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1	Introduction
The WID [1] objective 4 states a task for evaluating (and, if needed, specifying) enhancements of NR CSI in two parts:
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

[bookmark: _Ref178064866]2	CSI for FR1 FDD reciprocity
The following agreements were made in RAN1#103-e: 
Agreement
Port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17.
Agreement
Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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2.1       Codebook structure 
In RAN1#103-e, it was agreed to study six alternatives for the Rel-17 enhanced port selection codebook structure, see the agreements listed in Section 2. The alternatives differentiate mainly in the following aspects:
· Whether the codebook structure includes a  matrix or not. Furthermore, two different alternatives for  should be studied:
·  is DFT compression matrix
·  is a selection matrix
· Whether mapping multiple SD-FD pairs to one CSI-RS port is supported or not. This enters the description by the factor  which is the number of SD-FD pairs per CSI-RS port.

In the following, we give a brief description of the different alternatives and identify some relations between them.
· Alt. 0
· In this alternative it is explicitly stated that can be an identity matrix This alternative is a special case of other alternatives since those do not preclude that being an identity matrix. 
· Alt. 1 and 2
· In these two alternatives, all the FD compression is performed in the CSI-RS precoding at the gNB side since there is no  in the codebook structure. The difference between Alt. 1 and 2 is that Alt. 2 supports multiple SD-FD pairs per CSI-RS port. 
· Alt. 3-0
· In this alternative,  as a DFT compression matrix is included in the codebook structure and only a single SD-FD pair per port is supported. 
· Alt. 3-1
· Alt. 3-1 is similar to Alt. 3-0 but allows mapping of multiple SD-FD pairs into one port. Another difference compared to Alt. 3-1 is that the UE selects FD basis vectors from a set of  pre-configured/pre-defined DFT vectors, where . In our interpretation, this means that the gNB can determine a reduced FD compression matrix from which the UE can do a further down-selection of FD basis vectors. 
· Alt. 3-2
· In this alternative multiple SD-FD pairs per port are supported and  is a selection matrix that selects SD-FD pair within a port. This alternative seems equivalent to Alt. 2, since by vectorizing  we can rewrite  in Alt. 3-2 as 

so in Alt. 3-2 effectively conveys the same information as  in Alt. 2.
· Alt. 4
· In this alternative, ports are divided into groups such that each group corresponds to the same SD basis.  is in this case a selection matrix that selects the same ports across all port groups. This seems an unnecessary restriction and does not allow full freedom in the selection of SD-FD pairs.
· Alt. 5
· This alternative seems similar to Alt. 3-1 since it contains a DFT compression matrix,  and supports multiple SD-FD pairs per port. With  and  this alternative is equivalent to Alt. 3-0. 


2.1.1 On the need for a DFT compression matrix
When  is a DFT compression matrix, the UE is able to report any residual frequency selectivity in the channel that may remain after the gNB FD compression in the CSI-RS precoding. Such residual frequency selectivity may be due to, e.g., channel estimation errors, channel ageing, and non-reciprocal small-scale fading. Therefore, this alternative provides some robustness to non-reciprocities compared to schemes that rely fully on FD compression in the CSI-RS precoding. Furthermore, by allowing some FD compression also in the UE it is possible to balance the amount of FD compression performed at the gNB and UE side. This provides flexibility in finding a good balance between DL/UL overhead and gNB/UE complexity. For example, if the UE can report some FD components, the number of CSI-RS ports can be reduced
[bookmark: _Toc61895667][bookmark: _Toc61904516]Having a DFT compression matrix  in the codebook structure enables the UE to report any residual frequency selectivity in the channel that may remain after the gNB FD compression in the CSI-RS precoding. This alternative is more robust than the alternatives that do not allow the UE to report any FD components. Furthermore, in this alternative it is possible to balance the amount of FD compression performed at the gNB and UE side, respectively. In this way there is also flexibility in finding a good balance between DL/UL overhead and gNB/UE complexity.   

2.1.2 On the use of multiple SD-FD pairs per port
In Alt.2 and Alt.5, multiple SD-FD basis pairs is supported per CSI-RS port in order to either reduce CSI-RS overhead or increase the total number of pairs. This enters the description by the factor  which is the number of SD-FD pairs per CSI-RS port. Hence, measurements on a given CSI-RS is constrained, not all CSI-RS resource elements are available for a given SD-FD pair measurement, instead, groups of REs from the CSI-RS are available. Moreover, since UE perform SD-FD pair selection and feeds back to the gNB, some method of indexing pairs when  is needed. 
To introduce in specifications, one could introduce PRG for CSI-RS (similar to PDSCH), which is suitable for FDM based approach. Here, the CSI-RS bandwidth is divided into PRGs and every   PRG belong to a given SD-FD pair. Alternatively, if CDM is to be supported, the PRG approach doesn’t work and there is instead a need to introduce antenna sub-ports, which is more generic. 
Hence if a CSI-RS resource is configured Rel.17 Type II port selection reporting, then an antenna port has   antenna sub-ports where  is configured in the CSI report settings. This allows indexing the pairs needed for the CSI feedback. Thereby can the legacy CSI-RS definitions be maintained while a Rel-17 terminal configured for Type II port selection observes an increase of  antenna ports compared to legacy. The UE then associate one SD-FD pair with each antenna sub-port for further CSI calculations and reporting
[bookmark: _Toc61895668][bookmark: _Toc61904517]If  is supported (FFS), a CSI-RS port in a CSI-RS resource configured for Rel.17 Type CSI reporting is equivalent to having   antenna sub-ports per antenna port. 

Introducing sub-ports have some additional specification impacts. The maximum number of measurements the UE need to perform for a CSI-RS resource is then increased to . This requires new discussions on the maximum number of active NZP CSI-RS as the current discussions assumes at most 32 ports per resource. In addition, both the gNB and UE complexity increases, as the number of different ports to transmit in each OFDM symbol increases  times. 

