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Introduction
In RAN1 NR AdHoc meeting and #90, it has been agreed in [1] and [2] that  
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS in case of two or more bandwidth parts for the component carrier
· FFS the max number of corresponding NR-PDCCHs
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session
This contribution considers CSI feedback overhead reduction for NR CoMP scheme NCJT. This contribution is revised from [3]. 
CSI feedback overhead reduction in NCJT
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 for two TRPs
· 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. 
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 number of interference hypothesis is relevant to the number of coordinating TRPs. Basically, for TRP 1 transmitting to UE 1, there are three different assumptions from TRP 2: 1) TRP 2 transmitting to UE as well; 2) TRP2 transmitting to another UE; and 3) TRP 2 is silent. Therefore the number of interference hypotheses, denoted as NH, w.r.t. the number of coordinating TRPs, denoted as NTRP, can be expressed as 


UE needs measure and generates multiple CSI contents and CSI content is based on one interference hypothesis. However, as it can be seen from above equation, NH scales exponentially with NTRP and can easily reach a prohibitive level. There are different solutions for UE CSI report: 
· Full set reporting: UE reports all the different CSI contents corresponding to all hypotheses;
· Subset reporting: the network dynamically triggers which CSI content or which subset of CSI contents to be feedback. 
In both solutions, multiple CSI contents based on multiple interference hypotheses are needed and the feedback overhead needs to be reduced, especially for the first approach where the UE needs to feedback CSI contents for all 5 interference hypotheses and the signaling overhead could be significant.  
Observation 1: In NCJT, multiple CSI contents 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 a CSI report is triggered and UE needs to report 5 different CSI contents, they can be feedback separately in an independent manner, which, as aforementioned, will creates significant feedback signaling overhead. However, the correlation between these CSI contents can be considered. 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

					(1)
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 

						(2)
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

					(3)
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 contents are also correlated. 
Observation 2: CSI contents based on multiple interference hypotheses are correlated with each other.
Such correlation between CSI contents can be explored to reduce the feedback overhead. One simple way is to feedback one full CSI content based on one interference hypothesis and an ‘offset’ CSI content based on another interference hypothesis. 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 CSI contents 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) [4]. 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

				(4)
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

		(5)
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

	(6)
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.
Assuming both interference and noise follow Gaussian distribution with zero mean and variance σ2. Based on (1)-(2), we have

				(7)
where σ122, σn2 and σ212 are variances of ITRP_12, N and ITRP21, respectively.
Proposal 1: Correlation between multiple CSI contents should be explored to reduce the CSI feedback overhead.
It should be noted that the proposed CSI feedback overhead reduction is not only limited to CoMP but can also be applied in other use cases as long as there is correlation between multiple CSI contents. The correlation can happen in different dimension, e.g., time, frequency and space.
Conclusions
This contribution studies the CSI feedback in NCJT and investigates the correlation between multiple CSI contents, each corresponding to a different interference hypothesis. The observations and proposals are as follows:
Observation 1: In NCJT, multiple CSI contents based on multiple interference hypotheses are needed for precoding and resource allocation and the induced signalling overhead could be significant since it scales with the number of coordinating TRPs. 
Observation 2: CSI contents based on multiple interference hypotheses are correlated with each other.
Proposal 1: Correlation between multiple CSI contents should be explored to reduce the CSI feedback overhead.
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