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1. Introduction
In RAN1#98 meeting, further enhancements for Type II CSI feedback were discussed. Based on the discussions, following agreements were made for Type II CSI enhancements for MU-MIMO support [1].
Agreement:
On the supported parameter combinations
· The following parameter combinations are supported:
	L
	p = y0 (RI= 1-2)
	p = v0 (RI= 3-4)
	β
	Restriction (if any)

	2
	¼ 
	1/8
	¼ 
	

	2
	¼ 
	1/8
	½ 
	

	4
	¼ 
	1/8
	¼ 
	

	4
	¼ 
	1/8
	½ 
	

	4
	½ 
	¼ 
	½
	

	6
	¼ 
	-
	½ 
	RI=1-2, 32 ports

	4
	¼ 
	¼ 
	¾ 
	

	6
	¼ 
	-
	¾ 
	RI=1-2, 32 ports



· Support only 16PSK co-phasing, i.e. 8PSK co-phasing is not supported

Agreement:
The selected UCI omission scheme should meet the following criteria when CSI omission occurs:
1. CSI calculation is identical to that for without omission – otherwise the UE may end up recalculating the CSI if UCI omission occurs.
a. When UCI omission occurs, the associated CQI may not be calculated conditioned on the PMI after omission
2. The occurrence of UCI omission can be inferred from the associated CSI report without any extra signaling.  
3. The resulting UCI payload after omission should not be ambiguous (payload ambiguity would require the gNB to perform blind decoding of UCI Part 2).
4. When CSI omission occurs, dropping all NZCs associated with any particular layer should not be done. 
Note: CSI omission occurs when the allocated UL resource for UCI is not sufficient for full CSI reporting.

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 first  sorted 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

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
On CBSR for Rel.16 Type II codebook, the three agreed alternatives for down selection are further clarified as follows. No other alternatives or sub-alternatives will be considered for down selection.

· 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, ½, , 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:  
· 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  

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 the support of Rel.16 Type II port selection codebook for RI=3-4, evaluate the need for supporting the following scheme in RAN1#98bis:
· Reuse the Rel-15 Type II W1 matrix and the Rel-16 Type II  and Wf
· Note: if there is no consensus on the need for this feature, such extension to RI=3-4 is not supported in Rel.16

Agreement
On the value of N3 for (NSB×R) > 13: Support Alt0 (N3=NSB×R) 



As per the current agreements, Type II CSI in Rel. 16 introduces frequency domain (FD) compression to achieve feedback overhead reduction [2]. In particular, the Type II CSI precoder generation for layer  with FD compression can be expressed as, 

where,  captures precoding vectors of th layer for  sub-bands (SB) while  and  () consist of  spatial-domain (SD) 2D-DFT vectors and M DFT basis vectors for FD compression, respectively. Note that,  denotes number of available ports. Further, () captures non-zero linear combination (LC) coefficients and as agreed in [3], maximum size-K0 subset of 2LM coefficients in  should be reported. Note also that total number of LC coefficients across all layers should not exceed 2K0 as well [3]. Here K0 =  with  as defined in [1].
2. CSI Omission Procedure for Rel. 16 Type II CSI
Due to FD compression, Rel. 16 Type II CSI does not capture the SB based CSI. Hence, it is not possible to reuse CSI omission procedure defined in [4] Section 5.2.3. This necessitates defining a new CSI omission rule for Rel. 16 Type II CSI. As per the current agreements, CSI part 1 consists of rank indicator (RI), channel quality indicator (CQI) and number of non-zero coefficients (NNZC) whereas CSI part 2 consists of SD/FD basis indicators, bitmaps and strongest coefficient indicators (SCIs) of each layer, reference amplitude for weaker polarization and quantized NZCs among others [5]. 
In RAN1#98 meeting following was agreed regarding how to capture specific CSI information of different CSI reports:
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) 

