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 In 3GPP RAN1 #104bis-e meeting, the following agreements are made for CSI enhancements [1].
· FDD CSI enhancement
Agreement
At least for rank 1, regarding the value(s) of K1 for port selection matrix W1 in NP*K1, study and down-select from the following candidate values of K1 and the maximal value of P in RAN1 105e
· K1 in {2,4,8,12,16,24,32} with K1 <= P
· The maximal value of P as Pmax, e.g.  32
Agreement
A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
Agreement
At least for rank 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1#105e
· Alt 1: N= Mv always
· Alt 2: N >= Mv and FFS candidate value(s) of N, e.g. 2, 4
· FFS: Whether this applies when Wf is turned OFF.
Agreement 
At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
Agreement 
At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:  
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain
Agreement 
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, down-select ONE option for CSI-RS configurations associated with Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)
· CSI enhancements for MTRP
 Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), 
· Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis.  Each CRI bit size depends on the corresponding number of either valid CMR pairs for NCJT measurement hypothesis or valid CMRs for single-TRP measurement hypotheses
· FFS: Whether the X+1 CRIs are reported jointly as one CSI report or as separate CSI reports.
Agreement 
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: Single CRI is reported whereas CRI bit size depends on total number of valid CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP measurement hypotheses.
· FFS further mapping mechanism between each CRI codepoint and Single-TRP/NCJT measurement hypothesis.
In this contribution, we provide our views on CSI enhancement based on FDD angle and delay reciprocity including remaining issues of codebook structure, quantization of linear combination coefficients and mechanism to improve utilization of CSI-RS. Besides CSI enhancement for multi-TRP is also discussed in this contribution for next level details. 
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Based on the agreement in RAN1#104bis-e, remaining issues for codebook structure are listed to be further studied and down-selected, at least for Rank 1. Therefore some issues related to codebook structure and quantization are discussed in section 2.1 whereas mechanisms to improve utilization of CSI-RS is discussed in section 2.2.
Remaining issues of Rel-17 PS CB enhancement for Rank 1
  , where ,  and , is supported as the codebook structure for R17 PS CB enhancement, in which
·  is a port selection matrix whereas each column of has only one element of “1”. In addition,  is the number of CSI-RS ports and  is the number of ports selected by UE.
· As agreed in RAN1#104bis-e, for Rank 1, based on polarization-common free-selection with combinatorial coefficient for  UE can select the same L= /2 ports out of P/2 ports for both polarizations. 
· To avoid consistently reconfiguring CSI-RS resources for channel measurement and associated Rel-17 PS CB parameters, the value of  is configured by gNB based FDD channel reciprocity, either short/long term statistics or another implementation-based gNB consideration.    
·  is a DFT based compression matrix, in which  and . 
·  is a linear combination coefficient matrix.
· As agreed in RAN1#104bis-e, a bitmap can be used for further compression, if need, by removing negligible coefficients across spatial and frequency domains based on  ports and  DFT vectors. 
In this section, we will mainly focus on Rank 1 of Rel-17 PS codebook enhancement for remaining issues of codebook components,  and .

· Remain issues of codebook structure for 
For port selection matrix , main remaining issues may include: 
· Maximal value of P as Pmax
· Values of    
· 	Maximal value of P
Based on NR CSI-RS design, the CSI-RS port number per CSI-RS resource can equal to 4, 8, 12, 16, 24, and 32. In order to determine the maximum CSI-RS port number for R17 port selection codebook, “Relative UPT gain and CSI feedback overhead” is simulated and shown in Figure 1. In the simulation, we assume CSI-RS port number P = {16, 24, 32}, the candidate values  = {32, 24, 16, 12, 8, 4} with, and polarization-common free selection for . For simplicity, determination of the maximal value of P is based on =1, so that it is assumed with  for . In addition, we assume  = 1, 3 bits amplitude and 4 bits phase per coefficient for . 
With the feedback overhead upper bounded by R16 eType II port selection codebook, compared to the best performance of P=16, P=32 has about 6.9% performance gain in Figure 1. Compared to the best performance of P=24, 2.5% performance gain can be observed as well from that of P=32.
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Figure 1. Performance with different values of P
Observation 1: Assuming that CSI feedback overhead is upper bounded by the maximal payload of R16 eType II port selection codebook, comparing the best performance of P=16 and P = 24, the best performance of P=32 can provide 6.9% and 2.5% performance gain respectively.
Based on above system level simulation results, we have the following proposal:
Proposal 1: For R17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.

· Values of 
Different values of K1 were simulated in Figure 2, by assuming P=32,  K1 = {4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32} with polarization-common for ,  for ,  =1, 3 bits amplitude and  4 bits phase per coefficient for. However relative mean UPT gain corresponding to different values of K1 vary slightly if they are relatively close.  To distribute mean UPT gain equally as much as possible and reduce configurable values for UE implementation, values of 4, 8, 12, 16, 24 and 32 should be supported for K1, which is marked by red circles in Figure 2. 
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Figure 2. Performance of different values of 
Therefore we have following proposal:
Proposal 2:  4, 8, 12, 16, 24 and 32 can be supported for candidate values of K1 (K1 <= P) for port selection matrix.

· Remain issues of codebook structure for 
For a DFT based compression matrix , main remaining issues may include: 
· Values of , N and possible relationship between those parameters
· Mechanism for gNB to indicate/configure FD bases to UE
· Values of R and 
· Values of  and N
Given that there were intensive discussion on  and N in RAN1#104bis-e, it is worth discussing further the functionality for different values of  and N, especially for  and/or N>2. 
To determine the largest value of , the overhead of R16 eTypeII port selection codebook is assumed as the limitation. Figure 3 compares the performance with different number of ports and  under different values of . In the simulations, we assume  for , for  and different values of  for . It can be observed in Figure 3 that when the feedback overhead of CSI does not exceed the upper bound of R16 eTypeII port selection codebook, the best performance of outperforms the best performance of  in Table 1. The main benefits of  can be summarized as following: 
· By utilizing, compared with , more coefficients can be reported by UE, which is helpful to improve overall performance. Though more coefficients, e.g. when , means larger CSI feedback overhead, total CSI feedback overhead does not exceed that of R16 eTypeII PS codebook.
· By utilizing, compared to by assuming the same reporting overhead with higher compression ratios of , more candidate coefficients can be selected freely by the UE and shown in Figure 3 (Marked by red cycles). Such selection freedom by the UE can be transferred into a small performance gain. 