Introducing  requires new discussions on the maximum number of active NZP CSI-RS resources, ports and sub-ports. It also increases the UE and gNB complexity as an increased number of measurements and precoding transmissions is needed per OFDM symbol, respectively. 

[bookmark: _Toc61895669][bookmark: _Toc61904518]The bar of introducing  is high due to increased UE and gNB complexity,  significant performance benefits must be shown. 

2.1.3	Evaluation assumptions and procedures
Simulations have been conducted based on the agreed EVM assumptions in [2], see a detailed description of the used procedures in Section 2.2, and also the Appendix for additional parameters. 
For comparison, both R16 regular and port-selection eType II with paramCombination-r16 #1-6 are simulated. R16 PS eType II with paramCombination-r16 #1 is used as benchmark. In the simulations, a 32-port antenna is used at the gNB and 2 antennas are used at the UE. 
The results are shown for MU-MIMO with rank-1 per UE at a traffic load corresponding to the very high 70% resource utilization for the benchmark case. For R17 PS, results are calculated based on the procedure described in Section 2.2, with various numbers of precoded/selected ports, reported non-zero coefficients (NZCs), FD basis vectors used by UE and SD-FD basis pairs per CSI-RS port.
In all schemes, CSI-RS is transmitted every 5 ms whenever there is an active user. An average CSI-RS overhead per cell per slot is calculated by normalizing the total number of CSI-RS ports, which is given by the total number of active users times the number of CSI-RS ports per user, by the number of cells and CSI-RS periodicity. The obtained average CSI-RS overhead is taken into account for throughput calculation. 
For R17, the UL overhead may consist of bits for indicating the selected ports, the selected FD basis vectors, the NZC bitmap, the strongest coefficient, and for reporting the quantized NZCs. The actual overhead depends on the scheme that is used. In our simulation, we performed layer-common and polarization-specific port selection, therefore the number of bits for indicating the selected ports equals , where  is the number of precoded CSI-RS ports by gNB, while  is the number of selected CSI-RS ports by UE. 
For FD basis vectors selection, UE follows gNB indication, thus, no additional overhead is needed. For reporting of , a bitmap of size  is used for indicating the locations of NZCs, with  being the number of selected FD basis vectors. Each NZC is reported with 7 bits as in R16, that is 3 bits for amplitude and 4 bits for phase. Polarization reference amplitude is not used. The total number of NZCs is given by , where  determines of ratio of reported coefficients in . 
2.1.4 Evaluation results
Figure 1 compares the mean UPT for the R16 benchmarks and the Rel-17 PS enhancement with various number of CSI-RS ports. DFT-based CSI-RS precoding is used at gNB, where each precoded CSI-RS port uses one pair of SD-FD basis vectors. 
Since UE uses  FD basis, in particular the DC DFT component, to compress the DL channel, the simulated Rel-17 schemes can be considered as Alt 0, Alt 1 or special cases of Alt 3/4/5 from the RAN 1#103e agreement. 
In the legend,  means that gNB precodes  ports while UE selects  ports from the  precoded ports. For the Rel-16 schemes, 32 ports are always precoded, the number of selected ports follows the spec and each point on the curve corresponds to a parameter combination in 38.214. For the Rel-17 enhancement, simulations with the same number of selected/precoded CSI-RS ports are connected with a line, while each point on the line corresponds to a different number of reported NZCs, controlled by . 
To better explain the many different options, schemes for Rel-17 are grouped by the number of reported NZCs, or equivalently, the number of selected SD-FD basis pairs. Furthermore, for the convenience of discussion, we name each point by their colour, line style and order in the corresponding line. We use Y, P, G to denote yellow, purple and green, and use S, T, D to denote solid line, dotted line and dashed line, respectively. 
For example, the leftmost point on the yellow curve, which corresponds to the case where gNB precodes 8 ports, UE selects all 8 ports and reports a quarter of the 8 coefficients, is denoted as YS1. 
From the evaluation results in Figure 1, we have the following observations:
· The R16 regular is about 15% better than R16 PS for the corresponding parameter combinations. Since both R16 and R16 PS use DFT-based codebook or precoding, ideally, one may expect them to have the same performance. The loss for R16 PS comes from, for example, the constraint on selecting adjacent ports, and impairments such as non-reciprocal fast fading in UL and DL, UL channel estimation error, calibration errors. 

· Increasing the number of selected pairs generally improves the performance, but the gain tends to saturate after reaching 16 or 32 ports. For example, from YS3 to PS3, 8 additional pairs are selected and 17% UPT gain can be obtained; while from PS3 to GS3, only 7% gain is seen by using 16 additional ports. Moreover, comparing GS2 and GS3, we notice that there is marginal gain in UPT but significant increase in UL overhead. This could be due to that, with the simulated bandwidth and antenna size, the channel richness is limited by the number of resolvable clusters in the channel model, which, according to the channel model, is at most 20. Based on the above, one can conclude that one can achieve decent gain using Rel-17 enhancement with moderate number of CSI-RS ports, excessive number of CSI-RS ports do not provide additional gain. 

· For a given number of selected CSI-RS ports, increasing the number of precoded ports can improve the performance, however the gain is insignificant. For example, comparing PT3 with YS3, or GT2 with PS2, only about 1-3% gain is achieved. 

