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1 Introduction

Enhancements for Carrier Aggregation (CA) to support up to 32 cells were endorsed in [1]. One of the primary objectives is for UL control signaling enhancements. Specifically, 

· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
1. Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signaling formats to support UCI feedback for up to 32 DL carriers 
2. Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

In general, due to the significant high number of aggregated cells, the amount of CSI feedback will be linearly increased. In RAN1#80bis meeting, the following observation was made,
Observations:

· At least the following enhancements to CSI reporting in order to reduce periodic CSI report dropping probability can be studied
· Multiplexing of periodic CSI reports corresponding to multiple serving cells

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback

· Details FFS including at least: 

· supported PUCCH format(s) 

· prioritization rules

· Enhancements to Aperiodic CSI reporting in order to improve the triggering flexibility and/or guarantee sufficient coverage and low overhead can be studied
· Details of candidate enhancements FFS including at least:

· Compact (e.g. wideband-only) Aperiodic CSI reports

· Grouping of triggered and/or reported cells/carriers

· More flexible indication (triggering) of reported carriers and the type of the report

· Limiting UE complexity associated with reporting up to 32 CCs

· Higher order modulation for A-CSI reports

Based on above observations, we provide our views on P-CSI reports for multiple serving cells, A-CSI feedback for multiple CGs, and P-CSI + A-CSI transmissions. 
2 Priority rule for P-CSI in legacy CA
In a legacy CA, due to the limit of PUCCH format 2, P-CSI for only one serving cell is allowed in a particular subframe. In fact, since the maximum number of serving cells is 5, for a typical period for P-CSI feedback of 5ms, it is still possible to support P-CSI for up to 5 serving cells without any collisions. If due to some other reasons, the P-CSIs for different cells or different CSI processes collide in a subframe, a set of priority rule was specified for the UE to select the highest prioritized P-CSI for feedback, while all other low prioritized P-CSIs are dropped. 
Four kinds of parameters are used to derive the priority level for a P-CSI report, i.e. CQI reporting type > CSI process ID > cell ID > subframe set index. For a cell configured with TM 1~9 could be considered as configuration of only one CSI process with ID 0. CQI reporting type is firstly checked, so that a RI-like P-CSI report is always prioritized over CQI/PMI-like P-CSI report. If CQI reporting type is the same, CSI process ID is checked, CSI process with lower ID is prioritized. For the case of same CSI process ID, UE further checks cell ID and prioritizes P-CSI of a cell with a smaller ID. Pcell has an ID 0 hence is the most favorited. Finally, if cell ID is also the same, it is specified that subframe set index can be used for the prioritization as agreed for eIMTA. 
3 P-CSI report for multiple cells

In enhanced CA with up to 32 cells, it is commonly understood that at least one new PUCCH format will be introduced to support larger payload size for UCI transmissions. The supported payload size can be much larger than 11 bits, which is the maximum size of P-CSI report for a CSI process. As captured in the observation from RAN1#80bis, multiplexing of P-CSI reports corresponding to multiple serving cells could be further studied.
Two ways to configure and multiplex P-CSI reports for multiple serving cells can be considered. First is to follow legacy procedure, that is, configure P-CSI per a cell. Second is to configure multiplexing of P-CSIs for multiple cells by higher layer signalling in advance. In both alternatives, P-CSI reports for multiple cells can be configured in a subframe.
If P-CSI reports for multiple cells are configured in a subframe, and the total number of P-CSI bits are still within the capacity of the PUCCH format, UE may simply report all the configured P-CSI. Otherwise, if the total number of P-CSI bits is more than the maximum payload size, a priority rule needs to be used to select several highest prioritized P-CSI, which could be transmitted by the new PUCCH format, while other lower prioritized P-CSI is dropped. Existing priority rules as defined for P-CSI could be a starting point for the study. 
Proposal 1: If the total number of P-CSI bits is larger than maximum payload size supported by the PUCCH format, a priority rule is used to select highest prioritized P-CSI for feedback. Existing priority rules as defined for P-CSI on PUCCH could be a start point for the study.
4 A-CSI report for multiple CGs

A-CSI triggering is per CG basis and a UE is not required to update CSI for more than 5 CSI processes across the PUCCH CGs if the UE does not support aggregation of more than 5 DL cells. In dual-connectivity, the selection of CSI processes, when the UE is triggered to report more than 5 CSI processes, is left to UE implementation. This is because due to the independent schedulers between CGs, it is not generally possible to benefit from having a prioritization rule for the UE regarding the selection of CSI processes. Unlike dual-connectivity, for CA a scheduler knows the A-CSI triggering in both CGs and can know the CSI processes that the UE will report if a prioritization rule is defined. This can provide more flexibility to the scheduler for triggering A-CSI for cells of both CGs while maintaining a 2-bit CSI request field in the DCI formats. Alternatively, a 3-bit CSI request can be introduced. 
The situation is even worse for CA with up to 32 cells. UE capability for A-CSI update is not necessarily going up to 32. Denote UE capability for A-CSI as K CSI processes in a subframe. As a result, it is more likely that total number of triggered CSI processes could go beyond UE capability. For a better eNB scheduling, a priority rule could be defined for UE to select the top K CSI processes. Existing priority rules as defined for P-CSI could be a starting point for the study. 
Proposal 2: 3 bits for CSI request may be introduced to avoid triggering more than K CSI processes across CGs in a subframe, or priority rule for CSI processes could be introduced for A-CSI in case more than K CSI processes trigged across CGs. 
5 P-CSI + A-CSI transmission

To support P-CSI for up to 32 cells, P-CSIs for multiple cells need to be distributed to multiple UL subframes to avoid too large payload size in certain subframe, otherwise it may lead to frequent dropping of P-CSI. It also makes the simultaneous transmission of HARQ-ACK and P-CSI in the subframe more difficult. Therefore, the collision rate between P-CSI and A-CSI is increased. Further, due to the larger number of configured cells, it is likely P-CSI and A-CSI are actually for different cells, hence it will cause performance loss for certain cells if dropping P-CSI for the cells. 
From above analysis, it is beneficial to allow the simultaneous transmission of P-CSI and A-CSI in the same subframe, at least for the case they are for different cells. UE capability for CSI feedback may also be a limited factor, if the total number of P-CSI and A-CSI goes beyond UE capability, it is desirable to drop P-CSI first, since A-CSI for a cell includes all needed CSI information for a cell in the single report. To select the P-CSI transmitted with A-CSI, the existing priority rule for P-CSI on legacy PUCCH could be a starting point. 

Proposal 3: simultaneous transmission of P-CSI and A-CSI in the same subframe is beneficial especially for the case they are for different cells. A-CSI is prioritized over P-CSI if total number of CSI processes goes beyond UE capability. 

6 Conclusions
In this contribution, we discuss the P-CSI reports for multiple serving cells, A-CSI feedback for multiple CGs, and P-CSI + A-CSI transmissions. We then make the following proposals,

Proposal 1: If the total number of P-CSI bits is larger than maximum payload size supported by the PUCCH format, a priority rule is used to select highest prioritized P-CSI for feedback. Existing priority rules as defined for P-CSI on PUCCH could be a start point for the study.

Proposal 2: 3 bits for CSI request may be introduced to avoid triggering more than K CSI processes across CGs in a subframe, or priority rule for CSI processes could be introduced for A-CSI in case more than K CSI processes trigged across CGs. 

Proposal 3: simultaneous transmission of P-CSI and A-CSI in the same subframe is beneficial especially for the case they are for different cells. A-CSI is prioritized over P-CSI if total number of CSI processes goes beyond UE capability. 
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