		CSI-RS Port number
Performance Comparison
	12
	16
	24
	32

	 VS 
	3.58%
	3.26%
	2.31%
	0.87%


Table 1 Performance gains of  versus the number of CSI-RS ports 
 Based on simulation results, we have the following observation:
Observation 2: Assuming that CSI feedback overhead is upper bounded by R16 eTypeII port selection codebook,  is beneficial for Rel-17 PS codebook design.
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Figure 3 Performance Comparison of  versus the number of CSI-RS port number (with varying 
Based on above system level simulation results, we have the following proposal.
Proposal 3: For R17 port selection codebook,  should be supported.

As shown in Figure 4, capital letters A, B and C represent respectively three strongest and dominant FD components (A>C>B), and their positions in the delay domain are dispersed. The numbers 0 indicate the weakest FD component (to be ignored for the sake of discussion). Note that, gNB can shift discretely distributed delays to the same location in delay domain as illustrated in Figure 4(a)/(b), which corresponds to the same FD base window across CSI-RS ports. 
We take =2 and N=4 as an example. In order to obtain totally three strongest FD components {A, B, C} with =2, based on the angle and delay reciprocity, gNB can shift the delay by applying SD-FD bases on CSI-RS to limit FD bases observed by UE, at the same time in order to avoid the strongest FD component being repeatedly selected and reported by UE, a window with N=4 consecutive FD bases are applied by the UE for  quantization. The UE only needs to search for three strongest FD components among a FD window/set, since gNB has shifted these strongest FD components to a specific delay position according to the angle and delay reciprocity.
If there is no any kind of information/indication on a FD window/set, i.e. without a Green window as shown in Figure 4(b), due to no window information, UE needs to search strongest FD components in all candidate FD components. However it gives rise to cases that the strongest FD component can be repeatedly selected and reported by UE, e.g. the strongest FD component A as in Figure 4(b), and then will impact the accuracy of PMI reconstruction greatly.
In order to further verify this issue, some system level simulation have been done between the case of gNB indicating the value of N to UE (N=4) and the case of without window. From simulation results shown in Figure 5 assuming =2 for all plots, it can be observed that the performance of gNB indicating a window with N=4 consecutive FD bases to UE is much better, considering potential errors illustrated in Figure 4(b). 
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 Figure 4 Illustration of a DFT Window/Set 
Observation 3: If there is no window (with given FD bases) applied to UE for Wf quantization, there may have performance loss due to dominant FD components (outside that window) being wrongly selected by UE.
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Figure 5 Performance comparison between the case of gNB indicating the value of N to UE (N=4) and the case of without window
Except for a windows size of N, some companies have mentioned whether the start point of that window, i.e., Minit, can be configured by gNB as well. However this function can be accomplished by UE implementation, and the detailed process of UE searching for the start point of the window is described in Appendix A.1.
Based on above system level simulation results/analysis, we have the following proposal:
Proposal 4: At least for rank 1, support FD bases used for Wf quantitation limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1. 
With regarding to “N= always” or N,  for the configuration with N>1 and =1, the UE selecting the FD component rather than the DC is equivalent to compensate the common delay offset due to imperfection. However, such selection can be accomplished by UE implementation if N >1. For example, UE may measure the CSI-RS ports on multiple FD components and report the nonzero coefficients corresponding to the strongest component in W2. Therefore, we think N >  is not needed when  = 1. And there is no need for UE to report information related to  the index of the strongest FD component so that  is basically turned OFF in this case, from specification point of view.   
Observation 4: At least when =1,  can be turned OFF.
For the configuration with >1, 
· In the case of exploiting FDD angular/delay reciprocity reasonably with proper gNB implementation, gNB can shift delays in delay domain such that all dominated FD components can be well captured by a window with size of N=, and there is no need for UE to report the index of the strongest FD component. Note that a SCI-like coefficient may be still needed in W2 for Rel17 PS codebook, as discussed further in Observation 7. 
· In the case of non-ideal FDD angular/delay reciprocity due to some implementation limitations, N >  can be used to combat  a certain imperfection. For example, from the perspective of gNB, FD components A, C shown in Figure 6 are the strongest components based on UL channel with certain implementation/estimation errors for FD component C. After applying SD/FD beamforming to ports 1 and 2, real beamformed CSI-RS ports suggest that the first and third FD components (two red boxes in Figure 6) are the strongest ones, from the perspective of CSI measurement. So N=4 (Green box in Figure 6) and =2 could be useful to combat such imperfection, in a certain degree. Although some non-ideal factors, such as calibration errors have been incorporated in our simulations based on the agreements in RAN1#102, the performance gain from N> is not observed in our simulations, considering that it is highly related to specific gNB implementation mechanism and characteristics of propagation channels. 
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Figure 6 Illustration of non-ideal reciprocity with dominant FD components A>C>B
Based on above system level simulations and analysis on relationships between N and , we have the following proposal:
Proposal 5: For relationship between N and , support Alt 2
· N= if 
· N with N=2,4 if 

· Value(s) R and 
According to agreements in #104bis-e, 5 Alts are listed regarding the value(s) of R.  In Figure 7, different values of  are simulated based on R17 PS CB where we assume K1 = P = 32 and. In our simulation, values of R correspond to the number of PMIs per CQI sub-band but also indicates the CSI-RS precoding granularity in frequency domain at gNB as implicitly, where is the PRB number in a sub-band which is determined in the Table5.2.1.4-2 in TS38.214 [2]. The performance gains of R = 4, 8, 16 compared with R = 2 for different bandwidth are listed in Table2. 
From Figure 7 and Table 2, it can be found that larger R have a better performance, in particular for large bandwidth. In addition,  and  have the same performance (e.g. 20MHz R=4 has the same performance with R=8), this is because the PDSCH precoding is same in the PRG size which equals to 2RBs. In addition, when considering the CSI-RS frequency domain density per CSI-RS resource, the value of R should less than or equal to , where D is the CSI-RS density in frequency domain.
	                