· When comparing GT3 with GS2, both of which select 16 pairs, it is noted that a 5% gain is seen for the latter. Based on our implementation described in Section 2.2, GT3 will first down select 16 from 32 ports, and then perform SVD on a 16 by 1 vector, all the coefficients through layer extraction will be reported as NZCs. As for GS2, it is equivalent that the UE first performs SVD on a 32 by 1 vector, and then report half of the 32 coefficients. Similar results can also be seen from PS2 and PT3. Essentially, the difference in performance comes from either one performs SVD before or after port selection. Doing SVD before port selection gives higher UPT is also more complex, as a higher dimension SVD is needed. Although this is up to UE implementation, it may still have impact on the PMI structure. For example, if port selection is done first, a wideband and layer-common  is needed, otherwise, a layer-specific and per FD basis  may be needed. 
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[bookmark: _Ref61826663][bookmark: _Ref61826657]Figure 1 Mean UPT of Rel-17 PS with  FD basis vector.
The simulated Rel-17 PS schemes in Figure 1 can be considered as Alt 0, Alt 1 or special cases of Alt3/4/5 from the RAN1#103e agreement. We make the following key observations
[bookmark: _Toc61895670][bookmark: _Toc61904519]R16 regular is about 15% better than R16 PS for the corresponding parameter combinations. The loss for R16 PS comes from, for example, the constraint on selecting adjacent ports, and impairments such as non-reciprocal fast fading in UL and DL, UL channel estimation error, calibration errors.
[bookmark: _Toc61895671][bookmark: _Toc61904520]Increasing the number of selected pairs/ports generally improves the performance, but the gain tends to saturate above 16 ports. 
[bookmark: _Toc61895672][bookmark: _Toc61904521]For a given number of selected CSI-RS ports, increasing the total number of precoded ports can improve the performance, however the gain is insignificant.
[bookmark: _Toc61895673][bookmark: _Toc61904522]Doing SVD before port selection gives better performance, but has higher complexity, and vice versa. Moreover, the order of SVD and ports selection may have impact on PMI structure. 
[bookmark: _Toc61889475][bookmark: _Toc61906726]Study the order for SVD and port-selection operations, by taking into account the trade-off between UPT, overhead and UE complexity. 

In Figure 2 schemes with  FD basis vectors are plotted on top of the other curves from Figure 1. DFT-based FD basis vectors are used, in particular, two adjacent DFT vectors are used for the UE to compress the DL channel. 
The schemes with  are illustrated with black curves and are denoted as KS1-3, KT1-3 and KD1-3. Same as in Figure 1, each CSI-RS port is precoded with a single SD-FD basis pair. Therefore, this scheme can be seen as Alt 3-0, or special cases of Alt 3-1 or Alt 5 from the agreement. 
In the case of multiple FD basis vectors, the total number of reported NZCs is given by , that is, for given ratio  and number of selected CSI-RS ports , the number of selected pairs is proportional to the number of FD basis vectors. Therefore, for the same number of precoded CSI-RS ports, having  increases the number of candidate pairs by a factor of , which can be treated as a way of reducing the CSI-RS overhead. 
The additional pairs by having  may not be fully flexible, as the number of SD CSI-RS precoders is the same as in the case of , but each SD precoder can be associated with multiple FD components. The complexity by having  is quite low, as it is already supported in Rel-16. Based on Figure 2, the following observations are made:
· For given numbers of precoded/selected CSI-RS ports, having multiple FD basis can always increase the performance, since the additional FD basis vectors can be used to capture more channel taps. Moreover, delay uncertainty due to, e.g., channel estimation errors, limited system bandwidth and non-reciprocal small-scale fading, could also be mitigated by having multiple (adjacent) DFT basis vectors, thereby improving the robustness of Rel-17 enhancement. 

· For a given number of selected pairs, having multiple FD basis vectors achieves similar performance as having a single FD basis vector and more CSI-RS ports. For example, KS1 is among the best scheme (with marginal gain/loss comparing to others) when selecting 8 pairs while it uses 16 ports instead of 32. The saved CSI-RS ports can be used to schedule more users if the system is limited by CSI-RS resources. 

· When selecting excessive number of pairs, the gain saturates. For example the UPT with 64 pairs is almost the same as that with 32 pairs. Combining with the observation from Figure 1, it seems 16 pairs is sufficient to achieve most of the gain by Rel-17 enhancement. 

[image: ]
[bookmark: _Ref61894811]Figure 2 Mean UPT of Rel-17 PS with  FD basis vectors.
The black curves in Figure 2 corresponds to Alt 3-0, or special cases of  Alt 3-1 or Alt 5 from the RAN1#103e agreement. We make the following key observations
[bookmark: _Toc61895674][bookmark: _Toc61904523]For given numbers of precoded/selected CSI-RS ports, having multiple FD basis vectors can always increase the performance.
[bookmark: _Toc61895675][bookmark: _Toc61904524]Having  FD basis can combat delay uncertainty, thereby improving the robustness of Rel-17 enhancement.
[bookmark: _Toc61895676][bookmark: _Toc61904525]For a given number of selected pairs, having  FD basis vectors can save CSI-RS resources with insignificant loss of UPT. 
[bookmark: _Toc61889476][bookmark: _Toc61906727]Rel-17 PS codebook should include a DFT-based  as the FD compression matrix. 

In Figure 3, result for  SD-FD basis pairs per CSI-RS port is shown with the green curve. In the simulation,  pairs are frequency division multiplexed (FDMed) into the precoder for each CSI-RS port. Note that this scheme can be considered as Alt 2, or special cases of Alt 3-1 or Alt 5. 
As a reference, performance of Rel-17 PS with  FD basis and  (Alt 0/1) is also plotted with the yellow curve. In addition, the case of having  and  (Alt 3-0), which is an alternative way to reduce CSI-RS overhead, is also included for comparison. 
For the above Rel-17 PS schemes, we simulate with 8, 16 and 32 precoded CSI-RS ports, each being represented by a point on the corresponding curve. It is assumed herein that all precoded CSI-RS ports, including all the pairs within each port if applied, are all selected and reported by the UE. Therefore, the total number of selected pairs equals . 
From Figure 3, we observe the following:
· For a given number of precoded CSI-RS ports, multiplexing multiple pairs per CSI-RS port can improve the performance, which is also seen by having multiple FD basis vectors. The gain is higher for 8 CSI-RS ports than for 16 and 32 ports. In fact, for 32 ports, the gain saturates and there is no additional gain by having more pairs per port or more FD basis vectors, which is limited by the richness of the channel used in the evaluations, as explained previously. 

