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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
Including the agreements above, most discussions so far have been focused on full-duplex operation based CA with different TDD UL-DL configurations for the UE supporting simultaneous Tx/Rx. In this contribution, we discuss on support of half-duplex operation based CA with different TDD UL-DL configurations for the UE not supporting simultaneous Tx/Rx. 
2. Support of half-duplex operation
As seen in above, the following is one of the outcomes from discussion during the previous RAN1#67 meeting.

Conclusions:

· RAN1 solution should support both full-duplex and half-duplex.
· Strive for a common solution for both full-duplex and half-duplex
In addition to this, related to inter-band CA for supporting different TDD UL-DL configurations, the following becomes one of the open issues raised through email discussion (after the previous RAN1#67 meeting).
Simultaneous Tx/Rx:
· Which one should be optimized?
· Option 1: both full duplex and half duplex

· Option 2: only full duplex

As revealed in our contributions [4 – 5] so far, Option 1 is desirable. Even for the UE operating by half-duplex manner without simultaneous Tx/Rx capability, it is reasonable to make the UE reliably operate in network as well as achieve more throughputs as much as possible by aggregating CCs with different UL-DL configurations. However, assuming a solution would be made by only optimizing the full-duplex case, after then, if the solution would also be applied to the half-duplex case without any consideration on the subframe situation specialized to the half-duplex operation, large specification effort might be required to prevent undesirable UE behaviour as well as related system impacts. 
Possible solutions for the half-duplex case would not be burdensome in the specification aspect since the solutions might not be quite different from those for the full-duplex case. In other words, even if solutions for the full-duplex case would be made first, those could be largely reused to design the half-duplex solutions with slight modification. In this sense, TDD CA with different UL-DL configurations should be supported based on both full-duplex and half-duplex operation, and the corresponding solutions, at least determination of HARQ timing and configuration of overlap subframe where transmission direction (DL or UL) is different between CCs, should be defined for each duplex operation. 
Proposal 1: Determination of HARQ timing and configuration of overlap subframe, should be defined for the half-duplex operation based TDD CA with different UL-DL configurations.  

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 [6].
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 [6]. 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 [6 – 9]. 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 [6 – 9], 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 support of the half-duplex operation based TDD CA with different UL-DL configurations. Finally, we propose: 

Proposal 1: Determination of HARQ timing and configuration of overlap subframe, should be defined for 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. 
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