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1 Introduction
In RAN1#96b meeting, following agreements are captured in the chairman’s note [1] as:
Agreement
Table 1 of R1-1905629 is agreed for the support of UCI parameters for MU-CSI.

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
SD basis subset selection indicator is a [image: ]-bit indicator.

Agreement
Support L=6 for the following combinations of p and beta.
· p value equals to 1/4, beta value equals to {1/4, 1/2, 3/4}
· p value equals to 1/2, beta value equals to 1/4
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

Agreement
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)

In this contribution, we discuss issues on the overhead reduction for Type II CSI and provide evaluation results in order to determine the codebook parameters and frameworks to support RI=3-4. Note that discussion on (L, p) parameter setting, the value of N3 and overhead reduction with quantization to RI=3-4 can be found in our companion contribution [2], [3] and [4], respectively.
2 Discussions on Type II CSI extension to RI=3 and 4
In order to reduce the overhead for Rel-15 Type II CSI, DFT-based compression framework has been agreed for Rel-16 Type II CSI. In this codebook, the precoder for a layer is given by size-matrix

where ,  is the size of frequency domain, is size-matrix,  is the number of combining beams and  is the number of columns in. For RI=1 and 2, independent FD basis selection and quantization has been agreed in RAN1#96.
In this section, based on above agreements in RAN1#96b, we further discuss on Type II CSI extension to RI=3 and 4 in the consideration that the amount of total overhead should be at least comparable to that of RI=2 as:
· Finalize the issues for RI=3-4,
· Choose (L, p) parameter setting among down-selected 3 alternatives [2]
· Choose K0/beta setting
· Refine the previous agreement on UCI design details
· Resolve 5 FFS items from agreed UCI parameters
· Decide support for parameters proposed in offline E-mail discussion
· Identify alternatives for Alt1 and Alt2 of N3 for the number of units>13 [3]
· Discuss layer-/layer-group-specific quantization method and configuration to RI=3-4 [4]

2.1 Parameter settings to RI=3 and 4
A. (L, p) parameters
	Agreement
 On RI=3-4 extension:
· (L, p) setting: In RAN1#97 (Reno), down select and decide from the following alternatives: 
· Alt2B, Alt3C, Alt6E (see Table 9 from R1-1905629)



In the last meeting, three alternatives for the higher-layer setting of SD/FD basis parameters (L, p) are down-selected in order to efficiently design Rel-16 Type II CSI framework to RI=3-4 while the total payload for RI=3-4 should be comparable to that of RI=2.
Note that all the details about this issue are included in [2]. The main point is that the parameter setting with a RI-common and layer-/layer-group-specific manner allows a small amount of implementation impact and leads the performance enhancement in terms of performance-overhead trade -off for various channel environment. Also, the configuration of (L, p) parameter, especially for p, is preferred to follow the fixed or predefined relation such as an principle of y2≤y0 to relieve the overhead and the complexity issues. Based on the observation and parameters in [2], we suggest the following proposal.

Proposal 1: On RI=3-4 extension,
· Support Alt.2B (RI-common for RI=1-4 and layer-group-specific) for the higher-layer setting of SD/FD basis parameters (L, p).
· Support fixed/pre-defined relation for setting parameter p in the principle of y2≤y0.

B. K0/ setting
	Agreement
On RI=3-4 extension, with the agreed total max # NZ coefficients across all layers ≤ 2K0 where the K0 value (hence β) set for RI{1,2}, the scheme for determining the # NZC per layer will be chosen from the following alternatives in RAN1#97 (Reno):
· 
Alt0. KNZ,i is unrestricted as long as 
· 
Alt1. KNZ,i≤K0 as long as 



From the agreement of the total number of NZ coefficients across layers, the number of NZ coefficients per layer should be specified. Note that, along with (L, p) parameter setting,  also determines the max number of NZ coefficients per layers. Therefore, the parameters (L, p,  are the main factor for determining the payload for CSI feedback.

