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1 Introduction

In RAN1#68, the following agreement and working assumption were made [1]. In this contribution, we provide our views on remaining issues on TDD inter-band CA with different UL-DL configurations.

This is a resubmission of R1-122870.

PDSCH HARQ 

For Case B, 

· In case of self scheduling, 

· For full-duplex case, agreement is that SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing
· Can be revisited after discussion of other DL and UL cases
· FFS which alternative to choose for half-duplex case, in case of self scheduling,
· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration
· Alt 2: the transmission direction is determined by eNB
·  In case of cross-carrier scheduling,
· Alt 1: Follow PCell timing
· Alt 2: Follow SCell timing
For Case C, 

· In case of self scheduling, 

· For full duplex case, the timing table in alternative 1 is agreed.

· For half duplex case, working assumption is Alt 1
· Alt 1: For Config#1&3 and 3&1, follow Config#4. For Config#2&3, 3&2, 2&4 and 4&2, follow Config#5
· Alt 2: For Config#1&3, 3&1 and 4&2, follow Config#4. For Config#2&3 and 2&4, follow Config#2. For Config#3&2, follow Config#3
· In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration
· Alt 2: the transmission direction is determined by eNB

·  In case of cross-carrier scheduling, 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

PUSCH HARQ/scheduling, 

For Case B,
· In case of cross-carrier scheduling

· Alt 1: Follow the scheduling cell’s PUSCH timing

· Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)

2 Discussion
2.1 Configurability of UL-DL configuration

“SCell SIB1 configuration” in this contribution does not mean UE can read or UE is required to read SIB1 on SCell, but it should be interpreted as RRC dedicated signalling on SCell’s UL-DL configuration. This is the same principle with Rel-10 CA operation principle. eNB configures the SCell’s UL-DL configuration which is “basically” the same as the UL-DL configuration which is signalled by SIB1 on a cell where the UE thinks as an SCell. But UE does not have any responsibility to check whether the SIB1 configuration eNB provided by RRC dedicated is same as the configuration broadcasted as SIB1.
2.2 Remaining issues on PDSCH HARQ
The set-subset relation of DL subframes between PCell and SCell can be classified into three cases;

Case A: A set of SCell DL subframes is a subset of PCell DL subframes
Case B: A set of SCell DL subframes is a superset of PCell DL subframes

Case C: A set of SCell DL subframes is neither a superset nor a subset of PCell DL
Table 1: the reference PDSCH HARQ timing on SCell [2]
	
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
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	3
	4
	5
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	Scell SIB-1 UL-DL Configuration
	0
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	A
	A
	A
	A
	A

	
	1
	B
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	C
	A
	A
	B

	
	2
	B
	B
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	C
	A
	B

	
	3
	B
	C
	C
	
	A
	A
	B

	
	4
	B
	B
	C
	B
	
	A
	B

	
	5
	B
	B
	B
	B
	B
	
	B

	
	6
	B
	A
	A
	A
	A
	A
	

	
	Case A
	Case B
	Case C
	


2.2.1 Reference PDSCH HARQ timing on SCell

The reference PDSCH HARQ timing on SCell has been concluded for Case A, but not yet for Cases B and C.

For Case B, to determine PDSCH HARQ timing on SCell, following two aspects need to be taken into account.
(1) Avoidance of collision of implicit PUCCH resources 
(2) Achievement of higher DL rate
 (1) Avoidance of collision of implicit PUCCH resources

For PUCCH format 1b with channel selection in rel.10 for cross-carrier scheduling, all PUCCH resources are indicated by CCE indices of DL assignments on PCell indicating PDSCH on PCell or SCell. Hence if SCell follows SCell SIB1 configuration, there are cases where PDSCH on PCell and PDSCH on SCell are scheduled in different subframes but PUCCH is transmitted in the same subframe. If DL assignment indicating PDSCH on PCell and DL assignment indicating PDSCH on SCell are scheduled in the same CCE index between different subframes, PUCCH resources will collide. To avoid the collision by the scheduler is impossible as it blocks multiple subframe's CCE usage. 
Hence to avoid the issue, for cross-carrier scheduling, SCell should follow PCell SIB1 configuration.
(2) Achievement of higher DL rate
We prioritize the aspects (1) to the aspect (2), otherwise eNB has to consider scheduling to avoid the issues on PUCCH timing and on implicit PUCCH resources. But one of main motivation for carrier aggregation is to achieve higher DL/UL rate. Therefore, this aspect is also taken into account.

