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Introduction 
In RAN1#104-bis-e, the following agreements [1] were made for enhancements on the Rel. 16 Type II PS codebook and CSI reporting for multi-TRP.
  
	Agreement
For rank=1, polarization-common based free-selection should be supported for W1.
· FFS: Whether there is a need to restrict the number of CSI-RS ports for which this is supported

Agreement
At least for rank 1, combinatorial coefficient is used for port selection for W1.
· FFS when Wf is turned off

Agreement
Confirm following working assumption of Wf for R17 PS CB
· Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters.

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
· FFS: possible parameter combinations/dependence for K1 with other PS CB parameters, e.g. whether different candidate values of K1 should be configured for different ranks (if rank>1 is supported).
· FFS: Whether any value of K1 up to P can be supported for some codebook parameters 
· Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations.
Note: for polarization-specific based free-selection, it means select K1 ports out of P ports
Note: P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study)

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/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters

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
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.

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 FSS candidate value(s) of N, e.g. 2, 4
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/ not supporting additional alternatives for higher rank.

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
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.

Agreement 
For the quantization of W2 coefficient, study following Alternatives with Alt 1 as the baseline:
· Alt1: Reusing Rel-16 quantization mechanism for Rank 1 at least, 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
· Alt1-1: the ref amplitude = 0 reserved in R16 can be replaced with a new value, e.g. (1/2)^(1/8), (1/2)^(3/8)
· Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rel15/16 amplitude codebooks) and phase (e.g. 16PSK) quantization 
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: support a strongest coefficient indicator, and individual quantization for other non-zero coefficients.
· Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for each non-zero coefficient
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: reference amplitude is polarization specific or polarization common, and corresponding codebook
· Note: Other quantization schemes or enhancement on top of Alt 1 or Alt 2 are not precluded.

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)
· If there is no consensus in RAN1 105e, Option 0 is by default.

Agreement
Support the indication of following RI combinations by a joint RI field for a NCJT measurement hypothesis in CSI part 1, when the maximal transmission layers is less than or equal to 4:    
· {1, 1}, {1, 2}, {2,1}, {2,2}
· FFS: CBSR and/or RI restrictions per TRP or across TRPs

Agreement
With regarding to the maximal values of Nmax for N, Ks,max for Ks:
· Support of Nmax=2 is a UE optional feature
· Support of Ks,max=X is a UE optional feature
· X can be up to 8 and other candidate values can be discussed as part of UE features
· FFS: Default value of Nmax, Ks,max  
· FFS: Which combinations of N<=Nmax, Ks<=Ks,max are supported
Agreement 
With regarding to possible restriction between K1 and K2 
· Alt 2: No restriction as long as K1+K2=Ks

Agreement 
The UE may assume that QCL-Type D of CMRs associated with a NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.

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.

Agreement 
A 2-part CSI report is supported in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis with following clarifications:
· Within CSI part 1
· CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent payload and zero padding (if needed). FFS further details
· FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to reduce CSI feedback overhead
· FFS whether additional field is needed, at least for Option 2
· Within CSI part 2:
· FFS further compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses

Agreement 
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.

Agreement 
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, study following Alternatives and down-select one Alternative in RAN1 105e:

· Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.
· Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.

Agreement 
For the UE configured to report X CSIs (at least when X>0) associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, study following issues for potential CSI omission/priority/updating rules:
· Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI report, when the UE is configured with CSI Option 1 with X=1 or 2.
· Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or RI or CQI in CSI part 1.

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 CSI measurement associated with a CSI-ReportConfig for NC-JT, study following aspects: 
· whether to support dynamic updating, e.g. by MAC-CE,  for CMR pairs for NCJT measurement hypotheses, and/or CMRs for Single-TRP measurement hypotheses, and/or TCI states in CMRs, and/or the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
· whether additional high layer signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· For CMRs configured in the CSI-RS resource set, whether support high layer signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis

For future meetings:
Companies to study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses. Consider following Alternatives and FR1/FR2 differentiation:
· Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses.
· Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis

Agreement
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2 CMR resources
· Alt 2: No, it is not supported

