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1. Introduction
In RAN1#94bis meeting, Type II CSI feedback overhead reduction schemes were discussed and evaluation methodology was finalized. Following agreements were made for CSI enhancement for MU-MIMO support [1].
Agreement 
On the issue of Type II overhead reduction (rank 1, 2), to further progress, interested companies are to submit evaluation results (especially performance-overhead tradeoff) in RAN1#95 once the evaluation methodology is finalized in RAN1#94B.
· Focus on proposals based on linear combination codebook as in Rel-15
· Also investigate potential common ground between frequency domain and time domain approaches, e.g. merging these two into one category
Agreement
The study and, if needed, work on Type II higher rank extension is performed as follows:
· Only for rank 3 and 4 by taking into account the outcome of Type II overhead reduction for rank 1-2
· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out
As per the agreements, Type II overhead reduction techniques need to be investigated first and afterwards taking in to account those developed techniques, it is agreed to investigate Type II CSI feedback extension to higher ranks (rank 2 and 3). In this contribution, we focus on identifying some potential techniques to consider for Type II CSI overhead reduction. 
2. Type II CSI feedback overhead reduction
As discussed in our previous contribution [2], the major overhead of Type II CSI feedback comes from sub-band reporting for phase and amplitude. For instance, for the case of rank=1 and L=2, as per [3], out of 142 total payload bits (assuming 10 sub-bands) in the feedback, 30 bits are allocated for sub-band amplitude reporting while 90 bits are used for sub-band phase reporting. In terms of percentage, for sub-band amplitude reporting, approximately 21% of overhead is assigned whereas this ratio goes up to 85% when both amplitude and phase reporting for sub-bands are considered. Hence it is essential to somehow compress sub-band related feedback information to reduce the feedback overhead.
Observation 1
· The major overhead of Type II CSI feedback comes from sub-band reporting for phase and amplitude.
2.1 Time domain compression for Type II CSI feedback overhead reduction
Let us look at the Type II CSI precoding vector generation considering a single layer. The precoding vectors for  sub-bands can be given as,                                                                                                                                         
  (1)

where, the matrix   captures precoding vectors for  sub-bands. Note that  denotes the number of available ports.  consists of  wideband spatial 2D-DFT beams. The matrix capturing the sub-band combination coefficients is represented in (1) by  Further, let . Now, the  row  of  which captures the complex combination coefficients associated with ) spatial beam can be given as, 
   (2) 
[bookmark: _Hlk528766179]where  is the combination coefficient for  sub-band of  spatial beam. Note here that, (2) captures frequency domain channel representation of the  spatial beam. Since the beam focuses the energy to a particular direction, intuitively it can be understood that there will be few scatterers within the channel. As a result, if we consider the time domain representation of the channel corresponding to  spatial beam, there will be few significant taps in its channel impulse response.
[bookmark: _Hlk528766236]If these significant taps can be identified properly and fed back to the gNB, frequency domain channel can almost accurately be regenerated at the gNB. Number of significant taps to report may differ based on the approach considered for detecting significant taps in the channel impulse response. Hence it is important to investigate how to determine minimum number of channel taps to report such that the channel can be properly regenerated at the gNB. 
Proposal 1
· Time domain compression should be considered for Type II CSI feedback overhead reduction.
Proposal 2
· Investigate how UE can identify minimum number of significant channel taps from each channel impulse response to report. 
This way, the time domain compression can reduce the associated feedback overhead for reporting . Another advantage of considering time domain channel representation is that, it can allow PRB-level precoding with almost similar feedback overhead as that of sub-band reporting. In the current Type II CSI feedback, even though UE can estimate PRB-level channel, assuming channel is frequency flat over sub-band granularity, single coefficient is fed back for each sub-band. If PRB-level reporting is considered with Type II feedback, associated overhead will be very large. This is because, UE has to report frequency domain channel with PRB-level granularity.
Let us consider the PRB-level combination coefficient vector for the )  spatial beam. Assuming there are  number of PRBs. This can be given as,  
   (3). 
Now  is the combination coefficient for  PRB of  spatial beam. As discussed previously, the time domain representation of (3) will still have few significant taps and hence if only those significant taps can be reported, gNB can regenerate PRB-level channel such that PRB-level precoding can be achieved. PRB-level precoding can provide significantly better performance than sub-band level precoding. Note here that, number of significant taps in channel impulse responses of  spatial beams can be different. As a result, UE may have to deal with additional overhead/complexity to report number of significant taps for each spatial beam. Hence it is better to look for some approaches on how to identify a common number of channel taps to report for all spatial beams.  
Observation 2
· To reduce the feedback overhead/complexity, it is better to report same number of channel taps from channel impulse responses of all spatial beams.
Proposal 3
· Consider reporting the same number of significant channel taps for all spatial beams. 
Finally, when reporting significant channel taps of a particular spatial beam, it is required to report tap amplitude, phase and delay. However, tap delay changes less frequently compared to amplitude and phase. Hence, it is better to define different reporting periodicities for tap delay and tap amplitude, phase to further reduce feedback overhead.
Observation 3
· Tap delays in the channel impulse response change less frequently compared to tap amplitudes and phases. 
Proposal 4
· Consider different periodicities for tap delay reporting and amplitude/phase reporting. 

