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1 Introduction
A new WI on Rel-13 carrier aggregation was approved in RAN#66 [1], with the following objectives:

· 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

· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
In this contribution, we discuss the design scenarios of Rel-13 carrier aggregation and then show our views on the necessary enhancements to support carrier aggregation with up to 32 component carriers.
2 Design scenarios
For Rel-13 carrier aggregation, the following two scenarios should be supported:

· Scenarios 1: Up to 5 licensed CCs with TDD UL-DL configuration 5
In Rel-12 carrier aggregation, TDD UL-DL configuration 5 is only supported for up to 2 CCs, since the maximum HARQ-ACK feedback payload on PUCCH is 20 bits. On the other hand, TDD UL-DL confirmation 5 is expected to be used more often, e.g. in small cell deployments. Therefore, we have the following proposal:
Proposal 1: Up to 5 licensed CCs with TDD UL-DL configuration 5 should be supported in Rel-13 CA.
· Scenarios 2: Up to 32 CCs
Carrier aggregation with up to 32 CCs will efficiently enable LAA (Licensed-Assisted Access). The transmission on an unlicensed CC is discontinuous, therefore optimized designs can be considered for carrier aggregation with multiple unlicensed CCs. However, specific enhancements toward LAA are not within the scope of the Rel-13 CA enhancement WI, and hence should not be considered in this WI. 

Proposal 2: Specific CA enhancements toward LAA should not be considered in the Rel-13 CA WI.
3 Enhancements

3.1 DL control signaling
To support up to 32 CCs, the maximum number of PDCCH/EPDCCH blind decodes is increased with the number of active CCs for both self-carrier scheduling and cross-carrier scheduling. UE processing capability for PDCCH/EPDCCH needs to be enhanced to support up to 32 CCs, which is accompanied by higher UE processing capability for PDSCH. Specific enhancement solely to reduce the maximum number of PDCCH/EPDCCH blind decodes by restricting the scheduling flexibility is not needed.
For self-carrier scheduling, Rel-10/11 DL control mechanisms can be reused. For cross-carrier scheduling, the CFI bit-width deserves some discussion, e.g. whether to allow one serving cell to cross-carrier scheduling more than 8 serving cells [2]. 
Proposal 3: Specific enhancement solely to reduce the maximum number of PDCCH/EPDCCH blind decodes by restricting the scheduling flexibility is not needed.

Proposal 4: It shall be discussed whether DL control enhancement on carrier indication for cross-carrier scheduling is needed.
3.2 UL control signaling
· HARQ-ACK feedback

With 32 DL CCs, more HARQ-ACK feedback bits will be transmitted in one UL subframe. Although PUCCH on Scell (if supported by a UE) can be used to reduce the number of HARQ-ACK feedback bits in a PUCCH, enhancements on HARQ-ACK feedback are still needed for:
· UEs not supporting PUCCH on Scell
· The amount of HARQ-ACK feedback bits in one PUCCH is still more than 20 bits, even for UEs supporting PUCCH on Scell
The following issues should be considered for HARQ-ACK feedback to support up to 32 DL CCs [3]:

· The maximum supported HARQ-ACK feedback bits in one PUCCH
· PUCCH format with larger payload size

· Additional HARQ-ACK bundling to allow carrier aggregation with more than 5 CCs to be applicable for more UEs 
· Periodic CSI report

In Rel-11, system throughput gains were shown for simultaneous transmission of multiple CCs’ periodic CSI in one subframe, and simultaneous transmission of multiple CCs’ periodic CSI and HARQ-ACK in one subframe [4]. However, because there was no consensus on the channel format used to support simultaneous transmission of multi-cell periodic CSI in one subframe, simultaneous transmission of multiple CCs’ periodic CSI in one subframe was not supported in Rel-11. 
With 32 DL CCs, the benefit for supporting simultaneous transmission of multiple CCs’ periodic CSI and simultaneous transmission of multiple CCs’ periodic CSI and HARQ-ACK will be more attractive. Solely replying on a TDM approached is not efficient with a significant number of aggregated CCs. Hence, we propose the following enhancements should be considered in Rel-13 carrier aggregation [5]:
· Simultaneous transmission of multiple CCs’ periodic CSI in one subframe 

· Simultaneous transmission of multiple CCs’ periodic CSI and HARQ-ACK in one subframe 

· UCI on PUSCH

In the current mechanism, at most 4 SC-FDMA symbols in a PUSCH can be used to transmit HARQ-ACK or RI. With 32 DL CCs, the amount of HARQ-ACK or RI feedback bits will be significantly increased. Therefore, more REs in PUSCH needs to be allocated to HARQ-ACK or RI [6].
Proposal 5: The following UL control enhancements should be considered to support up to 32 DL CCs:
· The maximum supported HARQ-ACK feedback bits in one PUCCH shall be defined
· PUCCH format with larger payload size shall be introduced
· Additional HARQ-ACK bundling should be considered

· Simultaneous transmission of multiple CCs’ periodic CSI in one subframe should be supported

· Simultaneous transmission of multiple CCs’ periodic CSI and HARQ-ACK in one subframe should be supported

· Resource allocation for UCI on PUSCH shall be considered
3.3 UE category  
It is expected that new UE categories with a larger buffer size will be introduced for UEs capable of aggregating more than 5 carriers. However, whether the existing UE categories can support aggregating more than 5 carriers should be clarified. If yes, soft buffer management should be considered, at least for storing soft channel bits.

Proposal 6: Whether the existing UE categories can support aggregating more than 5 carriers should be clarified.

· If yes, soft buffer management shall be considered.
4 Conclusions
In this contribution, we discuss the design scenarios and the necessary enhancements for Rel-13 CA with following proposals:

Proposal 1: Up to 5 licensed CCs with TDD UL-DL configuration 5 should be supported in Rel-13 CA.

Proposal 2: Specific CA enhancements toward LAA should not be considered in the Rel-13 CA WI.

Proposal 3: Specific enhancement solely to reduce the maximum number of PDCCH/EPDCCH blind decodes by restricting the scheduling flexibility is not needed.
Proposal 4: It shall be discussed whether DL control enhancement on carrier indication for cross-carrier scheduling is needed.
Proposal 5: The following UL control enhancements should be considered to support up to 32 DL CCs:

· The maximum supported HARQ-ACK feedback bits in one PUCCH shall be defined
· PUCCH format with larger payload size shall be introduced
· Additional HARQ-ACK bundling should be considered

· Simultaneous transmission of multiple CCs’ periodic CSI in one subframe should be supported

· Simultaneous transmission of multiple CCs’ periodic CSI and HARQ-ACK in one subframe should be supported

· Resource allocation for UCI on PUSCH shall be considered
Proposal 6: Whether the existing UE categories can support aggregating more than 5 carriers should be clarified.

· If yes, soft buffer management shall be considered.
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