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1 Introduction

Work Item “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” was agreed in [1] to support enhancement of carrier aggregation capabilities up to 32 component carriers. It includes “Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any”. In this contribution, we would like to discuss potential schemes to enhance DL control signalling to support up to 32 carriers.
2 DL control signalling enhancement
When up to 32 carriers are supported, it is possible that many carriers need to be cross scheduled from another carrier. Especially for unlicensed carriers, the data on unlicensed carriers may be more likely to be cross scheduled on licensed carriers. When many carriers are cross scheduled from one carrier, available (E)PDCCH resources are limited.
One possibility to circumvent this is to increase the EPDCCH region to support more control signalling. Currently, two EPDCCH PRB sets are supported. In order to support multiple cross carrier scheduling sets, as we proposed in [2], more than two non-overlapping EPDCCH PRB sets might be supported. Besides, UE might need to monitor both PDCCH UE-specific search space and EPDCCH UE-specific search space on the same subframe on scheduling carriers. Currently, for each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by higher layers. If UE needs to monitor both PDCCH UE-specific search space and EPDCCH UE-specific search space  on the same subframe on scheduling carriers, a larger number of blind decoding is necessary on the scheduling carriers, but the total number of blind decoding of all carriers is the same as without cross carrier scheduling . The disadvantage of this scheme is that more control resources are needed in scheduling cells.

Another possibility is to configure the search space for each target carrier by making the corresponding nCI value explicitly configurable. When cross scheduling is configured, nCI value is used to determine the search space for the target carrier. Currently, nCI value equals serving cell index. When downlink control resources are limited, configuring multiple carriers with the same nCI value means that the same search space is shared for multiple carriers. It has the advantage that less downlink control resources are used and less number of blind decoding is necessary. Especially if combined with the first possibility, where EPDCCH and PDCCH are supported on the same subframe, this scheme can limit the number the blind decoding attempts. On the other hand, sharing the same search space increases the blocking issue. Therefore, there should be a balance between PDCCH/EPDCCH resource efficiency and blocking issue. In case of unlicensed carriers, it is likely that not all configured carriers can be utilised at the same time due to other nodes. In addition, the DCI would usually require a small aggregation level, so that the blocking probability should not become too severe.
We propose RAN1 to consider EPDCCH extensions to more than two sets and a configurable search space for DL control signalling enhancement to support up to 32 carriers.
3 Conclusion
In this contribution, we discussed the schemes to enhance DL control signalling to support up to 32 carriers. We propose RAN1 to consider EPDCCH extensions to more than two sets and a configurable search space for DL control signalling enhancement to support up to 32 carriers.
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