Observation 1. The parameter setting  for the configured RI are the main factors for determining the overall payload for CSI feedback, so that those three parameters  should be jointly considered for the RI={3,4} extension.

For instance, the max number of NZ coefficients can be computed by adopting Alt2B for (L, p) parameter setting as follows:
	- 
- , 
-  is configured based on the following condition as
* 
※ {} can be determined by RRC configuration or pre-defined rule.


Then, for a given (L, p) parameter setting,  can only control the number of NZ coefficients per layer/layer-group. So, with the constraint of total number of NZC, unrestricted KNZ,i (i.e., unrestricted ) can enhance the performance by flexibly considering channel condition per layer.

Proposal 2: Support Alt0 for the number of NZ coefficients per layer.

2.2 UCI design details
In this subsection, we discuss the remaining details on the agreed UCI parameters in Table 2 below. Note that the list of proposed UCI parameters based on the offline email discussion is also presented in Table 3 to discuss the impact on Rel-16 Type II CSI feedback.
	Parameter
	Location 
	Details/description

	# NZ coefficients
	UCI part 1
	FFS: Exact design (joint or separate across layer)

	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-
FFS: exact design for RI=3-4 (depending on subset selection)

	Strongest coefficient indicator (SCI)
	UCI part 2
	Layer common SD basis selection, [image: ]-bit

	SD basis subset selection indicator 
	UCI part 2
	FFS: Exact design depending on decision for SD/FD basis parameter setup for RI=3-4

	FD basis subset selection indicator
	UCI part 2
	FFS: 
· Exact design depending on decision for SD/FD basis parameter setup for RI=3-4, 
· Exact bitwidth depending on various other factors such as restriction or basis selection mechanism.

	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 2. List of UCI parameters
While some CSI contents in Table 2 are highly depending on the design of RI={3, 4}, the contents are indeed essential for Rel-16 Type II CSI. Especially in SD basis subset selection, it is selected with a layer-common manner and the corresponding indication was agreed in RAN1#96b as shown above. In the following, we suggest our company’s view on the exact design of remaining UCI parameters.

A. The number of NZ coefficients (NNZC)
	Agreement
The scheme for indicating the number of NZ coefficients (NZC) will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt1.1: RI + # NZC summed across layers where # NZC = {0, 1, 2, …, 2K0} (if sufficiency indicator is supported) or {1, 2, …, 2K0}
· Alt1.2: Per-layer # NZC without RI where # NZC = {0, 1, 2, …, K0}
· Alt1.3: RI + differential of # NZC summed across layers 
· Differential means fraction of 2K0 with smaller number of possible values compared to the regular # NZC (in Alt1.1)
· Alt1.4: RI + per-layer differential # NZC 
· Differential means fraction of K0 with smaller number of possible values compared to the regular # NZC (in Alt1.2)


The first UCI parameter to be addressed is the number of reported NZ coefficients. The main issue is whether the parameter is reported jointly or independently across layers. That is, also regarding to RI in UCI part 1, it depends on encoding method of # of NZ coefficients. If the number of NZ coefficients are jointly encoded across layers, RI should be included in the UCI part 1 to avoid ambiguity in the payload of UCI part 2. Hence, the maximum total overhead can be 2bit (RI) +  (the number of NZ coefficients).
On the other hand, similar to Rel-15 UCI, if the number of NZ coefficients has separate fields per layer, RI can be implicitly signaled to gNB. In that case, reporting RI is redundant and the maximum total overhead can be . Thus, in our view, it needs to be carefully determined by taking into account sum of overhead for RI and # of NZ coefficients up to RI={3,4}. Regarding Alt3.3 and 3.4, it is not clear how the differential reporting of NZ coefficients can work without any payload ambiguity.