Bandwidth
	DFT basis

	
	R=4
	R=8
	R=16

	20MHz
	2.2%
	2.2%
	N.A.

	50MHz
	2.7%
	4.2%
	4.2%

	100MHz
	2.9%
	4.6%
	5.4%


Table 2 Performance gains of larger values of R versus R=2 
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(1) 20MHz
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(2)  50MHz                                    
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(3) 100MHz  
[bookmark: _Ref421869718]Figure 7. System level simulation between different values of R for R17 PS CB
Observation 5: Compared with R=2, larger R (R=4, 8, 16) can provide a better performance, especially in the case of large bandwidth for which the benefit of finer PMI quantization than CQI subband size is more profound.   
Based on above system level simulation results, we have the following proposal:
Proposal 6: Support Alt 4, i.e. R= {1, 2, …, } whereas D is the density of CSI-RS in frequency domain), for R17 port selection codebook. 

· Remaining issues of codebook structure for  
For linear combination coefficients matrix , main remaining issues may include: 
· Values of 
· A bitmap for indicating non-zero coefficients is polarization-common or polarization-specific
· Quantization mechanism of coefficients
· A bitmap for indicating non-zero coefficients is polarization-common or polarization-specific
Based on the agreements in RAN1#104bis-e, a bitmap can be used to further compress the CSI feedback overhead, so that UE can only report non-zero linear combination coefficients based on measurement results, which is similar with design principle of  in R16. And a bitmap is polarization-common or polarization-specific should be further studied whereas polarization-specific bitmap is the baseline.
Considering following bitmap design:
· Polarization-common bitmap: UE can freely selects /2 non-zero coefficients out of  K1/2  coefficients
· Polarization-specific bitmap: UE can freely selects  non-zero coefficients out of  K1  coefficients
“Relative UPT gain and CSI feedback overhead” is simulated and shown as Figure 8. In the simulation, we assume P=32 and K1=16/32 for . 
            [image: ]          [image: ]
(1) ，P=K1=32                                   (2) ，P=K1=16 
Figure 8. Performance Comparison of Polarization-common versus Polarization-specific bitmaps (by varying) 
It can be found in Figure 8 that even though polarization-specific bitmap can provide better performance with the same number of selected non-zero linear combination coefficients, polarization-specific bitmap gives rise to larger CSI feedback overhead. Polarization-specific bitmap for  has worse performance at low overhead especially, assuming the same feedback overhead.
Observation 6: Polarization-common bitmap for  can provide better/similar performance gain assuming the same reporting overhead, e.g.  4.9% gain can be observed at low overhead for 32 ports.
Based on above system level simulation results, we have the following proposal.
Proposal 7: Polarization-common based bitmap for  should be supported for R17 PS CB.

· Values of 
For compression ratios of reported non-zero coefficients (like parameter β in R16), since gNB can implement compression implicitly based on FDD angle/delay reciprocity, larger β (e.g. β = 1) should be supported for R17. In addition to β = 1, some other values (e.g. 1/8, 1/2, 1/4, 3/4) can be considered as well to achieve different levels of performance/overhead/UE complexity trade-off, which are marked by red circles in Figure 8 (2).
Proposal 8: Considering that gNB can implement compression implicitly, β = 1 should be supported for R17 and other smaller candidate values can be considered as well.

· Quantization mechanism of coefficients
There also have some discussion on quantization mechanism of coefficients. In this part, we take existing Rel-16 quantization mechanism for  as a start point, which can be summarized as following:
· An indicator for the strongest coefficient
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· phase is quantized to 16PSK
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Figure 9 Illustration of SCI for Rel-16 Port Selection Codebook
In R16, as shown in Figure 9, no feedback is required to indicate the strongest coefficient for the location within the frequency domain, since the strongest coefficient is fixed always in the 1st frequency basis as .    Such UE-implementation based phase shifting of   does not impact PMI reconstruction by gNB. Moreover other selected FD bases (Red boxes in Figure 9) are reported by UE according to combinatorial coefficient.
[image: ]
Figure 10 Illustration of SCI for Rel-17 Port Selection Codebook
By comparison, dominant FD basis used for  quantitation in R17 are limited within a single window with a size of  configured to the UE. Taking  as an example in Figure 10, UE can only use given FD components within that window to calculate coefficients in  
· If UE shifts the strongest coefficient to the 1st FD base as the rightmost figure in Figure 10, the coefficient on the second strong FD basis (dark green) can’t be feedback to gNB since it is outside of that window. 
· On the contrary, as shown in the leftmost figure in Figure 10, it is preferred to directly feedback the frequency basis indicator where the strongest coefficient is located within the frequency domain.  
Except for indicating the strongest coefficient, other quantization mechanism can reuse R16, e.g. two polarization-specific reference amplitudes and the quantization for coefficients other than the strongest coefficient. For example, the reference amplitude of the weak polarization is quantized to 4 bits.   bits and 4(are used to quantize the differential amplitude and phase of non strongest coefficients respectively (Assuming β = 1). A total of  bits may be required for the quantization of  coefficients.
Based on above analysis, we have the following observation: 
Observation 7: Strongest coefficient indication (SCI) may need to be studied further for Rel-17 port selection codebook, when Mv>1.

