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1. Introduction

In RAN1#68bis meeting, following agreements were achieved based on discussion via email and during online session [1]. 

	On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely 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 P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 

Continue discussion. Revisit after the cross-subframe scheduling discussion.

On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)

· In case of self-carrier scheduling, 

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

· For half duplex case, working assumption is the timing table in alternative 1

· 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

· Alternative 1: 

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

Case C
For PUSCH timing

Conclusion: continue discussion; take into account UE procedure considerations if PHICH is not available. 
 

Agreement:
Confirm the working assumption from RAN1#68: for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.  


In this contribution, based on the agreements above, we discuss and suggest more details related to PDSCH/PUSCH HARQ to support full-duplex operation based CA with different TDD UL-DL configurations for the UE supporting simultaneous Tx/Rx. 
2. PDSCH HARQ related issues
Regarding the case of cross-CC scheduling, basically, it is desirable to enable scheduling of all DL subframes even for Scell in order to support peak rate regardless whether cross-CC scheduling is configured or not. Correspondingly, it seems be reasonable to commonly apply the PDSCH HARQ timing reference finally agreed for the self-CC scheduling case as provided in Table 1 below to the cross-CC scheduling case as well. 
Table 1: PDSCH HARQ timing reference for Scell (agreed for the case of self-CC scheduling)

	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
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	2
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	4
	5
	6
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	1
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	4
	5
	1

	
	2
	2
	2
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	5
	5
	2
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	5
	
	4
	5
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	4
	4
	4
	5
	4
	
	5
	4

	
	5
	5
	5
	5
	5
	5
	
	5
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	6
	1
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Proposal 1: PDSCH HARQ timing reference for Scell finally agreed for the case of self-CC scheduling as provided in Table 1 is also applied to the case of cross-CC scheduling as a unified solution. 
Regarding the PDSCH HARQ procedure based on Proposal 1 above, there are some issues related to supporting cross-CC scheduling and ACK/NACK transmission. First of all, when cross-CC scheduling is configured, cross-subframe scheduling is needed to be supported to schedule DL grant for the subframe where UL is configured for the PDCCH (scheduling) cell while DL is configured for the PDSCH (scheduled) cell. In order to support cross-subframe scheduling, more specifically, following two approaches can be considered according to how to schedule multiple DL subframes on PDSCH cell via a single DL subframe on PDCCH cell.
■ Approach 1: individual PDCCH for each DL subframe

Each DL grant PDCCH individually schedules each DL subframe on PDSCH cell when cross-subframe scheduling is required. In this case, transmission of multiple DL grant PDCCHs for a PDSCH cell would be allowed in certain subframe, and signalling of an indicator to indicate which DL subframe would be scheduled is needed via the DL grant PDCCH (with index manner) 
■ Approach 2: single PDCCH for multiple DL subframes

One DL grant PDCCH simultaneously schedules multiple DL subframes on PDSCH cell. In this case, at most one DL grant PDCCH for a PDSCH cell would be allowed even in the subframe requiring the cross-subframe scheduling, and signalling of an indicator to indicate the scheduled DL subframes is also needed (with bitmap manner). 

With Approach 1, PDSCH scheduling flexibility could be maintained in terms of resource allocation (i.e. RA), HARQ process number (i.e. HARQp), and size of DCI format could also be maintained by reusing an existing field (e.g. DAI) as the scheduled DL subframe indicator while transmission of multiple PDCCHs in certain subframe might be burdensome. With Approach 2, on the other hand, in order to maintain PDSCH scheduling flexibility, some related fields such as RA, HARQp are to be separated for each Scell DL subframe, which would lead to increase of the DCI format size. Otherwise (in order to maintain DCI format size), inflexible PDSCH scheduling would be inevitable due to sharing of RA/HARQp field over multiple DL subframes. In order to support PDSCH scheduling flexibility while keeping same DCI format size, Approach 1 is more preferable. 
Proposal 2: Cross-subframe scheduling can be additionally supported for DL grant on the subframe where UL is configured for the PDCCH (scheduling) cell while DL is configured for the PDSCH (scheduled) cell. In order to support cross-subframe scheduling by maintaining PDSCH scheduling flexibility as well as keeping DCI format size, Approach 1 (individual DL grant PDCCH for each Scell DL subframe) is preferable.

