussion/Company comments:
[Ericsson/ST-Ericsson] The aim with the HARQ timing design in general should be that we should have a common design independent from which UL-DL configuration are aggregated and also considering the number of support aggregated carriers. 
The PDSCH HARQ timing of an Scell shall follow a PDSCH HARQ timing reference configuration. The reference configuration number of an Scell is determined based on a fixed rule upon configuration of the Scell. The fixed rule can be written as a 2x2 table with the Pcell SIB1 configuration and the Scell SIB1 configuration as keys. This fixed rule, in fact, covers all three PDSCH HARQ timing cases considered in this section.
For an example CA of Conf #1 Pcell + Conf #2 Scell + Conf #3 Scell: the Conf #2 Scell uses Conf #2 as reference and the Conf #3 Scell uses Conf #4 as reference.
UL/DL configuration number for PDSCH HARQ timing reference

Scell UL/DL configuration

0

1

2

3

4

5

6

Pcell UL/DL configuration

0

0

1

2

3

4

5

6

1

1

1

2

4

4

5

1

2

2

2

2

5

5

5

2

3

3

4

5

3

4

5

3

4

4

4

5

4

4

5

4

5

5

5

5

5

5

5

5

6

6

1

2

3

4

5

6

[ZTE]: In our opinion, for HARQ timing of PDSCH on SCell, solution should preserve the DL peak data rate, and be invariant regardless of self-scheduling or cross-carrier scheduling and regardless of the number of CCs aggregated.

For this case that the set of DL subframes on SCell is a superset of the DL subframes on PCell, the HARQ timing of PDSCH on SCell shall follow the timing corresponding to this SCell own SIB1 configuration. Cross-subframe scheduling can be considered as complementary solution in case of cross-carrier PDSCH scheduling to maximize the DL peak data rate. 
[IDCC] The agreement in Case A is applicable to both cross-carrier and self scheduling. However, for Case B, we recommend making a distinction between cross-carrier and self scheduling (similar to UL scheduling/HARQ timing) as follows (please see R1-121307 and R1-121308 for more detail):

· Self scheduling: 

Follow SCell SIB1 configuration

· Cross-carrier scheduling: 
Follow PCell SIB1 configuration

Note that for cross-carrier scheduling the SCell DL PDSCH/HARQ can always follow the PCell’s TDD UL/DL configuration and there is no need to consider different cases of A, B and C:

Proposal: For cross-carrier scheduling, SCell DL timing follows PCell SIB1 for all combinations.
[Panasonic] To determine PDSCH HARQ timing on SCell, following three aspects need to be taken into account.

  (1) Avoidance of PUCCH timing when PCell is not in UL subframe. (This is an issue in case A) and C))

  (2) Avoidance of collision of implicit PUCCH resources. (This is an issue when cross-carrier scheduling)

  (3) Achievement of higher DL rate (This is an issue when SCell follows PCell SIB1 configuration)

For non-cross-carrier scheduling, our preference is to follow SCell SIB1 configuration, considering the aspect (3).

For cross-carrier scheduling, our preference is to follow PCell SIB1 configuration, considering the aspect (2). In this case the aspect (3) is not satisfied but we prioritized the aspect (2) rather than (3).

[Pantech] Basically, we prefer that DL peak data rate should be supported in this case. And we would like to discuss separately either self-scheduling or cross-carrier scheduling for PDSCH HARQ timing on SCell in above case B. (The details are covered by R1-121356)

· In case of self-scheduling, following SCell’s SIB 1 configuration for PDSCH HARQ timing of SCell should be supported to keep the DL peak data rate.

In case of cross-carrier scheduling, there is one additional discussion point on whether cross-subframe scheduling (i.e. multi-TTI scheduling) is supported as complementary scheme for the DL peak data rate. 

· If multi-TTI scheduling is Not supported in case of cross CC scheduling, following the PCell SIB 1 configuration for PDSCH HARQ timing on SCell should be supported.
· If multi-TTI scheduling is supported in case of cross CC scheduling, following the SCell SIB 1 configuration for PDSCH HARQ timing on SCell should be supported.
[HW/HiSi] 

For the case of non cross-carrier scheduling, the SCell’s PDSCH HARQ timing follows its own timing. 

For the case of cross-carrier scheduling, the resource allocation issue for PUCCH format 1b with channel selection is different from non cross-carrier scheduling. HARQ-ACKs of the SCell use the implicit PUCCH format 1b resource on the PCell for cross-carrier scheduling, while they use explicit resource for non cross-carrier scheduling.
Under the assumption that cross-subframe scheduling is not introduced for DL cross-carrier scheduling in Rel-11, we prefer that PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration. With this solution, the SCell implicit PUCCH resource on PCell always exists according to the Rel-10 schemes.
[Renesas Mobile Europe Ltd] Our view is to follow Scell SIB1 configuration when Scell DL is a superset of Pcell DL. This rule is aligned with values in Ericsson’s table, so we agree to that table. Besides, for the multiple Scells case, the reference configuration for each Scell can be checked from the table separately.

[ALU, ASB] For B), in the case of self scheduling, the PDSCH HARQ timing on SCell should follow that of the SCell SIB1 configuration.

We propose not to support cross-carrier scheduling for a DL subframe on SCell when the corresponding subframe on PCell is not a DL subframe, meaning that no cross-subframe scheduling is supported.

Under this assumption, in the case of cross-carrier scheduling, we prefer that the PDSCH HARQ timing on SCell follows that of the PCell SIB1 configuration, so that minimal impact is introduce on the specifications and the existing implicit PUCCH resource assignment mechanism can be reused.