Analyzing mechanisms to improve utilization of CSI-RS
For PS codebook enhancements improving utilization of CSI-RS, four options for CSI-RS configurations associated with Rel-17 PS codebook to support low CSI-RS overhead and CSI-RS  processing complexity are provided:
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook 
Among above options, Option 1 can be used to reduce CSI-RS overhead, and Option 3 can be used to provide higher and more flexible CSI-RS resource configurations but can't reduce CSI-RS overhead unless combined with option 1. Therefore, option 3 is not considered. In order to compare CSI-RS overheads, we evaluate and calculate the CSI-RS overhead (Average CSI-RS ports number per 5ms per cell during the simulation time) of Option 0 (density 1 and density 0.5) and Option1 by system level simulation based on CSI-RS overhead calculation method agreed in RAN1#102e. And the CSI-RS overhead is deducted from the performance (Relative Mean UPT gain) by the following formula, we assume that Y equals to 5 and 132 REs are used for PDSCH transmission.

First, three CSI-RS utilizing solutions are simulated and summarized in Table 3 assuming the same 32 DFT-based SD-FD beamforming pairs per CSI-RS resource, in which the first and the second solutions are supported in option 0, and the third solution has lower frequency domain density as 0.25.
	Solution
	CSI-RS port number
	Frequency density

	Option 0
	32
	1

	Option 0
	32
	0.5

	Option 1
	32
	0.25


Table 3. Performance Comparison of CSI-RS Frequency Density for R17 PS codebook 
In the simulation, we assume P=32 and K1=4, 8, 12, 16, 24, 32 linear combination coefficients are chosen with polarization-common for , andβ = 1 is assumed for  and amplitude with 3bits, phase with 4bits for the quantization of linear combination coefficients for , and  for . Figure 11 gives the performance of relative gain taking account into CSI-RS overhead of different solutions with taking the gain of Type I as 100%. 
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Figure 11. Relative gain with CSI-RS overhead of different frequency domain density
From the simulation, we found that if taking account into CSI-RS overhead, Option 1 can provide 6% gain at low UCI payload and 5% gain at high UCI payload compared with Option 0 with density as 1. Compared to Option 0 with density as 0.5, about 2% gain can be observed at low UCI payload and about 1.5% gain can be observed at high UCI payload.
Observation 8: Lower CSI-RS density as 0.25 can provide better mean UPT gain if taking into account CSI-RS overhead:
· Compared to Option 0 with density as 1, about 6% gain can be observed at low UCI payload and about 5% gain can be observed at high UCI payload
· Compared to Option 0 with density as 0.5, about 2% gain can be observed at low UCI payload and about 1.5% gain can be observed at high UCI payload
Based on above simulations and analysis, in order to improve the utilization of CSI-RS, we have the following proposal.
Proposal 9: Option 1, i.e. with a lower CSI-RS density as 0.25, should be supported to improve utilization of CSI-RS for Rel-17 PS codebook.

CSI Enhancement for Multi-TRP
In the following, we focus on CSI enhancement for NCJT where CSI measurement is associated to one single reporting setting.
CSI Measurement Enhancement
Resource setting for CMR
For CMRs configured in the CSI-RS resource set, dynamically updating CMRs for single-TRP measurement hypotheses or CMR pairs for NCJT measurement hypotheses are not preferred. The number of bits for CRI in a CSI report depends on the number of valid CMR pairs for NCJT measurement hypothesis and the number of valid CMRs for single-TRP measurement hypothesis. This gives rise to variable payload of CSI part 1 so that more standard efforts may be required.
Proposal 10: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support M (M ≤ Ks) CMRs from the CSI-RS resource set for CMR to be configured for Single-TRP measurement hypotheses by additional RRC signaling.

Generally, in FR1, UE use the omnidirectional antenna for the reception from different TRPs. Hence it is feasible that a NZP CSI-RS resource m can be referred by 
· 2 CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses
· or a CMR pair  (m, a) configured for NCJT measurement or a CMR configured for Single-TRP measurement hypotheses. 
From above analysis, we have the following proposal:
Proposal 11: For FR1, a NZP CSI-RS resource m can be referred by:
· Two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses
· Both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis.

In FR2, UE is to use analog beamforming such that sufficient power gain can be achieved to combat severe propagation attenuation. For a CMR pair (m, a) configured for NCJT measurement or CMR m configured for Single-TRP measurement hypotheses, analog beam for receiving CMR m under NCJT measurement hypothesis can be different from the counterpart used for receiving CMR m under a Single-TRP measurement hypothesis. For a Single-TRP measurement hypothesis, the receiving analog beam is used to maximize the receiving power on CMR m, whilst for a NCJT measurement hypothesis, how to mitigate mutual interference between CMR m and CMR a under NCJT measurement hypothesis is considered jointly in the selection of receive analog beams. For 2 CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, because analog beams for receiving CMRs a and b can be different in order to mitigate the corresponding mutual interference between CMR m and CMR a and interference between CMR m and CMR b simultaneously, UE may use different analog beams to receive CMRs m in two CMR pairs (m, a) and (m, b). 
So for the sake of implementation complexity at UE, we have the following proposal:
Proposal 12: For FR2, a NZP CSI-RS resource m cannot be referred simultaneously by:
· Two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses
· Both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis.

Resource setting for IMR
For a CSI-IM resource configuration, it can be relatively straightforward to support one-to-one mapping between IMR and CMR/CMR pair by considering additional N dedicated CSI-IM resources for N CMR pairs (NCJT), similar with Rel-15/16 design, for example, for a NZP CSI-RS resource set with  CMRs for single-TRP measurement hypotheses and N CMR pairs for NCJT measurement hypotheses it is associated with  CSI-IM resources. 

Based on above simple design principle, we have following proposal: 
Proposal 13: A NZP CSI-RS resource set configured with M CMRs for single-TRP measurement hypotheses and N CMR pairs for NCJT measurement hypotheses is associated to a CSI-IM resource set configured with M+N CSI-IM resources, 
· Whereas the first M CSI-IM resources are associated with M CMRs one-by-one and remaining N CSI-IM resources are associated with N selected CMR pairs one-by-one.  

