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1 Introduction

In RAN1#69, CSI feedback modes for CoMP were discussed.  The working assumptions were agreed as follows,

· Working assumption is independent configuration of multiple CSIs for PUCCH 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
In RAN1#70, it was further agreed that all Rel-10 feedback modes and feedback types are supported in the following,

· All the Rel 10 CSI reporting modes are supported for CoMP in Rel 11.

· All the Rel 10 CSI reporting types are supported for CoMP in Rel 11.

· The Rel 10 rules for collisions between different CSI reports in the non-CA case also apply for non-CA CoMP for the case of collision between CSI reports within one “CSI process”.
However, REl-10 CSI reporting modes and reporting types are designed for single cell operation without tight coordination among transmission points.  This paper discusses if Rel-10 feedback modes for multiple CSI feedbacks are sufficient when multiple CSI processes are configured for DL CoMP.  

2 Coordination of CSI Processors, CSI measurements, and CSI Reports in CoMP

All CoMP schemes have a common factor, which is the coordination among transmission points based on available channel state information.  In order to have proper coordination in radio resource, transmission power, transmission point, and spatial domain, the channel state information needs to be coordinated to some degree.  
In Section 3 we show the how suitable new reporting modes for CoMP can be defined, derived from the existing reporting modes, in order to enable sufficient coordination between CSI process configurations to enable the CoMP TPs to cooperate. 

3 CSI reporting modes

For CoMP operation, the channel state information of multiple CSI processes needs to be fed back as a single group to the eNB for scheduling/spatial coordination.  This is different to the case of carrier aggregation, in which CSI feedback for each carrier can be configured independently and does not have to arrive at the eNB at the same time.  

[3] so far only defines the CSI reporting modes for a single observed MIMO channel.  The specification needs to define new CSI reporting modes for multiple CSI reports with each report being associated with one configured CSI-RS process.  

3.1 Aperiodic CSI report on PUSCH

For aperiodic CSI reporting, we propose to introduce new PUSCH CSI reporting modes 3-3 and 3-4, which would be suitable for CoMP schemes involving transmission from multiple points jointly (JT), selectively (DPS), or stationary (CS/CB). These modes are shown in Table 1.  

Multiple CSI reports with UE selected subband configuration is not appropriate since the eNB needs to perform scheduling and spatial coordination.   The UE selected subband CQI might not be feasible since the frequency selective scheduling needs to coordinate scheduling for all UEs in a cluster of TPs.  The increasing number of UEs in the scheduling coordination would decrease the probability of a full match between the subband scheduled and  the subbands selected by the UE to feed back the CQI.   

It is necessary to introduce a third dimension to the “Mode x-y” reporting descriptions, so we have “Mode x-y-z”. The “z” dimension configures whether the CQI values are per non-zero-power CSI-RS-resource or aggregated across all configured non-zero-power CSI-RS resources. The choice between these two sub-modes will typically depend on the particular CoMP transmission scheme implemented by the network. 
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Table 1: PUSCH CSI reporting modes for single point and multi-points
3.1.1 PUSCH CSI Reporting Mode 3-3:
PUSCH report Mode 3-3 is to have one subband CQI and one wideband PMI associated with each CSI-RS resource.  The CQI definition for CoMP is quite complicated and is still in discussion [3] to [14].   The CSI reports for PUSCH CSI reporting mode 3-3 are as follows:
· A UE shall report a wideband CQI value which is calculated assuming transmission on set S subbands
· One wideband CQI is derived for each configured CSI process. 

· The UE shall also report one subband CQI value for each set S subband. The subband CQI value is calculated assuming transmission only in the subband
· One subband CQI value for each set S subband for each configured non-zero power CSI-RS resource.

· The reported CQI values are reported conditioned on rank 1.
3.1.2 PUSCH CSI Reporting Mode 3-4

PUSCH reporting Mode 3-4 is designed to feed back one subband CQI and one subband PMI associated with each CSI process.  The CQI reports for PUSCH CSI reporting mode 3-4 are as follows
· A single precoding matrix for all set S subbands is selected from the restricted codebook subset and reported.

· A wideband CQI value is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands
· One wideband CQI is derived for each configured CSI process. 

· The PMI and CQI values are calculated conditioned on the reported RI. 
· One subband CQI value for each set S subband which is calculated assuming transmission in the corresponding subband is reported.
· Subband CQI values for each codeword are encoded differentially with respect to their respective wideband CQI.  

· One subband CQI value for each set S subband for each configured CSI process

3.2 Periodic CSI reporting on PUCCH

Periodic CSI feedback mode provides DL MIMO channel information periodically.     

We propose to introduce PUCCH CSI report modes 1-3 and 2-3 for CoMP schemes involving transmission from multiple points jointly (JT), selectively (DPS), or CS/CB as shown in Table 2.  
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Single PMI per CSI-RS resource
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	UE Selected
	Mode 2-0
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	(subband CQI)
	
	
	


Table 2: PUCCH report modes for single point and multi-point transmission
The proposed PUCCH CSI report modes 1-3 and 2-3 are simple extensions of modes 1-1 and 2-1 respectively to support multiple CSI feedbacks with restriction of selection of common subband among all CSI processes.  Multiple PUCCH resources would be configured with each PUCCH resources being associated with one CSI feedback for one CSI process when multiple CSI feedbacks are configured for DL CoMP.  The other alternatives are to have new radio resource, such as PUCCH format 3 or PUSCH, with high capacity to multiplex multiple periodic CSI report in a instance.   

4 Conclusions
In this paper, we discussed the CSI feedback modes needed to support DL CoMP.  New CSI reporting modes, both periodic and aperiodic CSI reporting modes, should be specified in order to have sufficiently coordinated CSI information across the CSI processes for the eNB(s) to be able to coordinate the transmissions.  We propose new PUSCH CSI reporting modes 3-3 and 3-4.  

We also propose new PUCCH CSI reporting modes 1-3 and mode 2-3 with multiple PUCCH resource allocations.  
References

[1]. R1-122480, “CSI feedback modes for CoMP”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

[2]. R1-123976, “WF on rank and subband constraints between CSI Processes”, Ericsson, Alcatel Lucent, Alcatel-Lucent Shanghai Bell, CATT, ST-Ericsson, Huawei, Hi Silicon, LG Electronics, New Postcom, Samsung

[3]. TS36.213v10.5.0 “Physical Layer Procedure”

[4]. R1-124415, “Multiplexing and Compression of Periodic CSI Feedback for CoMP”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent

[5]. TS36.819v2.0.0, “Coordinated Multi-Point Operation for LTE”.