[Samsung] The PDSCH HARQ timing on Scell follows:

· Pcell SIB1 configuration in case of cross-carrier scheduling

· Scell SIB1 configuration in case of self-scheduling 

In case of cross carrier scheduling, it is straightforward and natural that the UL HARQ-ACKs for the PDSCHs sent in the same DL subframes of Pcell and Scell are sent in the same UL subframe of the Pcell. This rationale applies to Case C) below as well.

[RIM] In our view, there is no need to differentiate the cross carrier scheduling and separate scheduling in the downlink HARQ timing design. A unified design can be obtained. Our proposal is that SCell PDSCH HARQ follows the timing of a supplemental configuration with union set of DL subframe in both PCell and SCell. In case B, it is equivalent to follow SCell SIB1 UL/DL configuration.   

For case B, in order to maximize the downlink peak data reate, we think that the multi TTI or/and cross TTI scheduling has to be supported.  

[Qualcomm] If the set of DL subframes on SCell is a superset of the DL subframes on PCell, the HARQ timing of PDSCH on SCell shall follow the timing corresponding to the Scell. In addition, the full cross-carrier control for aggregation of carriers with different TDD UL-DL subframe configurations should be supported (otherwise it would imply step down from the Rel-10 functionality). Hence for the scenario where Scell(s) downlink subframes are supersets of PCell (i.e. cross-scheduling CC is UL heavy), the cross-carrier operation should be supported. That can be achieved by the cross-subframe scheduling on DL.
[Sharp] The SCell should follow the PCell timing for subframes in which both PCell and SCell are configured for DL, to ensure the DL transmissions in the same TTI are reported in the same UL subframe. Only in those subframes in which PCell is configured for UL and SCell is configured for DL, the SCell should follow a reference timing selected from existing HARQ-ACK timing table. The same reference HARQ timing associations should be applied to all SCell configurations regardless of 

· Self scheduling or cross-carrier scheduling

· SCell TDD configuration; 
· Combinations of TDD configurations;
· The number of bands and the number of scheduling cells.
An example is given in the appendix of R1-121348.

[Potevio] In order to fully use time-frequency resources, the scheduling of the conflicted subframe should not be restricted. So PDSCH HARQ follows its own timing is natural choice. It helps to reach higher peak rate in CA scenario. For non-conflicted subframe:

· Self scheduling: 

Follow SCell’s own timing
· Cross-carrier scheduling: 
Follow PCell’s timing
For conflicted subframe, it is a reasonable choice to fall-back to self-scheduling. Even in HetNet scenario, the control channel ICIC can be improved by e-PDCCH. (Please see R1-121682 for more detail)

[NNSN] We prefer a common solution for both cross-carrier and self scheduling for HARQ-ACK timing of PDSCH on SCell, i.e. in case B) SCell SIB1 configuration should always be the reference configuration. Using PCell SIB1 configuration as reference configuration for cross-carrier scheduling leads to the implication that multi-subframe would not be supported. Implicit PUCCH resource allocation with cross-carrier scheduling can be re-visited if considered as necessary. Besides, we also prefer supporting multi-subframe cross-carrier scheduling in Rel-11, then the peak data rate for CA UEs can be reached.
[LGE] Reference UL-DL configuration for PDSCH HARQ timing is determined for Scell as the following. This approach could be an unified solution without any restriction on Pcell/Scell combination or cross-carrier scheduling as well as regardless of subframe relationship between Pcell and Scell, for example, regardless whether the set of DL subframes in Scell is a superset/subset of those in Pcell or not. In addition, when cross-carrier scheduling is enabled, cross-subframe scheduling (with individual DL grant PDCCH for each Scell DL subframe) is supported for DL grant on the subframe where UL is configured for PDCCH cell while DL is configured for PDSCH cell in order to achieve peak data rate by fully utilizing DL resource.

· PDSCH HARQ timing reference for Scell: 

UL-DL configuration in which DL is defined (at least) for all the subframes where at least one of the two cells (Pcell and Scell) is configured as DL

[CATT]: In general, we see two possible ways to determine the PDSCH HARQ timing for a SCell, i.e. either following a reference configuration (Opt1) or following the PCell SIB1 configuration (Opt2). For full duplex UEs and self scheduling, higher peak data rate can be achieved with Opt1, while the main issue with Opt1 is that PUCCH format 1b with channel selection is difficult to support without significant specification change. For half duplex UEs, there are no clear disadvantages for Opt2 vs. Opt1, and PUCCH format 1b with channel selection can be easily supported for half duplex UEs with Opt2. For full duplex UEs and cross carrier scheduling, Opt 2 does not suffer clear disadvantages compared to Opt1, if multi-TTI scheduling is not supported.

[Intel] We slightly prefer to support cross-subframe scheduling in order to maximize the downlink peak data rate. With this principle, for scenario B where Scell(s) downlink subframes are supersets of PCell, the HARQ timing of SCell should follow SCell SIB1 configuration regardless of self scheduling or not. 



Table A1-2: PDSCH HARQ timing on SCell case C - Scell(s) downlink subframes are neither a superset nor a subset of PCell

	Discussion/Company comments:
[Ericsson/ST-Ericsson] No restriction in support of different combinations of UL-DL configurations is needed. The same PDSCH HARQ timing solution described in the above is applicable here.
For an example of Conf #1 + Conf #3 CA with either one as the Pcell, the Scell shall use Conf #4 as PDSCH HARQ timing reference.
[ZTE]: It is hard to say this case is non-typical for Het-net deployment scenarios from our point of view. Operators’ input is very helpful. If supported, for the UL-DL combination of {#2,#4},{#2,#3}, {#3,#2} or {#4,#2} belonging to this case, the HARQ timing of PDSCH on SCell shall follow the timing corresponding to PCell SIB1 configuration for simplicity considering the balanced ACK/NACK payload size and the support of up to 5 CCs aggregation, otherwise follow the timing corresponding to UL-DL configuration #4 to maximize the DL peak data rate.