Agreement 
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy two CPUs, two active NZP CSI-RS resources, and a number of active ports corresponding to both CMRs.
· If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT measurement hypothesis and CMR for Single-TRP measurement hypothesis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times for active resources and active ports.
· Note: For above CSI computation, UE assumes PDSCH transmission is single-DCI based multi-TRP scheme(s). FFS: Multi-DCI based multi-TRP scheme



In this contribution, we provide our views on the performance of Rel. 17 PS codebook and enhancements on multi-TRP CSI reporting.
Enhancements on Type II PS codebook 
For the Rel. 17 PS codebook, each port is beamformed with an SD-FD pair i.e., with a spatial beam  (SD) and a frequency domain (FD) or delay component  . For the calculation of the precoder, a single wideband SVD operation is sufficient compared to the Rel.-16 precoder calculation, where an SVD operation is performed per subband; thus reducing the computational complexity of the precoder. The UE selects a number of coefficients, , associated with a subset of SD-FD pairs, and reports them to the gNB. In the following, details regarding the design of  and  are discussed. 

Number of delays : The performance of the Rel. 17 PS CB is evaluated for different values of  for a single-layer transmission.  In addition the performance of Rel. 16 eType II PS codebook is used as a reference. The simulation parameters are provided in the appendix. For the Rel. 17 PS CB, the amplitude and phase of each precoder coefficient is quantized with 4 and 4 bits, respectively. 

[bookmark: OLE_LINK1]Figure 1 shows the performance gain and feedback overhead of the Rel. 16 eType II PS codebook for parameter combinations {PC3, PC4, PC5, PC6} [3]. For the sake of convenience,  for PC3, PC4 and PC5 are (4,4,8), (4,4,16), (4,4,24), respectively. For PC6, is (4,7,28). The Rel. 17 codebook alternatives are evaluated for 16 and 32 CSI-RS ports, and a single SD-FD pair is mapped to a CSI-RS port. The performance gain is calculated by setting the performance achieved using the Rel. 16 PS codebook - PC3 as a reference. The performance gain and overhead of the Rel. 17 PS codebook for   and  are shown for following number of non-zero coefficients , where .

[image: Chart, line chart

Description automatically generated]
Figure 1: Performance of the Rel. 16 eType II PS CB for PC3 - PC6 and the Rel. 17 PS CB for different combinations .

When the channel is perfectly reciprocal, a single delay suffices to achieve a reasonable performance. However, as the channel is not reciprocal in some scenarios [2],  may be configured to compensate for the channel non-reciprocity in real-world scenarios. By doing so, the delays at the gNB can be correctly adjusted by the UE to match to the delays of the downlink channel. Moreover, as delay beamforming is already performed at the gNB side, the Rel. 17 PS CB requires a smaller number of delays compared to the Rel. 16 eType II PS codebook. The same can also be observed from Fig. 1, where  results in a significant performance gain for all parameter combinations compared to  for a fixed number of non-zero coefficients. This shows that instead of increasing the number of non-zero coefficients, increasing the delays results in an enhanced performance. Also, note that the behavior is observed for both 16 and 32 CSI-RS ports. 

Observation: For the same number of non-zero coefficeints, increasing the number of delays significantly increases the performance with a marginal increase in feedback overhead. 

Observation: Regardless of the number of CSI-RS ports,  achieves significant performance gain compared to . 

Proposal: Support  for all supported number of CSI-RS ports, i.e., no restriction of the number of CSI-RS ports for . 

Number of non-zero coefficients K: 

From Fig.1, for a fixed number of delays , the performance of the Rel. 17 precoder increases significantly with reasonable overhead for  and shows only a marginal gain for *with large feedback overhead. Therefore, supporting higher values of  (for example  is not be required as the performance versus feedback overhead trade-off is not satisfactory. Note that the number of non-zero coefficients is derived from the total number of CSI-RS ports as , where . 

Observation: For a fixed number of delays , increasing the number of selected coefficients or ports has a marginal influence on the performance for . 

Proposal: The number of selected ports is less than or equal to 3/4 of the total number of CSI-RS ports (i.e., ). 

