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1. Introduction

In RAN1#82 meeting, following agreements and conclusion were made for DL control signalling to support Rel-13 CA of up to 32 carriers [1]. 
	Agreements:

· No support of joint grants in Rel. 13 eCA
· This does not prevent further discussions and specification of other DL control enhancements solving issues like false alarm, number of blind decodes etc.
Conclusions:

· Treat necessary changes to DL control (specifically DCI content & size) due to UL control enhancements as part of the UL control enhancement investigations 
· Following DL control enhancements have been potentially identified in Rel. 13 eCA

· Topic 1: Increase in the number of blind decodes for a large number of CCs
· Topic 2: Effect of false positive detection of DL grants 
· Following other enhancement have been potentially identified in Rel. 13 eCA

· Topic 3: UE soft-buffer management for the increased number of aggregated carriers

· Following CA enhancement have been identified with lower priority in Rel. 13 eCA

· Topic 4: Increase in the number of carriers for EPDCCH monitoring

· Note that Dynamic Carrier Selection will be discussed in LAA 




In this contribution, we address and discuss on further consideration points for DL control and management to support Rel-13 CA of up to 32 carriers.
2. DL control and management for CA enhancement

Rel-13 enhanced CA with large number of carriers can be considered for increasing peak throughput by enlarging the CA size as well as for enabling traffic offloading to the Scell opportunistically. Deployment of the cell in unlicensed band (denoted as “U-band”) with LAA (Licensed-Assisted Access) operation is one of strong motivations to support large CA for the purpose of traffic offloading. Even though large number of the LAA cells is aggregated, the cells with actual scheduling would be a part of the entire CA in most cases due to dependency on the carrier sensing (i.e., CS) result. From this perspective, it is necessary to consider a type of Rel-13 UE whose complexity in terms of at least, blind decoding (i.e., BD) for control channel and receiving (soft) buffer for data channel, would not be increased proportional to the CA capability. 
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Figure 1.
· Blind decoding reduction for (E)PDCCH detection
Considering the UE type having smaller BD capability than CA capability, reduction on the maximum number of total BD for (E)PDCCH detection in a subframe may be required for supporting large number of aggregated cells with limited BD capability. One possible solution can be configuring the (reduced) number of (E)PDCCH candidates for BD per cell. For example, this kind of scheme can be applied to a cell (denoted as “Ucell”) with LAA operation in U-band. It seems undesirable for the UE aggregating such Ucell to perform the same BD number for Ucell as that for a cell in licensed band, since there is no guarantee that actual DL and/or UL transmission can always be allowed via Ucell due to opportunistic radio access depending on the CS result. 
In addition, total number of cells having DL subframe can be varying subframe by subframe e.g., TDD CA with different UL-DL configurations or TDD-FDD CA. In order to efficiently utilize BD capability for flexible scheduling, it is needed to configure the number of BDs for each subframe separately. Furthermore, since it is likely to use different (E)CCE aggregation levels and/or different number of (E)PDCCH candidates for different DCI formats (e.g., DCI format 2C vs. DCI format 1A) according to their payload size and/or radio channel condition, it would be reasonable to configure the number of BDs for each DCI format separately.

Proposal 1: Blind decoding reduction for (E)PDCCH detection by configuring the (reduced) number of (E)PDCCH candidates per cell is to be supported in Rel-13 CA. 
· DL soft buffer management for PDSCH reception
Considering lower peak data rate (e.g. total number of soft channel bits) compared to CA capability, handling on DL soft buffer for PDSCH reception may be required to support large number of cells with limited buffer size. If partitioning of the soft buffer is performed by existing manner even with large number of cells, the minimum number of soft channel bits to be stored per TB (or HARQ process) would be quite decreased which may cause performance loss. 
To resolve this issue, for example, soft buffer sharing among multiple cells can be considered. Here, it can be interpreted that the total number of soft channel bits of a UE will be divided by the predefined number of cells smaller than that of configured cells for the UE, to avoid performance loss by excessive partitioning of soft buffer. Here, soft buffer size (i.e., the minimum soft channel bits) per TB (or HARQ process) can be determined based on the maximum number of HARQ processes of the predefined reference cell or each individual cell. By doing this operation, for example, even though two UEs having the same peak data rate are configured with different number of cells, it can be possible that the minimum soft channel bits per TB (or HARQ process) could be the same for theses UEs. 
Moreover, it is needed to discuss on how to define cell group for soft buffer sharing and dropping priority rule when there is no left space for PDSCH buffering. For example, soft buffer sharing among multiple Ucells could seem be reasonable since DL transmission (PDSCH scheduling) via Ucell is opportunistically allowed depending on the CS result, unlike a licensed cell providing continuous or periodic DL transmission. 
Proposal 2: DL soft buffer management (e.g., dividing buffer by smaller number than CA, then sharing buffer among multiple cells) is to be considered for Rel-13 CA.
· Search space handling for cross-CC scheduling
If a certain cell (e.g. licensed cell) is configured to (cross-CC) schedule large number of cells (e.g. Ucell) for a UE and/or the same cell is configured as Pcell or a scheduling cell commonly for multiple UEs, search spaces on the cell would be overlapped within and/or between UE by simple concatenation based on cell index which may increase intra-/inter-UE (E)PDCCH blocking. To mitigate (E)PDCCH blocking and control congestion, handling on search space may be required in cross-CC scheduling case. One possible solution, for example, can be to configure a shared UE-specific search space (denoted as “USS”) for multiple scheduled cells on the scheduling cell. According to the current specification, for randomizing locations of (E)PDCCH candidates of a scheduled cell, CIF (carrier indicator field) value is used. Thus, for USS sharing among multiple scheduled cells, it can be considered to configure a parameter replacing the CIF value, which is commonly used for multiple scheduled cells, to randomize their (E)PDCCH candidate locations. 
In addition, it can also be considered to fit (USS) DCI format sizes of multiple scheduled cells which can be, for example, those sharing a single (same) USS. By doing this operation, the total number of BD corresponding to scheduled cells can be reduced. As mentioned earlier, since actual DL and/or UL transmission cannot always be allowed via Ucell depending on the CS result, USS sharing among multiple Ucells seems more reasonable.
Proposal 3: Search space handling for cross-CC scheduling (e.g., configuring shared search space for multiple cells) can be considered for Rel-13 CA. 
3. Conclusions

In this contribution, we discussed on consideration points for DL control and management to support CA of up to 32 carriers in Rel-13. Based on above, we propose:

Proposal 1: Blind decoding reduction for (E)PDCCH detection by configuring the (reduced) number of (E)PDCCH candidates per cell is to be supported in Rel-13 CA. 

Proposal 2: DL soft buffer management (e.g., dividing buffer by smaller number than CA, then sharing buffer among multiple cells) is to be considered for Rel-13 CA.
Proposal 3: Search space handling for cross-CC scheduling (e.g., configuring shared search space for multiple cells) can be considered for Rel-13 CA. 
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