To achieve better performance of NCJT, the mutual interference between two CMRs should be taken into account for the calculation of CSI for NCJT measurement hypothesis. Specifically, when UE calculates the PMIi on CMRi, the mutual interference precoded PMIj which is derived from CMRj  is considered, and vice versa. Similarly, in the calculation of CQI for NCJT measurement hypothesis, the mutual interference between the beamformed CMRi and CMRj is considered by assuming that CMRi/ CMRj is beamformed by PMIi/ PMIj so that each port of beamformed CMRi/ CMRj corresponds to one port of hypothetical PDSCH port. Based on the above analysis, we have the following proposal: 
Proposal 14: For a CMR in a CMR pair, another CMR in the same pair is considered as NZP IMR for that CMR. 

CSI Reporting Enhancement 
CSI report quantity configurations
In Rel-15, the reportQuantity in a CSI-ReportConfig can be ‘none’, ‘cri-RI-PMI-CQI’, ‘cri-RI-i1’, ‘cri-RI-i1-CQI’, ‘cri-RI-CQI’, ‘cri-RSRP’, ‘ssb-Index-RSRP’, or ‘cri-RI-LI-PMI-CQI’. In Rel-16, two additional report quantities, i.e., ‘cri-SINR-r16’ and ‘ssb-Index-SINR-r16’ can be configured to support beam measurement.
It was agreed that for a CSI report associated with a NCJT measurement hypothesis, the UE is expected to report 2 RIs, 2 PMIs, 2 LIs, and 1 CQI per codeword. The performance gain achieved by NCJT relies on complete and accurate CSI report. However when reportQuantity is set to be ‘cri-RI-i1-CQI’, only wideband PMI is reported based on Type I codebook. It is unclear to how to use wideband-like CSI report for NCJT transmission. Therefore to simplify specification changes for NCJT CSI, we have following proposal: 
Proposal 15: The report quantity is either ‘cri-RI-PMI-CQI’ or ‘cri-RI-LI-PMI-CQI’ if a CSI-ReportConfig is associated with NCJT measurement hypothesis in Rel-17. 

UCI design
CRI design
For the UE is configured with CSI Option 1, it is agreed that X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis are reported. The association between the CRI and CMR/CMR pair is still unclear. 
For a NZP CSI-RS resource set with M CMRs for single-TRP measurement hypothesis and N CMR pairs for NCJT measurement hypothesis, one simple design is provided as follow. CRI0 with a bitwidth of  in UCI is used to determine one CMR pair within N CMR pairs configured for NCJT measurement hypotheses, CRI1 and CRI2 with a bitwidth of  in UCI, i.e. when X=2, is used to determine one CMR within M CMRs for Single-TRP measurement hypotheses. Note that detailed association of codepoint of CRI (CRI0/CRI1/CRI2) may depend on RAN2 signaling design over the CMR/CMR pair configuration.
Proposal 16: When a UE is configured with CSI Option 1, 
· A CRI with a bitwidth of  is used to determine one CMR pair within N CMR pairs configured for NCJT measurement hypothesis;
· A CRI with a bitwidth of  is used to determine one CMR within M CMRs configured for Single-TRP measurement hypothesis.

RI restriction and CBSR
In Rel-15/16, the UE can be configured with  allowed RI values for a UE for a given CSI measurement in order to relax the implementation complexity of UE.
For CSI measurement associated to a reporting setting CSI-ReportConfig for Single-TRP measurement hypothesis, it is slightly preferred that single RI restriction should be configured across TRPs. If the RI restriction is configured differently per TRP, allowed RI values for 2 CMRs may be different with different TRPs. For CSI option 2, when the reported CSI is associated with a Single-TRP measurement hypothesis, the payload of Rank Indication field is then determined by the maximal number of allowed RI values by RI restriction associated with particular TRP. It may give rise to a certain complexity of specification. 
It was agreed that when the maximal transmission layers are less than or equal to 4, the indication of RI combinations of {1,1}, {1,2}, {2,1} and {2,2} is supported by a joint RI field for a NCJT measurement hypothesis in CSI part 1. For a Single-TRP measurement, when the maximal transmission layers are less than or equal to 4, candidates of RI restriction can be 1, 2, 3 or 4. Therefore it may be beneficial that the RI restriction is configured per measurement hypothesis type, i.e., one RI restriction for Single-TRP measurement hypothesis and the other RI restriction for NCJT measurement hypothesis.
Proposal 17: For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, two RI restrictions can be configured for a given reporting setting whereas:
· One RI restriction corresponds to M CMRs for Single-TRP measurement hypothesis
· Another RI restriction corresponds to N CMR pairs for NCJT measurement hypothesis

To avoid reporting the precoders which may induce the strong interference, the UE can be configured with CBSR to be informed that the reported PMI is not allowed to correspond to the associated precoders. In NCJT, the precoders causing the strong interference on the cooperative TRPs can be very different. It is reasonable to configure CBSR per TRP. Specifically, for CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE is configured with two CBSRs. When the UE derives the PMI over a CMR associated with the first CMR group, the reported PMI is restricted by the first CBSR associated to that CMR group, and similarly for the second CMR group in the same CMR set. Note that the payload of PMI is independent to the configuration of CBSR.
Proposal 18: For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, two CBSRs can be configured for a given reporting setting whereas each of them corresponds to one CMR group in a CMR set, i.e. per TRP.