One case which restricts higher DL rate is that SCell follows PCell SIB1 configuration and PCell is not DL heavier than SCell. In this case, in overlapped subframes where PCell is in UL subframe and SCell is in DL subframe, UL subframe on PCell is used and DL subframe on SCell is not used. If SCell follows SCell SIB1 configuration, DL subframes on SCell can be used as DL subframes, then higher DL rate is achieved.
Hence to achieve higher DL rate, SCell should follow SCell SIB1 configuration.
Considering these aspects, our preference on PDSCH HARQ timing on SCell for Case B is to follow SCell SIB1 configuration for self scheduling, and to follow PCell SIB1 configuration for cross-carrier scheduling.

Proposal1: For Case B, in case of cross-carrier scheduling, for half duplex case, SCell follows the PCell PDSCH HARQ timing.

2.2.2 Selection of transmission direction for half duplex case

For half duplex UEs and for self scheduling, when SCell follows the SCell PDSCH HARQ timing, and in a subframe where PCell=UL and SCell=DL or vice versa, two alternatives on selection of transmission direction for the UEs were discussed in RAN1#68bis.

Alt1: the transmission direction of all subframes follow Pcell SIB1 configuration

Alt2: the transmission direction is determined by eNB
Alt2 includes Alt1 since in Alt2, eNB can determine whether always to fix the direction to follow PCell (i.e. Alt1) or not. Hence we prefer Alt2; namely the transmission direction is determined by eNB. 
In Alt2, there are two further alternatives; eNB determines the transmission direction whether semi-statically or dynamically. This issue is typical for half duplex case. Dynamic scheme is attractive from the flexibility but false/miss detection of (e)PDCCH behavior needs to be analyzed. Therefore, further evaluation is necessary..
Proposal2: For half duplex UEs in case of self scheduling, when SCell follows the SCell PDSCH HARQ timing, the transmission direction is determined by eNB.
2.3 Remaining issues on PUSCH HARQ/scheduling

The set-subset relation of UL subframes between scheduling cell and scheduled cell can be classified into five cases (Note that Case D is divided into two Cases in this contribution; Case DA and Case DB);

Case A: A set of scheduled cell’s UL subframes is a subset of scheduling cell’s UL and scheduling cell’s PUSCH RTT is 10ms

Case B: A set of scheduled cell’s UL subframes is a superset of scheduling cell’s UL and scheduling cell’s PUSCH RTT is 10ms
Case C: A set of scheduled cell’s UL subframes is neither a superset nor a subset of scheduling cell’s UL
Case DA: A set of scheduled cell’s UL subframes is a subset of scheduling cell’s UL and scheduling cell’s PUSCH RTT is NOT 10ms

Case DB: A set of scheduled cell’s UL subframes is a superset of scheduling cell’s UL and scheduling cell’s PUSCH RTT is NOT 10ms

Table 2: the reference PUSCH HARQ/scheduling timing on SCell
	
	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
	DB

	
	1
	DA
	　
	B
	C
	B
	B
	DA

	
	2
	DA
	A
	　
	C
	C
	B
	DA

	
	3
	DA
	C
	C
	　
	B
	B
	DA

	
	4
	DA
	A
	C
	A
	　
	B
	DA

	
	5
	DA
	A
	A
	A
	A
	　
	DA

	
	6
	DA
	B
	B
	B
	B
	B
	　

	
	 Case A
	Case B
	Case C
	Case DA
	Case DB
	　
	　


2.3.1 Reference PUSCH HARQ/scheduling timing on SCell

The reference PUSCH HARQ/scheduling timing on SCell has been concluded for Cases A~D in case of self scheduling and for Case A in case of cross-carrier scheduling, but not yet for Cases B~D in case of cross-carrier scheduling.

