	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 #89	R1-1707967
Hangzhou, China, 15th – 19th May, 2017
[bookmark: Source]Agenda item:	7.1.2.3.6
Source: 	Samsung
Title: 	CSI Feedback Overhead Reduction for NCJT
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1 NR AdHoc meeting and #88bis, it has been agreed in [1] and [2] that  
· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:
· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)
· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 
· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.
· Study network coordination schemes with ideal & non-ideal backhaul links, considering 
· Fast CSI acquisition
· e.g. coordinated TRPs obtain CSIs through physical air interface
· e.g. SRS configuration exchanging between different TRPs
· Other techniques are not precluded
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.

· At least the following additional information should be supported:
· Information related to resource power for channel measurement resource
· Zero power is NOT allowed
· FFS: Information related to resource power for interference measurement resource
· Zero power is allowed.
· FFS: Details, e.g., signaling design, units (e.g., RS EPRE)
· Note: Focus of the bullets above doesn’t apply for resource for rate matching.
· Study applicability of CRI, CQI, Spatial Channel Information (e.g. PMI, channel covariance matrix information), and RI are applicable for Type II CSI.
· Including whether CRI is needed for type II CSI
· Detailed design to turn off some of the CSI parameters.
This contribution considers CSI feedback overhead reduction for NR CoMP scheme NCJT.  
CSI feedback overhead reduction 
2.1 Discussion on NCJT interference hypothesis 
In NCJT, multiple data streams are transmitted to the same user from multiple TRPs. In such a case, the resources allocated by coordinating TRPs might not always be fully overlapped and therefore multiple potential interference hypotheses should be considered as shown in Figure 1 (here we consider two TRPs for simplicity but the principle applies to more general case)
· Both TRPs allocate the same PRB to the UE;
· TRPs allocate the same PRB to different UEs;
· Only one TRP allocates one PRB to the serving UE but the other TRP does not allocate this PRB. 


Figure 1: Signal and interference hypotheses

The precoding and resource allocation of the coordinating TRPs depend on the CSI information acquired and feedback by the serving UE. UE can be configured to report CSI based on various signal and interference hypotheses. The possible signal and interference hypotheses (or network coordination methods) to derive CSI are illustrated in Figure 1. In the figure, G1 and G2 respectively imply the time-frequency resource corresponding to the two TRPs. UE needs measure and generates multiple CSI reports based on multiple interference hypotheses. There are different solutions for UE CSI report: 
· Full set reporting: UE reports all the different CSI corresponding to all hypotheses;
· Subset reporting: the network dynamically triggers which CSI report or which subset of CSI report to be feedback. 
In both solutions, multiple CSI reports are needed and the feedback overhead needs to be reduced, especially for the first approach where the UE needs to feedback all 5 CSI reports and the signaling overhead could be significant.  
Observation 1: In NCJT, CSI reports based on multiple interference hypotheses are needed for precoding and resource allocation and the induced signalling overhead could be significant. 
2.2 Discussion on CSI reports correlation
When CSI report is triggered and UE needs to report all the 5 different CSI reports, these reports can be feedback separately in an independent manner, which, as aforementioned, will creates significant feedback signaling overhead. For the first interference hypothesis where both TRPs transmit to the same UE, the interference experienced by the UE when decoding data stream from TRP 1 can be expressed as


where IHi is the interference received by UE 1 in hypothesis i, ITRP21 is the interference from TRP 2 to UE 1 when TRP 2 transmits to UE1, ITRP_12 is the interference from all other TRPs except TRP 1 and 2 and N is the thermal noise. For the second interference hypothesis where only TRP 1 transmits to UE 1 and TRP 2 keeps silent, the interference experienced by UE 1 is 


For the fourth interference hypothesis where TRP 1 transmits to UE 1 but TRP 2 transmits to UE 2, the interference experienced by UE 1 can be give as


where ITRP22 is the interference from TRP 2 to UE 1 when TRP 2 transmits to UE 2. From above equations, one important finding is that the interference levels of these hypotheses are not independent with each other but correlated in the sense that they have a common term ITRP_12+N, which means the corresponding CSI reports are also correlated. 
Observation 2: CSI reports based on multiple interference hypotheses are correlated with each other.
Such correlation between CSI reports can be explored to reduce the feedback overhead. One simple way is to feedback one full CSI report and an ‘offset’ CSI report. Here we take CQI value as an example. For hypothesis 2, the interference is from other TRPs only and for hypothesis 4 the interference is from other TRPs and TRP 2. When both reports are needed, UE can report full CQI value for hypothesis 2 and an “offset” CQI value for hypothesis 4 based on the identified correlation between two hypotheses. Therefore, the amount of feedback bits can be reduced by exploring such correlation.
We can treat CQI calculation as a quantization step to convert continuous channel quality values into limited number of bins so that the feedback overhead is limited. Under such circumstances, a more efficient way to explore the correlation between CSI reports is Slepian-Wolf coding (SWC) [3]. SWC can be explained in a simple example as follows. Assume X and Y are equiprobable binary triplets with X, Y ϵ {0, 1}3 that differ at most in one position. The entropies of X and Y are equal to 3 bits. When X and Y are encoded separately, 6 bits are required. If we know Y, only four choices of X with equal probability are available. For example, when Y = 000, X ϵ{000, 100, 010, 001}. Hence we need 2 extra bits to indicate X. The conditional entropy H(X|Y) is equal to 2 bits. For joint encoding of X and Y, three bits are needed to convey Y and two additional bits to index the four possible choices of X associated with Y, thus instead of H(Y)+H(X)=6 bits, a total of H(X,Y)=H(Y)+H(X|Y) =5 bits are sufficient. The same principle can be applied to CSI feedback, e.g., CQI feedback. When CQI is treated as a quantization procedure, the minimal number of bits to carry such information can be expressed as the entropy of CQI as H(CQI). In independent feedback we have


where Rin is the total number of bits needed and H(CQIi) is the entropy of CQI value for interference hypothesis i. If SW coding is used, we have


where Rsw is the total number of bits needed when SWC is used and H(CQIi|CQIj) is the conditional entropy of CQI i conditioned on CQI j. We have


and therefore Rsw ≤ Rin, which means smaller number of bits is needed for CQI feedback when SWC is used. Thus the feedback overhead can be reduced.
Proposal 1: Correlation between multiple CSI reports should be explored to reduce the CSI feedback overhead.
Conclusions
This contribution studies the CSI feedback in NCJT and investigates the correlation between multiple CSI reports. The observations and proposals are as follows:
Observation 1: In NCJT, CSI reports based on multiple interference hypotheses are needed for precoding and resource allocation and the induced signalling overhead could be significant. 
Observation 2: CSI reports based on multiple interference hypotheses are correlated with each other.
Proposal 1: Correlation between multiple CSI reports should be explored to reduce the CSI feedback overhead.
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