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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.
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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, we discuss on issues for support of half-duplex operation based CA with different TDD UL-DL configurations for the UE not supporting simultaneous Tx/Rx. 
2. HARQ timing reference
Issues related to HARQ timing for the half-duplex case raised in the previous RAN1#68bis meeting can be summarized as below. 
· PDSCH HARQ timing reference for Scell in case of self-CC scheduling 
· Case B (where SCell DL subframes is a superset of PCell)
· Working assumption is to follow SCell SIB1 HARQ timing

· FFS whether transmission direction follows Pcell SIB1 configuration or is determined by eNB
· Case C (where SCell DL subframe is neither a subset nor a superset of PCell)
· Working assumption is to follow the timing table in alternative 1

· FFS whether transmission direction follows Pcell SIB1 configuration or is determined by eNB
Regarding PDSCH HARQ timing for Scell as well as PUSCH HARQ timing for scheduled cell in case of the half-duplex operation, it seems better to decide transmission direction in overlap subframe where DL/UL is differently defined between cells before determining HARQ timing reference. This is because more efficient and suitable UL-DL configuration usable for HARQ timing reference would be quite different according to how to configure transmission direction in overlap subframe. 
Proposal 1: It seems better to discuss and determine PDSCH/PUSCH HARQ timing reference for Scell or scheduled cell after deciding how to configure transmission direction in overlap subframe by half-duplex based operation. 
3. Overlap subframe configuration 
Regarding the support of half-duplex operation, we can consider several possibilities to utilize DL/UL resource in the overlap subframe. In particular, PDSCH/PUSCH HARQ timing reference and the related issues can be individually addressed according to approach for overlap subframe configuration [2].
3.1. Alt 1: enable Pcell’s direction
In this approach, the subframe direction aligned with Pcell is only allowed in every overlap subframe where the Scell having different subframe direction from Pcell is inevitably disabled all the time due to half-duplex operation. In case of enabling only Pcell’s direction in the overlap subframe, the reference UL-DL configuration for PDSCH HARQ timing and PUSCH HARQ timing in case of cross-CC scheduling can be determined as that of Pcell (note that PUSCH HARQ timing for each CC in case of no cross-CC scheduling could follow the PUSCH HARQ timing defined for its own UL-DL configuration as in Rel-10, and this principle can be commonly considered in all the alternatives in this contribution).
For example, assuming that UL-DL configurations for Pcell and Scell are #1 and #2 respectively and Pcell is only enabled for all the overlap subframes as in Figure 1, the PDSCH/PUSCH HARQ timing defined for UL-DL configuration #1 (Pcell’s) can be the reference to determine PDSCH HARQ timing and PUSCH HARQ timing in case of cross-CC scheduling for both CCs. This approach seems relatively simple because minor specification impact may be expected only on PUSCH HARQ (more specifically, if the DL subframe reserved for UL grant or PHICH is disabled in Scell) in case of no cross-CC scheduling [2]. However, this alternative would be inefficient and inflexible in the DL/UL resource utilization perspective since available resource (DL or UL) in overlap subframe would be deterministic just fully depending on Pcell’s UL-DL configuration. 
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Figure 1: An example of overlap subframe configuration and HARQ timing reference (in case of Alt 1)
3.2. Alt 2: semi-static configuration

In this approach, transmission direction in each overlap subframe is individually configured as either DL or UL by semi-static manner (e.g. via UE-specific RRC signalling). In other words, in an overlap subframe, the CC having the configured direction for the overlap subframe is only enabled while the other CC having the opposite direction is disabled for half-duplex operation. Denoting the disabled subframe by overlap subframe configuration as ‘X’ (and, regarding both DL and S as DL), the reference UL-DL configuration for PDSCH/PUSCH HARQ timing in this approach can be determined as the following.
■ PDSCH HARQ timing reference (both w/ and w/o cross-CC scheduling): 

UL-DL configuration where DL is defined at least for all DL and X subframe timing in Pcell

■ PUSCH HARQ timing reference (with cross-CC scheduling): 
UL-DL configuration where UL is defined at least for all UL and X subframe timing in Pcell 

