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1 Introduction

In last RAN1#80 meeting, some observations were made regarding DL enhancement for CA beyond 5 carriers. 
· The following potential issues applicable to DL control could be studied for the 36.300 CA deployment scenarios:

· Possible extension of the cross-carrier scheduling framework to more than 5 CCs

· FFS including:

· CIF (3bit vs. 5bit) as part of the UL/DL grants

· USS definition (in case of 3bit vs. 5bit CIF)

· Aspects to be considered (not limited to):

· DL control channel capacity limitation

· (E)PDCCH blocking/collision

· PHICH blocking/collision

· Increased false-detection rate with an increasing number DL carriers

· UE DL control decoding limitations incl. increasing number of blind decodes

· Improved UE power saving

· Potential limitations of the eIMTA signaling

This contribution would discuss some of the potential schemes to solve DL control channel capacity limitation and UE DL control decoding limitations.

2 DL control signalling enhancement
With the increase of number of carriers, the number of carriers can be cross scheduled from one carrier is increased. The consequences are:

· 3 bits CIF field in the DCI is not enough to indicate the carrier index of cross scheduled carriers.

· Even 3 OFDM symbols for PDCCH region would not be enough to cross schedule so many carriers, which causes serious PDCCH blocking issue.

To solve the issue of CIF field, multiple cross scheduling sets can be supported. Each cross scheduling set consists of maximum 8 carriers. Carriers belonging to the same cross scheduling set can be cross scheduled among each other. Which carriers belong to the same cross scheduling set can be configured by higher layer signaling. The search space for each cross scheduling set does not overlap with each other. Therefore, 3 bits CIF field in the DCI can be used to distinguish the carriers within each cross scheduling set. In this case, in order to schedule 32 carriers, at least 4 search spaces are required on the scheduling carrier(s). The search spaces for cross scheduling sets can be configured on PDCCH or EPDCCH and can be configured on different carriers.

To solve the shortage of (E)PDCCH resources, one possibility 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 of high load, it is likely that not all configured carriers can be utilised at the same time due to other nodes could occupies the resource. 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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