· For a given number of selected pairs, for example 16 pairs for YS2/GS1/PS1 and 32 pairs for YS3/GS2/PS2, Rel-17 PS with  and  always gives the best performance. This is due to that it has full flexibility in choosing SD-FD pairs and has full FD resolution. 

· It is also observed that Rel-17 PS with  and  is around 5% better in UPT than Rel-17 PS with  and . The difference between the two schemes is that the former can freely select any SD-FD pairs but has coarse frequency resolution due to FDM, while the latter is more constrained in CSI-RS precoding since the flexibility in choosing SD precoder is reduced by half and each SD precoder is associated with 2 FD components. It should be noted that the latter has no spec impact while the former, as mentioned in Section 2.2.2, requires spec changes. The gains are summarized in Figure 4. Given the limited gain, we don’t foresee the necessity of supporting . 

· Both Rel-17 PS with  and  and Rel-17 PS with  and  consume fewer CSI-RS resources than the case with  and , which might be useful when the system is limited by the available CSI-RS resources. 
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[bookmark: _Ref61895158]Figure 3 Mean UPT of Rel-17 PS with  basis vectors or  pairs per port. All precoded CSI-RS ports or pairs are selected and reported by the UE.

In Figure 4 we make a comparison of the schemes, which has similar UL payload for a given number of selected ports. 
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[bookmark: _Ref61885635]Figure 4 Comparison of Mean UPT gain for given number of selected pairs.

[bookmark: _Toc61895677][bookmark: _Toc61904526]The green curve in Figure 3 can be considered as Alt 2, or special cases of Alt 3-1 or Alt 5. 
[bookmark: _Toc61895678][bookmark: _Toc61904527]For a given number of precoded CSI-RS ports, multiplexing multiple pairs per CSI-RS port can improve the performance. The gain becomes saturated as the number selected pairs increases. 
[bookmark: _Toc61895679][bookmark: _Toc61904528]For a given number of selected pairs, Rel-17 PS with  and  always gives the best performance. Besides, Rel-17 PS with  and  is around 5% better in UPT than Rel-17 PS with  and , but the former has higher complexity and spec impact.
[bookmark: _Toc61895680][bookmark: _Toc61904529]Both having multiple pairs per CSI-RS port and having multiple FD basis in  can save CSI-RS resources. 



2.1.5 Key conclusions from the evaluation and analysis
Based on Observations 1-3 we can identify that Alt. 3-0 is the preferred codebook structure for the Rel-17 enhanced port selection codebook. 

[bookmark: _Toc61889477][bookmark: _Toc61906728]Support Alt. 3-0 as it is a robust alternative that allows flexible implementation of Rel-17 enhancements of Type II CSI   

[bookmark: _Toc61889478][bookmark: _Toc61906729]Multiplexing multiple pairs per CSI-RS port () should not be supported as the benefit is not significant (~5%) and given the increased complexity at UE and gNB and specification impact.  

[bookmark: _Ref61894013]2.2	Description of used gNB and UE procedures for studying port selection codebook enhancement 
In this section we describe the gNB and UE procedures that have been used for the evaluations of Type II port selection codebook enhancement that are presented in Section 2.1. 

2.2.1	CSI-RS precoding at the gNB
Based on an estimated UL channel matrix the gNB determines SD and FD bases for the CSI-RS precoding. The selection of SD and FD bases is up to gNB implementation. In this section we describe a DFT-based CSI-RS precoding scheme that has been used for the evaluations presented in Section 2.1.
Assuming a single SD-FD pair per CSI-RS port, a pair of SD basis vector, , and FD basis vector,  are jointly selected to precode CSI-RS port , for , where  is the number of CSI-RS ports, while  and  are the number of gNB antenna ports and resource blocks (RBs), respectively. The joint SD-FD precoder for CSI-RS port , denoted by , is then given by  . The SD and FD precoding vectors are taken from a set of rotated DFT matrices, where the number of rotated DFT matrices are given by the corresponding oversampling factors. For each SD basis matrix  with rotations in azimuth/elevation domain, and FD basis matrix  with rotation  in delay domain, a corresponding angle/delay power spectrum is calculated according to 

where  is the estimated UL channel matrix for UE antenna port , and is the number of UE antenna ports. The best rotations are determined by summing the powers of the strongest SD-FD pairs in the angle/delay spectrum for each rotation. The SD-FD pairs for CSI-RS precoding are then determined by selecting the  strongest SD-FD pairs from the basis matrix with the best rotation. In case of polarization-common port selection, the same precoder is applied on two orthogonal polarizations for each SD-FD pair. In this case, the angle-delay power spectrum is averaged over polarizations and the  strongest SD-FD pairs are selected to precode each polarization.
In case of multiple SD-FD pairs per CSI-RS, we assume in our evaluations that the pairs within a port are frequency multiplexed, see Figure 5 for an illustration with two pairs per port.  
[image: ]
[bookmark: _Ref61878872]Figure 5. Illustration of CSI-RS precoding with two SD-FD pairs per CSI-RS port