Window size  and starting index of the window : 

For Rel. 16 Type II codebook, for , the UE is configured with a window of size  delays, and the UE freely selects  delays, and reports the starting index of the window  as well as the selected  delays out of the  delays. However, as mentioned before, as delay beamforming is already performed by the gNB, a small number of delays is only required by the UE to adjust the beamformed delays to match to the channel delays. Also, as the dominant channel tap locations of the uplink channel and the downlink channel differ by only a small number [2], such that a smaller window size suffices to achieve a good performance compared to the Rel. 16 eType II regular codebook. 

Observation: As the dominant channel tap locations of the uplink and the downlink channel differ by a small number, a small window size suffices to achieve a good performance.

Three cases are considered in the following regarding the window size , starting index of the window  and the selection of delays. In the first case, the delays are selected from the entire codebook , i.e.,  and the delays are freely seleced and reported by the UE to the gNB. In the second case, the size of the window is gNB configured or fixed to , whereas the starting index of the window  is freely selected and reported by the UE. This means that the UE is given full flexibility to select the delays from the entire codebook from a window of size . In the second case, the size of the window as well as the starting index  of the window is configured by the gNB as  and , respectively, and all delays are selected by the UE from the configured window of size . 

The performance gain and overhead of the Rel. 17 PS codebook are shown in Figure 2 for the following combinations of  for the aforementioned three window configurations:





When the window size is equal to the entire codebook , the UE selects  delays and reports the selected delays using an FD indicator. When the window size and starting index of the window are configured by the gNB, the UE selects  delays from the first  entries of the codebook. For this case, an FD indicator is not needed. In the case of UE selecting and reporting the starting index  of the window, the UE selects  delays from   adjacent entries from the codebook of size . In this case, an FD indicator is further needed to report the selected delays. From Fig. 2, it can be seen that the performance of the Rel. 17 PS CB for the three window configurations differs only by a small margin. It can also be inferred that for the Rel. 17 PS CB, the entire codebook is not needed as reducing the window size from  to  results in a negligible performance loss. Further reducing the window size to  from  and fixing  to zero results also in a very small performance loss compared to using a large window size and flexibly selecting . Therefore, for the Rel. 17 PS CB,  the starting index of the window  can be fixed to zero, and the window size can be reduced by half compared to the window size supported in Rel. 16 PS CB. 

Observation: No significant performance difference is observed when selecting  delays from a window of size  compared to freely selecting from . 

Observation: No significant performance difference is observed when reducing the window size  from  to . 

Observation: No significant performance difference is observed by fixing  to zero compared to UE selection and reporting. 

Proposal: Considering UE complexity, for the Rel. 17 PS CB the size of the window can be fixed to the number of delays . 

Proposal: Support fixing or configuring the starting index of window  to zero. 
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Figure 2: Performance of the Rel. 17 PS CB for different two different window configurations with two different window sizes for different parameter combinations .

Value(s) of R: Figure 3 shows the performance of the Rel. 17 PS CB for different values of R for different parameter combinations . It can be observed that when using , the performance of Rel. 17 PS CB improves for all parameter combinations. Further increasing the value of R to 4 results only in a slight improvement in performance. On the other hand, decreasing the value of R by factor 2 or 4 further reduces the Rel. 17 PS CB performance by approximately 0.2% and 0.4%, respectively. Therefore, values of R less than 1 shall not be supported. Therefore, based on the simulation results,  can be supported for the Rel. 17 PS CB.

Observation: Compared to , a reasonable performance gain is observed for , whereas a loss is observed for . 

Observation: A marginal performance gain is observed when increasing the value of R from 2 to 4.  

Proposal: Do not support R < 1 for Rel. 17 PS CB. Support  and .
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Figure 3: Performance of the Rel. 17 PS CB for two different value of R and for different parameter combinations .


