[bookmark: OLE_LINK5]3GPP TSG RAN WG1 Meeting #100-e 	  R1-2000205
February 24 - March 6, 2020

Agenda Item:	7.2.6.1
Source:	Huawei, HiSilicon
Title:	Remaining issues on MU-CSI in R16
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, remaining issues of MU-CSI in Rel-16 eMIMO are discussed.

Discussion
Enhanced type II codebook for less than 24 PRBs case
The descriptions of enabling conditions for Rel-16 enhanced Type II codebook are based on the number of subbands with configured higher layer parameter csi-ReportingBand in 38.214 [1], e.g., “the total number of precoding matrices  indicated by the PMI as a function of the number of subbands in csi-ReportingBand”. 
However, if there are less than 24 PRBs in a bandwidth part, the field csi-ReportingBand is absent and there is no subband in this case as explained in 38.331 [2], “csi-ReportingBand indicates a contiguous or non-contiguous subset of subbands in the bandwidth part which CSI shall be reported for. Each bit in the bit-string represents one subband. The right-most bit in the bit string represents the lowest subband in the BWP. The choice determines the number of subbands (subbands3 for 3 subbands, subbands4 for 4 subbands, and so on) (see TS 38.214 [19], clause 5.2.1.4). This field is absent if there are less than 24 PRBs (no sub band) and present otherwise, the number of sub bands can be from 3 (24 PRBs, sub band size 8) to 18 (72 PRBs, sub band size 4).”
Therefore Rel-16 enhanced Type II codebook cannot be supported for the case of less than 24 PRBs in the bandwidth part based on existing specification in 38.214 Version 16.0.0. Compared to Rel-15 enhanced Type II codebook which can support this case, there is no strong reason that Rel-15 type II can support but Rel-16 type II as further enhancement cannot.  Even for a WB PMI reporting, enhanced type II codebook in Rel-16 may provide better and at least equivalent performance of type II codebook in Rel-15.  
For Rel-16 enhanced type II codebook and Rel-16 enhanced type II port selection codebook, a simple way to resolve this issue is to define the number of subbands  as 1 if csi-ReportingBand is not present, for a WB PMI reporting. Moreover, whether to support R=2 may be discussed further if needed.
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Codebook Subset Restriction
In codebook subset restriction (CBSR), four spatial beam groups or vector groups are selected by higher layer signalling. The restrictions on maximum amplitude of each spatial beam within four selected beam groups are configured by four bitmaps. The gNB can restrict the UE from selecting particular spatial beams in four selected beam groups by setting the amplitude restriction value as “0”.
Above hard restriction may lead to the issue of over-restriction. Specifically, when the number of beam groups is 4, i.e.,  or when the number of beams per beam group is small, e..g, , , and the number of beams per beam group is , if too many beams in four selected beam groups are restricted, then the candidate spatial beams in one group are less than the configured higher layer parameter L. The issue of over-restriction happens. 
Following example is to illustrate the issue of over-restriction. Consider the CSI-RS antenna ports for a UE are configured as  and  and the beam number in codebook generation L is set to 4. We have the over sampling parameters  and . In CBSR, the total 64 spatial beams are separated into 6 beam groups. These 16 beam groups are shown in Fig 1(b). If hard restriction is applied on 4 beam groups at the upper left and all spatial beams in these 4 beam groups are configured to unavailable for UE’s beam selection, 16 beams with different colors in Fig 1(a) are all prohibited. It implies that only 3(<L) spatial beams within each of 16 orthogonal beam groups are available for PMI quantization. The spatial beams are over-restricted.
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(a)                                                                              (b)
Fig.1 Beam grouping in CBSR. One block in Fig 1(a) denotes one spatial beam. The blocks with the same color are orthogonal each other. Four adjacent beams in Fig 1(a) composes one beam group.  One block in Fig 1(b) denotes one spatial beam group.

Proposal 2: RAN1 to conclude that there is at least one orthogonal spatial beam group with no less than L beams available after CBSR.

Conclusions
The contribution discusses remaining issues of MU-CSI in Rel-16 eMIMO, based on which the following proposals are made.
Proposal 1: For Rel-16 enhanced type II codebook and enhanced type II port selection codebook, define the number of subbands as 1 if csi-ReportingBand is not present.
Proposal 2: RAN1 to conclude that there is at least one orthogonal spatial beam group with no less than L beams available after CBSR.
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