	

[bookmark: _Ref5850594]Introduction
In this summary, the agreements made on Rel.16 NR_eMIMO MU-MIMO CSI to-date are compiled and systematically arranged ([1][2][3][4][5]). The main purpose is to identify missing parts, if any, as well as to aid specification editors. Therefore:
· Only agreements pertinent to specification are included.
· For a given topic/component, the captured agreement represents the most mature form. Redundancies (including most FFS items that have been agreed) are removed.
· Open issues (including missing items) are identified with yellow highlight

[bookmark: _Ref529369566]Summary 
1 
2 
Structure of DFT-based compression 
For Rel-16 NR, agree on DFT-based compression as the adopted Type II rank 1-2 overhead reduction (compression) scheme 
·  is determined from a set of predefined DFT vectors.
· PMI feedback:  (wideband), , possibly a small number of parameters for  (wideband)
· Detailed formulation is given below
· The same DFT-based compression scheme is extended for Type II port selection codebook as follows: 
· 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 3-4For rank 3-4, support extension with simple reuse of Rel.15 W1 matrix (i.e. layer-common W1)
· 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 

Table 1 Structure
	· Precoders for a layer is given by size-matrix 
·  #SD dimensions
·  #FD dimensions
· Precoder normalization: the precoding matrix for given rank and unit of  is normalized to norm 1/sqrt(rank) 
· Spatial domain (SD) compression
·  spatial domain basis vectors (mapped to the two polarizations, so  in total) selected
· Compression in spatial domain using  , where  are orthogonal DFT vectors (same as Rel. 15 Type II)
· Frequency-domain (FD) compression
· Compression via , where  are  size- orthogonal DFT vectors 
· Number of FD-components  is configurable
· Note: The terminology “SD-compression” and “FD-compression”  are for discussion purposes only and are not intended to be captured in the specification



Codebook subset restriction
Support scheme 1 as mandatory and scheme 2 as optional analogous to Rel.15 Type II codebook. 
· Scheme 1: Analogous to Rel.15 Type II (SD beam group restriction + per coefficient hard amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 

For each spatial beam in each of the four beam groups, hard restriction (maximum amplitude of 0 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  
· Scheme 2: Type II SD beam group restriction + soft sum-power restriction, 
· Four beam groups are selected via higher-layer configured bitmap B1
· 





For each beam  in each of the four beam groups, power ratio threshold  is configured, the following criterion should be satisfied:  for each  where  denotes the number of NZCs associated with .
· 
[bookmark: MTBlankEqn]The value of  is configured from the Rel.15 2-bit amplitude restriction table
· The number of beam-groups is the same as Rel.15 Type II CBSR
· Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional” (cf. section 2.5)


Basic compression parameters  
Spatial domain compression parameters
On the values of L, support 
· L={2,4}
· L=6 for the following combinations of p and beta
· p value equals to 1/4, beta value equals to {1/4, ½, 3/4}
· p value equals to 1/2, beta value equals to ¼
· Above applies only for the case of 32 ports, rank 1 or 2, R=1
· Note that the payload size for L=6 should not exceed that of Rel-15 type-2 codebook
· The above feature is UE optional
· FFS: Further specification support to relax UE processing complexity
· [Inferred from late agreement on (L,p)] The value of L is higher-layer configured
Inherited from Rel.15: N1, N2 (along with the values) are higher-layer configured. (O1,O2)=(4,4). 
	
Frequency domain compression parameters
On the choice of oversampling factor O3, agree on O3=1
· The rotation factor q3 is therefore not needed
On FD compression unit, agree on {PMI subband size = CQI subband size} as the default, along with {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
· The FD compression unit parameter R is higher-layer configured 

On the value of M (the number of FD compression units),  where.
· The value of M is higher-layer configured [via R and p]


[bookmark: _Hlk536009008]Values of N3: For R and NSB (the number of CQI subbands), , is higher-layer configured

Parameter setting across layers and RI values
The parameter R is layer-common and RI-common
For the higher-layer setting of SD/FD basis parameters (L, p):
· The parameter p=v0 for RI=3-4 is higher-layer configured in conjunction with the parameter p=y0 for RI=1-2.
· The parameters (y0, v0) can take value from {(1/2,1/4),(1/4,1/4),(1/4,1/8)}  

Table 2 (L,p) setting
	RI
	Layer
	L
	p

	1
	0
	x0
	y0

	2
	0
	
	

	
	1
	
	

	3
	0
	
	v0

	
	1
	
	

	
	2
	
	

	4
	0
	
	

	
	1
	
	

	
	2
	
	

	
	3
	
	