Quantization: 

The Rel. 17 PS CB is evaluated using the following quantization schemes:

· Alt 1 – Rel. 16 quantization scheme.
· Alt 1-1-0 – Rel. 16 quantization scheme with additional value of  in the 4-bit polarization specific reference alphabet set.
· Alt 1-1-1 – Rel. 16 quantization scheme with additional value of  in the 4-bit polarization specific reference alphabet set.
· Alt 2-0-0 – scalar quantization with Rel. 16 4-bit polarization specific reference amplitude set and 4 bit phase. 
· Alt 2-0-1 – Scalar quantization with 4-bit linear amplitude set: {}and 4 bit phase.
· Alt 2-0-2 – Scalar quantization with 3-bit Rel. 16 differential amplitude alphabet for amplitude and 4 bit phase.
The Rel. 16 quantization scheme is considered as the baseline and the performance and feedback overhead of the other quantization schemes are compared to the Rel. 16 quantization scheme.  For all quantization schemes, 4 bit phase is considered. From Fig. 4 and Fig. 5, it can be observed that the performance and the feedback overhead of Alt 0, Alt 1-1-0 and Alt 1-1-1 are identical which shows that adding an additional value of amplitude results in no performance improvement and can be neglected. On the other hand, Alt 2-0-0 and Alt 2-0-1 have the same feedback overhead as they are based on scalar quantization using 4-bit amplitude and 4-bit phase. However, Alt 2-0-0, which uses Rel. 16 4-bit amplitude alphabet and 4-bit phase results in a performance loss, whereas Alt 2-0-1 which uses 4-bit linear amplitude alphabet results in a minor performance gain.  Moreoever, Alt 2-0-2 which is also based on scalar quantization using a 3-bit Rel. 16 amplitude alphabet and 4-bit phase results in a reasonable performance for a small value of K, whereas for a higher value of K, a performance loss is observed. Therefore, as few quantization schemes results only in a marginal performance gain compared to Alt 1, for simplicity, Rel. 16 quantization scheme can be supported for Rel. 17 PS CB. 
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Figure 4: Performance of different quantization schemes for Rel. 17 PS CB for different parameter combinations .
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Figure 5: Performance of different quantization schemes for Rel. 17 PS CB for different parameter combinations .

Observation: No performance gain is observed when an additional value of (1/2)^(1/8) or (1/2)^(3/8) is used in the amplitude set over the Rel. 16 quantization scheme. 

Observation: The Rel. 16 quantization scheme achieves the best trade-off between performance and feedback overhead. 

Proposal: For simplicity, support  the Rel. 16 quantization scheme for the R17 codebook. 

From Figure 1, it is observed that the Rel. 17 PS CB already outperforms Rel. 16 eType II Reg. codebook for  ports with a single SD-FD pair mapping to a CSI-RS port. Therefore, any kind of CSI-RS enhancements seems to be not required for Rel. 17 PS CB. 

Observation: The Rel. 17 PS CB outperforms the Rel. 16 eType II PS codebook for  ports with single SD-FD pair mapping to a CSI-RS port. 

Proposal: Support option 0 – no further CSI-RS enhancements.  


CSI enhancements for Multi-TRP
It was agreed that the UE can be configured with two groups with Ks =K1+K2 CMRs, where K1 and K2 are the number of CMRs in the first and second group, respectively, and CMRs in a group belong to the same TRP. Hence, a CMR can be configured only in one group. Moreover, the UE can be configured with 1≤N≤Nmax NZP CSI-RS resource pairs determined from the two groups, and each pair is used for a NCJT measurement hypothesis. In RAN1-104b-e, it was agreed that the support of Nmax=2 and Ks,max=X≤8 is a UE optional feature. Taking into account UE complexity for evaluating single-TRP and NCJT measurement hypotheses, the default Nmax should be 1 and the default Ks,max should be given by a value that is not larger than 4.

Proposal: The default value of Nmax should be 1 and the default Ks,max should be given by a value that is not larger than 4.

To uniquely determine the selected single-TRP and/or NCJT hypotheses, a one-to-one mapping between CRI codepoints and CMRs/CMR pairs is needed. The CRI mapping can be defined explicitly via higher layer signaling or implicitly. When the mapping is defined implicitly, N CMR pairs (for example the first N pairs in the two groups), which are used for NCJT measurements, are mapped to N CRI codepoints and the remaining CMRs in a group (which are not associated with a CMR pair) are used for single-TRP measurements and mapped to additional CRI codepoints. 

