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1. Introduction

During the previous RAN1#66bis meeting, a major consensus has been made as below, based on analysis of motivation/benefits for inter-band TDD CA with different UL-DL configurations[1]. 

Agreement: Support the inter-band CA of TDD carriers with different configurations in Rel-11.

In order to support TDD CA for different UL-DL configurations, as commonly being recognized, there are some issues to be solved mainly related to HARQ procedure, PUCCH transmission, cross-CC scheduling, and management of overlap subframe where transmission direction (DL or UL) configured for each CC is different each other.
In this contribution, we suggest our views on overall structure of TDD CA with different UL-DL configurations based on half-duplex operation. As we mentioned in another contribution[2], it could be reasonable that the TDD CA structure and the relevant solutions are independently designed according to the combination of UE capabilities, more specifically, whether the UE can support both simultaneous TX/RX and UL CA or not. The TDD CA structure proposed in this contribution is designed aiming to be generally applied for the UEs not supporting simultaneous TX/RX as well as the UEs not supporting UL CA.
2. CA limitation and UL/DL control for half-duplex operation
2.1. Supportable number of bands

Considering complexity/workload required for the design of TDD CA structure to cover various combinations of different UL-DL configurations as well as the limited Rel-11 timeframe, it seems reasonable that at most two bands are supported for inter-band TDD CA with different UL-DL configurations in Rel-11 for half-duplex operation (correspondingly, only two bands with different TDD configurations are assumed, hereafter).
Proposal 1: At most two bands are supported for inter-band TDD CA with different UL-DL configurations in Rel-11. 

2.2. Supportable TDD combinations

Even though the combinations between two different TDD configurations are only considered by limiting the number of bands to two, there might be some problematic combinations which would require more complicated solution compared to other combinations. These problematic combinations could come from DL/UL grant scheduling timing, HARQ related timing/resource (especially, on PUSCH), and so on. Thus, it should be investigated further whether we make the relevant solution or do not allow for the problematic combinations by taking the trade-off into account. 
Proposal 2: It should be investigated further whether possible combinations of different UL-DL configurations for TDD CA are limited.
2.3. PUCCH transmission
To support TDD CA with different configurations for the UEs without UL CA capability, it is naturally regarded as a default operation that PUCCH is transmitted only on Pcell because UL subframe in Scell cannot exist (cannot be aggregated) for such UEs. Thus, to make a common TDD CA structure/solution for the low-end UEs not supporting UL CA or simultaneous TX/RX by reducing workload, it is reasonable that PUCCH transmission is performed only on Pcell as in Rel-10 CA.
Proposal  3:  PUCCH transmission is performed only on Pcell as in Rel-10 CA. 

2.4. Cross-CC scheduling
In Rel-10, cross-CC scheduling has been introduced in order to support reliable DL control signalling even under the interference situation. Even though Pcell and Scell are located in different band with different configurations, CA between such CCs cannot be an exceptional case not requiring cross-CC scheduling operation. Hence, to maintain reliability of DL control signalling also in Rel-11 TDD CA, it is considered as a baseline that cross-CC scheduling between different TDD configurations is supported. Correspondingly, it seems natural that PHICH is transmitted on the CC where UL grant is conveyed as in Rel-10 CA, in order to guarantee reliable PHICH transmission as for PDCCH. Moreover, in case of DL cross-CC scheduling (based on the observation in Section 3), allowing cross-subframe scheduling in Pcell or other solution should also be considered for some overlap subframe situation where DL in Scell is only enabled for an overlap subframe timing by disabling Pcell. 
Proposal 4: It is considered as a baseline that cross-CC scheduling between different TDD configurations is supported. 

Proposal  5:  PHICH is transmitted on the CC where UL grant is conveyed as in Rel-10 CA. 

Proposal  6:  Cross-subframe scheduling or other solution should be additionally considered in case of DL cross-CC scheduling. 