Subset selection (as a means of compression)
Terms:
· “FD basis subset selection” refers to the selection of M out of N3 FD DFT vectors
· “Coefficient subset selection” refers to the selection of KNZ (# non-zero coefficients) out of 2LM where KNZ ≤ K0
On basis/coefficient subset selection for RI=1, the following is supported:
· Common selection for all beams with size-K0 subset of 2LM reported 
· Note: , i.e.  and  are identical (i.e., =, ), and  are all selected from the index set  from the same orthogonal basis group
· 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
· Size-K0 subset design: Unrestricted (polarization-independent) subset selection which requires a size-2LM bitmap in UCI part 2
· 

The value of K0:  where  (the value of K0 is higher-layer configured via ).
On subset selection for RI=2:
· SD basis selection (selection of L out of N1N2 SD DFT vectors) is layer-common
· Layer-independent FD basis subset selection 
· Layer-independent coefficient subset selection
· The size-K0 subset design for layer 0 is also applied to layer 1
· K0 is the maximum number of non-zero coefficients for each layer.
On RI=3-4 extension:
· SD basis subset selection is layer-common
· Layer-independent FD basis subset selection
· Layer-independent coefficient subset selection
· 
With the agreed total max # NZ coefficients across all layers ≤ 2K0 where the K0 value (hence β) set for RI{1,2}, KNZ,i≤K0 (the number of non-zero coefficients per layer shall be less than or equal to K0) as long as 
· No further restriction on the maximum number of non-zero coefficients per layer
The following FD basis subset selection scheme is supported:
· For N3≤19, one-step free selection is used:
· FD basis subset selection indicator is per layer where it is -bit indicator, () 
· 

For N3>19, IntS is window-based and fully parameterized with Minitial, indicating that the intermediate set consists of FD bases mod(Minitial + n, N3), n=0,1, …,  where 
· 
 is selected by the UE and reported in UCI part 2

· The 2nd step subset selection is indicated by an X2-bit combinatorial indicator (for each layer) in UCI part 2

Supported parameter combinations

Table 3 Parameter combination 
	Parameter combination
	L
	p = y0 (RI= 1-2)
	p = v0 (RI= 3-4)
	β
	Restriction (if any)

	1
	2
	¼ 
	1/8
	¼ 
	

	2
	2
	¼ 
	1/8
	½ 
	

	3
	4
	¼ 
	1/8
	¼ 
	

	4
	4
	¼ 
	1/8
	½ 
	

	5
	4
	¼ 
	¼ 
	¾ 
	

	6
	4
	½ 
	¼ 
	½
	

	7
	6
	¼ 
	-
	½ 
	RI=1-2, 32 ports

	8
	6
	¼ 
	-
	¾ 
	RI=1-2, 32 ports




LCC quantization 
On LCC quantization, denote the LC coefficient associated with beam  and frequency unit  as , and the strongest coefficient (out of the  non-zero coefficients reported using the bitmap) as .
UE reports the following for the quantization of the non-zero coefficients in 
· (For RI=1) A -bit indicator for the strongest coefficient index 
· Strongest coefficient  (hence its amplitude/phase are not reported)
· Two polarization-specific reference amplitudes:
· For the polarization associated with the strongest coefficient , since the reference amplitude = 1, it is not reported
· For the other polarization, reference amplitude is quantized to 4 bits  
· The alphabet is  (-1.5dB step size)
· For : 
· For each polarization, differential amplitudes of the coefficients calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits 
· The alphabet is  (-3dB step size)
· Note: The final quantized amplitude  is  and the coefficient is given by 
· Each phase is quantized to 16PSK (4-bit) 
On “zero” in the reference amplitude value set, “zero” is removed and the associated code point is designated as “reserved”. 
· Note: “Reserved” implies that the associated code point is not used in reference amplitude reporting or, at least in Rel-16, any other purpose(s)
For RI, different layers are independently quantized.

UCI parameters
UCI content
The UCI consists of two parts: 
· Information pertaining to the number(s) of non-zero coefficients is reported in UCI part 1
· Note: This does not imply whether this information consists of single or multiple values 
· The payload of UCI part 1 remains the same for different RI value(s)
· Bitmap is used to indicate non-zero coefficient indices

Table 4 UCI parameter list
	Parameter
	Location 
	Details/description

	# NZ coefficients
	UCI part 1
	RI ({1,…, RIMAX}) and KNZ,TOT (the total number of non-zero coefficients summed across all the layers, where KNZ,TOT {1,2,…, 2K0} are reported in UCI part 1 

