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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Following agreements reached in RAN1#98, and there are some open issues to be addressed and resolved in RAN1#98bis:
Agreement
On Rel.16 extension for Type II port selection codebook:
· For rank 1-2, reuse Rel.15 Type II W1 port selection matrix for Rel.16 Type II port selection codebook
· Only L=2 and 4 are supported
· FFS: support for rank 3-4  

Agreement
On CBSR for Rel.16 Type II codebook:
· Support SD-only subset restriction (without FD)
· In RAN1#98bis, select one of the following criteria for SD subset restriction:
· Alt1. Analogous to Rel.15 Type I
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Alt3. Rel. 15 Type II SD beam group restriction + sum power per SD beam restriction
· Support RI restriction

Agreement
When the UE is configured to report NRep CSI reports,
· Group 0 includes at least: SD rotation factors, SD indicator, and SCI(s) for all the NRep reports, 
· 
For each of the NRep reports, Group 1 includes at least: reference amplitude(s) for weaker polarization, , FD indicator
· 
For each of the NRep reports, Group 2 includes at least: 
· Note: G1 and G2 exclude the indices associated with the strongest coefficient(s) 

In RAN1#98bis, decide the following aspects. If there is no consensus in RAN1#98bis, UCI omission for Rel.16 Type II codebook is not supported in Rel.16 (i.e. UCI omission can be performed via UE implementation).

1. Priority rule for determining G1 and G2: down select from the following:
· 

Alt 1.1: LC coefficients are prioritized from high to low priority according to (λ,l,m) (index triplet, the   highest priority coefficients belong to G1 and the  lowest priority coefficients belong to G2. Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+λ
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation
· 

Alt 1.2: The NZ coefficients  are sorted sequentially 0 to KNZ– 1 in the following order, based on λlm indexing (layer  SD  FD), or based on l λ m indexing (SD  layer  FD). The group G1 comprises at least firstsorted coefficients, and group G2 comprises the remaining second sorted coefficients.
· 

Alt 1.3: LC coefficients are prioritized from high to low priority according to (λ,l,m) index triplet, the  highest priority coefficients belong to G1 and the   lowest priority coefficients belong to G2. Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+ λ
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation

2. 
Which group(s)  belong to: down select from the following 
· 

Alt 2.1: (only coupled with Alt 1.1) First bits according to Prio(λ,l,m) value belong in Group 1, last according to Prio(λ,l,m) value belong in Group 2
· 

Alt 2.2: (only coupled with Alt 1.2) Bitmap and coefficients are segmented together into M segments (M = number of FD basis indices). Group 1 contains M1 segments and Group 2 contains M2 segments, where M = M1+M2. Each segment contains the bitmap (sub-bitmap) associated with all RI layers, all SD components and a single FD component and the corresponding combining coefficients. The payload size of Group 1 is given by  (N= number of bits for amplitude and phase). The payload size of Group 2 is . 
· FFS: Segmentation of sub-bitmap and coefficients per segment 
· 

Alt 2.3: (only coupled with Alt 1.3) First bits according to Prio(λ,l,m) value belong in Group 1, last  according to Prio(λ,l,m) value belong in Group 2
· Alt 2.4 (only coupled with Alt 1.1) First RI.LM bits according to Prio(λ,l,m) value belong in Group 1, last RI.LM  according to Prio(λ,l,m) value belong in Group 2
· 
Alt2.5: (applicable to any Alt1.x) Bitmap  is included in Group 0
· 
Alt2.6: (applicable to any Alt1.x) Bitmap  is included in Group 1
In this contribution, we discuss some of the remaining issues, including CBSR, CSI omission rule, port selection codebook and UE capability.

2. Discussion 
2.1 CBSR
According to the previous agreement [2], CBSR is supported for the DFT-based compression Type II codebook.
The main function of CBSR is to avoid inter-cell interference. In Rel-15, RI restriction and beam restriction are supported for type II CSI feedback, and the gNB can restrict both of spatial beam directions and power of each beams. In our view, the flexibility for interference management is sufficient for Rel-15 as well as Rel-16. In addition, some contributions discussed extension of restriction to FD basis vectors and their corresponding amplitude coefficient. According to the structure of the Rel-16 codebook, FD basis vectors and corresponding amplitude coefficient somehow impacts the beam direction. However, the relationship between beam direction and FD basis vectors are not quite clear. In other words, beam direction is hard to be determined by choosing different FD basis vector set. Hence, FD basis restriction is not supported in previous meeting. 
Besides, three are 3 alternatives for beam subset restriction from RAN1#98 to down select from in RAN1#98bis.
Agreement
Alt1. Analogous to Rel.15 Type I
· Hard restriction (0 or 1) can be applied to any of the spatial beams (the restriction is applied for both polarizations of the beam) and is higher-layer configured with one size-N1N2O1O2 bitmap B
Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 


For each spatial beam in each of the four beam groups, soft restriction (maximum amplitude of 0, 1/2, , or 1) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
Alt3. Rel. 15 Type II SD beam group restriction + joint per SD beam restriction
· Four beam groups are selected via higher-layer configured bitmap B1
· Amplitude restriction:
· 