In other words, our view is that the HARQ timing of PDSCH on a certain SCell is determined by rules based on the combination of {PCell SIB 1 configuration, SCell SIB1 configuration}, which can be given by the following table. Details can be found in our contribution R1-121057.

PDSCH HARQ timing on SCell follows UL-DL configuration #

PCell UL-DL Configuration
0

1

2

3

4

5

6

SCell UL-DL Configuration

0

1
2
3
4
5
6
1

1
2
[4]
4
5
1
2

2
2
[3]
[4]
5
2
3

3
[4]
[2]
4
5
3
4

4
4
[2]
4
5
4
5

5
5
5
5
5
5
6

6
1
2
3
4
5
Notes: 

 Case 1
Case 2

Case 3
[]:if supported
[IDCC] These combinations correspond to the cases where (PCell,SCell) or (SCell,PCell) are configured as (1,3) or (2,3) or (2,4), that is 6 combinations out of 42 total possible combinations for two cells with different TDD UL/DL configurations.

We recommend making a distinction between cross-carrier and self scheduling (similar to UL scheduling/HARQ timing) as follows (please see R1-121307 and R1-121308 for more detail):

· Self scheduling: 


· Option 1: not to support these combinations (preferred) 

· Option 2: SCell to follow timing of TDD UL/DL configuration 5 (guaranties DL HARQ feedback opportunity for all SCell DL subframes)

· Cross-carrier scheduling: 


· Follow PCell SIB1 configuration

Note that for cross-carrier scheduling the SCell DL PDSCH/HARQ can always follow the PCell’s TDD UL/DL configuration and there is no need to consider different cases of A, B and C:

Proposal: For cross-carrier scheduling, SCell DL timing follows PCell SIB1 for all combinations.
[Panasonic] For non-cross-carrier scheduling, our preference is to follow SCell SIB1 configuration, considering the aspect (1). In this case the aspect (3) is not satisfied but we prioritized the aspect (1) rather than (3).

For cross-carrier scheduling, our preference is this case is not supported in Rel.11, considering PUSCH HARQ/scheduling timing on SCell with cross-carrier scheduling.

We are also fine if the case C) itself (i.e. the combination of UL-DL configuration#1&3, 2&3 and 2&4) is not supported in Rel.11, although its PUSCH HARQ/scheduling timing for non-cross-carrier scheduling case is agreed.
[Pantech] No need any restriction for case C. The case C can be also divided into self-scheduling and cross-carrier scheduling cases for the discussion. 

· In case of self-scheduling, following reference PDSCH HARQ timing for PDSCH HARQ timing of SCell should be supported to keep the DL peak data rate.

· If multi-TTI scheduling is Not supported in case of cross CC scheduling, following the PCell SIB 1 configuration for PDSCH HARQ timing of SCell is preferred.

· If multi-TTI scheduling is supported in case of cross CC scheduling, following the reference PDSCH HARQ for PDSCH HARQ timing on SCell should be supported.
[HW/HiSi] The main motivations of introducing the inter-band CA with different TDD UL-DL configurations are to support the co-existence with legacy system, and allow the carrier that does not need co-exist with legacy system to have a UL-DL configuration based on the traffic condition. Configuration 3 and 4 cannot co-exist with legacy system, and these two configurations can be substituted by the other configurations with similar UL/DL ratio (e.g. configuration 1/2) when matching the traffic condition is considered.

With all the other combination supported, the motivations of inter-band CA with different configurations can be satisfied well. The additional benefit by supporting these three combinations is questionable. We prefer to support them only if there is clear need of such combination scenarios.
[Renesas Mobile Europe Ltd] Our view is to follow the configuration that contains common UL subframes of Pcell and Scell when Scell DL is not a subset or superset of Pcell DL. Also here, this is aligned with Ericsson’s table and that can be agreed. Similar as for B), for the multiple Scells case, the reference configuration for each Scell can be checked from the table separately.
[ALU, ASB] No restriction in support of different combinations of UL-DL configurations is needed.

For case C), in the case of self scheduling, the PDSCH HARQ timing should follow that of a reference configuration. Please see R1-121228 for more detail.

We propose not to support cross-carrier scheduling for a DL subframe on SCell when the corresponding subframe on PCell is not a DL subframe, meaning that no cross-subframe scheduling is supported.

Under this assumption, in case of cross-carrier scheduling, we prefer that the PDSCH HARQ timing on SCell follows that of the PCell SIB1 configuration, so that minimal impact is introduce on the specifications and the existing implicit PUCCH resource assignment mechanism can be reused.

[Samsung] The PDSCH HARQ timing on Scell follows

· Pcell SIB1 configuration in case of cross-carrier scheduling
· A reference UL-DL configuration in case of self-scheduling
The reference UL-DL configuration above can be taken from the table in Rel-8, whose UL subframes is the intersection of the UL subframes indicated by Pcell SIB1 configuration and the UL subframes indicated by Scell SIB1 configuration. 
[RIM] We support no restriction on the combination of aggregated component carrier SIB1 configurations because of the flexibility in bandwidth allocation and interference avoidance.

In terms of HARQ timing, it follows the HARQ timing of a supplemental configuration with union set of DL subframe in both PCell and SCell. Refer to our contribution R1-121484 for details. This scheme is aligned with values in the table Ericsson is proposed in the previous section. We support the table. 

