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Discussion and decision
1 Introduction
From the e-mail discussion [89-08] after RAN1#89b, the following alternatives have been identified for the CSI feedback enhancements for feCoMP. 

· Alt. 1 (multiple CSI process):

· Support inter-layer interference measurement for CSI calculation using NZP CSI-RS resource for interference measurement 
· In case of multiple CSI processes, dependency between multiple CSI processes is introduced for interference measurement
· Details of dependency between multiple CSI processes is FFS
· Alt. 2 (single CSI process):

· Up to two NZP CSI-RS resources can be configured per CSI process
· An aggregation of the two NZP CSI-RS resources is used to derive the channel measurement

· The following block diagonal precoder codebook is introduced for deriving the CSI,


· where Wa is a precoder selected from the existing a-Tx codebook and
· Wb is a precoder selected from the existing b-Tx codebook,

· a and b are respectively the number of antenna ports for the two CSI-RS resources.

· The number of columns for each of Wa and Wb is determined according to the hypothetical number of layers assumed for the CSI derivation

· TBD supported numbers of a and b in R15, the super set of which is {2, 4}.

· Aperiodic CSI reporting is supported
· Periodic subband CSI reporting is not supported

· FFS: Periodic wideband CSI reporting

· Consider solution that has less specification impact
· Note: Merging between two alternatives is not precluded

 This contribution will discuss advantages of Alt 2 over Alt 1, and propose more details of Alt 2. 
2 Discussions 
If Alt 1, i.e., multiple CSI processes are adopted, it is expected that the system complexity and latency will increase because the inter-dependency among these CSI-processes needs to be explored, which will typically require iterative processing at the UE side. Additional signaling is also needed, e.g., each CSI process needs to keep a record of the rest of the CSI processes and the decides to when CSI process(es) it passes its calculated CSI, especially for the periodic CSI reporting. Finally, given that a UE can be configured with more than 2 CSI processes, inter-process dependency needs to be further specified, which does seem to make the specification more complicated. 

On the contrary, Alt 2 keeps the specification simple, by keeping all the CSI measurement and reporting self-contained within a CSI process. 
In the network’s perspective, the network can achieve the full flexibility of assigning different number of Tx antenna ports for two TRPs involving in the NC-JT. The numbers of CSI-RS ports of the two resources correspond to the number of Tx antenna ports for the two TRPs, and the total number of CSI-RS ports after the aggregation will correspond to the number of antenna ports to derive CSI. In order for the NC-JT to support up to rank 8, it seems necessary to support up to 4 antenna ports for each of the CSI-RS resources.  
In the UE’s perspective, the UE can derive CSI based on the block diagonal codebook, similarly as done in any legacy mechanisms. The dimension of the block diagonal codebook is Nt x R, where Nt is the total number of antenna ports corresponding to the aggregated CSI-RS resource, and R corresponds to the total rank. The two block codebooks, i.e., Wa and Wb have dimensions of Nt1 x R1 and Nt2 x R2, where Nt1 and Nt2 correspond to the number of antenna ports for the two CSI-RS resources, and R1 and R2 corresponds to the rank of the two PMI precoders. Hence, Nt = Nt1 + Nt2, and R = R1 + R2. Although the CSI process is defined to support NC-JT, it seems necessary to also support rank 1 feedback (i.e., R = 1) for this CSI process. In case of rank-1, the block diagonal codebook will comprise a single column, and hence, either R1 or R2 can be zero. In other words, the block diagonal codebook will become either 
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Two options can be considered for the feedback contents. 

· Option 1: A single set of PMI/CQI/RI

· Option 2: Two sets of PMI/CQI/RI

In case of Option 1, the PMI/CQI/RI is derived with assuming the block diagonal codebook structure, based on the legacy CW-to-layer mapping. In a baseline approach, for each total rank R, distribution of R1 and R2 is straightforwardly determined based on the legacy CW-to-layer mapping, and only the following rank distribution could be supported. The CQI is also derived based on the legacy CW-to-layer mapping. 
	R = 1: R1 = 1, R2 = 0
	R = 2: R1 = 1, R2 = 1
	R = 3: R1 = 1, R2 = 2
	R = 4: R1 = 2, R2 = 2

	R = 5: R1 = 2, R2 = 3
	R = 6: R1 = 3, R2 = 3
	R = 7: R1 = 3, R2 = 4
	R = 8: R1 = 4, R2 = 4


This may result in too much restriction and constraints for the use of NC-JT, because the channel strengths from the two TRPs may change dynamically. For example, in one instance, TRP1 may be stronger than TRP2, while in another instance TRP1 may be weaker than TRP2. This causes issues especially for those odd numbered rank cases, i.e., ranks 1, 3, 5, 7. One possibility to resolve this issue is to allow for UE to measure CSI using two different ordering hypotheses of the CSI-RS resources for the CSI-RS aggregation for odd numbered rank. For example, for rank 3, UE measures CSI based on two assumptions, one with aggregating CSI-RS resources in the order of 1 and 2; and the other with aggregating CSI-RS resources in the order of 2 and 1. The CSI-RS resource ordering can be reported together with the selected PMI. 
Even with this modifications, there are rank combinations that cannot be represented by this approach, e.g., R1=0 and R2=2, etc. Hence to allow for the full combinations of the rank for the CSI reporting, a better approach could be to use Option 2, i.e., two sets of PMI/CQI/RI. 

Regarding the specification efforts involved with Option 1 and Option 2, Option 2 seems to be a bit simpler, as it seems that it is already a complete proposal for aperiodic CSI reporting, leaving only little further details to be discussed. On the other hand, some further details seem to be necessary for Option 1, e.g., coming up with a full PMI codebook table. This task could be effort-consuming especially when many combinations of numbers of CSI-RS ports are considered. It seems that Option 1 is feasible to be specified in this WI, only when some limitations are in place, e.g., when only two two-port CSI-RS resources are supported for the CSI process. 

Considering the specification efforts and flexibility, Option 2 is preferred. 
3 Conclusions
Based on the discussions in this contribution, the followings are proposed:

Proposals:
· Alt 2, i.e., single CSI process based approach should be adopted. 

· For Alt 2, consider the following two options for the CSI feedback

· Option 1: A single set of PMI/CQI/RI
· The rank distribution issues need to be addressed.
· Option 2: Two sets of PMI/CQI/RI
· This option is preferred as it is simpler for the specification and provides allows for the full reporting. 
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