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Introduction
Rel-16 MIMO enhancement WI was approved with the following scope [1]. Among the scope, Type II CSI feedback enhancement for MU-MIMO support is one of the main topics. 

	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



Rel-15 NR type II CSI reporting has the potential to provide more accurate CSI information in order to facilitate MU-MIMO pairing at the gNB scheduler side. However, it also suffers from some limitation 

1. Rel-15 NR type II CSI reporting supports maximum of 2 layers and linear combination of up to 4 spatial bases for each layer 
2. Rel-15 NR type II CSI reporting incurs large overhead especially when the number of subbands are large 

Significant progress has already been made in RAN1 #95 meeting in the area of reducing the type II CSI feedback overhead. The frequency domain DFT based approach was agreed with details to be finalized in the coming meetings [2] 

	Agreement
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 
· Note: Additional compression scheme(s) are not precluded 



The following equation illustrates the general ideal of CSI overhead reduction with DFT based frequency domain compression.
[image: ]
In the previous RAN1 meetings, further agreement has been reached in terms of the detailed design on how to compress feedback coefficients based on the frequency basis [3, 4, 5, 6, 7]

	Agreement
On FD compression unit, agree on Alt1 (PMI subband size = CQI subband size) as the default, along with Alt2.2 (PMI subband size = CQI subband size / R) as secondary
· The value of R is fixed to 2
· FFS: Whether secondary implies a separate UE capability or restricted use cases
· Include issues such as limitation on the number of FD compression units, CPU occupation, latency constraint and/or BW constraint
· FFS: Whether FD compression unit is higher-layer configured or reported by the UE

Agreement
On basis/coefficient subset selection for the first layer, the following is supported:
· Common selection for all beams with size-K0 subset of 2LM reported 
· The value of K0 is configured via higher-layer signaling
· The number of reported non-zero coefficients can be smaller than or equal to K0
· FFS: Whether the value of M is configurable

Agreement
On the choice of oversampling factor O3, agree on O3=1

Agreement
On subset selection for layer 0, agree on the following:
· Unrestricted (polarization-independent) subset selection which requires a size-2LM bitmap in UCI part 2
· 
 
· FFS: Further down selection of supported combinations of FD compression parameters  

Agreement

Two values of M are supported. In RAN1#96, down select between the following alternatives ():
· 
Alt1.  
· 
Alt2. 
· FFS: support for p=1/8 and/or p=3/4 in addition to 1/4 and 1/2 

Agreement
For RI=2, the following is supported 
· Layer-independent FD basis subset selection 
· Layer-independent coefficient subset selection

Agreement
On RI=3-4 extension:
· K0 setting: agree on supporting Alt1, i.e. total max # NZ coefficients across all layers ≤ 2K0 where the K0 value set for RI{1,2} 
· FD basis subset selection: agree on layer-specific subset selection
· Coefficient subset selection: agree on layer-specific subset selection

Agreement
SD basis subset selection is layer-common

Agreement
For RI=3-4, given the value of K0, the number of non-zero coefficients per layer shall be less than or equal to K0
· No further restriction on the maximum number of non-zero coefficients per layer

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

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 signalling.  
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.




In this contributions, we provide our view on the remaining issue for Type II CSI enhancement 
CBSR Design
For the CodeBook Subset Restriction (CBSR), the flowing the agreement was reached in RAN1#98 [7]

	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:  
· 





[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  




CBSR can be configured by gNB to simplify the UE search complexity for the Type II CSI reporting, in terms of finding the best linear combination among up to 4 spatial bases to best represent the true channel estimate. Once the linear combination coefficients are determined, then Rel-16 allows the CSI compression by projecting the coefficient matrix on DFT basis at the frequency domain. If the channel contains constrained energy within a limited frequency domain window, i.e. channel is not extremely time dispersive, the compression can be achieved since the energy is more concentrated at the frequent by DFT transformation. 

Based on the above discussion, our view is that CBSR operation can be rather orthogonal to the coefficient compression operation. Alt1 is applying Type I design to Type II design, which is not necessary in our view. Alt3 might be some enhancement to the existing Rel-15 solution in certain scenario, however, it unnecessarily complicates the UE implementation in case UE needs to support both Rel-15 and Rel-16 Type II CSI reporting. We prefer to unify the Rel-15 and Rel-16 solution as much as possible. As results, we support Alt2.

Proposal 1:For CBSR design, we prefer Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
Priority rule for UCI omission
UCI omission might be needed when the Type II CSI reporting size cannot fit into the UCI. RAN1#98 made some progress on the UCI omission, however, still left some remaining issue for the priority rule, summarized as below [7]

	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 signalling.  
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





Denote the non-zero LC coefficient (NZC) associated with layer , beam , and FD-basis  as . The associated bitmap component (including zero(s)) is.
For the purpose of UCI omission, the parameters in UCI Part 2 is divided into 3 groups where Group n is of a higher
 
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




As the agreement suggested, the priority and dropped rule should avoid the risk that certain layer is dropped completely. Similarly, within a layer, it is also good to ensure that the spatial basis is not completely dropped. Based on that consideration, one solution is to pick one coefficient in sequential other from each layer, than from each spatial basis. In the other words, the priority other is that layer (λ) > spatial basis (l) > frequency basis (m). In terms of Priority rule for determining G1 and G2, we slightly prefer Alt 1.1.
 


Proposal 2: In terms of priority rule for determining, we slightly prefer 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

In term of the Perm() function design. We think the following design principle is desirable.

1. For Perm1(m), the coefficient closer to the strongest coefficient should have higher priority than the coefficient further from the strongest coefficient in terms of distance 
2. For Perm2(l), the spatial basis closer to the spatial basis that contains the strongest coefficient should have higher priority 

Given the above considerations, we have the following proposals. For a given spatial layer, let the position (i.e. spatial beam index and FD component index) of the strongest coefficient be denoted as .

For all coefficients, two permutations are defined as follows:
· Perm1(m) = mod(m-
· Perm2(l) = mod(l-

The physical meaning of the cyclic shift with Perm1(m) is that the strongest coefficient is shifted to the first FD component (with index 0); and at the same time other coefficients on the same FD component as the strongest coefficient before permutation are also shifted to the first FD component. With that, G1 selection is more likely to pick up strong coefficients. We have

Proposal 3: At a given spatial layer,
· Perm1(m) = mod(m-
· Perm2(l) = mod(l-
where  is the position (i.e. spatial beam index and FD component index) of the strongest coefficient at that layer
  
Conclusion
Rel-15 NR type II CSI reporting has the potential to provide more accurate CSI information in order to facilitate MU-MIMO pairing at the gNB scheduler side. However, it also suffers from some limitation 

1. Rel-15 NR type II CSI reporting supports maximum of 2 layers 
2. Rel-15 NR type II CSI reporting incurs large overhead especially when the number of subbands are large
 
In terms of Type II CSI reporting overhead reduction. Frequency domain DFT based approach was agreed [2]. In this contributions, we provide our proposals for the remaining issues regarding Type II CSI enhancement 

Proposal 1:For CBSR design, we prefer Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)



Proposal 2: In terms of priority rule for determining, we slightly prefer 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

Proposal 3: At a given spatial layer,
· Perm1(m) = mod(m-
· Perm2(l) = mod(l-
where  is the position (i.e. spatial beam index and FD component index) of the strongest coefficient at that layer
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