[Qualcomm] To address the PUCCH issues due to non-overlapping UL subframes of PCell and SCell, as well as cross-carrier scheduling due to non-overlapping DL subframes of PCell and SCell, special consideration and rules would have to be defined for those cases. Since the number of challenging aggregations is limited (configurations (1, 3), (2, 3), (2, 4)), and special rules would have to be defined for them, we believe that disabling those aggregation cases would not impact the system flexibility and would simplify specification and implementation efforts. Hence, the combinations of DL/UL configurations (1, 3), (2, 3), and (2, 4) should not be supported in Rel-11.

[Sharp] No restriction on combinations of TDD configuration is needed. The SCell follows the PCell timing for subframes in which both PCell and SCell are configured for DL. Only in those subframes in which PCell is configured for UL and SCell is configured for DL, the SCell should follow a reference timing selected from existing HARQ-ACK timing table. The single HARQ timing associations should be applied to all SCell configurations regardless SCell TDD configuration and combinations.
[Potevio] In this case, ACK/NACK bits of the set (4) should be separated into subframe 2 and 7, as shown below in figure. If the ACK is carried in subframes 7, HARQ transmission delay is evidently increased. If the ACK is dispersed into subframe 2 and 7, ACK/NACK payload size exceeds 20bits easily when aggregating multiple carriers. The maximum number of aggregated carriers is limited. It is hardly to use another reference configuration. 

Moreover, in cross-scheduling, scheduling and HARQ timing of the conflicted subframe needs additional design, which brings more standardization efforts. 
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We suggest in the first stage, we can focus on the same switch periodicity case, i.e. not to support Case C. 

Case C can be studied in future Release.
[NNSN] We prefer no restriction for case C), and it could be simply achieved by defining the reference configuration for HARQ-ACK timing of PDSCH on SCell as a third configuration other than PCell and SCell SIB1 configuration. Specifically, we think Ericsson’s table in case B) can be used to determine the reference configuration for all combinations in full duplex operation.
[LGE] A same unified solution suggested for question B above could also cover this case.

[CATT]: For both options, i.e. either following a reference configuration (Opt1) or following the PCell SIB1 configuration (Opt2), it is feasible not to apply any restrictions on the combinations of TDD UL-DL configurations on different bands.

[Intel] We prefer not to have restriction on the configuration combination to simplify the core specifications. Specific configuration combinations are the choices of the operators to suit their particular deployment and application scenarios. The HARQ timing of SCell follows a reference configuration selected by UE autonomously regardless of self scheduling or not. The table proposed by Ericsson in the previous section is preferred. 




Table A1-3: PUSCH HARQ/scheduling timing on Scell case B - UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
	[Ericsson/ST-Ericsson] This case can be supported if no additional specs complexity is introduced. That is, the PUSCH HARQ/scheduling timing on the scheduled SCell shall follow the scheduling cell SIB1 configuration. This solution guarantees PHICH availability on the scheduling cell.
[ZTE]: Our classification on the remaining FFS UL-DL combinations is mainly based on whether the set of DL subframes carrying UL grant/PHICH corresponding to the scheduled cell SIB1 configuration is a subset of DL subframes indicated by the scheduling cell SIB1 configuration or not. Our views on HARQ timing/scheduling timing of PSUCH on cross-carrier scheduled SCell can be summarized by the following table. Details can be found in R1-121058.

HARQ scheduling timing of PUSCH on Scheduled Cell follows Config #

Scheduling cell UL-DL Configuration

0

1

2

3

4

5

6

Scheduled cell UL-DL Configuration
0

0
0
0
0
0
0
1

×

1
[{1+3}]

1
1
×

2

×
1
[{1+3}]

[{1+4}]

2
×
3

×
[{1+3}]

3
3
3
×
4

×
1
4
3
4
×
5

×
1
2
3
4
×
6

×
6
6
6
6
6
Notes: 

 Case 1
Case 2

Case 3
Case 4

×: not supported
· If the set of DL subframes carrying UL grant/PHICH corresponding to the scheduled cell SIB1 configuration is a subset of DL subframes indicated by the scheduling cell SIB1 configuration (case 2), the HARQ/scheduling timing of PUSCH on scheduled SCell shall follow the scheduled cell its own SIB1 configuration. Adaptive-retransmission can be used when PHICH resource is not available on scheduling cell.

· If the set of DL subframes carrying UL grant/PHICH corresponding to the scheduled cell SIB1 configuration is not a subset of DL subframes indicated by the scheduling cell SIB1 configuration and the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms (case 3), cross-carrier UL scheduling is not supported.

· Sub-frame dependent timing solution for PUSCH on scheduled cell can be considered if cross-carrier scheduling is supported for case 4, .e.g. for consistent UL subframes, the timing of PUSCH on scheduled cell follows scheduling cell SIB1 configuration, otherwise select a suitable timeline from existing 10ms RTT HARQ-ACK timeline for inconsistent subframe(s).
[IDCC] If the SCell follows the PCell SIB1 configuration, then a considerable number of the SCell’s UL subframes may not be used and may be wasted. However, if SCell follows SCell SIB1, then all SCell’s UL subframes can be scheduled:

· SCell UL timing to follow SCell SIB1 configuration 

Note that the above approach does not depend on PUSCH RTT of scheduling cell SIB1 being 10ms or not, so there is no need to make such a distinction.

PHICH operation FFS when there is no PHICH opportunity on the PCell for some SCell’s UL subframe. As an example, PHICH-less operation may be assumed, e.g., using UL grant for re-transmission for HARQ-NACK (see R1-121307 for more detail). 

[Panasonic] To determine PDSCH HARQ timing on SCell, following three aspects need to be taken into account.

  (4) Avoidance of PHICH timing when the cell where corresponding UL grant is sent is not in DL subframe

  (5) Same number of UL HARQ processes on SCell between non-cross-carrier scheduling and cross-carrier scheduling
Our preference is to follow SCell SIB1 configuration, considering the aspect (5).