As per this agreement, Group 0 (having the highest priority) contains information related to SD beams, SCIs of all the configured NRep reports while Group 1 captures at least reference amplitude(s) for weaker polarization, part of NZC and FD indicator. Finally, the group with the least priority, Group 2 contains at least the other part (which is not captured in Group 1) NZC. With this agreement, there are two issues yet to be finalized in RAN1#98bis meeting. They are, 1) how to prioritize the NZC (before including them in Group 1 and Group 2), and 2) in which priority group the bitmap should be included. There was an offline agreement after RAN1#98 meeting listing possible alternatives to solve these two issues. In RAN1#98bis, one alternative out of the following three alternatives will be down-selected:

On UCI omission for Rel.16 Type II codebooks
· Priority level definition: 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  highest priority coefficients and G2 comprising the  lowest priority coefficients
· Priority level is calculated as Prio(,l,m)=2L.RI.m+RI.l+ (i.e. no permutation), and bitmap  is included in G1
· Alt B (cf. Alt1.1+2.6 with permutation).
· G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients
· Priority level is calculated as Prio(,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+, and bitmap  is included in G1
· FFS: the functions Perm1(m) and Perm2(l)
· Alt C (cf. Alt1.2+2.2). 
· G1 comprising more than  highest priority coefficients and G2 comprising the remaining (<) lowest priority coefficients for the same bit-width as G1 of Alt1.1
· Priority level is calculated as Prio(,l,m)=2L.RI.m+RI.l+ (i.e. no permutation), and bitmap location is according to Alt2.2 (cf. agreement in RAN1#98)

3.1 Identifying Priority Order for NZC
As we discussed in [6], since there is no SB based CSI in Rel. 16 Type II CSI, omission of bitmaps and respective NZCs should be considered. Further, when CSI omission is required, it is better to drop NZCs across layers rather than dropping NZCs (and corresponding bitmap(s)) belong to a particular layer(s). This is because, achievable multiplexing gains for users with well-conditioned channels will diminish if NZCs of an entire layer is dropped. The current agreements align with this requirement.
 
Now, the question is how to prioritize those NZC. Let us look at an example scenario to understand how NZCs can be arranged such that during CSI omission NZCs belong to different layers get dropped not from a single layer. Here, we assume  and . With that, the bitmaps and NZCs belong to 4 layers can be given as follows. Note here that,  corresponds to a non-zero coefficient of -th layer, -th SD 2D DFT beam, -th DFT beam. 
[image: ]




Fig.1: Selected NZC to be reported from 4-layers


Now, let us assume, NZC are read in the following priority order where priority level is calculated for each NZC as, Prio(,l,m)=2L.RI.m+RI.l+ (i.e. no permutation). This is the proposed NZC priority ordering in Alt A and Alt C in above offline agreement. In particular, coefficients are prioritized with respect to their indices as,  
layer index -> SD-beam index -> FD-beam index. 
The corresponding priority order for NZC in Fig. 1 can then be given as follows:    
                                             .

