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1 Introduction
Enhancement on carrier aggregation (eCA) has been approved as a WI in R-13 [1]. With eCA, up to 32 CCs can be aggregated together. When more CCs are supported, the amount of UCI feedback increases and thus overloads the PUCCH-carrying cell (i.e., PCell or PSCell). One way to mitigate the feedback problem is to transmit PUCCH on serving cells other than PCell and PSCell. Regarding PUCCH on SCell, the following agreement has been made in RAN2 meeting #89.
	1
In accordance with RAN1 agreements there will be at most two PUCCHs (of which one is always on the PCell) for up to 5 CCs. 
FFS how many PUCCHs will be supported for more than 5 CCs. 


Moreover, the agreements made in RAN1 meeting #80 state that RAN1 supports the following two mechanisms for UCI feedback to support Rel.13 CA configurations.
	· Enhancements to support UCI feedback on PUCCH on PCell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell

· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported
· FFS: more than two PUCCH cell groups case


In this paper, we discuss the necessary modifications when CA beyond 5 CCs is configured.
2 Discussion
2.1 General
The RAN 1 agreements outline the possible mechanisms to carry additional UCI feedbacks when more than 5 CCs are configured, considering different UL CA and PUCCH configurations. When the UE is capable of UL CA, PUCCH can be configured on one or more SCells and carry the UCI feedback of some serving cells, so as to reduce to overhead on PCell. The serving cells sending UCI feedback on the same PUCCH-carrying cell form a PUCCH group. Both RAN1 and RAN2 have agreed to support up to two PUCCH groups (similar to the configuration in DC), but whether to support more than two PUCCH groups is still FFS. On the other hand, a PUCCH-carry serving cell (e.g., PCell) may need to carry the UCI feedback of more than 5 CCs, due to either UE capability constraint (e.g., no UL CA support) or eNB decision. In this case, additional UCI feedback may be carried using new PUCCH formats or allocating multiple PUCCH resources on PCell (FFS).
2.2 Number of PUCCH groups
Both RAN1 and RAN2 agreed to study how many PUCCHs should be supported for aggregation of more than 5 CCs. The number of supported PUCCH groups is determined by several factors. Constrained by UE CA capability, the maximum number of PUCCH groups cannot exceed the number of supported UL CCs. On the other hand, the minimum number of required PUCCH groups depends on the UCI feedback capacity of each PUCCH-carrying cell. Let NCC be the number of aggregated CCs, and a PUCCH carries the UCI feedback of NUCI CCs, then at least NPUCCH=floor(NCC/NUCI) PUCCH groups should be supported. The UCI feedback capacity further depends on the design of PUCCH (new PUCCH format or multiple PUCCH resources), which is a RAN1 issue. Therefore, we have the following observations.
Observation 1: The number of PUCCH groups is determined by following factors: UE capability for UL CA and the UCI feedback capacity of each PUCCH.

For a UE, the number of CCs that can be aggregated depends on the number of supported PUCCH groups, as well as the PUCCH format. Based on the agreements made until now, i.e. two PUCCH groups with PUCCH format 3, aggregation of at most 10 CCs can be supported. Whether aggregation of more CCs is supported relies on the UCI feedback capacity on each PUCCH, which is up to the decisions from RAN1. Therefore we have the following observations and proposals.
Observation 2: With two PUCCH groups and current PUCCH formats, aggregation of at most 10 CCs can be supported. 

Observation 3: RAN2 cannot determine the number of PUCCH groups to be supported for aggregation up to 32 CCs without RAN1 decisions on UCI feedback capacity.
Proposal 1:
Ask RAN1 about the maximum number of aggregated CCs supported if current PUCCH formats are to be used.
We now discuss the PUCCH groups when DC is configured. In this case, the configurations in each CG are limited by the number of supported PUCCH groups. Figure 1 illustrates the PUCCH group configurations combined with DC, when different numbers of PUCCH groups are supported. When two PUCCH groups are supported, the second PUCCH is transmitted either on PSCell or a PUCCH SCell in MCG. In the latter case, the SCG cannot be configured. Similarly, if three PUCCH groups are supported, only one PUCCH SCell presents in either MCG or SCG if DC is configured; otherwise there are two PUCCH SCells in MCG and DC is not supported.
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Figure 1

The RRC signalling for PUCCH on SCell should be decoupled from that for DC, and work properly whether DC is configured.
Proposal 2:
The number of supported PUCCH groups is shared by MCG and SCG.
3 Conclusion

It is proposed to discuss and decide on the following proposals and observations:
Observation 1: The number of PUCCH groups is determined by following factors: UE capability for UL CA and the UCI feedback capacity of each PUCCH.
Observation 2: With two PUCCH groups and current PUCCH formats, aggregation of at most 10 CCs can be supported. 

Observation 3: RAN2 cannot determine the number of PUCCH groups to be supported for aggregation of 32 CCs without RAN1 decisions on UCI feedback capacity.
Proposal 1:
Ask RAN1 about the maximum number of aggregated CCs supported if current PUCCH formats are to be used.
Proposal 2:
The number of supported PUCCH groups is shared by MCG and SCG.
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