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1 Introduction

In RAN#66, a new work item was approved to enable LTE carrier aggregation (CA) for up to 32 carriers. One objective of the work item is to specify necessary mechanisms to support LTE CA for up to 32 carriers for the DL and UL in Rel-13 [1]: 

1. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

This contribution focuses on necessary DL enhancements to support CA with up to 32 CCs.
2 Necessary Enhancements to DL Control Signaling
In a companion contribution [2], possible enhancements to DL control signaling to enable CA of up to 32 carriers were outlined and include the followings:
· Carrier Indicator Field (CIF)
· Multi-subframe/cell scheduling 
· (E)PDCCH overhead
In the subsequent, the details of the above candidates are discussed.
Carrier Indicator Field (CIF)
Cross-carrier scheduling in Rel-12 is supported by a CIF of 3 bits in DL/UL DCI formats to indicate a serving cell with DL/UL data transmission among 5 cells. In order to support cross-carrier scheduling for CA with up to 32 serving cells, two alternatives are possible. 
The first alternative is to include 2 additional bits in the CIF for all UE-specific DL/UL DCI formats to support full flexibility for cross-carrier scheduling when, for example, the number of configured for a UE is more than 8. Although an increase of the CIF from 3 bits to 5 bits may not impact BLER for respective UL/DL DCI formats, it does introduce a ~2x increase in the number of DL/UL DCI format sizes a UE needs to monitor.
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Figure 1: Alternative 1 for CIF in CA with up to 32 CCs.

The second alternative is to maintain the Rel-12 CIF size and limit cross-carrier scheduling from a serving cell to another serving cell in a cell group with at most 8 cells (including the serving cell). Taking into account the number of both scheduled and scheduling cells, and the number of cells in a cell group, an eNB divide cells into cell groups and then can control cross-carrier scheduling between cells within a cell group.
Cell groups for cross-carrier scheduling can be configured by higher layer signaling (e.g. cell groups consists of at most 8 cells) and some cells in a cell group can be configured as scheduling cells with (E)PDCCH. Thus, cross-carrier scheduling is allowed only between cells within a group and a UE only has to monitor (E)PDCCH on scheduling cells in a cell group. Therefore, in alternative 2, UEs always can assume a CIF of 3 bits for (E)PDCCH monitoring regardless of the number of configured cells.
Proposal 1: For CA with up to 32 CCs, 3 bits or 5 bits for CIF are considered.
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. 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. Also, a large number of (E)PDCCHs to schedule PDSCH/PUSCHs in different cells may need to be transmitted on one scheduling cell (e.g. in case a scheduling cell in licensed band schedules a large number of aggregated cells in unlicensed bands). Then, 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 and DL spectral efficiency, mechanisms such as multi-subframe/cell scheduling can be introduced.
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Figure 2: Multi-cell scheduling for CA with up to 32 CCs.
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, bit fields that should be newly added in (E)PDCCH should be clarified (e.g. subframe or cell index for scheduling, etc.). In addition, an impact on HARQ-ACK feedbacks 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 2: For CA with up to 32 CCs, an introduction of multi-subframe/cell scheduling is further discussed.

(E)PDCCH overhead

For CA with up to 32 CCs, the number of CCs with PDSCH/PUSCH(s) scheduled by (E)PDCCH transmissions in another CC can become large comparing to Rel-12 CA operation, especially for a large number of aggregated cells in unlicensed bands. Then, (E)PDCCH overhead reduction can be one of the necessary enhancements for CA with up to 32 CCs. If channel conditions are almost static in a cell (e.g. for stationary UEs in an office/a house or for low mobility UEs), a part in some fields of DCI formats can be configured by higher layer signaling instead of dynamic signaling by (E)PDCCH. 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. If (E)PDCCH overhead reduction is supported in Rel-13, fields in (E)PDCCH that can be configured by higher layer signaling are further discussed.
Proposal 3: For CA with up to 32 CCs, a support of (E)PDCCH overhead reduction is further discussed.
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: 3 bits or 5 bits for CIF are considered.
Proposal 2: An introduction of multi-subframe/cell scheduling is further discussed.
Proposal 3: A support of (E)PDCCH overhead reduction is further discussed
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