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1. Introduction

In RAN1#68 meeting, following agreements have been made mainly based on email discussion summary from RAN1#67 meeting [1 – 3]. 

Agreement:

The following working assumptions from RAN1#67 are confirmed as agreement.

· 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
Agreement:

· 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.
Agreement:

· 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

Agreement:

· 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
In this contribution, based on the agreements above, we propose overall TDD CA structure to support full-duplex operation based CA with different TDD UL-DL configurations for the UE supporting simultaneous Tx/Rx. 
2. PDSCH HARQ related procedures
Based on the agreement as “PUCCH only on Pcell” above, all ACK/NACKs for PDSCHs scheduled on any cell are to be transmitted only through Pcell. Considering ACK/NACK for the PDSCHs transmitted on Pcell, as already agreed in RAN1#68, it is reasonable to follow the PDSCH HARQ (ACK/NACK) timing defined for the UL-DL configuration of Pcell, considering RRC reconfiguration from CA (non-CA) to non-CA (CA) as well as implicit ACK/NACK resource allocation for Pcell. 
On the other hand, in case of ACK/NACK for the PDSCHs transmitted on Scell, a reference UL-DL configuration for the PDSCH HARQ timing is needed to be defined because ACK/NACK (UL) timing defined for the UL-DL configuration of Pcell and Scell could be different. Taking both UL timing in Pcell and DL location in Scell into account, the reference UL-DL configuration for PDSCH HARQ timing could be determined for each cell as the following (Figure 1 can be referred as an example) [4]. This approach could be simple unified solution to determine PDSCH HARQ timing reference for Scell regardless of subframe relationship between Pcell and Scell, for example, regardless whether the set of DL subframes in Scell is a subset of those in Pcell or not.
■ PDSCH HARQ timing reference for Pcell: 

UL-DL configuration of Pcell

■ 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
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Figure 1: An example of the PDSCH HARQ timing reference

Related to this PDSCH HARQ procedure, there are two issues in order to support DL cross-carrier scheduling and ACK/NACK by channel selection. First of all, when cross-carrier scheduling is enabled, 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 [5 – 11]. Besides, when channel selection is configured for ACK/NACK with cross-carrier 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 into account. 
Focusing on cross-subframe scheduling, more specifically, two approaches can be considered according to how to schedule multiple DL subframes on PDCCH cell via a DL subframe on PDSCH cell as below.
■ 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 1: Reference UL-DL configuration for the PDSCH HARQ timing in case of the full-duplex operation based TDD CA with different UL-DL-configurations:

■ PDSCH HARQ timing reference for Pcell: 

UL-DL configuration of Pcell

■ 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
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 should be revisited by taking both DL grant PDCCH timing for Scell and implicit PUCCH resource reserved in Pcell UL into account.
3. PUSCH HARQ related procedures
First of all, without cross-carrier scheduling, it is natural for each cell to just follow the PUSCH HARQ (UL grant/PHICH) timing defined for the UL-DL configuration of its own cell. In case of cross-carrier scheduling, considering UL grant/PHICH for the PUSCHs transmitted on the PDCCH (scheduling) cell first, it is reasonable to follow the PUSCH HARQ timing defined for the UL-DL configuration of PDCCH cell as already agreed in RAN1#68, by considering RRC reconfiguration between CA and non-CA as well as cell-specific PHICH resource reservation on PDCCH cell. 
On the other hand, in case of the PUSCH (scheduled) cell, a reference UL-DL configuration for the PUSCH HARQ timing is needed to be defined because UL grant/PHICH (DL) timing defined for the UL-DL configuration of PDCCH cell and PUSCH cell could be different. Taking both DL timing in the PDCCH cell and UL location in the PUSCH cell into account, the PUSCH HARQ timing reference could be determined for each cell as the following (Figure 2 can be referred as an example) [4]. This approach could be simple unified solution to determine PUSCH HARQ timing reference for PUSCH cell regardless of subframe relationship between PDCCH cell and PUSCH cell, for example, regardless whether the set of UL subframes in PUSCH cell is a subset of those in PDCCH cell or not.
■ PUSCH HARQ timing reference for PDCCH cell (without/with cross-carrier scheduling): 

UL-DL configuration of PDCCH cell

■ PUSCH HARQ timing reference for PUSCH cell (with cross-carrier scheduling): 

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
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Figure 2: An example of the PUSCH HARQ timing reference (with cross-carrier scheduling)

As raised in RAN1#68, there would be the case PUSCH HARQ timing reference for PUSCH cell is determined into the UL-DL configuration having non-10ms RTT (e.g. UL-DL configuration 0 or 6) if the principle above is applied. Unlike 10ms RTT case where PUSCH scheduling associated with a HARQ process is always done on the same UL subframe timing, PUSCH scheduling for a HARQ process in case of non-10ms RTT is done over multiple UL subframes with hopping. So, if PUSCH HARQ timing reference has non-10ms RTT and PUSCH cell doesn’t have the same RTT with this (more specifically, CA combinations with gray color in Table 1 below), problem may occur in timing relationship between UL grant/PHICH and PUSCH. In order to resolve this issue, two approaches can be considered as below.

