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1 Introduction

DL control signaling enhancements were discussed in RAN1#82 and the following conclusions were reached [1]: 

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

This contribution considers the first 2 topics and further considers possible reductions in DL control signaling overhead. 
2 Enhancements to DL Control Signaling
Reduction in number of blind decoding operations (and probability of false positive detection) for DCI formats

The first two topics are inter-related as a reduction in the number of blind decoding operations for UE complexity reduction purposes can also address any potential issue related to false positive detections of DCI formats by a UE. UE complexity reduction is important for UE implementation and should be the primary motivation for a reduction in the number of blind decoding operations (relative to a linear increase according to the number of cells) as, for typical eCA deployment conditions, false positive detections of DCI formats are unlikely to be a meaningful problem.

· 
For the false alarm to be an issue, the BER should be around 50% (i.e. SINR should be extremely low). And then, this can happen when an eNB transmits DCIs to UEs near the cell edge of the eNB and, due to path-loss at the cell edge, UEs at the cell edge effectively would receive noise.

· This could be an issue for macro-cells. But, a single macro cannot transmit 32 DCIs due to no capacity and then the false alarm in the macro cell for Rel-13 CA would be similar as one for the legacy CA considering cross-carrier scheduling for at most 8 cells. Also, this may not be an issue for LAA deployments where small cells normally operate. Even for hidden node problems within LAA cells, the eNB can deactivate cells with those problems for the UEs depending on RSSI measurements.
Blind decoding reductions can be achieved by reducing the number of (E)PDCCH candidates per (E)CCE aggregation level. The reduction needs to be significant and can be also associated with a UE capability that can be reported to the eNB. In order to support different UE capabilities but also in order to appropriately distribute the number of blind decoding operations among (E)CCE aggregation levels and among cells, configuration by the eNB of the blind decoding operations per (E)CCE aggregation level, per cell, and per DCI format should be supported. For examples,
· Considering two cells transmitting DCI formats to a UE, if the UE experiences high SINR in one cell (such as a small cell) and low/moderate SINR in another cell (such as a macro-cell), it is more appropriate to assign the blind decoding operation to the smaller (E)CCE aggregation levels in the first cell than in the second cell. 
· If blocking probability is not a concern in a first cell, such as a small cell where 1-2 UEs are typically scheduled per subframe, but it is a concern in a second cell, such as a macro-cell, more blind decoding operations should be assigned in the second cell than in the first cell. 
· If a number of DL cells are associated with the same UL cell, having the UE decode DCI format 0/1A in all such DL cells can be avoided by implementation (fall-back operation using DCI format 1A can always be supported in the PCell). 
· For DCI format 2* and DCI format 0/1A, there should be more candidates for the larger (E)CCE aggregation levels associated with DCI format 2* than with DCI format 0/1A.

In general, there can be a large number of different scenarios that motivate different assignments of (E)PDCCH decoding candidates per (E)CCE aggregation level and potentially different UE capabilities. All can be captured by network implementation through configuration of (E)PDCCH decoding candidates per (E)CCE aggregation level, per cell, and per DCI format. 

Proposal 1: An eNB can configure a UE the number of (E)PDCCH decoding candidates per (E)CCE aggregation level, per cell, and per DCI format.
Another method to reduce the number of blind decoding candidates in case of cross-carrier scheduling is to enable full overlapping of search spaces for different cells. This can increase the blocking probability but such increase may not materialize in many cases such as for example for cross-carrier scheduling among small cells where collisions of (E)PDCCH transmissions to multiple UEs are highly unlikely and a single UE, when scheduled, can typically have access to the entire search space. Also, in LAA, only a subset of cells in a group of cells configured for cross-carrier scheduling may be available for scheduling at a given subframe. In general, given that enabling full overlapping of search spaces for cells with cross-carrier scheduling is trivial to support, this should be a configuration that relies on network implementation.

Proposal 2: An eNB can configure full overlapping of search spaces for a group of cells in case of cross-carrier scheduling.
(E)PDCCH overhead reduction
(E)PDCCH overhead reduction can be considered for Rel-13 CA particularly to address the case of cross-carrier scheduling where most DL/UL DCI formats can be transmitted from a same DL cell, such as the PCell, and the capacity and/or overhead for DL control signaling per subframe can become a bottleneck. If channel conditions are almost static in a cell as it is likely for typical LAA application (e.g. for stationary UEs in an office/a house or for low mobility UEs), it can be beneficial for an eNB to configure some fields of DCI formats by higher layer signaling instead of dynamic signaling by (E)PDCCH and then (E)PDCCH payload can be reduced. For example, a modulation in the MCS field or a part in the RB allocation field can be fixed by higher layer signaling depending on the eNB’s assessment that a rate of change in the channel situations experienced by a UE is sufficiently slow. 
Proposal 3: Consider replacing information in DCI formats with information provided by higher layer signaling.
3 Conclusions 

This contribution discussed necessary DL enhancements to support CA with up to 32 CCs and proposes the followings for CA with up to 32 CCs:
Proposal 1: An eNB can configure a UE the number of (E)PDCCH decoding candidates per (E)CCE aggregation level, per cell, and per DCI format.
Proposal 2: An eNB can configure full overlapping of search spaces for a group of cells in case of cross-carrier scheduling.
Proposal 3: Consider replacing information in DCI formats with information provided by higher layer signaling.
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