It can be observed that, NZC belongs to a particular layer are not consecutive and in fact they are well-mixed within the generated sequence. Hence, in case if CSI omission needs to be done by dropping part of NZC, there is a less probability that NZC belong to a particular layer entirely gets dropped. 
In Alt B of offline agreement above, it is proposed to apply permutation for NZC before identifying priority order. However, as per our view, it is better to have a simple and clean solution for CSI omission. In particular, since CSI omission is an emergency procedure which will be triggered when allocated PUSCH resources are not enough to multiplex both data and CSI, there is no point of over optimizing it. Hence, we believe, there is no need for applying permutation for NZC before determining the respective priority order.
3.2 Bitmap Reporting
As mentioned previously, our preference is to have a less complex and a simple solution for CSI omission. Hence, we think capturing bitmap in G1 is appropriate to achieve that objective. However, in case if the implementation complexity is not that high, we think bitmap partitioning as proposed in Alt C where each bitmap partition is followed by its associated NZC, is better to be considered. This is because, with this procedure, more useful information can be captured within limited PUSCH resources compared to the cases with including bitmap in its entirety within G1.
Observation 1
· It is better to have a simple and clean solution for CSI omission. In particular, since CSI omission is an emergency procedure which will be triggered when allocated PUSCH resources are not enough to multiplex both data and CSI, there is no point of over optimizing it.
Observation 2
· If the implementation complexity is not that high, we think bitmap partitioning as proposed in Alt C where each bitmap partition is followed by its associated NZC is better to be considered
Proposal 1
· Support Alt A: G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients. Priority level is calculated as Prio(,l,m)=2L.RI.m+RI.l+ (i.e. no permutation), and bitmap  is included in G1
3. Codebook Subset Restriction
In RAN1#98 meeting, it was agreed that codebook subset restriction (CBSR) in Rel. 16 Type II CSI should be applied only for the SD beams [1]. Since the main purpose of CBSR is to minimize interference in certain spatial directions, applying CBSR on SD basis vectors is sufficient. Further, it was agreed to support RI restriction in Rel. 16 Type II CSI [1]. This again, makes sense since this allows gNB to control RI reported by UE under certain scenarios. For instance, even if the UE supports RI=4, gNB can restrict UE to report only up to RI=2 PMI reports in order to support MU-MIMO.       
Having agreed CBSR to be introduced for SD beams, the next question is how to implement CBSR for Rel. 16 Type II CSI. For this purpose, in RAN1#98 meeting, three alternatives were agreed and one out of those alternatives will be down selected in RAN1#98bis meeting. The agreed alternatives are as follows:
On CBSR for Rel.16 Type II codebook, the three agreed alternatives for down selection are further clarified as follows. No other alternatives or sub-alternatives will be considered for down selection.

· 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, ½, , 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:  
· 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  
3.1 CBSR in Rel. 15
Before discussing about the preferable alternative for CBSR implementation in Rel. 16 Type II CSI, let us quickly recap CBSR in Rel. 15. In Rel. 15, CBSR is supported for both Type I and Type II CSI codebooks. However, implementation of Type I CBSR is different from that of Type II. In particular, Type I CBSR considers restriction on individual beams directly. That is, using a  bitmap, UE is explicitly signaled with each restricted 2D DFT beam. Here,  are antenna ports of two dimensions while  are oversampling factors of two dimensions. On the other hand, Type II CBSR considers joint beam and wideband (WB) amplitude restriction where the beam restriction is constrained to 4-beam groups each with size N1N2 beams. As shown in Fig. 2, beams within those beam groups can be restricted with their maximum WB power.
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Fig. 2: Available candidate SD 2D-DFT beams. Note that, some beams within 4 beam groups (each with size ) have restrictions on max. WB power. Here,  and     





It is worth remarking here that the CBSR signaling is independent of the rank. Further, CBSR does not affect PMI payload.

3.2 CBSR for Rel. 16 Type II CSI
As can be understood from the previous discussion, in Rel. 15, CBSR is used for restricting SD beams. In Rel. 16 also, as per the agreement in [1], CBSR will be introduced only for SD beams. Hence, one naïve question comes in to mind is whether Rel. 15 CBSR mechanism can be reused for Rel. 16 as well. However, it can be immediately understood that the Rel. 15 Type II CBSR design cannot be directly applied to the Rel. 16 Type II codebook. This is because, there is no per-beam WB amplitude coefficient in Rel. 16 Type II CSI.