2.2 Flexible leading coefficient number for sub-band reporting
In Type II CSI feedback, leading coefficient number,  indicates number of spatial beams to be reported with sub-band amplitude and phase information [3]. The value of  is fixed in the current specification i.e., For rank=1, , . As discussed previously, for this case sub-band amplitude reporting, approximately occupies 21% of the total overhead while this goes up to 85% when consider both amplitude and phase reporting.     

[bookmark: _Hlk528775505]However, compared to the wide-band amplitude of the strongest coefficient, if the wide-band amplitude corresponding to ) spatial beam is significantly small, achievable gains with sub-band amplitude reporting can be marginal. This type of a situation can occur when the user channel is highly sparse, i.e., an environment with very few scatterers etc. Hence, it might be good to provide flexibility of determining K to UE rather than pre-fixing it by the NW. For example, UE can use a rule as follows to determine value of K 
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where is a pre-determined threshold informed to UE by the NW and  is the wide-band amplitude corresponding to  beam. Then, the value for K can be identified as follows

.

With this type of an approach, only when the wide-band amplitude corresponding to a particular beam is comparable to that of the strongest coefficient, UE reports sub-band amplitudes for that beam. Otherwise, UE can proceed with only reporting wide-band amplitudes. This allows to reduce unnecessary feedback overheads associated with sub-band amplitude and phase reporting.
Observation 4
· Fixing the leading coefficient number,  can result in unnecessary feedback overhead.
Proposal 5
· Consider providing flexibility to determine leading coefficient number,  to UE based on propagation channel conditions.  
3. Summary
In this contribution, we discuss the potential approaches for reducing Type II CSI feedback overhead. Based on the discussion, we have the following observations and proposals.
Observation 1
· The major overhead of Type II CSI feedback comes from sub-band reporting for phase and amplitude.
Proposal 1
· Time domain compression should be considered for Type II CSI feedback overhead reduction.


Proposal 2
· Investigate how UE can identify minimum number of significant channel taps from each channel impulse response to report. 
Observation 2
· To reduce the feedback overhead/complexity, it is better to report same number of channel taps from channel impulse responses of all spatial beams.
Proposal 3
· Consider reporting the same number of significant channel taps for all spatial beams. 
Observation 3
· Tap delays in the channel impulse response change less frequently compared to tap amplitudes and phases. 
Proposal 4
· Consider different periodicities for tap delay reporting and amplitude/phase reporting. 
Observation 4
· Fixing the leading coefficient number,  can result in unnecessary feedback overhead.
Proposal 5
· Consider providing flexibility to determine leading coefficient number,  to UE based on propagation channel conditions.  
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