Observation 2. If the number of NZ coefficients are jointly encoded across layers, RI should be included in the UCI part 1 to avoid ambiguity in the payload of UCI part 2.
Observation 3. If the number of NZ coefficients has separate fields per layer, RI can be implicitly signaled to gNB, which leads that reporting RI is redundant.

Proposal 3: It is slightly preferred Alt 1.1 for indicating the number of NZ coefficients. 

B. Bitmap per layer
	Agreement
For RI=3-4, the bitmap design will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt2.1: 2LMi bits per layer, i=0, 1, …, (RI-1)
· Alt2.2: One joint bitmap 1 for all layers, where an indicator bit is 1 if at least one of the RI layers has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)   
· Alt2.2B: Bitmaps 1 for each layer, where an indicator bit is 1 if at least one of the RI beams has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)
· Alt2.3: LMi bits for the layer in which the weaker polarization is dropped (else 2LMi bits) + up to 4-bit bitmap to indicate the layer where the weaker polarization is dropped (UCI part 1); i=0, 1, …, (RI-1) 



Bitmap design is to indicate the indices of the reported NZ coefficients per layer. For RI=1-2, the bitmap has a 2LM size for each layer 0 and 1. For RI=3-4, one straightforward way to design the bitmap is Alt2.1 which utilizes the number of FD basis subset from the result of (L, p) parameter setting. However, it requires the largest payload among the alternatives. 
In Alt 2.2, one union bitmap whose size is 2LM and at most 4 bitmap (per layer) whose size will be  is required to distinguish the actual location of NZ coefficients per layer. Plus, size indicator in Part 1 CSI is also needed for resolving payload ambiguity. However, in this indication method, the value range variation can be large according to the channel condition. Alt 2.2B requires at most 4 (2LiM+2L)-bitmaps in Part 2 CSI, and size indicator upto 5bit ( in Part 1 CSI. With this approach, we can efficiently save the payload in case of larger value of L. Alt 2.3 is based on the polarization “turn-off” indicator. In this method, if some polarization for certain layer are turn-off, the payload reduction will be high. However, such situation may be rarely happened, and even in the case of that situation, large performance loss is expected due to the lack of channel information corresponding to turn-off polarization.

Proposal 4: Support Alt2.2B for indicating the bitmap per layer.

C. Strongest coefficient indicator (SCI)
	Agreement

For RI=1, strongest coefficient indicator (SCI) is a -bit indicator. For RI>1, SCI design will be chosen from the following alternatives in RAN1#97 (Reno):  
· 
Alt3.1: Per-layer SCI, where SCIi is a –bit indicator (i=0, 1, …, (RI-1))
· 
Alt3.2: Per-layer SCI, where SCIi is a –bit indicator
· 

Alt3.3: Per-layer SCI, where SCIi is a –bit or  indicator
· 
Alt3.4: Per-layer SCI, where SCIi is a –bit



The design of the UCI parameter for the SCI is based on the indicated KNZ,i (the number of NZ coefficients in the bitmap for i-th layer if KNZ,i is known before UCI part 2 decoding. Note that KNZ,i is either indicated in UCI part 1 explicitly or a total number of NZ coefficients across all layers is indicated which is also related in the RI and number of NZ coefficients in section 2.2-A. Thus, in our view, this issue needs to be determined after the decision on indication of RI and number of NZ coefficients.

Observation 4. SCI needs to be determined after the decision on indication of RI and number of NZ coefficients.