Alt 3A (Sum power ratio): For each beam  in each of the four beam groups, power ratio threshold  (definition and values FFS) is configured, the following criterion should be satisfied:  
· 





[bookmark: MTBlankEqn]Alt 3B (Restriction on ): For each beam  in each of the four beam groups and FD index k0, 0≤k0<N3, wideband gain threshold  (maximum threshold of 0, ,, or 1) is configured, the following criterion should be satisfied:  
· i.e. the “wideband gain” in the frequency domain of the precoder is restricted similarly to Rel. 15
· 
This maximum amplitude restriction is higher-layer configured with four bitmaps  
Alt 1 restricts spatial beams only without any amplitude factors which is a simple way of achieving CBSR for Rel.16 type II. However, as we explained above, the initial aim of CBSR is to realize a flexible interference management. Interference management procedure has low freedom without considering any beam power restriction. Thus, Alt 1 is not efficient. 
Alt 3A sums all coefficients of one beam for both of two polarizations, while Alt 3B calculates a normalized power ratio per coefficients before DFT compressed procedure. From our view, both of Alt 3A and Alt 3B is over-designed which may takes more computation without obvious interference management freedom at UE side, while Alt 2 achieves flexible interference management in a simple way, compared with Alt 3, by hard restriction in spatial beams with soft restriction in each space-frequency LC coefficients. Therefore, 

Proposal1: Alt 2 (Analogous to Rel.15 Type II) is supported.
2.2 CSI omission rule
The priority of mapping order should be determined from layer level, SD level and FD level. Following existing UCI omission rule in Rel. 15, it is better to keep coefficients in all layers rather than reducing the transmission rank. Thus, dropping coefficients across layer can be supported in Rel-16 omission strategy. Then, for SD dimension, according to our simulation results in the previous meeting, the weight of SD basis vector is much more important than FD basis vector, which means coefficients in FD dimension is better to drop in advance of SD dimension. Hence, it is better to support priority mapping order of layer->SD >FD. 
Some companies suggested that a permutation of the FD-basis index should be applied due to the observation that a majority of strongest FD basis vectors are likely located in the beginning and ending of all selected FD basis. However, CSI omission rule acts as an emergency procedure with a simplified rule rather than an overdesigned omission strategy. For sake of reducing specification impact, permutation is not supported.
After mapping order and permutation, grouping rule of bitmaps are provided in the first section, and based on offline agreement shown as below:
Offline agreement: On UCI omission for Rel.16 Type II codebooks
· If priority levels of two LCCs and are such that , LCC  has a higher priority over 
· In RAN1#98bis, select one from the following 3 alternatives:
· Alt A (cf. Alt1.1+2.6 no permutation).   
· G1 comprising the [image: ] highest priority coefficients and G2 comprising the [image: ] lowest priority coefficients
· Priority level is calculated as Prio(l,l,m)=2L.RI.m+RI.l+l (i.e. no permutation), and bitmap [image: ] is included in G1
· Alt B (cf. Alt1.1+2.6 with permutation).
· G1 comprising the [image: ] highest priority coefficients and G2 comprising the [image: ] lowest priority coefficients
· Priority level is calculated as Prio(l,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+l, and bitmap [image: ] is included in G1
· FFS: the functions Perm1(m) and Perm2(l)
· Alt C (cf. Alt1.2+2.2).
· Priority level is calculated as Prio(l,l,m)=2L.RI.m+RI.l+l (i.e. no permutation), and bitmap location is according to Alt2.2 (from the agreement in RAN1#98)

Permutation is the main difference between two options of Alt A and Alt B, and these two alternatives are based on partition LC coefficients only. However, Alt C reduces the size of bitmap packed in group 1, so more amplitude and phase information can be remained in G1 as well as useful associated bitmap if G2 is not presented at gNB. From our view, there are no ambiguities for grouping and segmenting in UE side and decoding at gNB. Hence, Alt C can improve CSI feedback accuracy by proving more useful quantization information without any extra computation and ambiguity for decoding.  Therefore, Alt C is supported.
In conclusion, following the omission rule of Alt C, it can improve CSI report resource utilization efficiency without any extra computation and ambiguity for decoding. Hence, we propose:
Proposal2: Alt C is supported.
2.3 port selection
As same codebook design structure of W1 for both type II and type II-Rel16, it was agreed that Rel-16 type II port selection codebook reuses Rel-15 type II W1 port selection matrix for rank = 1-2. From our view, port selection codebook can reduce beam selecting time procedure, i.e. W1 selection, in UE side, as well as power consumption. Besides, due to the rank extension already supported in Rel-16 type II codebook from rank 2 to rank 4, same rank extension should be determined in port selection scheme. 
Proposal3: Rel-16 type II port selection codebook is supported up to rank 4.

3. Conclusions
[bookmark: _GoBack]In this contribution we discussed different aspects of Rel-16 MU CSI feedback. Based on our analysis, we have following proposals: 

Proposal1: Alt 2 (Analogous to Rel.15 Type II) is supported.
Proposal2: Alt C is supported.
Proposal3: Rel-16 type II port selection codebook is supported up to rank 4.
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