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1. Introduction

According to the status reports for CA enhancements to RAN#57 meeting, the followings still remain as open issues on support of CA with different TDD UL-DL configurations [1].

·  HARQ-ACK transmission for Format 3 and 1b

· for the case when any of the (Mp, Ms) is zero

· the handling of overlapping states

·  Number of DL HARQ processes for inter-band CA with different TDD UL-DL configurations

· A new standardized solution is needed to define M_{DL_HARQ} for TDD inter-band CA and the exact solution is FFS until RAN1 #70bis

·  Transmission direction in overlapped subframes for half-duplex UEs, which was not treated in RAN1 #70
In this contribution, we discuss on some issues related to DL HARQ process in case of CA with different TDD UL-DL configurations. More specifically, determination on the maximum number of DL HARQ processes per cell, management and configuration on soft buffer are addressed by referring to [2]. 
2. Maximum number of DL HARQ processes
According to the agreements on PDSCH HARQ timing for CA with different TDD UL-DL configurations so far, HARQ timing reference configuration could be differently determined for each cell and according to whether cross-CC scheduling is configured or not. This means the maximum number of DL HARQ processes (i.e. MDL_HARQ) could also be differently set for each cell and according to configuration of self/cross-CC scheduling. There can be three possible alternatives to determine MDL_HARQ for Scell as below (note that it seems natural MDL_HARQ for Pcell is set to that defined for the UL-DL configuration of Pcell because PDSCH HARQ timing reference is Pcell regardless of self/cross-CC scheduling configuration). 
▪ Alt 1: set to MDL_HARQ defined for the configuration used as HARQ timing reference

With this approach, MDL_HARQ for Scell is set to that defined for the UL-DL configuration used as PDSCH HARQ timing reference for the Scell. This can make specification simple, but would incur over-dimensioning on DL HARQ buffer at the UE side which might cause unnecessary performance loss.
▪ Alt 2: set to maximum number of actual DL subframes within PDSCH RTT of HARQ timing reference

With this approach, MDL_HARQ for Scell is determined as the maximum number of actual (schedulable) Scell DL subframes within PDSCH RTT based on HARQ timing reference for the Scell. This may need some specification work, but can maximize efficiency on DL HARQ buffer utilization by minimizing performance loss.
▪ Alt 3: configure MDL_HARQ value for each cell by RRC signaling

With this approach, MDL_HARQ value for each cell is configured by RRC signaling. This may accompany some signaling overhead, but could provide flexibility as well as configurability from DL HARQ buffer management perspective at the UE side, where maximum efficiency on DL HARQ buffer utilization as in Alt 2 can be achieved as well depending on the network choice of the RRC values. 
Among the three alternatives above, Alt 3 seems to be not acceptable at this stage since it should involve some impact on RAN2 specification. Thus, considering HARQ buffer utilization efficiency, Alt 2 is preferred to determine MDL_HARQ for Scell. 
Proposal 1: To determine the maximum number of DL HARQ processes for Scell, Alt 2 (based on actual DL subframes within timing reference’s RTT) is preferred for more efficient HARQ buffer utilization.

3. Management and configuration on soft buffer
In Rel-10, the minimum number of storing soft channel bits (i.e. nSB) is calculated by the following equation. 
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In case of CA with different TDD UL-DL configurations in Rel-11, unlike the Rel-10 CA where the maximum number of DL HARQ processes is the same for all the cells, MDL_HARQ in the equation (1) above is to be modified since the maximum DL HARQ process (i.e. HARQp) number could be differently set for each cell. There can be two possible alternatives to modify MDL_HARQ in the equation as below (for easy explanation, the maximum DL HARQ process number for each cell is denoted as MDL_HARQ.c). 
▪ Alt 1: Equal soft buffer partitioning per cell 
With this approach, MDL_HARQ in the current Rel-10 equation (1) above is to be considered as MDL_HARQ.c value for each cell. By doing so, soft buffer could be equally partitioned for each cell. On the other hand, this might incur some performance loss on certain cell because buffer size per HARQp would be different for each cell. Additionally, HARQ process management could be restricted, because HARQp of the cell whose partitioned soft buffer size is bigger than other cell could not be allocated to the smaller soft buffer.
▪ Alt 2: Equal soft buffer partitioning per HARQp 
With this approach, the equation (1) is to be modified to reflect different MDL_HARQ.c value for each cell by calculating total sum of MDL_HARQ.c values for all the cells as the following equation (2). By doing so, soft buffer could be equally partitioned for each HARQp, and thus potential performance loss on certain cell could be avoided. 
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Taking both HARQ buffer utilization and performance aspect into account, Alt 2 is preferred to manage soft buffer at the UE side. 

Proposal 2: To manage soft buffer, Alt 2 (equal soft buffer partitioning per HARQp) with the equation (2) is preferred for reasonable HARQ operation.

Furthermore, as revealed in the previous section, MDL_HARQ.c value for each cell could be differently set according to whether cross-CC scheduling is configured or not. On top of this, MDL_HARQ.c value for each cell could also be differently set according to duplex operation manner (i.e. full-duplex or half-duplex). Since configuration on self/cross-CC scheduling would be almost static in most cases and duplex operation manner is deterministic according to UE capability on simultaneous Tx/Rx, it is reasonable and desirable that MDL_HARQ.c value per cell and the corresponding soft buffer setting is reconfigured according to self/cross-CC scheduling as well as full/half-duplex operation. 
Proposal 3: MDL_HARQ.c value per cell and the corresponding soft buffer setting is reconfigured according to self/cross-CC scheduling as well as full/half-duplex operation.

4. Summary
We discussed in this contribution on some issues related to DL HARQ process in case of CA with different TDD UL-DL configurations, mainly on the maximum DL HARQ process number per cell and management/configuration on soft buffer. Finally, we propose: 

Proposal 1: To determine the maximum number of DL HARQ processes for Scell, Alt 2 (based on actual DL subframes within timing reference’s RTT) is preferred for more efficient HARQ buffer utilization.

Proposal 2: To manage soft buffer, Alt 2 (equal soft buffer partitioning per HARQp) with the equation (2) is preferred for reasonable HARQ operation.

Proposal 3: MDL_HARQ.c value per cell and the corresponding soft buffer setting is reconfigured according to self/cross-CC scheduling as well as full/half-duplex operation.
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