2.5. PDSCH/PUSCH HARQ timing

Basically, as we provide in next Section 3, the existing PDSCH/PUSCH HARQ timing defined for the current TDD UL-DL configurations can be sufficiently reused without any modification or introducing new significant design. There would be only difference on how to determine the reference UL-DL configuration for PDSCH/PUSCH HARQ timing according to approaches for overlap subframe configuration. Therefore, it is regarded as a baseline that the existing HARQ timing defined for the current UL-DL configurations in Rel-10 TDD is reused to determine PDSCH/PUSCH HARQ timing for TDD CA with different UL-DL configurations in Rel-11. In addition to the baseline, some modification may be considered for further optimization.
Proposal 7: It is regarded as a baseline that the existing HARQ timing defined for the UL-DL configurations in Rel-10 TDD is reused to determine HARQ timing for TDD CA with different UL-DL configurations in Rel-11. 
3. Overlap subframe configuration for half-duplex operation
Regarding the support of half-duplex operation, we can consider several possibilities to utilize DL/UL resource in the overlap subframe, in other words, to determine transmission direction (DL or UL) in the overlap subframe. In particular, PDSCH/PUSCH HARQ timing reference and the corresponding issues can be individually addressed according to approach for overlap subframe configuration[3].
3.1. Alt 1: fixing to one CC/direction
In this approach, one fixed CC or direction is only enabled in every overlap subframe where the other CC or direction is inevitably disabled all the time due to half-duplex operation. Straightforwardly, Pcell or DL can be mainly considered as the fixed CC or direction enabled in the overlap subframe. Especially, in case of enabling only Pcell 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 applied in all the alternatives for overlap subframe configuration 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 mainly on PUSCH HARQ (specifically, disabling of DL subframe reserved for UL grant or PHICH) in case of no cross-CC scheduling[3]. However, this alternative would be inefficient and inflexible in both DL/UL resource utilization and DL/UL traffic adaptation perspective since available resource (DL or UL) in overlap subframe would be deterministic just fully depending on Pcell’s UL-DL configuration regardless of actual traffic condition. 
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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, and would be more aligned with the motivation to introduce TDD CA with different UL-DL configurations. 
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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[3-11]. More specifically, related to PDSCH HARQ, handling of implicit PUCCH resource collision may be necessary, and cross-subframe schduling in Pcell or other solution 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.
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, and would be well aligned with the motivation of TDD CA with different UL-DL configurations. 
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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[3-11], such as handling of implicit PUCCH resource collision, allowing cross-subframe or other solution (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). Besides, ACK/NACK (or PHICH) might be concentrated into relatively small number of UL (or DL) subframes compared to other approaches because of considering the extreme DL (or UL) use case. But, it could not be a critical issue if TDD CA with different UL-DL configurations mainly aims for the UEs under good channel condition.
Regarding both the motivation/benefits of TDD CA with different UL-DL configurations and the standard impact including workload in Rel-11 timeframe, RAN1 should decide which one among three alternatives above for overlap subframe configuration would be more useful and applicable for the half-duplex operation based TDD CA. 
Proposal 8: In order to support half-duplex operation based TDD CA with different UL-DL configurations, RAN1 should decide which alternative would be more useful and applicable for overlap subframe configuration, by taking both efficiency/flexibility in resource utilization and workload during Rel-11 into account. 
4. Summary
We provide in this contribution on overall structure of TDD CA with different UL-DL configurations based on half-duplex operation. Finally, we propose the followings for the half-duplex operation based TDD CA in Rel-11: 

Proposal 1: At most two bands are supported for inter-band TDD CA with different UL-DL configurations in Rel-11. 

Proposal 2: It should be investigated further whether possible combinations of different UL-DL configurations for TDD CA are limited.

Proposal  3:  PUCCH transmission is performed only on Pcell as in Rel-10 CA. 

Proposal 4: It is considered as a baseline that cross-CC scheduling between different TDD configurations is supported. 

Proposal  5:  PHICH is transmitted on the CC where UL grant is conveyed as in Rel-10 CA. 

Proposal  6:  Cross-subframe scheduling or other solution should be additionally considered in case of DL cross-CC scheduling. 

Proposal 7: It is regarded as a baseline that the existing HARQ timing defined for the UL-DL configurations in Rel-10 TDD is reused to determine HARQ timing for TDD CA with different UL-DL configurations in Rel-11. 

Proposal 8: In order to support half-duplex operation based TDD CA with different UL-DL configurations, RAN1 should decide which alternative would be more useful and applicable for overlap subframe configuration, by taking both efficiency/flexibility in resource utilization and workload during Rel-11 into account. 
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