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1 Introduction

In RAN1#80, the following observations in chairman note were captured as possible enhancements on DL control signaling for CA with up to 32 CCs [1]: 

Observations:

· For possible enhancements to DL control signaling,

· For the purpose of self-scheduling itself, no absolutely needed enhancements have been identified

· Please note, that other potential enhancements not specifically related to self-scheduling only are of course applicable as well. 

· 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 considers DL control enhancements other than cross-carrier scheduling for CA with up to 32 CCs. 
2 Necessary Enhancements to DL Control Signaling
Possible enhancements to DL control signaling to enable CA for up to 32 carriers were provided in [2] and include:
· Multi-subframe/cell scheduling 
· (E)PDCCH overhead reduction
Multi-subframe/cell scheduling
Regardless of whether self-scheduling or cross-carrier scheduling is configured for a CC in Rel-12, one (E)PDCCH can schedule PDSCH/PUSCH(s) in only one serving cell. In this regard, when supporting Rel-13 CA with up to 32 CCs, a large number of (E)PDCCHs to schedule PDSCH/PUSCHs in different cells need to be transmitted. Then, it is obvious that the number of blind decoding operations can become very large (e.g. 32x32 + 12 = 1036 with no UL MIMO or 48x32 + 12 = 1548 with UL MIMO) in a subframe if up to 32 CCs is configured to a UE and if they are all activated. Therefore, in order to achieve reasonable number of blind decoding operations in a subframe in terms of UE implementation complexity and reduce (E)PDCCH overhead in a cell in terms of system operation, DL spectral efficiency and (E)PDCCH blocking, mechanisms such as multi-subframe/cell scheduling can be considered. But, the following issues should be carefully discussed before introducing multi-subframe/cell scheduling.
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Figure 1: Multi-cell scheduling for CA with up to 32 CCs.
First, in order to introduce multi-subframe/cell scheduling without an impact of DL/UL throughput, similar channel conditions should be guaranteed over multiple subframe or cells. Also, ways to schedule different subframes or serving cells for PDSCH/PUSCH transmissions should be discussed. In addition, an impact on HARQ-ACK feedback due to multi-subframe/cell scheduling should be considered. Thus, taking into these impacts account, an introduction of multi-subframe/cell scheduling for Rel-13 CA is further discussed.
Proposal 1: For Rel-13 CA, an introduction of multi-subframe/cell scheduling is further discussed taking into account spec. changes and performance impacts.

(E)PDCCH overhead reduction
As discussed the above, for Rel-13 CA, the number of cross-carrier scheduled CCs can become larger compared to Rel-12 CA operation with only 5 carriers. Then, (E)PDCCH overhead reduction can be considered for Rel-13 CA. If channel conditions are almost static in a cell (e.g. for stationary UEs in an office/a house or for low mobility UEs), some fields of DCI formats can be configured 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 in case channel situations are rarely changed. 
Proposal 2: For Rel-13 CA, consider replacing information in DCI formats by 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: For Rel-13 CA, an introduction of multi-subframe/cell scheduling is further discussed taking into account spec. changes and performance impacts.

Proposal 2: For Rel-13 CA, consider replacing information in DCI formats by information provided by higher layer signaling.
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