2.2.2	UE measurement and reporting
The UE measures the DL channel based on the configured CSI-RS ports. First, since delay has been pre-compensated in the precoded channel which reduces frequency selectivity, an FD compression can be performed by the UE by equalizing the estimated DL channel over frequency. Due to delay pre-compensation, it is expected that most of the channel information from different ports will be captured in the same tap, e.g. the tap corresponding to zero delay. In this case, a single DC DFT component can be used for averaging the channel over subbands. In a more general case where multiple dominant taps are observed,  DFT components can be used to equalize the channel over subbands. 
Assume a single SD-FD pair per port and denote the FD compression matrix as  and the estimated DL channel for the precoded CSI-RS ports as , …, where  for , and  is the number of subbands. The FD compressed channel can then be written as ,for . After FD compression, the UE selects out of the ports. Let  , where  is the channel matrix for the selected ports compressed with the -th FD component. The coefficient matrix  for layer  is then given by  where   is the  -th right singular vector of . The UE then reports a selected number of non-zero coefficients in to the gNB in the PMI report.
Figure 6 illustrates the UE measurement procedures when there are two frequency multiplexed SD-FD pairs per CSI-RS port.
[image: ]
[bookmark: _Ref61879134]Figure 6. Illustration of UE measurement procedure with two SD-FD pairs per CSI-RS port
2.2.3	PDSCH precoding
Based on the reported PMI from the UE the gNB reconstructs the precoder for that UE by combining the PMI with the applied CSI-RS precoder. The reconstructed  precoding vector,  for subbband  and the first layer can be obtained as
 
where is the CSI-RS precoding matrix for subband  and  is the -th column of the reported .
By combining reports from multiple UEs the gNB can determine a precoder for MU-MIMO PDSCH transmission, e.g., an MMSE or SLNR precoder.  
3	CSI for DL multi-TRP and/or multi-panel transmission
The following agreements were made in RAN1#103-e:
Agreement
Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT.

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
· FFS: whether/how to support CRI(s) to be reported in a CSI 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: whether/how to support non-PMI based port-selection
· FFS: whether/how to support single value of reported LI
Note that other NCJT CSI measurement/reporting enhancement for other scenarios is not precluded, e.g. for HST-SFN


Agreement
For a CSI reporting setting, support one or more of the following UE reporting mechanism: 
· Alt 1: the UE can be expected to report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Alt 2: the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured
· FFS how to report recommended measurement hypothesis associated with that CSI report
· Alt 3:  the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Whether/How to report a subset of the CSI report quantities
· FFS: CSI reporting configuration details 
Note supporting which one or more mechanisms is to be determined in RAN1#104-e

Agreement
For NCJT CSI measurement configured with single reporting setting, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference or based on CSI-IM given by csi-IM-ResourcesForInterference
· Whether/how to interpret measurement based on CMRs associated with different TRPs/TCI states respectively for a NCJT measurement hypothesis
· CMR/IMR resource configuration restrictions/associations, e.g. for reference resource/time domain behavior/frequency domain behavior   
· Note that RAN1 shall strive for commonality of CSI measurement/reporting mechanisms for NCJT CSI measurement configured by single or two reporting settings


3.1  Single vs multiple reporting setting-based NC-JT CSI
In one of the agreements, the following note was made. The consensus was clearly to finalize NC-JT CSI enhancement with single reporting setting. 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 

So,  we have a following proposal:

[bookmark: _Toc61889479][bookmark: _Toc61906730]Prioritize finalizing NC-JT CSI enhancement with single reporting setting in Rel-17 before further discussion of NC-JT CSI enhancement with multiple reporting settings.

3.2  CSI reporting mechanism
For NC-JT CSI enhancement with single reporting setting, there were three alternatives proposed in the last meeting, i.e.,
· Alt 1: the UE can be expected to report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Alt 2: the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured
· FFS how to report recommended measurement hypothesis associated with that CSI report
· Alt 3:  the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Whether/How to report a subset of the CSI report quantities

In a serving cell with N TRPs, for fully flexible scheduling between single TRP and NC-JT, the gNB would need to have single TRP CSI for all the N TRPs and NC-JT CSI for all TRP pairs among the N TRPs. For N=3, this implies 6 CSI reports in total, i.e.,
· 3 single TRP CSIs, one for each TRP
· 3 NC-JT CSI, one for each TRP pairing

For N=4, it implies 10 CSI reports in total, i.e.,
· 4 single TRP CSIs, one for each TRP
· 6 NC-JT CSI, one for each TRP pairing

Clearly, this requires many CSI reports to be configured and thus, large CSI feedback overheads.  Yet based on the evaluations done in NR Rel-16, these represent the most typical indoor scenarios in which gains were observed with NC-JT. Thus, in our view how to reduce CSI feedback overhead in these scenarios should be the main goal in NC-JT CSI feedback design with multiple hypotheses. 
[bookmark: _Toc61904530]Indoor scenario with 3 or 4 TRPs in a cluster is the typical scenario where gains were observed with NC-JT.
[bookmark: _Toc61889480][bookmark: _Toc61906731]Reducing CSI feedback overhead with 3 or 4 TRPs in a serving cell should be the main goal for NC-JT CSI feedback design.

In order for the UE to measure 3 or 4 different TRPs, 3 or 4 NZP CSI-RS resources need to be configured as part of the channel measurement resource set.  The UE can then select 2 TRPs by selecting and indicating two CRIs as part of the CSI report.
[bookmark: _Toc61889481][bookmark: _Toc61906732]For NC-JT CSI enhancement with single reporting setting, support the configuration of up to 3 or 4 NZP CSI-RS resources per channel measurement resource set.
[bookmark: _Toc61906733]For NC-JT CSI enhancement with single reporting setting, support reporting of 2 CRIs as part of the NC-JT CSI to select two TRPs.

Now let’s look into the different alternatives. In Alt.1, UE reports a best NC-JT CSI and a best single TRP CSI. CSI overhead is certainly reduced in this case and since two CSIs are provided, gNB can decide to schedule either over a single TRP transmission or NC-JT over two TRPs. This flexibility can be helpful as only one of the TRPs associated with the NC-JT CSI may be available to be scheduled to the UE at a given time. In this case, the gNB could schedule a single TRP transmission if the TRP associated with single TRP CSI is available.  