[Pantech] To support the UL peak data rate in this case, scheduled cell SIB1 configuration should be used for PUSCH HARQ/scheduling timing on SCell. PHICH issue on scheduling cell is FFS.
[HW/HiSi] This case should be supported since this case cannot be avoided in CA based HetNet scenario. The cross-scheduled cell follows its own PUSCH scheduling and HARQ timing to fully utilize the UL resource for UL transmission. If there is no legacy PHICH resource on the DL subframe, it could use the UL grant to replace the NACK to indicate the retransmission. According this method, the increased overhead of PDCCH is marginal since the number of UEs who is configured with CA is not too much and the retransmission probability is only approximately around 10%. eNB can make the initial transmission for these specific subframes (without associated legacy PHICH resource) more conservatively (e.g., indicating low MCS or more RBs) to enhance the reliability of the initial transmission and reduce the probability of retransmission if the additional PDCCH overhead is concerned. 
[Renesas Mobile Europe Ltd] For this case, the PUSCH HARQ/scheduling timing can follow scheduled cell timing without much effort. When DL subframes of the scheduling cell do not contain PHICH resources, adaptive retransmission can be used or CCE resource could be reserved for PHICH in the scheduled cell. Following the scheduling cell timing will disable some UL subframes and it will be hard to achieve a future proof design.

[ALU, ASB] In case the scheduling cell’s SIB1 configuration is 1-5, the PUSCH RTT is 10 ms. 
For the consistent UL subframes among the scheduling cell and SCells (SET 1), we propose follow the HARQ/UL-grant timing of that of the scheduling cell SIB1 configuration.
For the UL subframes not belonging the UL set of the scheduling cell (SET 2), if no collision happens, namely the HARQ/UL-grant timing of SET 2 according to the SCell SIB1 configuration falls on the DL subframs with legacy HARQ/UL-grant according to the scheduling cell SIB1 configration, we proposed the PUSCH HARQ/UL-grant timing follows that of the SCell.
Otherwise, if collision happens, i.e. the HARQ/UL-grant of SET 2 falls on UL subframs or DL subframes without legacy HARQ/UL-grant according to the scheduling cell SIB1 configuration, we propose that:

· PUSCH HARQ timing

Option 1: follow the HARQ of reference UL subframes #Y, e.g. the later nearest UL subframe on the scheduling cell. 

Option 2: HARQ could be mapped to the later nearest DL subframe which carries other PUSCH HARQ/UL-grant on the scheduling and at least 4 TTIs after the transmitted UL subframe on the SCell. 

· UL-grant  timing

Option 1: follow the UL-grant timing of reference UL subframes #Z, e.g. the previous nearest UL subframe on the scheduling cell. 

Option 2: UL-grant could be mapped to the previous nearest DL subframe which carries other PUSCH UL-grant on the scheduling and at least 4 TTIs before the scheduled UL subframe on the SCell. 

 More details are presented on R1-121228.  
Given the complexity involved, the complexity/performance tradeoff needs to be analyzed carefully.
[Samsung] The PUSCH HARQ/scheduling timing on scheduled cell follows “Scheduling cell SIB1 configuration”. In case of cross carrier scheduling, it is straightforward and natural that the DL HARQ-ACKs for the PUSCHs sent in the same UL subframes of scheduling cell and scheduled cell are sent in the same DL subframe of the scheduling cell. To maximize the utilization of UL subframes for the scheduled cell, the timing of the scheduled cell SIB1 configuration can be considered for the UL subframes which do not have a UL subframe on the scheduling cell in the corresponding PUSCH transmission timing. 
[RIM] In UL, we recommend to differentiate the cross carrier scheduling and separate scheduling:

For separate scheduling, the SCell UL scheduling and UL HARQ can simply follow its own UL/DL configuration timing relationship.

For cross carrier scheduling, the SCell PUSCH HARQ and scheduling timing follow the timing of a supplemental configuration with union set of UL subframe in PCell and SCell.

PHICH resource issue can be resolved by either reserving for PHICH in the scheduling cell. 

[Qualcomm] In this case, the scheduling cell has larger number of DL subframes than the scheduled cell, and so conveying the grants (on the scheduling cell) for PUSCH transmission (on the scheduled cell) based on the scheduled cell scheduling timeline is readily available. However, the control feedback on PHICH can be transmitted only on subframes with non-zero PHICH resources, as defined by the scheduling CC UL-DL subframe configuration. Zero-PHICH DL subframes would not be utilized for PHICH due to legacy support, and operation on some subframes could rely on PHICH-less operation. 

Hence, in the case where UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration, scheduling and HARQ timeline should follow the scheduled cell timeline, and on zero-PHICH subframes when HARQ feedback for the scheduled cell is due, PHICH-less operation should be utilized. This approach provides the full peak data rate on UL of the scheduled cell (as opposed when the scheduling timeline is followed) with no specification impact.     
[Sharp] The scheduled cell should follow the timing of the scheduling cell.
[Potevio] There are three options 

Option 1：Cross-scheduling with the timing of SCell
Scheduling and HARQ timing of SCell’s conflicted subframe can follow its own timing. UL grant and PHICH is transmitted on the same TTI subframe in PCell. In this method e-PHICH is needed for HARQ transmission if non-adaptive uplink retransmission is still used. The additional design is required for e-PHICH.

Option 2：Fall-back to self-scheduling 
For conflicted subframe, self-scheduling is used based on e-PDCCH. The control channel ICIC can be provided by frequency scheduling in HetNet scenario, for example, e-PDCCH. 

Option 3：Restrict scheduling

This method is simple, but resources utility can be inefficient.