CSI processing criteria
Priority reporting levels
In Rel-15/16, when the UL resource is compact, Part 2 CSI omission can be applied according to priority reporting levels as shown in Table 4. Priority reporting levels among different reports are determined according to the priority value  of each report.  In each report, CSI of even subbands has a higher priority reporting levels than CSI of odd subbands.
Table 4: Rel16 Priority reporting levels for Part 2 CSI
	Priority 0:
For CSI reports 1 to , Group 0 CSI for CSI reports configured as 'typeII-r16' or 'typeII-PortSelection-r16'; Part 2 wideband CSI for CSI reports configured otherwise

	Priority 1:
Group 1 CSI for CSI report 1, if configured as 'typeII-r16' or 'typeII-PortSelection-r16'; Part 2 subband CSI of even subbands for CSI report 1, if configured otherwise

	Priority 2:
Group 2 CSI for CSI report 1, if configured as 'typeII-r16' or 'typeII-PortSelection-r16'; Part 2 subband CSI of odd subbands for CSI report 1, if configured otherwise

	Priority 3:
Group 1 CSI for CSI report 2, if configured as 'typeII-r16' or 'typeII-PortSelection-r16'; Part 2 subband CSI of even subbands for CSI report 2, if configured otherwise

	Priority 4:
Group 2 CSI for CSI report 2, if configured as 'typeII-r16' or 'typeII-PortSelection-r16'. Part 2 subband CSI of odd subbands for CSI report 2, if configured otherwise

	⁞

	Priority :
Group 1 CSI for CSI report , if configured as 'typeII-r16' or 'typeII-PortSelection-r16'; Part 2 subband CSI of even subbands for CSI report , if configured otherwise

	Priority :
Group 2 CSI for CSI report , if configured as 'typeII-r16' or 'typeII-PortSelection-r16'; Part 2 subband CSI of odd subbands for CSI report , if configured otherwise



For CSI Option 1 with X=1 or 2, the payload of CSI report further increases because the UE is required to report multiple CSIs for various hypotheses, e.g. one CSI for NCJT hypothesis and X (X=1,2) CSIs for Single-TRP hypothesis. When UL transmission resource is only enough to carry partial CSIs in a report, UE can omit a subset of CSIs targeting for measurement hypotheses with lower priority reporting levels. Therefore R17 needs to define priority reporting levels among different hypotheses, for CSI Option 1. 
Similar as Rel-15/16, priority reporting levels among different reports are determined according to the priority value  of each report. In each report, priority reporting levels of different hypotheses are determined as: NCJT hypothesis>1st S-TRP hypothesis>2nd S-TRP hypothesis. In each hypothesis, CSI of even subbands has a higher priority reporting level than CSI of odd subbands. In other words, priority reporting levels of NCJT report with Option 1 are given as below.
Proposal 19: For a given NCJT report with Option 1, priority reporting levels for Part 2 CSI in the report are defined as following orders, if configured
· Part 2 subband CSI of even subbands of NCJT measurement hypothesis
· Part 2 subband CSI of odd subbands of NCJT measurement hypothesis
· Part 2 subband CSI of even subbands of the first Single-TRP measurement hypothesis
· Part 2 subband CSI of odd subbands of the first Single-TRP measurement hypothesis
· Part 2 subband CSI of even subbands of the second Single-TRP measurement hypothesis
· Part 2 subband CSI of odd subbands of the second Single-TRP measurement hypothesis

CSI Updating
It was agreed in last meeting that the calculation of a CSI assuming NCJT measurement hypothesis occupies 2 CPUs. Therefore total number of CPUs required for given CSI report associating with a CSI-RS resource set with M NZP CSI-RS resources for Single-TRP measurement hypotheses and  CMR pairs for NCJT measurement hypotheses,  , is given by: 
· 2N, when reporting Option 1 with X=0 is configured
· M+2N, when reporting Option 1 with X=1 or 2 or Option 2 is configured.
Table 5: The number of occupied CPUs
	
	N
	

	
	
	Rel-15/16 (N is not applied)
	Opt. 1 with X=0
	Opt. 1 with X=1/2 or Opt.2

	2
	1
	2
	2
	4

	3
	1
	3
	2
	5

	3
	2
	3
	4
	7

	4
	1
	4
	2
	6

	4
	2
	4
	4
	8

	6
	1
	6
	2
	8

	6
	2
	6
	4
	10

	8
	1
	8
	2
	10

	8
	2
	8
	4
	12



As shown in above table, the minimal number of required CPUs for a NCJT report in Rel-17 is 2 when the UE is configured with reporting Option 1 with X=0. Moreover, the maximal number of required CPUs for a NCJT report is 12 when the UE is configured with reporting Option 1 with N=2 or Option 2. 
However, typical chipset can support very limited CPUs per CC, e.g. 2 or 4 CPUs per CC for 16 ports CSI-RS resources for Rel-15 commercial UEs, so that Option 1 with X=1/2 or Option 2 becomes even more challenging in UE implementation, or unfriendly network limitation vice versa. Note that gNB normally has to configure periodic CSI reporting for basic sTRP transmission, which will occupy and reserve a certain amount of CPUs for given UE, from time to time. To avoid above issue caused by CPU overbooking, one possible solution is that when one CSI report is associated with both Single-TRP and NCJT measurement hypotheses, the UE can only update the CSI associated with NCJT measurement hypothesis and is not required to update the CSI associated with Single-TRP hypothesis. 
For example, when the CSI report is configured with Option 1 with X=1/2, the CSI associated with NCJT measurement hypothesis can be updated and X CSIs associated with Single-TRP measurement hypothesis may not be required to update, if there is no sufficient available CPU. When the CSI report is configured with Option 2, the UE report the updated CSI associated with NCJT measurement hypothesis. Moreover,  when available CPUs is less than the number of required CPUs associated with all NCJT measurement hypotheses, i.e., 2N, the UE is not required to update whole CSI report.   
Proposal 20: For a CSI report associated with both Single-TRP and NCJT measurement hypotheses, the UE is required to update the CSI associated with NCJT measurement hypotheses in the CSI report, if , where N is the number of CMR pairs associated with NCJT measurement hypotheses,   denotes the number of available CPUs on a given OFDM symbol, and  is the number of CPUs required to update whole CSI report.