[bookmark: _Toc61889482]In Alt.2, either single TRP CSI or NC-JT CSI is reported.  Compared to Alt.1, additional feedback overhead is saved. However, the overhead saving is at a cost of reduced scheduling flexibility as the gNB can only schedule based on the reported CSI.  For instance, if the UE feeds back an NC-JT CSI, then the gNB can only schedule NC-JT based on the reported CSI.  In this case, if one of the TRPs is not available to be scheduled to the UE, then the NC-JT CSI cannot be utilized for PDSCH scheduling. 

[bookmark: _Toc61889483]In Alt.3, a UE reports a best NC-JT CSI associated with two of the N TRPs and two single TRP CSIs  associated with the same two TRPs.  Compared to Alt.1 and Alt.2, Alt.3 provides more scheduling flexibility as a single TRP transmission can always be scheduled in case that one of the TRPs associated with NC-JT CSI is unavailable.  There may be some additional overhead as two instead of one single TRP CSIs are reported. However, since the single TRP CSIs corresponding to the same two TRPs for NC-JT, the same PMIs and RIs  may be shared by the signal TRP CSIs and the NC-JT CSI and thus , the overhead can be reduced.

[bookmark: _Toc61904531]Alt.3 provides better scheduling flexibility than Alt.1 and Alt.2 with a comparable CSI overhead when the same PMIs and RIs are shared between NC-JT and single TRP CSIs.
[bookmark: _Toc61889484][bookmark: _Toc61906734]For NC-JT CSI enhancement with single reporting setting, support Alt.3.
[bookmark: _Toc61906735]To reduce CSI overhead with Alt 3, support UE CSI reporting where the same PMIs and RIs are shared between NC-JT CSI and single TRP CSIs.

[bookmark: _Toc61889485]For both Alt.1 and Alt.3, NC-JT CSI may be omitted under certain conditions. This is useful because it has been observed that NC-JT provides system performance benefit over DPS only under the following conditions:
· When the UE can receive transmissions from the multiple TRPs with comparable signal strength; which is typically observed by a UE at the cell edge or in indoor deployments, and
· The supported rank (number of MIMO layers) from each TRP is low (e.g., 1 or 2 layers) even though the UE is equipped with more receive antennas and is thus capable of receiving more layers than these few layers from a single TRP.  This typically occurs when the rank of the propagation channel between a TRP and a UE is low (e.g., in line of sight channel conditions).

[bookmark: _Toc61889486]For example, NC-JT CSI may not be reported if the rank of one of the two TRPs considered for NC-JT  is 3 or 4 for a UE with 4 Rx antennas. In that case, the UE is more likely close to one of the TRPs. 

[bookmark: _Toc61904532]The rank associated with a single TRP could be used to determine whether the TRP can be used for NC-JT. 

[bookmark: _Toc61889487][bookmark: _Toc61906736]If the rank of one of the single TRP CSIs to be reported is above a configured threshold, then the UE may omit CSI associated with NCJT measurement hypothesis.

3.3 Interference measurement

Another open issue on NC-JT CSI with a single reporting setting is on interference measurement as described in the following agreement:
Agreement
For NCJT CSI measurement configured with single reporting setting, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference or based on CSI-IM given by csi-IM-ResourcesForInterference
· Whether/how to interpret measurement based on CMRs associated with different TRPs/TCI states respectively for a NCJT measurement hypothesis
· CMR/IMR resource configuration restrictions/associations, e.g. for reference resource/time domain behavior/frequency domain behavior   
· Note that RAN1 shall strive for commonality of CSI measurement/reporting mechanisms for NCJT CSI measurement configured by single or two reporting settings

If the same Rx antennas are used to receive a PDSCH from two TRPs, typically in case of FR1, the UE received signal  can be expressed as 

where
·  and   are the channel matrix associated with TRP1 and TRP2, respectively;
·  and  are the number of transmit antennas at TRP1 and TRP2, respectively; 
· M is the number of UE receive antennas;
·  and   are the precoding matrices applied in TRP1 and TRP2, respectively;
·  and  are the number of MIMO layers from TRP1 and TRP2, respectively. 
·  and  are the data symbols transmitted from TRP1 and TRP2, respectively;
·   is the receive noise and interference from other cells; 
·  and  are the number of transmit antennas at TRP1 and TRP2, respectively; 
· M is the number of UE receive antennas;

In this case, interference measured on the two CSI-IM resources represents two observations of , and thus the interference can be averaged. 
[bookmark: _Toc61889488][bookmark: _Toc61904533]When same antennas are used to receive from two TRPs, the interference on the two CSI-IM resources represents two observations of a same interference.
[bookmark: _Toc61906737]For NC-JT CSI with a single CSI reporting setting , if the NZP CSI-RS resources for channel measurement are configured without QCL-type D or with the same QCL-type D, a UE assumes that the interference on the CSI-IM resources represents two observations of a same interference.

On the other hands, if two different groups of Rx antennas, e.g.,  two Rx antenna panels typically in frequency range 1 (FR2), are used to receive a PDSCH from two TRPs, respectively, the UE received signal can be expressed as 

where
·  and  are the signals received on a first and a second antenna panels, respectively; 
·  and   are the channel matrices associated with (TRP1, Rx panel #1)  and (TRP2, Rx panel #2), respectively;
·  and   are the cross over channel matrices associated with (TRP2, Rx panel #1)  and (TRP1,Rx panel #2), respectively;
·  and   are the precoding matrices applied in TRP1 and TRP2, respectively;
·  and  are the data symbols transmitted from TRP1 and TRP2, respectively;
·  and  are the received noise and interference on the first and the second groups of antenna ports; 
·  and  are the number of transmit antennas at TRP1 and TRP2, respectively; 
·  and   () are  the number of UE receive antennas in the first and the second antenna group or panel;
·  and  are the number of MIMO layers from TRP1 and TRP2, respectively. 