Proposal: Option 2 is preferred if e-PHICH is not introduced, otherwise, Option 1 is suggested.

[NNSN] We prefer that in case B) scheduled cell SIB1 configuration is the reference configuration for PUSCH HARQ-ACK and scheduling timing, to ensure all UL subframes on scheduled cell are cross-carrier schedulable for CA UE. 
[LGE] Reference UL-DL configuration for PUSCH HARQ timing is determined for PUSCH cell as the following. This approach could be an unified solution without any restriction on PDCCH cell/PUSCH cell combination or cross-carrier scheduling as well as regardless of subframe relationship between PDCCH cell and PUSCH cell, for example, regardless whether the set of UL subframes in PUSCH cell is a superset/subset of those in PDCCH cell or not. In addition, when cross-carrier scheduling is enabled, PHICH-less operation (i.e. no non-adaptive PUSCH retransmission, PUSCH retransmission just depending on UL grant) is supported for the PUSCH cell’s UL subframe whose UL grant/PHICH timing is determined to a PDCCH cell’s DL subframe without PHICH resource reservation.

· PUSCH HARQ timing reference for PUSCH cell: 

UL-DL configuration in which UL is defined (at least) for all the subframes where at least one of the 

two cells (PDCCH cell and PUSCH cell) is configured as UL

Furthermore, when PUSCH HARQ timing reference for PUSCH cell is determined into a UL-DL configuration having non-10ms RTT by applying the proposed principle above while PUSCH cell has different RTT from the reference, PUSCH HARQ with 20ms RTT could be considered for PUSCH cell in order to achieve peak data rate by fully utilizing UL resource.

[CATT]: In general, we see two possible ways to determine the PUSCH HARQ/scheduling timing for a SCell, i.e. either following a reference configuration (Opt1) or following the scheduling cell SIB1 configuration (Opt2). For full duplex UEs, higher peak data rate can be achieved with Opt1, while the main issue with Opt1 is that PHICH may not be available for PUSCH on the SCell. For half duplex UEs, there are no clear disadvantages for Opt2 vs. Opt1, and PHICH for PUSCH on the SCell can be easily supported for half duplex UEs with Opt2. 

[Intel] We prefer to maximize the uplink peak data rate with acceptable standard efforts. For the case where UL subframes on the scheduled cell are a superset of the UL subframes on the scheduling cell, the PUSCH HARQ/Scheduling timing of SCell should follow the scheduled cell SIB1 configuration to assure all uplink subframe schedulable. For the zero-PHICH subframes when HARQ feedback for the scheduled cell is due, PHICH-less operation or enhanced PHICH resources could be utilized for the PUSCH retransmission. 




Table A1-4: PUSCH HARQ/scheduling timing on Scell case C - UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
	Discussion/Company comments:
[Ericsson/ST-Ericsson] This case can be supported if no additional specs complexity is introduced. That is, the PUSCH HARQ/scheduling timing on the scheduled SCell shall follow the scheduling cell SIB1 configuration. This solution guarantees PHICH availability on the scheduling cell.
[ZTE]: Cross-carrier scheduling is supported for the UL-DL combinations of {#2 (scheduling cell), #3} and {#2, #4} belonging to this case, and the HARQ/scheduling timing of PUSCH on scheduled SCell shall follow the scheduled cell its own SIB1 configuration. We do not have strong view on whether cross-carrier scheduling is supported or not for other combinations, but if supported, sub-frame dependent timing solution is preferred to maximize the UL peak data rate.
[IDCC] These combinations correspond to the cases where (PCell,SCell) or (SCell,PCell) are configured as (1,3) or (2,3) or (2,4), that is 6 combinations out of 42 total possible combinations for two cells with different TDD UL/DL configurations. 

· Option 1: not to support these combinations (preferred)
· Option 2: SCell UL timing to follow TDD UL/DL configuration 1 

In Option 2, TDD UL/DL configuration 1 is the most efficient TDD UL/DL configuration to follow in terms of overall percentage of resulted unused SCell UL subframes (see R1-121307 for more detail). 
Note that for all PCells indicated in this case, PUSCH RTT is always equal to 10ms, so there is no need to make a distinction whether PUSCH RTT of the scheduling cell SIB1 configuration is 10ms or not.
[Panasonic] Our preference is not to support this case in Rel.11, since the aspects (4) and (5) are not satisfied at the same time.

We are also fine if the case C) itself (i.e. the combination of UL-DL configuration#1&3, 2&3 and 2&4) is not supported in Rel.11, although its PUSCH HARQ/scheduling timing for non-cross-carrier scheduling case is agreed.
[Pantech] It is slightly preferred to follow the scheduled cell SIB1 configuration for this case if this case is supported for cross-carrier scheduling. PHICH issue on scheduling cell is FFS.
[HW/HiSi] Please refer the same reason in the section 2.1 case C. We prefer to support them only if there is clear need of such combination scenarios
[Renesas Mobile Europe Ltd] Follow the scheduling cell timing will lead to fewer issues and is preferred.