	Wideband CQI
	UCI part 1
	Same as R15

	Subband CQI
	UCI part 1
	Same as R15

	Bitmap per layer
	UCI part 2
	RI=1-2: for layer l, size-
For RI=3-4, bitmaps, each with size-2LMi (i=0,1,…, RI-1, where i denotes the i-th layer) are reported in UCI part 2

	Strongest coefficient indicator (SCI)
	UCI part 2
	RI=1: the existing agreement on SCI: “A -bit indicator for the strongest coefficient index ” 
RI>1: See Table below

	SD basis subset selection indicator 
	UCI part 2
	
SD basis subset selection indicator is a -bit indicator. Details follow Rel.15

	FD basis subset selection indicator
	UCI part 2
	See Table below

	LC coefficients: phase
	UCI part 2
	Quantized independently across layers

	LC coefficients: amplitude
	UCI part 2
	Quantized independently across layers (including reference amplitude for weaker polarization, for each layer)

	SD oversampling (rotation) factor q1, q2
	UCI part 2
	Values of q1, q2 follow Rel.15



Table 5 SCI and FD basis indication
	SCI and FD basis subset selection indicator

	SCI for RI>1
	Per-layer SCI, where  is a –bit () indicator. The location (index) of the strongest LC coefficient for layer  before index remapping is  , , and  is not reported

	Index remapping
	For layer , the index  of each nonzero LC coefficient  is remapped with respect to  to  such that . The FD basis index  associated to each nonzero LC coefficient  is remapped with respect to  to  such that . The sets  and  are reported.
Informative note (for the purpose of reference procedure):
The index  of nonzero LC coefficients is remapped as . The codebook index associated with nonzero LC coefficient index  is remapped as . 

	Combinatorial indicator for 
	 bits 

	Combinatorial indicator for 
	 bits 

	
	

Reported in UCI part 2, ,  bits



UCI omission
TBD Note: CSI omission occurs when the allocated UL resource for UCI is not sufficient for full CSI reporting.






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 priority than Group (n+1), n=0, 1.

When the UE is configured to report NRep CSI reports,
· Group 0 includes: SD rotation factors, SD indicator, and SCI(s) for all the NRep reports 
· 



Priority level definition: If priority levels of two LCCs and are such that Prio(,l2,m2)< Prio(,l1,m1), LCC  has a higher priority over 
· 

Non-zero LC coefficients and bits of bitmap  are prioritized/ordered from high to low priority according to (,l,m) with the same priority function Prio(,l,m)
· The priority level is calculated as Prio(,l,m)=2L.RI.P(m)+RI.l+ where P(m) maps the index m according to the following order of the corresponding FD components (if selected): 0, N3-1, 1, N3-2, 2, .... 
· 




For each of the NRep reports, Group 1 includes: reference amplitude(s) for weaker polarization, FD indicator, the  highest priority non-zero LC coefficients  () and the  highest priority bits of bitmap
· 




For each of the NRep reports, Group 2 includes: the  lowest priority non-zero LC coefficients  () and the  lowest priority bits of bitmap
· Note: G1 and G2 exclude the indices associated with the strongest coefficient(s) 


Further details on CSI reporting for Rel.16 Type II codebook 
SP CSI reporting of Part-1-only CSI on PUCCH format 3 and 4 is not supported

When R=2:
· When the actual CQI sub-band size is equal to the configured CQI sub-band size, the CQI sub-band is split into two equal parts wherein each part corresponds to a PMI sub-band. 
· For edge CQI sub-bands:
· When an edge CQI sub-band size is less than or equal to the half of the configured CQI sub-band size, there is only one PMI sub-band with the same size as the edge CQI sub-band. 
· Otherwise, when an edge CQI sub-band size is greater than half of the configured CQI sub-band size, there are two PMI sub-bands wherein the size of the edge PMI sub-band is smaller than the other PMI sub-band (whose size is half of the configured CQI sub-band size).


[bookmark: _Ref22605534]UE capability related issues  
Note: for discussion purposes:
· “Mandatory” implies that the (sub-)feature is always supported when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered basic. Rel.16 Type II codebook is a UE optional feature.
· “Optional” implies that a separate UE (sub-)capability is needed (hence not necessarily supported) even when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered advanced.   

For a UE capable of Rel.16 Type II codebook, agree on the following:
· Mandatory support for L=2, 4 
· Supported without additional UE capability signaling
· Mandatory support for maximum rank of 1 and 2
· FFS whether the support for maximum rank 3 and 4 is mandatory or not 
· Supported without additional UE capability signaling
· Separate UE capabilities for the “regular” Rel.16 Type II and Rel.16 Type II port selection codebooks
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