[bookmark: _Toc61889489]In this case, interference measured on each of the two CSI-IM resources represents interference observed with each of the two antenna panels, i.e.,   and  are measured on CSI-IM #1 and CSI-IM#2, respectively.  When different antenna panels are used to receive from two different TRPs, the interference on each of the two CSI-IM resources represent different interference.

[bookmark: _Toc61906738]For NC-JT CSI with a single CSI reporting setting, if the NZP CSI-RS resources for channel measurement are configured with different QCL-type D source RS, a UE assumes that the interferences on different CSI-IM resources may correspond to different interference sources.
For an NZP CSI-RS resource configured for interference measurement, the UE would measure interference using the same Rx beam for receiving the associated NZP CSI-RS resource for channel measurement regardless of the QCL configuration of the NZP CSI-RS resource for interference measurement. In other words, the UE should assume the NZP CSI-RS resource is QCLed with the associated NZP CSI-RS for channel measurement with respect to “QCL-type D”, 
[bookmark: _Toc61889490][bookmark: _Toc61906739]For NC-JT CSI with a single CSI reporting setting, a UE assumes that an NZP CSI-RS or CSI-IM resource for interference measurement is QCLed with respect to “QCL-type D” with the associated NZP CSI-RS resource for channel measurement.

[bookmark: _GoBack]3.4  CSI for multi-TRP URLLC schemes
In NR Rel-16, there is no CSI reporting scheme optimized for the multi-TRP transmission schemes for improved reliability.  For example, a single PDCCH can schedule two PDSCHs from two TRPs using same or different redundancy version. However, there is no CSI reporting scheme where the CSI reflects this fact. The best gNB can do is to configure UE with two CSI report configurations with different TCI states associated with the two TRPs.  The gNB will then receive two CSIs each indicating a three-tuple (RI, PMI, CQI) and from those CSIs deduce a single rank, two pre-coders and a single MCS to be used for the PDSCH repetitions. This is by no means straight forward and the deduced CSI can be inaccurate.  Thus, it is desirable to let the UE to report a CSI by taking the multi-TRP URLLC schemes (e.g., FDMSchemeA, FDMSchemeB, TDMSchemeA) being used for transmission into account.  Hence, we propose to unify the Rel-17 MTRP CSI framework enhancements to consider both NC-JT and multi-TRP URLLC schemes.

[bookmark: _Toc47621446][bookmark: _Toc47621523][bookmark: _Toc47621562][bookmark: _Toc61889491][bookmark: _Toc61906740]In NR Rel-17, unify the Rel-17 MTRP CSI framework enhancements to consider MTRP CSI for both NC-JT and multi-TRP URLLC schemes.

Conclusion
Based on the discussion in the previous sections, we make the following observations and proposals:

Observation 1	Having a DFT compression matrix  in the codebook structure enables the UE to report any residual frequency selectivity in the channel that may remain after the gNB FD compression in the CSI-RS precoding. This alternative is more robust than the alternatives that do not allow the UE to report any FD components. Furthermore, in this alternative it is possible to balance the amount of FD compression performed at the gNB and UE side, respectively. In this way there is also flexibility in finding a good balance between DL/UL overhead and gNB/UE complexity.
Observation 2	If  is supported (FFS), a CSI-RS port in a CSI-RS resource configured for Rel.17 Type CSI reporting is equivalent to having   antenna sub-ports per antenna port.
Observation 3	The bar of introducing  is high due to increased UE and gNB complexity,  significant performance benefits must be shown.
Observation 4	R16 regular is about 15% better than R16 PS for the corresponding parameter combinations. The loss for R16 PS comes from, for example, the constraint on selecting adjacent ports, and impairments such as non-reciprocal fast fading in UL and DL, UL channel estimation error, calibration errors.
Observation 5	Increasing the number of selected pairs/ports generally improves the performance, but the gain tends to saturate above 16 ports.
Observation 6	For a given number of selected CSI-RS ports, increasing the total number of precoded ports can improve the performance, however the gain is insignificant.
Observation 7	Doing SVD before port selection gives better performance, but has higher complexity, and vice versa. Moreover, the order of SVD and ports selection may have impact on PMI structure.
Observation 8	For given numbers of precoded/selected CSI-RS ports, having multiple FD basis vectors can always increase the performance.
Observation 9	Having  FD basis can combat delay uncertainty, thereby improving the robustness of Rel-17 enhancement.
Observation 10	For a given number of selected pairs, having  FD basis vectors can save CSI-RS resources with insignificant loss of UPT.
Observation 11	The green curve in Figure 3 can be considered as Alt 2, or special cases of Alt 3-1 or Alt 5.
Observation 12	For a given number of precoded CSI-RS ports, multiplexing multiple pairs per CSI-RS port can improve the performance. The gain becomes saturated as the number selected pairs increases.
Observation 13	For a given number of selected pairs, Rel-17 PS with  and  always gives the best performance. Besides, Rel-17 PS with  and  is around 5% better in UPT than Rel-17 PS with  and , but the former has higher complexity and spec impact.
Observation 14	Both having multiple pairs per CSI-RS port and having multiple FD basis in  can save CSI-RS resources.
Observation 15	Indoor scenario with 3 or 4 TRPs in a cluster is the typical scenario where gains were observed with NC-JT.
Observation 16	Alt.3 provides better scheduling flexibility than Alt.1 and Alt.2 with a comparable CSI overhead when the same PMIs and RIs are shared between NC-JT and single TRP CSIs.
Observation 17	The rank associated with a single TRP could be used to determine whether the TRP can be used for NC-JT.
Observation 18	When same antennas are used to receive from two TRPs, the interference on the two CSI-IM resources represents two observations of a same interference.