Conclusions
This contribution provides our views on CSI enhancement based on angle and delay reciprocity and CSI enhancement for multi-TRP. In summary, the following proposals and observations are made.
Proposal 1: For R17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.
Proposal 2: 4, 8, 12, 16, 24 and 32 can be supported for candidate values of K1 (K1 <= P) for port selection matrix.
Proposal 3: For R17 port selection codebook,  should be supported.
Proposal 4: At least for rank 1, support FD bases used for Wf quantitation limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1. 
Proposal 5: For relationship between N and , support Alt 2
· N= if 
· N with N=2,4 if 
Proposal 6: Support Alt 4, i.e. R= {1, 2, …, } whereas D is the density of CSI-RS in frequency domain), for R17 port selection codebook.
Proposal 7: Polarization-common based bitmap for  should be supported for R17 PS CB.
Proposal 8: Considering that gNB can implement compression implicitly, β = 1 should be supported for R17 and other smaller candidate values can be considered as well.
Proposal 9: Option 1, i.e. with a lower CSI-RS density as 0.25, should be supported to improve utilization of CSI-RS for Rel-17 PS codebook.
Proposal 10: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support M (M ≤ Ks) CMRs from the CSI-RS resource set for CMR to be configured for Single-TRP measurement hypotheses by additional RRC signaling.
Proposal 11: For FR1, a NZP CSI-RS resource m can be referred by:
· Two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses
· Both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis.
Proposal 12: For FR2, a NZP CSI-RS resource m cannot be referred simultaneously by:
· Two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses
· Both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis.
Proposal 13: A NZP CSI-RS resource set configured with M CMRs for single-TRP measurement hypotheses and N CMR pairs for NCJT measurement hypotheses is associated to a CSI-IM resource set configured with M+N CSI-IM resources, 
· Whereas the first M CSI-IM resources are associated with M CMRs one-by-one and remaining N CSI-IM resources are associated with N selected CMR pairs one-by-one.  
Proposal 14: For a CMR in a CMR pair, another CMR in the same pair is considered as NZP IMR for that CMR.
Proposal 15: The report quantity is either ‘cri-RI-PMI-CQI’ or ‘cri-RI-LI-PMI-CQI’ if a CSI-ReportConfig is associated with NCJT measurement hypothesis in Rel-17. 
Proposal 16: When one UE is is configured with CSI Option 1, 
· A CRI with a bitwidth of  is used to determine one CMR pair within N CMR pairs configured for NCJT measurement hypothesis;
· A CRI with a bitwidth of  is used to determine one CMR within M CMRs configured for Single-TRP measurement hypothesis.
Proposal 17: For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, two RI restrictions are configured for a given reporting setting, whereas:
· One RI restriction corresponds to M CMRs for Single-TRP measurement hypothesis.
· Another RI restriction corresponds to N CMR pairs for NCJT measurement hypothesis.
Proposal 18: For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, two CBSRs are configured for a given reporting setting whereas each of them corresponds to one CMR group in a CMR set, i.e. per TRP.
Proposal 19: For a given NCJT report with Option 1, priority reporting levels for Part 2 CSI in the report are defined as following orders, if configured
· Part 2 subband CSI of even subbands of NCJT measurement hypothesis
· Part 2 subband CSI of odd subbands of NCJT measurement hypothesis
· Part 2 subband CSI of even subbands of the first Single-TRP measurement hypothesis
· Part 2 subband CSI of odd subbands of the first Single-TRP measurement hypothesis
· Part 2 subband CSI of even subbands of the second Single-TRP measurement hypothesis
· Part 2 subband CSI of odd subbands of the second Single-TRP measurement hypothesis
Proposal 20: For a CSI report associated with both Single-TRP and NCJT measurement hypotheses, the UE is required to update the CSI associated with NCJT measurement hypothesis in the CSI report, if , where N is the number of CMR pairs associated with the CSI report,   denotes the number of available CPUs on a given OFDM symbol, and  is the number of CPUs required to update whole CSI report.

Observation 1: Assuming that CSI feedback overhead is upper bounded by the maximal payload of R16 eType II port selection codebook, comparing the best performance of P=16 and P = 24, the best performance of P=32 can provide 6.9% and 2.5% performance gain respectively..
Observation 2: Assuming that CSI feedback overhead is upper bounded by R16 eTypeII port selection codebook,  is beneficial for Rel-17 PS codebook design.
Observation 3: If there is no window (with given FD bases) applied to UE for Wf quantization, there may have performance loss due to dominant FD components (outside that window) being wrongly selected by UE.
Observation 4: At least when =1,  can be turned OFF.
Observation 5: Compared with R=2, larger R (R=4, 8, 16) can provide a better performance, especially in the case of large bandwidth for which the benefit of finer PMI quantization than CQI subband size is more profound.   
Observation 6: Polarization-common bitmap for  can provide better/similar performance gain assuming the same reporting overhead, e.g.  4.9% gain can be observed at low overhead for 32 ports.
Observation 7: Strongest coefficient indication (SCI)  may need to be studied further for Rel-17 port selection codebook, when Mv>1.
Observation 8: Lower CSI-RS density as 0.25 can provide better mean UPT gain if taking into account CSI-RS overhead:
· Compared to Option 0 with density as 1, about 6% gain can be observed at low UCI payload and about 5% gain can be observed at high UCI payload
· Compared to Option 0 with density as 0.5, about 2% gain can be observed at low UCI payload and about 1.5% gain can be observed at high UCI payload
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Appendix A. 
A.1 Process of the UE searching for the start point of the window
In this appendix, we will present a general process of UE determination for the starting point of a window of Wf whereas the size of such window is configured by gNB as codebook related parameters. 
Step 1: The UE performs -point IFFT transform on the estimated downlink equivalent channel corresponding to  - receive antenna and - () port as follows:

Step 2: According to the size of the window N, the problem of the UE searching for the starting point of the window   can be stated as 