In addition, when channel selection is configured for ACK/NACK transmission in case of cross-CC scheduling, PUCCH resource allocation for Scell should be revisited by taking both DL grant PDCCH timing for Scell and implicit PUCCH resource reserved in Pcell UL subframe into account. This is because DL grant PDCCH timing for Scell could be different from those defined for Pcell UL subframe in term of implicit PUCCH resource reservation in some cases (e.g. if PDSCH HARQ timing reference for Scell is not determined as Pcell). To solve this issue, for example, it could be considered to allocate explicit PUCCH resource by RRC for Scell even in case of cross-CC scheduling for simplicity, or to use implicit PUCCH resource only in case that its associated DL grant PDCCH timing originally defined for Pcell UL subframe is aligned with the DL grant PDCCH timing for Scell. 
Proposal 3: PUCCH resource allocation for ACK/NACK channel selection should be revisited by taking both DL grant PDCCH timing for Scell and implicit PUCCH resource reserved in Pcell UL subframe into account.
Moreover, regarding use of different PDSCH HARQ timing between Pcell and Scell, unlike in Rel-10, M value (i.e. the number of DL subframes associated with one UL subframe for ACK/NACK transmission) configured for a Pcell UL subframe would also be different between cells. For this issue, it would be required that ACK/NACK bit/state for each cell with different M value is to be concatenated to composite the entire ACK/NACK payload/state. In case of ACK/NACK with PUCCH format 3, it would be needed to concatenate different number of ACK/NACK bits for each cell for compositing the entire ACK/NACK payload on PUCCH format 3. In case of ACK/NACK with channel selection, it would be needed to concatenate per cell ACK/NACK state based on different M value for performing PUCCH format 1b resource selection based on the entire ACK/NACK state.
Proposal 4: Different M value between cells for ACK/NACK transmission in a Pcell UL subframe should be considered for both PUCCH format 3 and channel selection. It would be necessary to concatenate per cell ACK/NACK bits/state with different M value for compositing the entire ACK/NACK payload or state on PUCCH format 3 or channel selection. 
3. PUSCH HARQ related issues
Regarding PUSCH HARQ timing reference for PUSCH (scheduled) cell in case of cross-CC scheduling, as already considered, there would be 4 different cases as shown in Table 2 below according to UL subframe set relationship between PDCCH cell and PUSCH cell, as well as PUSCH HARQ RTT of PDCCH cell. First of all, for Case A where PDCCH cell has a superset of UL subframes in PUSCH cell, it was already agreed that PUSCH HARQ timing for PUSCH cell is determined to follow the UL-DL configuration of PDCCH cell. It should be also noted here that the combination with (PDCCH cell, PUSCH cell) = UL-DL configuration (#6, #0) is better to be treated as Case B (rather than D) even though PDCCH cell has non-10ms RTT since the DL subframes required to schedule all the UL subframes in PUSCH cell (#0) are all available in PDCCH cell (#6). 
Table 2: Case classification for PUSCH HARQ timing reference in case of cross-CC scheduling
	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
	B

	
	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
	　

	
	 Case A
	Case B
	Case C
	Case D
	　
	　
	　


As mentioned above, in case of UL scheduling as well, it is desirable to utilize all UL subframes even for Scell in order to make peak rate achievable regardless whether cross-CC scheduling is configured or not, as long as no critical problem or complexity would be induced. In that sense, first of all, it is reasonable for Case B (where PUSCH cell has a superset of UL subframes in PDCCH cell) that PUSCH HARQ timing for PUSCH cell is determined to follow its own UL-DL configuration. In addition, in case that PHICH is not available in PDCCH cell (i.e. in case that UL grant/PHICH timing for a PUSCH cell’s UL subframe is determined to a PDCCH cell’s DL subframe without PHICH resource reservation), PHICH-less operation (i.e. no automatic PUSCH retransmission, UL grant based adaptive PUSCH retransmission only) is needed to be supported.
For remaining Case C (where UL subframes in PDCCH cell is neither superset nor subset of those in PUSCH cell) and Case D (where PDCCH cell has a superset of UL subframes in PUSCH cell and PUSCH HARQ RTT is different between the two cells), it might be desirable to define an efficient UL-DL configuration as PUSCH HARQ timing reference for PUSCH cell for each combination, by taking complexity, throughput, and latency into account. The following 3 principles can be considered.

· To avoid complicated HARQ timing design, it seems be reasonable not to determine UL-DL configuration #0 as PUSCH HARQ timing reference. 
· To guarantee peak rate in UL, it seems be desirable to minimize amount of non-schedulable UL subframes in PUSCH cell. 
· To reduce PUSCH HARQ latency, it seems be efficient to choose UL-DL configuration with smaller RTT as long as UL subframe loss would not be caused. 
Based on these principles, Table 3 provides PUSCH HARQ timing reference for all the cases in case of cross-CC scheduling. In particular, for the combinations belonging to cases 1, 2, and 3 in Table 3, some UL grant/PUSCH/PHICH timing(s) associated with misalignment in UL between PUSCH cell and reference configuration and/or misalignment in DL between PDCCH cell and reference configuration could be skipped. Note here that, except for two combinations with (PDCCH cell, PUSCH cell) = UL-DL configuration(#0, #3) or (#0, #6) where only one UL subframe would not be available, the number of un-schedulable UL subframes in PUSCH cell could be zero for all the combinations. 
Table 3: PUSCH HARQ timing reference for PUSCH cell in case of cross-CC scheduling

	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
	
	0
	0
	0
	0
	0
	0

	
	1
	6
(case 2)
	
	1
	6
(case 1)
	1
	1
	6
(case 1) 