D. FD basis subset selection indicator
	Offline agreement 1: 
The two-step FD basis subset selection is described as follows:
· The 1st (intermediate) step uses an intermediate FD basis set of size- (≤ )
· The value of  is RI- and layer-common
· The intermediate FD basis subset is RI- and layer-common
· The 2nd step uses an indicator to indicate the FD basis used for each layer
· FFS (to be resolved in RAN1#97): for the indicator, select between a -bit bitmap and X-bit combinatorial indicator where X is either  or . 
· FFS (to be resolved in RAN1#97): select one of the following alternatives on  setting mechanism:
· 1) reported in UCI part 1
· 2) higher-layer configured
· 3) fixed
· FFS (to be resolved in RAN1#97): select one of the following alternatives on size- intermediate subset (IntS)
· 1) IntS is adjacent and fully parameterized with , indicating that the intermediate set consists of FD bases ,
· FFS (to be resolved in RAN1#97): whether  is reported in UCI part 2, higher-layer configured, or fixed
· 2) IntS is selected freely from  FD bases, a combinatorial indicator is reported in UCI part 2
· FFS (to be resolved in RAN1#97): exact bitwidth, either  or  

Offline agreement 2: 
In RAN1#97, decide on FD basis subset selection scheme from the following alternatives:
· Free selection (Alt 5.1 in RAN1#96b)
· Fixed selection (Alt 5.4 in RAN1#96b)
· Two-step selection (the final outcome of proposal 1)



From email discussion on FD basis subset selection indicator, the design will be chosen from above alternatives in this meeting [5]. For FD basis subset selection, layer-independent selection was agreed in RAN1#96b. Hence, the straightforward way is to choose the basis based on N3-bitmap for each layer. However, this method will cause a large amount of payload with UE complexity especially when N3 increases.
By considering correlation at FD side among SBs which is mainly affected by delay tap of the signal, it is efficient way to select FD basis subset by adopting a two-step report of the FD basis. So, the first step is to report an intermediate set of bases, i.e. N3’, which stands for the union of the FD basis subsets. Then, FD bases for each layer are reported from the intermediate set which leads a quite reduction of reporting payload with less performance loss compared to FD basis subset reporting based on N3.

Proposal 5: Support Two-step selection for FD basis subset selection.

E. UCI parameters in offline Email discussion
	Offline observation: 
On the candidate UCI parameters listed in Table 2 of R1-1905629:
· ​Indication of zero pol reference amplitude values: not applicable since there is no “zero” in reference amplitude alphabet
· ​​FD oversampling (rotation) Q3: not applicable since WA assumption on O3=4 is reverted
· (N1’ N2’): no longer applicable since SD basis selection with -bit indicator has been agreed
· There is no consensus on the need for “basis sufficiency indicator” (BSI) and M' reporting
· On the benefit of M’, one company has shared SLS results (UPT v. overhead) and argued that more technical discussion is still needed

Offline conclusion:
On the candidate UCI parameters listed in Table 2 of R1-1905629, the following parameters are not supported as a consequence of the previous agreements in RAN1#96bis: 
· Indication of zero pol reference amplitude values,
· FD oversampling (rotation) Q3,
· (N1’ N2’)

Offline agreement:  
On the candidate UCI parameters listed in Table 2 of R1-1905629, whether to support or not support the following parameters is to be decided in RAN1#97 (Reno):
· M’,
· Basis sufficiency indicator (BSI)



· M’ value
As shown in above offline agreement in [6], the candidate UCI parameters has been down-selected as 2 parameters, i.e., M’ and BSI. Then, we discuss on these remaining parameters and provide the views on those. Regarding M’, the large amount of payload can be saved by adopting the parameter in UCI part 1 especially for the bitmap size. On the other hand, introducing M’ also increases the payload of Part 1 CSI which may be more important than that of Part 2 CSI. Thus, in our view, joint indication of NNZC and M’ can address above issues without introducing the parameter in UCI part 1.

Proposal 6: Support M’ in UCI part 1 when the joint indication method of NNZC and M’ is adopted.

· Basis sufficiency indicator
For basis sufficiency indicator, it can be used efficiently for CSI omission. In Rel-15, part of CSI corresponding to odd SBs is omitted as a first priority when the scheduled PUSCH resource is not enough. However, in current Rel-16 CSI framework, there may be some ambiguity to define SB PMI order due to the FD compression on all the SBs. Hence, it is worth considering such implicit/explicit indicator for the extension of CSI omission. In addition, further study on the UE behaviour is needed when BSI is turned on.