Observation 3
· [bookmark: _Toc4755284][bookmark: _Toc16856262]Since there is no WB amplitude coefficient in Rel. 16 Type II CSI, CBSR mechanism in Rel. 15 is not possible to directly consider in Rel. 16 Type II codebook
However, proposed Alt2 and Alt3 above are variants of Rel. 15 Type II CSI. In particular, Alt2 above proposes to consider SD beam group restriction as in Rel. 15 with per LC coefficient amplitude restriction. However, there can be large number of LC coefficients associated with a given SD beam corresponding to different polarizations, FD components and layers. Hence it may not be practically feasible to apply amplitude restrictions to all those LC coefficients individually.
On the other hand, Alt3 above proposes to consider SD beam group restriction as in Rel. 15 along with joint per SD beam restriction. However, this approach necessitates to define a power ratio or a threshold for a given SD beam. As of yet, how to define this threshold is not clear. Given the limited time frame for Rel. 16 discussions and since this is not one of the main focuses of Rel. 6 Type II CSI design, it is better to consider proposed Alt1 for CBSR implementation in Rel. 16 Type II CSI.    
Observation 4
· Proposed Alt2 for CBSR implementation in Rel. 16 can bring additional complexity while how to identify a proper power ratio threshold for Alt3 is not yet clear
Proposal 2
· Support Alt1. analogous to Rel.15 Type I which is a simple and clean solution
4. Type II Port Selection Codebook
In RAN1#98 meeting, it was agreed to reuse Rel.15 Type II W1 port selection matrix for Rel.16 Type II as well for rank 1-2. Further, following agreement was made regarding the Rel.16 Type II port selection codebook for RI=3-4 [1].

On the support of Rel.16 Type II port selection codebook for RI=3-4, evaluate the need for supporting the following scheme in RAN1#98bis:
· Reuse the Rel-15 Type II W1 matrix and the Rel-16 Type II  and Wf
· Note: if there is no consensus on the need for this feature, such extension to RI=3-4 is not supported in Rel.16
In Rel. 15 port selection codebook,  in (1) above consists of port selection vectors. These port selection vectors consist of single 1 and all the other elements are zero, i.e., . In fact, the 2D-DFT beams in  in Type II CSI codebook are replaced by column vectors of an identity matrix in port selection codebook. As per [4],  ports out of configured,  CSI-RS ports are selected and captured within .  is higher-layer configured and possible values are,  [4]. 
As per our view, supporting port selection codebook for RI=3-4 in Rel. 16 Type II CSI is important. This allows reducing the UE complexity since UE doesn’t have to identify SD beams. Further, since number of CSI-RS ports can be configured by the gNB, CSI-RS overhead can be controlled while achieving better CSI-RS coverage.
Proposal 3
· Reuse Rel. 15 Type II W1 matrix in port selection codebook for Rel. 16 Type II port selection codebook with RI=3-4 
5. Summary
In this contribution, we discuss the remaining issues to be finalized for Rel. 16 Type II CSI. In particular, we have provided our views on proposed CSI omission procedure for Rel. 16 Type II CSI, how to introduce codebook subset restriction and necessity of having Type II port selection codebook for RI=3-4 in Rel. 16 Type II CSI.

 Observation 1
· It is better to have a simple and clean solution for CSI omission. In particular, since CSI omission is an emergency procedure which will be triggered when allocated PUSCH resources are not enough to multiplex both data and CSI, there is no point of over optimizing it.
Observation 2
· If the implementation complexity is not that high, we think bitmap partitioning as proposed in Alt C where each bitmap partition is followed by its associated NZC is better to be considered
Proposal 1
· Support Alt A: G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients. Priority level is calculated as Prio(,l,m)=2L.RI.m+RI.l+ (i.e. no permutation), and bitmap  is included in G1
Observation 3
· Since there is no WB amplitude coefficient in Rel. 16 Type II CSI, CBSR mechanism in Rel. 15 is not possible to directly consider in Rel. 16 Type II codebook
Observation 4
· Proposed Alt2 for CBSR implementation in Rel. 16 can bring additional complexity while how to identify a proper power ratio threshold for Alt3 is not yet clear
Proposal 2
· Support Alt1. analogous to Rel.15 Type I which is a simple and clean solution
Proposal 3
· Reuse Rel. 15 Type II W1 matrix in port selection codebook for Rel. 16 Type II port selection codebook with RI=3-4 
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