For Case B in case of cross-carrier scheduling, two alternatives on the reference PUSCH HARQ/scheduling timing on SCell were discussed in RAN1#68bis as follows.

· Alt 1: Follow the scheduling cell’s PUSCH timing

· Benefit: no PHICH issue

· Drawback: lose some PUSCH subframes, peak rate may not be achievable
· Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)

· Benefit: can achieve peak rate

· Drawback: PHICH may not be available for some subframes
In Alt2, there are subframes where scheduled cell is with PHICH while scheduling cell is without PHICH. But system can work without function of PHICH i.e. to use adaptive retransmission using (e)PDCCH. Hence we do not think such a PHICH-less issue is significant and prefer Alt2 which can achieve peak rate. In subframe without PHICH on scheduling cell, retransmission is indicted by PDCCH. In subframes with PHICH on scheduling cell, retransmission is indicated by PDCCH or PHICH.

Proposal3: For Case B, in case of cross-carrier scheduling, scheduled cell follows the scheduled cell’s PUSCH HARQ/scheduling timing.

For Case C in case of cross-carrier scheduling, PHICH timing is an issue when PCell is in UL subframe while SCell is in DL subframe for cross-carrier scheduling. Hence to avoid the issue, for Case C, for cross-carrier scheduling, a scheduled cell follows a scheduling cell’s SIB1 configuration. This guarantees PHICH availability on the scheduling cell.

Proposal4: For Case C, in case of cross-carrier scheduling, scheduled cell follows the scheduling cell’s PUSCH HARQ/scheduling timing.
For Cases DA and DB in case of cross-carrier scheduling, if scheduled cell follows scheduling cell with PUSCH RTT is more than 10ms, the number of UL HARQ processes on the scheduled cell may increase. Or another solution would be to double the scheduled cell’s PUSCH RTT. 
For Case DA, PHICH timing is an issue when PCell is in UL subframe while SCell is in DL subframe for cross-carrier scheduling. To avoid the issue, the scheduled cell should follow the scheduling cell’s PUSCH HARQ/scheduling timing. Case DB does not have such an issue.

Hence, at least for Case DB, in case of carrier scheduling, we prefer the scheduled cell should follow the scheduled cell’s PUSCH HARQ/scheduling timing. FFS for Case DA.

Proposal5: For Case DB (i.e. Scheduling cell=Config#6, Scheduled cell=Config#0), in case of cross-carrier scheduling, scheduled cell follows the scheduled cell’s PUSCH HARQ/scheduling timing.

3 Conclusion 
In this contribution, we provided our views on remaining issues on TDD inter-band CA with different UL-DL configurations. Our proposals are below.
For PDSCH HARQ, 
Proposal1: For Case B, in case of cross-carrier scheduling, for half duplex case, SCell follows the PCell PDSCH HARQ timing.

Proposal2: For half duplex UEs in case of self scheduling, when SCell follows the SCell PDSCH HARQ timing, the transmission direction is determined by eNB.

For PUSCH HARQ/scheduling,

Proposal3: For Case B, in case of cross-carrier scheduling, scheduled cell follows the scheduled cell’s PUSCH HARQ/scheduling timing.
Proposal4: For Case C, in case of cross-carrier scheduling, scheduled cell follows the scheduling cell’s PUSCH HARQ/scheduling timing.

Proposal5: For Case DB (i.e. Scheduling cell=Config#6, Scheduled cell=Config#0), in case of cross-carrier scheduling, scheduled cell follows the scheduled cell’s PUSCH HARQ/scheduling timing.
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