Table 1: Problematic CA combinations due to PUSCH HARQ timing reference with non-10ms RTT
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■ Approach 1: support PUSCH HARQ with 20ms RTT
PUSCH scheduling for a HARQ process on PUSCH cell is done on the same UL subframe timing with a fixed interval of 20ms if PUSCH HARQ timing reference determined based on the principle above has non-10ms RTT and PUSCH cell has different RTT from this (as gray color in Table 1). In this case, UL grant/PHICH timing associated with a PUSCH scheduling (i.e. a HARQ process) could be derived based on the PUSCH HARQ timing reference determined by applying the principle above. 
■ Approach 2: disable UL subframe on the PUSCH cell
PUSCH scheduling (and associated HARQ process) for PUSCH cell is not supported by disabling UL subframe in case of cross-carrier scheduling if PUSCH HARQ timing reference determined based on the principle above has non-10ms RTT and PUSCH cell has different RTT from this (as gray color in Table 1).
With Approach 1, UL resource utilization on PUSCH cell in terms of PUSCH scheduling could be maintained compared to the case without cross-carrier scheduling while PUSCH HARQ RTT might somewhat increase. For this approach, unlike in Rel-10, UL grant/PHICH timing for PUSCH scheduling associated with a same UL subframe timing (i.e. a same HARQ process) on PUSCH cell could not be aligned each other (with different DL subframe timing) to reduce scheduling/feedback latency in case of PUSCH-to-PHICH and UL grant-to-PUSCH. On the other hand, with Approach 2, UL resource utilization on PUSCH cell (i.e. achievable peak UL data rate) would be completely restricted just by configuring cross-carrier scheduling, and this inefficiency would be more severe when PUSCH cell has UL heavier UL-DL configuration than PDCCH cell. In order to maintain UL resource utilization regardless of condition, Approach 1 is more preferable.

Related to this PUSCH HARQ procedure, there is one issue in order for supporting UL cross-carrier scheduling. More specifically, when cross-carrier scheduling is enabled, PHICH-less operation (i.e. no automatic PUSCH retransmission, PUSCH retransmission just depending on UL grant) can be additionally 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. 
Proposal 4: Reference UL-DL configuration for the PUSCH HARQ timing in case of the full-duplex operation based TDD CA with different UL-DL-configurations:

■ PUSCH HARQ timing reference for PDCCH cell (without/with cross-carrier scheduling): 

UL-DL configuration of PDCCH cell

■ PUSCH HARQ timing reference for PUSCH cell (with cross-carrier scheduling): 

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
Proposal 5: In order for resolving the issue when PUSCH HARQ timing reference for PUSCH cell is determined into the UL-DL configuration having non-10ms RTT by applying the principle in Proposal 4 above while PUSCH cell has different RTT from this, Approach 1 (support PUSCH HARQ with 20ms RTT for PUSCH cell) is preferable to maintain UL resource utilization on PUSCH cell (i.e. achievable peak UL data rate) regardless whether cross-carrier scheduling is configured or not. 
Proposal 6: PHICH-less operation can be additionally supported for the PUSCH (scheduled) cell’s UL subframe whose UL grant/PHICH timing is determined to a PDCCH (scheduling) cell’s DL subframe without PHICH resource reservation.
4. Summary
We suggest overall structure with full-duplex operation and provide relevant solutions on some raised issues for TDD CA with different UL-DL configurations. Finally, we propose: 

Proposal 1: Reference UL-DL configuration for the PDSCH HARQ timing in case of the full-duplex operation based TDD CA with different UL-DL-configurations:

■ PDSCH HARQ timing reference for Pcell: 

UL-DL configuration of Pcell

■ 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

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 should be revisited by taking both DL grant PDCCH timing for Scell and implicit PUCCH resource reserved in Pcell UL into account.

Proposal 4: Reference UL-DL configuration for the PUSCH HARQ timing in case of the full-duplex operation based TDD CA with different UL-DL-configurations:

■ PUSCH HARQ timing reference for PDCCH cell (without/with cross-carrier scheduling): 

UL-DL configuration of PDCCH cell

■ PUSCH HARQ timing reference for PUSCH cell (with cross-carrier scheduling): 

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

Proposal 5: In order for resolving the issue when PUSCH HARQ timing reference for PUSCH cell is determined into the UL-DL configuration having non-10ms RTT by applying the principle in Proposal 4 above while PUSCH cell has different RTT from this, Approach 1 (support PUSCH HARQ with 20ms RTT for PUSCH cell) is preferable to maintain UL resource utilization on PUSCH cell (i.e. achievable peak UL data rate) regardless whether cross-carrier scheduling is configured or not. 

Proposal 6: PHICH-less operation can be additionally supported for the PUSCH (scheduled) cell’s UL subframe whose UL grant/PHICH timing is determined to a PDCCH (scheduling) cell’s DL subframe without PHICH resource reservation.
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