	
	2
	1
	1
	
	1
	1
	2
	1

	
	3
	6
(case 3)
	6
(case 1)
	3
	
	3
	3
	6
(case 1) 

	
	4
	6
(case 3)
	1
	4
	3
	
	4
	1

	
	5
	1
	1
	2
	3
	4
	
	1

	
	6
	6
(case 2)
	6
	6
	6
	6
	6
	

	
	 Case A
	Case B
	Case C
	Case D
	　
	　
	　


More specifically, misalignment in DL/UL between PDCCH/PUSCH cell and reference configuration in cases 1, 2, and 3 can be briefly explained as below. 
▪ case 1: There exist a subframe which is UL (denoted as “virtual UL”) in reference configuration but DL in PUSCH cell
▪ case 2: There exist a subframe which is DL (denoted as “virtual DL”) in reference configuration but UL in PDCCH cell

▪ case 3: There exist both case 1 and case 2

Regarding case 1, UL grant/PUSCH/PHICH timing (transmission) associated with the virtual UL (i.e. UL grant to schedule the virtual UL, PUSCH transmission in the virtual UL, and PHICH for PUSCH transmitted in the virtual UL) could be skipped. Figure 1 illustrates an example of this HARQ timing skipping operation in case 1 when UL-DL configurations of PDCCH cell, PUSCH cell, and HARQ reference are #6, #1, and #6, respectively. 

[image: image1.emf]DL-UL config. #6

(PDCCH cell, 

HARQ reference)

DL-UL config. #1

(PUSCH cell)

: DL subframe

: UL subframe

: virtual UL

: UL grant timing

: PUSCH timing

: PHICH timing


Figure 1: An example of HARQ timing skipping in case 1 (PDCCH cell with #6, PUSCH cell with #1)

Regarding case 2, similarly as HARQ timing skipping in case 1 above, PHICH/UL grant/PUSCH timing (transmission) associated with the virtual DL (i.e. PHICH transmission in the virtual DL, UL grant transmission in the virtual DL, and PUSCH scheduled from the virtual DL) could be skipped. Figure 2 shows an example of HARQ timing skipping operation in case 2 when UL-DL configurations of PDCCH cell, PUSCH cell, and HARQ reference are #0, #6, and #6, respectively.
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Figure 2: An example of HARQ timing skipping in case 2 (PDCCH cell with #0, PUSCH cell with #6)
Regarding case 3 where both cases 1 and 2 would be present in different subframe timing for a combination, HARQ timing skipping operation for the virtual UL/DL suggested above could be applied according to case/subframe. 
Besides, similarly in Case B, PHICH-less operation with only UL grant based PUSCH retransmission is to be supported for the Cases C and D in Table 3 as well, in case that PHICH is not available in PDCCH cell.
Proposal 5: Considering UL throughput, complexity, and latency, UL-DL configuration of PUSCH HARQ timing reference for PUSCH (scheduled) cell in case of cross-CC scheduling is determined as provided in Table 3. HARQ timing (UL grant/PUSCH/PHICH) skipping operation could be applied according to combination of PDCCH/PUSCH cell and reference configuration. 
Proposal 6: PHICH-less operation with only UL grant based PUSCH retransmission is needed to be 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.
4. Summary
We suggest in this contribution on more details related to PDSCH/PUSCH HARQ to support full-duplex operation based CA with different TDD UL-DL configurations for the UE supporting simultaneous Tx/Rx. Finally, we propose: 

Proposal 1: PDSCH HARQ timing reference for Scell finally agreed for the case of self-CC scheduling as provided in Table 1 is also applied to the case of cross-CC scheduling as a unified solution. 

Proposal 2: Cross-subframe scheduling can be additionally supported for DL grant on the subframe where UL is configured for the PDCCH (scheduling) cell while DL is configured for the PDSCH (scheduled) cell. In order to support cross-subframe scheduling by maintaining PDSCH scheduling flexibility as well as keeping DCI format size, Approach 1 (individual DL grant PDCCH for each Scell DL subframe) is preferable.
Proposal 3: PUCCH resource allocation for ACK/NACK channel selection should be revisited by taking both DL grant PDCCH timing for Scell and implicit PUCCH resource reserved in Pcell UL subframe into account.
Proposal 4: Different M value between cells for ACK/NACK transmission in a Pcell UL subframe should be considered for both PUCCH format 3 and channel selection. It would be necessary to concatenate per cell ACK/NACK bits/state with different M value for compositing the entire ACK/NACK payload or state on PUCCH format 3 or channel selection. 

Proposal 5: Considering UL throughput, complexity, and latency, UL-DL configuration of PUSCH HARQ timing reference for PUSCH (scheduled) cell in case of cross-CC scheduling is determined as provided in Table 3. HARQ timing (UL grant/PUSCH/PHICH) skipping operation could be applied according to combination of PDCCH/PUSCH cell and reference configuration. 
Proposal 6: PHICH-less operation with only UL grant based PUSCH retransmission is needed to be 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.
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