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1 
Introduction
In this paper, we present some further design for periodic feedback based on the agreements in RAN1. 
Agreement from RAN1#68bis:

Conclusion:

· Working assumption is independent configuration of multiple CSIs for periodic report

· At least in the case of PUCCH:

· In case 2 or more CSIs are configured in the same reporting instance(s), FFS the details of 

· Collision handling

· Compression/multiplexing

· Observation: By configuring 2 or more CSIs with the same set of reporting instances, it is possible to compress/multiplex multiple CSIs into the same set of reporting instances

2 
Design principle of CoMP CSI Feedback modes 
The general principle of CoMP feedback design is to reuse CA framework. That leads to a need for defining “CSI process”. Each CSI process is associated with a CSI-RS resource and optionally an IMR (see [1]). If an IMR is not configured, default resource should be used for interference measurement. 

Proposal-1: define CSI process as a basic unit of CoMP feedback. 

Whether or not to support CoMP + CA simultaneously has been discussed heavily during last RAN1 meeting as well as in the following email discussion. The main concern is whether such scenario is really common since CA is intended largely for the UE peak data rate enhancement while CoMP is aiming to improve cell-edge/average throughput. However, that concern overlooked the fact that CA could be used for separating coverage and capacity into two layers. We see it as a valid scenario that Macro node is for coverage and RRH nodes are for capacity and they are on different frequencies (i.e. mix of CA scenario 4 and CoMP scenario 3/4, with the RRH as TPs with same or different cell ID, see Figure.1), therefore it’s quite possible that UE aggregates two CCs and eNB can configure CoMP on capacity layer (especially for high dense deployment of small cells). 


Figure.1 A scenario mixing CoMP scenario 3/4 and CA scenario.4

Another factor to consider when discussing whether simultaneous CA+CoMP should be supported or not is the needed standardization effort. In the discussion on CSI feedback, a CSI process is defined as some high layer configured CSI feedback process. In the RRC signaling framework, IEs are included in the RRC messages radioResourceConfigDedicated and radioResourceConfigDedicatedSell. Both RRC messages start with a cell id which means the CSI process once configured through RRC signaling, is automatically associated with a cell id (corresponding to a serving cell). In another words, once a CSI process is defined, it supports simultaneous CA + CoMP automatically (from per cell feedback to per CSI process feedback). E.g. if a UE is configured with 3 CSI processes, two are associated with one cell id and the 3rd one is associated with another cell id. In contrast, if we want to forbid the support of simultaneous CoMP and CA, we have to explicitly forbid the situation of multiple serving cells and multiple CSI processes in each serving cell. Beside limiting the deployment scenarios, that results also in additional and unnecessary standardization effort. Therefore we can conclude that supporting CA+CoMP simultaneously provides a straight forward enhancement to CA framework, while not supporting CA and CoMP simultaneously would require additional standardization effort. 
Observations: No additional standardization effort is needed to support CA+CoMP simultaneously. On the other hand, separating CA and CoMP feedback needs some standardization effort.
Proposal-2: each CSI process is configured associated with a cell id. 

Rel-8 LTE specifications already include a number of feedback modes in order to control what information the UE is sending back to the eNB in order to assist the eNB in selecting the transmission parameters. Various modes are available in order to allow for both low overhead reporting of essential wideband information and larger reports with more complete channel state information both in frequency and in spatial domain.

Feedback modes are classified according to the type of periodicity, CQI and PMI, e.g. periodic feedback mode 1-2 with wideband CQI and frequency selective PMI. So far we do not see that DL CoMP would require any new feedback modes as different combinations of CQI and PMI are already well covered within the current specifications. Moreover, as providing feedback for multiple transmission points will anyway increase the feedback signalling significantly, additionally increasing the number of bits in the individual reports would hardly be feasible considering e.g. UL signalling overhead and coverage. 

Proposal-3: No need to specify additional feedback modes to support DL CoMP.
One potential issue with reusing CA feedback framework is collision handling between reports. Especially if one UE is configured with multiple CSI processes, it might happen that in some subframes, the CSI reports belonging to different CSI processes collide. The simplest way is just to extend the CA dropping rules from per cell based to per CSI process based. 
Regarding CSI reporting for Carrier Aggregation, the following was agreed in RAN1#68bis:

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)
It is also natural to extend this decision to cover CoMP CSI feedback as well, i.e. to allow for simultaneous transmission of CSI periodic CSI feedback for multiple CSI processes according to the rules and principles defined for CA.

Proposal-4: Extend the collision handling mechanism used in CA CSI feedback to cover CoMP. 
Proposal-5: The Multi-cell Periodic CSI multiplexing principles agreed for CA should also be applicable for CoMP
3     Periodical feedback dropping rules design
The general trend in CoMP feedback design is to reuse CA feedback framework as much as possible. In CA feedback  dropping rules have been defined to sort out collisions of CSI feedback reports from different cells. In CoMP the per cell based dropping rules from CA need to be extended to be per CSI process based. In this section, we provide detailed solutions for handling the dropping. 
For the case when multiplexing of CSI reports belonging to different CSI processes is not supported, when two or more CSI reports collide in a certain subframe, similarly as with CA, the priority of message type is first compared, and the report with higher priority wins. To enable this, when the eNB configures CSI processes, each CSI process should be associated with a priority index The priority definition from Rel.10 CA can be extended to cover CoMP as follows:

For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a with a CSI report of a different “CSI process” with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4, the latter CSI report with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 2, 2b, 2c, or 4 with a CSI report of a different “CSI process” with PUCCH reporting type 1 or 1a, the latter CSI report with PUCCH reporting type 1, or 1a has lower priority and is dropped.
For a given subframe, in case of collision between CSI reports of different CSI processes with PUCCH reporting type of the same priority, the CSI for the CSI process with lowest priority index is reported, and CSI of all other CSI processes are dropped.

For the case when multiplexing of CSI reports belonging to different CSI processes is supported, the CA rules should be applied in a similar manner with the generalization of serving cell ( CSI process.
Proposal-6: each periodic CSI process should be configured with a priority index (similar to ServCellIndex in CA) 

4 

 Conclusion
We summarize here the proposals made in this contribution
Proposal-1: define CSI process as a basic unit of CoMP feedback. 

Proposal-2: each CSI process is configured associated with a cell id. 

Proposal-3: No need to specify additional feedback modes to support DL CoMP.
Proposal-4: Extend the collision handling mechanism used in CA CSI feedback to cover CoMP. 

Proposal-5: The Multi-cell Periodic CSI multiplexing principles agreed for CA should also be applicable for CoMP

Proposal-6: each periodic CSI process should be configured with a priority index (similar to ServCellIndex in CA) 
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