Proposal: For the CRI mapping, a set of N CMR pairs (representing the N NCJT measurement hypotheses) from the two groups is mapped to N CRI codepoints and the remaining CMRs (representing single-TRP measurement hypotheses) in a group are mapped to additional CRI codepoints.

In the last meeting, it was discussed if interference measurements based on NZP CSI-RS outside the CMR pair shall be supported or not. In our view NZP CSI-RS for interference measurement is already supported by Rel. 16 and required for interference measurements in SDM-based NCJT transmissions. It should therefore be supported for the R17 multi-TRP CSI reporting . 

Proposal: Support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis.

Conclusions
Based on the above discussions, we have the following observations and proposals. 

Observation: For the same number of non-zero coefficeints, increasing the number of delays significantly increases the performance with a marginal increase in feedback overhead. 

Observation: Regardless of the number of CSI-RS ports,  achieves significant performance gain compared to . 

Proposal: Support  for all supported number of CSI-RS ports, i.e., no restriction of the number of CSI-RS ports for . 
Observation: For a fixed number of delays , increasing the number of selected coefficients or ports has a marginal influence on the performance for . 

Proposal: The number of selected ports is less than or equal to 3/4 of the total number of CSI-RS ports (i.e., ). 

Observation: As the dominant channel tap locations of the uplink and the downlink channel differ by a small number, a small window size suffices to achieve a good performance.

Observation: No significant performance difference is observed when selecting  delays from a window of size  compared to freely selecting from . 

Observation: No significant performance difference is observed when reducing the window size  from  to . 

Observation: No significant performance difference is observed by fixing  to zero compared to UE selection and reporting. 

Proposal: Considering UE complexity, for the Rel. 17 PS CB the size of the window can be fixed to the number of delays . 

Proposal: Support fixing or configuring the starting index of window  to zero. 

Observation: Compared to , a reasonable performance gain is observed for , whereas a loss is observed for . 

Observation: A marginal performance gain is observed when increasing the value of R from 2 to 4.  

Proposal: Do not support R < 1 for Rel. 17 PS CB. Support  and .

Observation: No performance gain is observed when an additional value of (1/2)^(1/8) or (1/2)^(3/8) is used in the amplitude set over the Rel. 16 quantization scheme. 

Observation: The Rel. 16 quantization scheme achieves the best trade-off between performance and feedback overhead. 

Proposal: For simplicity, support  the Rel. 16 quantization scheme for the R17 codebook. 

Observation: The Rel. 17 PS CB outperforms the Rel. 16 eType II PS codebook for  ports with single SD-FD pair mapping to a CSI-RS port. 

Proposal: Support option 0 – no further CSI-RS enhancements.  

Proposal: The default value of Nmax should be 1 and the default Ks,max should be given by a value that is not larger than 4.

Proposal: For the CRI mapping, a set of N CMR pairs (representing the N NCJT measurement hypotheses) from the two groups is mapped to N CRI codepoints and the remaining CMRs (representing single-TRP measurement hypotheses) in a group are mapped to additional CRI codepoints.

Proposal: Support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis.
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Table 1: Simulation parameters
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 2GHz with duplexing gap of 200MHz between DL and UL

	Inter-BS distance
	200m 

	Channel model
	The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901 with different DL/UL frequency. 


	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 for (rank 1,2) 


	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 for 15kHz as a baseline 

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

	MIMO scheme
	For low RU, SU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback):  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling):  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 70% for SU/MU-MIMO with rank adaptation


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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Rel-16 PS eTypeII Codebook is the baseline for performance and overhead evaluation. 


	SRS modeling for UL channel estimation
	SRS periodicity with 5ms/10ms
SRS error modeling in Table A.1-2 in 36.897. 

	FDD DL/UL calibration error model at gNB
	[image: ]
· 
 is the spatial UL channel at gNB side with calibration error
· 
 is the ideal spatial UL channel without calibration error
· E represents the mismatch of transmission and reception circuits of gNB
· ai is the amplitude error 
· i is the phase error
· N is the number of antennas at gNB side 

With amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively. Both amplitude/phase errors are assumed to be constant during a simulation drop at time, and constant either across whole simulation bandwidth or per 4 PRB at frequency. Companies shall report the assumption of error modelling at frequency.  
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