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1 Introduction

In RAN#66, a new work item was approved to enable LTE carrier aggregation enhancement with up to 32 carriers. One focus area for discussion in the work item is to specify necessary mechanisms to support LTE CA of 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 lists possible necessary mechanisms to support CA with up to 32 CCs in DL and UL and then discuss them in a high level. The details are provided in companion contributions [2], [3], [4].
2 Enhancements to DL/UL Control Signaling

Comparing to current CA mechanisms, CA of up to 32 component carriers in Rel-13 necessitates at least two points for consideration. First, the maximum number of component carriers that are aggregated from a UE perspective is dramatically increased. The number of aggregated carriers can impact the CIF (Carrier Indicator Field) range, the number of blind decoding operations a UE needs to perform in a subframe, the number of HARQ-ACK information bits a UE needs to transmit in a subframe and the possibility of CSI collisions between different serving cells in case different reporting periodicities are configured for different cells. Second, cells in both licensed and unlicensed bands can serve as component carriers for CA in Rel-13. LAA operations can be realized depending on enabling of CA with up to 32 CCs if the number of aggregated cells in both licensed and unlicensed bands is larger than 5. Taking these points into account, the followings are discussed for enabling CA with up to 32 component carriers:
· DL control enhancements: CIF, Blind decoding operations, Multi-subframe/cell scheduling, (E)PDCCH overhead
· UL control enhancements: HARQ-ACK, CSI
2.1 DL Control Enhancements
Carrier Indicator Field (CIF)

In Rel-12, if UE is configured with cross-carrier scheduling for a serving cell, a CIF of 3 bits is additionally included in all UE-specific DL/UL DCI formats to indicate the serving cell for DL/UL data transmission. This CIF range can support cross-carrier scheduling for up to 8 carriers (including the carrier of the UL/DL DCI format transmission). Accordingly, to support full flexibility of cross-carrier scheduling for up to 32 carriers, 2 additional bits are needed for CIF in DL/UL DCI formats. 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. Alternatively, the current CIF range can be maintained and cross-carrier scheduling can be restricted only between cells within a group with at most 8 carriers (similar to Rel-12 dual connectivity) [2]. 
Blind decoding operations
If 5 CCs are configured to a UE and if they are all activated for the UE, the UE should blindly try 32x5 + 12 = 172 decoding operations in a subframe assuming no UL MIMO in all CCs (or 48x5 + 12 = 252 with UL MIMO). This applies regardless of whether self-scheduling or cross-carrier scheduling is configured for a CC. In Rel-13, if up to 32 CCs is configured to a UE and if they are all activated, the UE would need to perform a very large number of blind decoding operations (e.g. 32x32 + 12 = 1036 with no UL MIMO or 48x32 + 12 = 1548 with UL MIMO) in a subframe. Then, in order to achieve reasonable number of blind decoding operations in a subframe in terms of UE implementation, some enhancements can be introduced (e.g. multi-subframe/cell scheduling, reduction/configuration of number of candidates per (E)CCE aggregation level subject to a total not exceeding the UE capability, etc.) [2].
Multi-subframe/cell scheduling
In Rel-12, one (E)PDCCH can schedule PDSCH/PUSCH(s) in only one serving cell. Accordingly, a (E)PDCCH transmission per PDSCH/PUSCH(s) in a serving cell cannot be avoided. If this applies for CA with up to 32 CCs, 32 (E)PDCCH transmissions would be needed to schedule PDSCH/PUSCHs in all 32 CCs. In order to reduce DL control overhead, multi-subframe/cell scheduling can be introduced for CA with up to 32 CCs. It is noted that multi-subframe scheduling was already introduced for TDD UL/DL configuration 0. Thus, if similar channel conditions are maintained over multiple subframes (e.g. for low mobility UEs), one (E)PDCCH can be used to schedule PDSCH/PUSCHs in several subframes of one CCs. Also, under similar channel situations between multiple carriers, one (E)PDCCH can be used to schedule several PDSCH/PUSCHs in multiple CCs if it is guaranteed that DL/UL throughput is not impacted. These enhancements can benefit UE complexity as the number of blind decoding operations a UE needs to perform in a subframe can be reduced [2].
(E)PDCCH overhead

For CA with up to 32 CCs, the number of CCs with PDSCH/PUSCHs scheduled by (E)PDCCH transmissions from one scheduling CC can become large compared to Rel-12 CA, especially considering the potential large number of aggregated cells in unlicensed bands. Then, (E)PDCCH overhead reduction can be one of the necessary enhancements for CA of up to 32 CCs. A DCI in (E)PDCCH consists of various fields which need dynamic changes (e.g., RB allocation, MCS, NDI, HARQ process number, RV, etc.) in a subframe. On the other hand, if channel conditions are almost static in a CC, a part of some fields in a DCI can be configured by higher layer signaling instead of dynamic adjustment by (E)PDCCH and then (E)PDCCH overhead can be reduced [2]. 
2.2 UL Control Enhancements
HARQ-ACK

PUCCH format 3 is the PUCCH format that can accommodate the largest HARQ-ACK payload and a Scheduling Request (SR) from a UE (e.g. 21 bits). However, for a UE configured with up to 32 CCs for CA in Rel-13, PUCCH format 3 cannot accommodate a HARQ-ACK payload for all 32 CCs without excessive bundling that, in addition to spatial domain bundling, will need to include time-domain or cell-domain bundling. Therefore, to avoid a significant DL throughput loss, new methods are needed to transmit HARQ-ACK in response to PDSCHs (or SPS release) reception in up to 32 CCs. To avoid introducing new transmission structure, a PUSCH-based structure or a modified PUCCH format 3 structure, as discussed in Rel-11, can be considered [3].
HARQ-ACK can also be transmitted on a PUSCH in case a UE is not configured for simultaneous PUSCH and PUCCH transmissions. Taking into account the limitations in available REs for HARQ-ACK multiplexing in Rel-12, enhancements to HARQ-ACK multiplexing on a PUSCH can be considered to support CA with up to 32 CCs [3].
CSI

If transmissions of periodic CSIs for two or more CCs collided in a subframe, only one CSI is transmitted on PUCCH according to Rel-12 priority rules and the remaining CSIs are dropped. When the same approach is used for CA with up to 32 CCs, CSIs for CCs with a low priority (e.g. depending on serving cell index) would have fewer opportunities to feedback the CSIs if CSI periodicities of hundreds of millisecond, especially for TDD, are to be avoided. Accordingly, enhancements to CSI multiplexing and transmission for more than one CC in a same PUCCH can be necessary for CA with up to 32 CCs. 
Aperiodic CSI in Rel-12 CA is triggered by a CSI request field that includes 2 bits. CSIs for specific CCs configured by higher layer can be triggered by only 2 states. When CA with up to 32 CCs is supported, the triggering mechanism using a CSI request field with at most 2 bits can be insufficient to trigger CSIs for various combinations of up to 32 CCs. Therefore, extension of the number of triggering bits and/or more efficient ways to trigger aperiodic CSIs for various combinations of CCs can be considered [4].
3 Conclusions 

Proposal 1: For enabling CA with up to 32 cells, the following enhancements are considered in RAN1:
· DL control enhancements: CIF, Blind decoding operations, Multi-subframe/cell scheduling, (E)PDCCH overhead
· UL control enhancements: New PUCCH formats (e.g. a PUSCH-based structure or a modified PUCCH format 3 structure) and PUSCH enhancements (e.g. UCI multiplexing and A-CSI triggering) for HARQ-ACK and/or CSI
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