Proposal 1	Study the order for SVD and port-selection operations, by taking into account the trade-off between UPT, overhead and UE complexity.
Proposal 2	Rel-17 PS codebook should include a DFT-based  as the FD compression matrix.
Proposal 3	Support Alt. 3-0 as it is a robust alternative that allows flexible implementation of Rel-17 enhancements of Type II CSI
Proposal 4	Multiplexing multiple pairs per CSI-RS port () should not be supported as the benefit is not significant (~5%) and given the increased complexity at UE and gNB and specification impact.
Proposal 5	Prioritize finalizing NC-JT CSI enhancement with single reporting setting in Rel-17 before further discussion of NC-JT CSI enhancement with multiple reporting settings.
Proposal 6	Reducing CSI feedback overhead with 3 or 4 TRPs in a serving cell should be the main goal for NC-JT CSI feedback design.
Proposal 7	For NC-JT CSI enhancement with single reporting setting, support the configuration of up to 3 or 4 NZP CSI-RS resources per channel measurement resource set.
Proposal 8	For NC-JT CSI enhancement with single reporting setting, support reporting of 2 CRIs as part of the NC-JT CSI to select two TRPs.
Proposal 9	For NC-JT CSI enhancement with single reporting setting, support Alt.3.
Proposal 10	To reduce CSI overhead with Alt 3, support UE CSI reporting where the same PMIs and RIs are shared between NC-JT CSI and single TRP CSIs.
Proposal 11	If the rank of one of the single TRP CSIs to be reported is above a configured threshold, then the UE may omit CSI associated with NCJT measurement hypothesis.
Proposal 12	For NC-JT CSI with a single CSI reporting setting , if the NZP CSI-RS resources for channel measurement are configured without QCL-type D or with the same QCL-type D, a UE assumes that the interference on the CSI-IM resources represents two observations of a same interference.
Proposal 13	For NC-JT CSI with a single CSI reporting setting, if the NZP CSI-RS resources for channel measurement are configured with different QCL-type D source RS, a UE assumes that the interferences on different CSI-IM resources may correspond to different interference sources.
Proposal 14	For NC-JT CSI with a single CSI reporting setting, a UE assumes that an NZP CSI-RS or CSI-IM resource for interference measurement is QCLed with respect to “QCL-type D” with the associated NZP CSI-RS resource for channel measurement.
Proposal 15	In NR Rel-17, unify the Rel-17 MTRP CSI framework enhancements to consider MTRP CSI for both NC-JT and multi-TRP URLLC schemes.
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	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense urban macro 

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

	Inter-BS distance
	200 m 

	Channel model
	Based on TR 38.901 with the reciprocity model of DL/UL channel in Section 5.3 of TR 36.897 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
100 deg subarray downtilt (zenith angle)

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1)


	BS Tx power 
	44 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	According to TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	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 one per UE 

	CSI feedback 
	CSI feedback periodicity:  5 ms 
Scheduling delay: 4 ms

	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 

	Baseline for performance evaluation
	Rel-16 PS eType II 

	SRS modeling for UL channel estimation
	SRS periodicity = 5 ms
SRS error modelling according to Table A.1-2 in TR 36.897 with Δ = 9 dB

	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
·  is the amplitude error 
·  is the phase error
·  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 and constant across whole simulation bandwidth 
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Alt 3 , Alt 4 , and Alt5 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    study following detailed design of matrices    𝐖 𝟏   and    𝐖 𝐟   , at least for rank 1.      Alt3:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of  P CSI − RS 2   CSI - RS ports    (FFS polarization - common/specific selection)  whereas each column of   𝐖 𝟏   has only one element of “1 ”   o   Alt3 - 0 (one SD - FD /SD   pair per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v   ≤ N 3 )   is a DFT based compression  matrix  (FFS: configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   = N CQISubband *R and    𝐌 𝐯 ≥ 1 .    o   Alt3 - 1 (Multi - SD - FD  pairs per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT matrix  selected by the UE from N pre - configured/pre - defined DFT vectors ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .       FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports      Note that    M v = N   is not excluded by gNB/codebook configuration.    o   Alt3 - 2  (Multi - SD - FD /SD   pairs per port):   𝐖 𝐟 ∈ ℕ K 3 × M ( M ≤ K 3 )   is a   selection matrix in  order to select M SD - FD basis whereas  each column of   𝐖 𝐟   has only one element of “1”,       FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports      N ote that  𝐖 𝐟   can be an identity matrix  


image4.emf
   Alt4 :  𝐖 𝟏 ∈ ℕ   P group × K 4   ( K 4   ≤   P group )   is a port - group selection  matrix   to  freely  select  K 4   groups  out of   P group   port group s or  K 4 / 2    groups  out of   P group / 2   port group s   (FFS polarization - common/specific selection)   whereas  P CSI − RS   CSI - RS ports in a resource are divided into  P group   group s   with  K 5   ports per group, and each port group corresponding to the same SD basis   o     𝐖 𝐟 ∈ ℕ K 5 × M ( M ≤ K 5 )   is  a  selection  matrix  to select the same M ports across all port groups  each column of   𝐖 𝐟   has only one element of “1” .       Alt5:  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT based compression matrix (FFS:  configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .   o   FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports  
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Alt 0 :  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    𝐖 𝟏   can be an identity matrix  
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Alt 1 and  Alt 2 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 ,    study following detailed design of matrices   𝐖 𝟏 ,   at least for rank 1.      Alt 1:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix  in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of   P CSI − RS 2   CSI - RS ports   (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”      Alt2 :  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases  (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports  