Where . Figure A.1-1 demonstrates the starting point of determined by the window with N=4 based on above equation so that within that range of the window (Red box in Figure A.1-1), the value of Y (total power) is maximized. 
[image: ]
		Figure A.1-1: Illustration of UE searching for the starting point of the window
The UE complexity of R16 PS codebook and R17 PS codebook with above UE searching.
Example PMI calculating process for R16 PS codebook
· Calculating covariance matrix per sub band with O() complex multiplication
· Note:  means subband number;  means UE receive antenna;  means CSI-RS port number and  means CSI-RS port number per polarization.
· Port selection and spatial domain compression
· Note: Most operators are complex addition and selection in this part
· Subband SVD operator with , which equals to  complex multiplication
· Note:  means the selected CSI-RS port number and  means the selected CSI-RS port number per polarization.
· Frequency domain compression with O() complex multiplication
Example PMI calculating process for R17 PS codebook
· UE searching with  -point IFFT transform, which equals to  complex multiplication
· Note: , where R corresponds to the number of PMIs per CQI sub-band
· Obtaining coefficients per CSI-RS ports
· Note: Most operators are complex addition and selection in this part
· Wideband SVD operator with O() complex multiplication
Taking , , ,  and  as an example, the complex multiplication of R16 and R17 is summarized as following. Based on the following table, it can be observed that compared with R16, R17 needs fewer complex multiplication even with UE searching operator.
	Steps
	Calculating covariance matrix
	Port selection
	Subband SVD
	FD compression
	Total

	complex multiplication
	26624
	N.A.
	29744
	5408
	61776


(a) R16 PS codebook
	Steps
	UE searching
	Obtaining coefficients
	Wideband SVD
	Total

	complex multiplication
	29952
	N.A.
	2186
	32138


(b) R17 PS codebook
Table A.1-1 Example of UE complexity
A.2 Preliminary simulation of Rel-17 PS CB for Rank 2~4
In this part, we evaluate the performance of R17 PS CB with SRS estimation error and gNB calibration error, which is based on the agreements of RAN1#102e. For R17 PS CB, based on the observation and proposals in our companion paper [1], we assume K1 = P = 32 for ,  for , and polarization-common based bitmap with different values of compression ratio β, e.g. 1, 3/4, 1/2 for . In addition, 3 bits are used to amplitude and 4 bits are used to phase for each linear combination coefficient. At gNB side, non-DFT bases are applied for CSI-RS for both R16 PS CB (Spatial domain) and R17 PS CB (Spatial and frequency domain). As discussed in Rel-16, Rank 1~2 can be used for MU-MIMO and Rank 3~4 can be used for SU-MIMO. In order to make the simulation more simple and straightforward, we simulation MU-MIMO with fixed Rank 2 and SU-MIMO with fixed Rank 4 respectively.

For Rank 2, the polarization-common based bitmap for  is layer specific and the overall CSI feedback is almost twice than Rank1. MU-MIMO with fixed Rank 2 are assumed for both R16 and R17. Considering not all UEs are suitable for high rank-Rank2 transmission, especially for the UEs with lower SNR who have small UPT, therefore we use 50% UPT instead of mean UPT to show the performance of different schemes. Figure 1 gives the performance of R16 enhanced Type II port selection codebook and Rel-17 PS CB enhancement under fixed Rank 2 per UE for MU-MIMO with SRS error and calibration error, in which the performance of R16 with lowest CSI feedback overhead is taken as 100%. It can be observed that compared with R16, R17 can provide about 25% performance gain for 50% UPT at high CSI feedback overhead if the same reporting overhead is assumed.
[image: ]
Figure A.2-1. Performance between R16 PS CB and Rel-17 PS CB for MU-MIMO with Rank2
Note that by utilizing angle and delay reciprocity, free bases selection and non-DFT-based channel decomposition especially in frequency domain can be achieved at gNB sides for R17 PS CB, which could provide significant performance gain. Furthermore, R17 PS CB can achieve finer precoding granularity for PMI (larger R, numberOfPMISubbandsPerCQISubband) and enable finer precoding granularity and provide better performance. In the simulation, R of R16 PS CB equals to 2 and R of R17 PS CB equals to 4. For MU-MIMO, by taking advantage of more accurate CSI quantization, the interference can be better suppressed and more UEs can be secluded for MU transmission.
For Rank 4, the polarization-common based bitmap for  is layer specific and the overall CSI feedback is no more than Rank2. SU-MIMO with fixed Rank 4 are assumed for both R16 and R17 in this part. Similar to MU-MIMO with fixed Rank 2, we also use 50% UPT gain to show the performance of different schemes. Figure 2 gives the performance of R16 enhanced Type II port selection codebook and Rel-17 PS CB enhancement under fixed Rank 4 per UE for SU-MIMO with SRS error and calibration error. It can be observed that compared with R16, R17 can provide about 30% performance gain for 50% UPT at high CSI feedback overhead if the same reporting overhead is assumed.
[image: ]
Figure A.2-2. Performance between R16 PS CB and Rel-17 PS CB for SU-MIMO with Rank4
As analyzing above, by utilizing angle and delay reciprocity, free bases selection, non-DFT-based channel decomposition and finer granularity in frequency domain for PMI can be achieved for R17 PS CB, which could provide more accurate CSI quantization and provide performance gain for SU-MIMO, especially for high rank.
A.3 SLS assumptions for CSI enhancement
	Table A.2-1 SLS assumptions for CSI enhancement
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Urban Macro

	Frequency Range
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ
Other configuration is not precluded.

	BS Tx power 
	44dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	MU-MIMO with rank adaptation

	CSI feedback 
	Feedback assumption: 
· CSI feedback periodicity (full CSI feedback) :  5ms 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	SRS Configuration
	· SRS periodicity with 10ms
· Comb: 2
· Number of OFDM symbols: 2

	SRS Error Model
	SRS error Modelling in Table A.1-2 in 36.897. =9dB and detailed derivation of  can be found in R1-144943.

	Calibration error model at gNB
	
amplitude error (expressed in decibels) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation for simulation bandwidth , respectively

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h)

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI reporting overhead
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