Proposal 7: Support BSI in UCI part 1 for the extension of Rel-16 Type II CSI omission.

· Quantization level for RI=3, 4
Besides with above issues to support Type II CSI codebook to RI=3-4, the discussion on a quantization method for higher rank extension RI=3 and 4 is needs to be discussed. This is because the total payload is affected by the number of combining beams, quantization level for combining coefficients, and the size of compression unit, etc. and most of CSI feedback payload comes from reporting  with a layer-independent manner. Thus, we think reducing payload from adjusting quantization level especially for RI=3 and 4 is essential. Note that the discussion regarding this issue is presented in [4]. Based on the observation and parameters in [4], we suggest the following proposal.

Proposal 8: Support layer-/layer-group-specific quantization setting to RI=3-4 at least for the amplitude quantization level in an explicit or implicit manner.



3 Conclusion
In this contribution, we discuss the overhead reduction for Type II CSI. Based on the discussion above, we have following observations and proposals as: 

Observation 1. The parameter setting  for the configured RI are the main factors for determining the overall payload for CSI feedback, so that those three parameters  should be jointly considered for the RI={3,4} extension.
Observation 2. If the number of NZ coefficients are jointly encoded across layers, RI should be included in the UCI part 1 to avoid ambiguity in the payload of UCI part 2.
Observation 3. If the number of NZ coefficients has separate fields per layer, RI can be implicitly signaled to gNB, which leads that reporting RI is redundant.
Observation 4. SCI needs to be determined after the decision on indication of RI and number of NZ coefficients.

Proposal 1: On RI=3-4 extension,
· Support Alt.2B (RI-common for RI=1-4 and layer-group-specific) for the higher-layer setting of SD/FD basis parameters (L, p).
· Support fixed/pre-defined relation for setting parameter p in the principle of y2≤y0.
Proposal 2: Support Alt0 for the number of NZ coefficients per layer.
Proposal 3: It is slightly preferred Alt 1.1 for indicating the number of NZ coefficients. 
Proposal 4: Support Alt2.2B for indicating the bitmap per layer.
Proposal 5: Support Two-step selection for FD basis subset selection.
Proposal 6: Support M’ in UCI part 1 when the joint indication method of NNZC and M’ is adopted.
Proposal 7: Support BSI in UCI part 1 for the extension of Rel-16 Type II CSI omission.
[bookmark: _GoBack]Proposal 8: Support layer-/layer-group-specific quantization setting to RI=3-4 at least for the amplitude quantization level in an explicit or implicit manner.
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Annex
Table A-1. Simulation assumptions 
	Parameters
	Value

	Scenarios 
	Dense Urban (4GHz with 15kHz SCS for 10MHz BW, 30kHz SCS for 20MHz BW), ISD=200m

	BS Tx Power
	41 dBm 

	BS antenna configurations 
(M,N,P,Mg,Ng,Mp,Np)
	Dense Urban: 16ports=(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ         

	MS antenna configurations 
	2 Rx/4Rx X-pol (0/+90)

	Etilt angle 
	102 degree 

	System bandwidth 
	10MHz (52RBs), SB size = 4RBs 

	UE attachment 
	Based on RSRP 

	Duplex
	FDD

	UE speed
	3km/h for indoor, 30km/h for outdoor 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (medium ~50% RU)

	Receiver
	Non-ideal channel estimation and interference modeling
LMMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms
Feedback delay is 5 ms

	Transmission scheme
	MU-MIMO with rank adaptation 

	Wrapping method
	Geographical distance based

	Metrics
	Average UE throughput, 5% UE throughput vs. feedback overhead

	Overhead
	PDCCH (2 symbols), TRS (20ms period), DMRS Type 2, NZP CSI-RS for CM, ZP CSI-RS (4Port) for IM, 1 SSB / 20ms
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