[ALU, ASB] Same as the proposal for case B).
[Samsung] The PUSCH HARQ/scheduling timing on scheduled cell follows “Scheduling cell SIB1 configuration”. To maximize the utilization of UL subframes for the scheduled cell, the timing of a reference UL-DL configuration can be considered for the UL subframes which do not have a UL subframe on the scheduling cell in the corresponding PUSCH transmission timing. 
[RIM] For the same reasons in the downlink case, we think this case need to be supported. The SCell timing should follow the same design we have proposed in case B.
[Qualcomm] The same arguments as for C) in section 2.1. The combinations of DL/UL configurations (1, 3), (2, 3), and (2, 4) should not be supported in Rel-11.
[Potevio] For this condition, the additional design can be needed for cross-scheduling. We prefer that at least not to support these combinations in cross-scheduling scenario.
[NNSN] There are 6 combinations under case C), and we prefer to determine the reference configuration for those combinations as follows:

(1) {configuration#1 as scheduling cell, configuration#3 as scheduled cell} 

   cross-carrier scheduling is not supported

(2) {configuration#3 as scheduling cell, configuration#1 as scheduled cell} 

   cross-carrier scheduling is not supported

(3) {configuration#2 as scheduling cell, configuration#3 as scheduled cell}

   cross-carrier scheduling is supported with configuration#3 as reference configuration

(4) {configuration#3 as scheduling cell, configuration#2 as scheduled cell}

   cross-carrier scheduling is not supported

(5) {configuration#2 as scheduling cell, configuration#4 as scheduled cell}

   cross-carrier scheduling is supported with configuration#4 as reference configuration

(6) {configuration#4 as scheduling cell, configuration#2 as scheduled cell}

   cross-carrier scheduling is supported with configuration#1 as reference configuration
[LGE] A same unified solution suggested for question B above could also cover this case.

[CATT]: This can be handled similarly with the two possible options, i.e. either following a reference configuration (Opt1) or following the scheduling cell SIB1 configuration (Opt2). 

[Intel] We prefer the support of cross-carrier scheduling in this case and that the PUSCH HARQ/Scheduling timing on scheduled cell follows the scheduling cell SIB1 configuration considering the tradeoff between standardization efforts and uplink peak date rate. 



Table A1-5: PUSCH HARQ/scheduling timing on Scell case D - PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms
	Discussion/Company comments:
[Ericsson/ST-Ericsson] This is not supported; Since the subframes belonging to the same HARQ process shift positions within the frames over time, it is not possible to guarantee UL subframe available on SCell for HARQ retransmission.
[ZTE]: Except for the UL-DL combination of {#6, #0}, cross-carrier PUSCH scheduling is not supported for all the combinations belonging to this case, due to the same issue raised by Ericsson.

[IDCC] Having PUSCH RTT of the scheduling cell SIB1 configuration greater than 10ms, corresponds to the cases of having PCell configured with TDD UL/DL configurations 0 and 6. The problem is that if SCell UL timing follows PCell’s SIB1 configuration, then SCell may not be able to send some PUSCH re-transmissions for UL HARQ processes since the PUSCH re-transmission does not occur in the same subframe as that of the initial PUSCH transmission and that re-transmission subframe may not be an UL subframe for the SCell. Note that according to the solutions provided above, this situation can only happen in Case A, where SCell follows PCell SIB1 configuration UL timing. Possible solutions are:

· Option 1: not to support TDD UL/DL configurations 0 and 6 as the scheduling cell for cross-carrier scheduling CA (preferred) 

· Option 2: SCell UL timing to follow TDD UL/DL configuration 1 

In Option 2, TDD UL/DL configuration 1 is the most efficient TDD UL/DL configuration to follow in terms of overall percentage of resulted unused SCell UL subframes (see R1-121307 for more detail). 

[Panasonic] Similar to the discussion in case C), our preference is not to support this case in Rel.11, since the aspects (4) and (5) are not satisfied at the same time.
[Pantech] It should be prevented to use cross-carrier scheduling for case D. In this case, following either scheduling or scheduled cell SIB 1 configuration will result in non-acceptable PUSCH HARQ operation, and even with reference PUSCH HARQ timing except scheduling and scheduled cell SIB 1 configuration, it would be also observed same problems which can not support the PHICH transmission and cross-carrier scheduling in some subframes.
[HW/HiSi] TDD configuration 6 has the same number of UL and DL subframes. Configuration 0 has more UL subframes than DL subframes. If we consider the TDD system configuration flexibility to support UL traffic heavy scenarios, it is beneficial to aggregate TDD configuration 0 and 6 with other TDD configurations. Configurations 0/6 with relative more UL subframes could also be used to provide larger coverage of UL channels. The PUSCH HARQ/scheduling timing can be designed as following:

The cross-scheduled cell follows the PUSCH scheduling and HARQ timing of the scheduling cell SIB1 configuration. If the UL subframe for a PUSCH retransmission is not available on the SCell, the PUSCH scheduling and HARQ timing for the PUSCH retransmission should follow the timing of the next available UL subframe.
[Renesas Mobile Europe Ltd] There are two possibilities for D)

· Scheduled cell UL is a subset of scheduling cell UL
· Follow scheduled cell timing will not have additional spec complexity
· If no support UL for cross-carrier scheduling for this case, all UL subframes cannot be used when cross-carrier scheduling is configured for Scell (cross-carrier scheduling for DL needs to be configured)

· scheduled cell DL is a subset of scheduling cell DL

· only 1 case: configuration 6 (scheduling cell) + configuration 0 (scheduled cell)

· following scheduled cell timing do will not have any issues and does not add additional spec complexity

[ALU, ASB] If the scheduling cell SIB1 configuration is 0 or 6, the PUSCH RTT is not 10ms. For clear discussion, we further classify the UL subframes on the SCell into the following three sets. SET 1 consists of the consistent UL subframes among the scheduling cell and SCells, and the corresponding retransmission subframe 
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 of the consistent UL subframe on the scheduling cell is also an UL subframe on the SCell. For SET 1, the PUSCH/UL-grant timing follows that of the scheduling cell. SET 2 consists of the consistent UL subframes among the scheduling cell and SCells, and the corresponding retransmission subframe 
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 of the consistent UL subframe on the scheduling cell is also a DL subframe on the SCell. The retransmission of the UL subframe in SET 2 could happen on a DL subframe on the SCell, thus the retransmission cannot be regularly performed.  Some possible solutions are proposed: 

· UL-grant timing: follow that of the scheduling cell

· PUSCH HARQ timing 

Option 1: follow the HARQ timing of the scheduling cell for a reference UL subframe #U, e.g. the next later UL subframe that belongs to SET 1  

Option 2: HARQ could be mapped to the next later DL subframe on the scheduling cell which carries other PUSCH HARQ of the UL subframes on the scheduling cell consistent with SET 1 on the SCell, and at least 4TTIs after the transmitted UL subframe on the SCell.