For example, assuming that UL-DL configurations for Pcell and Scell are #1 and #3 respectively and the direction for each overlap subframe is configured as in Figure 2, UL-DL configuration #4 and #1 can be the reference to determine PDSCH HARQ timing and PUSCH HARQ timing in case of cross-CC scheduling respectively. This approach seems more beneficial for efficient DL/UL resource utilization as well as flexible DL/UL traffic adaptation. 
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Figure 2: An example of overlap subframe configuration and HARQ timing reference (in case of Alt 2)

On the other hand, this may require the solutions for several issues [2 – 5]. More specifically, related to PDSCH HARQ, handling of implicit PUCCH resource collision may be necessary, and cross-subframe scheduling in Pcell may need to be exceptionally allowed only for some overlap subframe situation where DL in Scell is only enabled for an overlap subframe timing by disabling Pcell, in case of cross-CC scheduling. In addition, related to PUSCH HARQ, disabling of DL subframe reserved for UL grant or PHICH (in case of no cross-CC scheduling) and PHICH/PDCCH resource collision (in case of cross-CC scheduling) may also need to be handled. Furthermore, regarding RRC reconfiguration between CA and non-CA cases, this approach may incur additional efforts to handle reconfiguration ambiguity since scheduling/feedback timing and availability of relevant DL/UL resource related to Pcell’s HARQ could be different for CA and non-CA cases.
3.3. Alt 3: dynamic configuration
In this approach, unlike in Alt 2 above, transmission direction in each overlap subframe is implicitly configured by dynamic manner. More specifically, an overlap subframe could be configured as UL if UL grant for the PUSCH transmission in the overlap subframe is detected or there is UCI to be signalled through the overlap subframe (otherwise, could be automatically configured as DL). In this case, it is reasonable that PDSCH/PUSCH HARQ timing reference is determined by assuming the extreme DL/UL use case where all the overlap subframes are identically configured as either DL or UL. 
■ PDSCH HARQ timing reference (both w/ and w/o cross-CC scheduling): 

UL-DL configuration where DL is defined at least for all non-overlapped DL and overlap subframe 

■ PUSCH HARQ timing reference (with cross-CC scheduling): 

UL-DL configuration where UL is defined at least for all non-overlapped UL and overlap subframe 
For example, assuming that UL-DL configurations for Pcell and Scell are #1 and #5 respectively and the corresponding overlap subframes are present as in Figure 3, UL-DL configuration #5 and #1 can be the reference to determine PDSCH HARQ timing and PUSCH HARQ timing in case of cross-CC scheduling respectively. With this approach, DL/UL resource utilization could be maximized and DL/UL traffic adaptation could also be optimized compared to the other approaches above. 
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Figure 3: An example of overlap subframe configuration and HARQ timing reference (in case of Alt 3)

But, similarly in Alt 2 above, this may require the solutions for several issues [2 – 5], such as handling of implicit PUCCH resource collision, allowing cross-subframe scheduling (related to PDSCH HARQ), and solution on disabling of DL subframe reserved for UL grant or PHICH, handling of PHICH/PDCCH resource collision (related to PUSCH HARQ). 

Considering resource utilization, standard impact, and RRC reconfiguration issues, either Alt 1 or Alt 3 is preferable for overlap subframe configuration in the half-duplex operation based TDD CA with different UL-DL configurations. 
Proposal 2: In order to support the half-duplex operation based TDD CA with different UL-DL configurations, either Alt 1 (enable Pcell’s direction) or Alt 3 (dynamic configuration) is preferable for overlap subframe configuration considering resource utilization, standard impact, and RRC reconfiguration issues. 
4. Summary
We discuss in this contribution on issues for half-duplex operation based CA with different TDD UL-DL configurations for the UE not supporting simultaneous Tx/Rx. Finally, we propose: 

Proposal 1: It seems better to discuss and determine PDSCH/PUSCH HARQ timing reference for Scell or scheduled cell after deciding how to configure transmission direction in overlap subframe by half-duplex based operation. 
Proposal 2: In order to support the half-duplex operation based TDD CA with different UL-DL configurations, either Alt 1 (enable Pcell’s direction) or Alt 3 (dynamic configuration) is preferable for overlap subframe configuration considering resource utilization, standard impact, and RRC reconfiguration issues. 
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