Option 3: If SET 1 does not exist, HARQ timing follows that of the UL subframe on the scheduling cell whose retransmission subframe
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 equals the UL subframe index 
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 on the Scell.  

SET 3 only includes the subframe #9 when the scheduling cell is configured with Configuration 6, and the SCell is configured with Configuration 0. The possible solution of this set is that the PUSCH HARQ/UL-grant timing follows that of the SCell. More details are presented on R1-121228. 

Considering the complexity of these solutions for this case, we think it should be careful to decide whether to support UL cross-carrier scheduling for these cases or not.
[Samsung] The PUSCH HARQ/scheduling timing on the scheduled cell can follow the timing of a reference UL-DL configuration taken from the table defined in Rel-8, which maintains the scheduled cell HARQ RTT and maximizes the number of scheduled UL subframes. 
[RIM] It can be supported if there is not much additional complexity introduced in the spec.
[Qualcomm] For the case when UL subframes indicated by the scheduled cell SIB1 configuration are a subset of the UL subframes indicated by the scheduling cell SIB1 configuration (case A) and when the scheduling cell UL H-ARQ RTT is not 10ms it is true that subframe shifting can occur if the UL timing of the scheduled CC follows that of the scheduling CC. It is not however clear that at this point that such an issue warrants the removal of cross-carrier scheduling support for this case. Disabling the cross-carrier control for this case would involve further operation restriction and limit the flexibility, while simple consideration may provide the solution.”
Cross-carrier scheduling should be supported for the case when UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration (case B) and the UL H-ARQ RTT is not 10ms, as the scheduling and HARQ timeline for the scheduled carrier should follow its own timeline, and so there is no lack of UL subframes for retransmission or DL subframes for scheduling. 
[Sharp] The scheduled cell should follow the timing of the scheduling cell.
[Potevio] It is not supported to combine non 10ms RTT configuration, i.e. UL-DL configuration 0 and 6, because the new timing (or process) is needed. Even if SCell follows a reference configuration, the process should be discussed case by case.
[NNSN] Considering the fact that to support cross-carrier scheduling in case D) new HARQ-ACK timing would be introduced for PUSCH (including subframe-specific reference configuration), we prefer that cross-carrier scheduling is not supported for case D).
[LGE] A same unified solution suggested for question B above could also cover this case.
[CATT]: This can be handled similarly with the two possible options, i.e. either following a reference configuration (Opt1) or following the scheduling cell SIB1 configuration (Opt2). Additionally, eNB scheduling restrictions shall be applied to suspend a PUSCH HARQ process on SCell if the retransmission subframe for the corresponding PUSCH HARQ process is a DL subframe on the SCell.
[Intel] Similar like previous discussion, we prefer not to have restriction on the configuration combination to simplify the core specifications and provide enough flexibility on configuration aggregated for operators, and are of the opinion that cross-carrier scheduling should be supported for this case as well. The PUSCH HARQ/Scheduling timing on scheduled cell follows the scheduling Cell configuration. There could be PUSCH retransmission subframe shifting if the scheduling cell configuration is followed in this case. However, in our understanding this issue can be solved easily by deferring the PUSCH retransmission to the next available UL subframe. 



Annex 2: Conclusions from previous RAN1 meetings
In RAN1#66
· No new TDD UL/DL configurations will be considered in this WI.

· If Support of different TDD UL-DL configurations on different bands is specified, the UEs will be informed of the actual UL/DL configuration of each aggregated CC. 

· Note that depending on how the Rel-10 signalling is modified, it should be ensured that CCs in the same band have the same configuration. 
In RAN1#66bis
· Support the inter-band CA of TDD Carriers with different configurations in Rel-11.

Observed benefits of supporting inter-band CA of TDD CCs with different configurations

· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate
In RAN1#67

· The number of supported bands
· keep the number of supported bands agnostic to RAN1 

· Strive for common solution for different numbers of UL-DL configurations

· Focus on 2 configuration case

· PHICH is transmitted on the cell carrying the UL grant.
· RAN1 solution should support both full-duplex and half-duplex.
· Strive for a common solution for both full-duplex and half-duplex

· The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,

· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· Same scheduling timing rule in Rel8/9/10 should be used.

· For cross-carrier scheduling, if cross-carrier scheduling is supported 
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink) FFS
In RAN1#68

· For PUCCH transmission, PUCCH on PCell-only.

·  No new HARQ-ACK timing. 
· Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. 
· FFS if exception is needed for the case of aggregating the 10ms RTT and other RTTs for cross-scheduling in uplink.
· FFS on the application of H-ARQ-ACK timing of one TDD UL-DL configuration to an SCell with a different TDD UL-DL configuration.
· Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n
· FFS support of other type of cross-carrier scheduling in Rel-11
· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.
· PCell timing is the same as Rel-8/9/10.

· The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration

· The PUSCH HARQ/scheduling timing on SCell shall

· For the full duplex case, follow the SCell SIB1 configuration in case of self scheduling

· Working assumption is that for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.  To be confirmed by next meeting.

· follow the scheduling cell SIB1 configuration in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms

· For uplink cross-carrier scheduling, the cases that are supported in Rel-11 are:

· At least for the case where the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· Other cases are FFS
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