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1	Introduction
In RAN1#103-e, the discussion for reciprocity-aided FDD CSI enhancement focussed on the first of the following three main study areas identified in RAN1#102-e, i.e., the codebook structure:
1) [bookmark: _Ref54347756]Codebook structure
2) [bookmark: _Ref54347760]Indication/reporting mechanism
3) RS triggering/signalling/transmission mechanism
Several proposals very discussed and a list of candidate codebook structures was agreed. In this contribution we analyse and discuss these proposals in detail and identify the following main differentiating aspects:
1) The role of , where three design alternatives are proposed
2) Mapping of SD-FD pairs to CSI-RS ports, where single or multiple pairs may be mapped in a single port
Both these codebook aspects play an important role in reducing the CSI-RS overhead, which is critical when scheduling multiple UEs simultaneously for CSI reports with a large number of UE-specific CSI-RS ports, for example 32. We elaborate on the merits of different schemes and articulate our proposals supported by extensive simulation results.
For M-TRP CSI enhancement, it was agreed to prioritise NC-JT CSI enhancement with single reporting setting. Moreover, the main agreements reached can be summarised as follows:
1) For NC-JT measurement with one CSI Reporting Setting, it was agreed that CMR resources are associated to different TRPs/TCI states at resource level.
2) For NC-JT reporting with one CSI Reporting Setting, it was agreed that a UE may report two RIs, two PMIs, two LIs and one CQI per codeword.
3) For CSI reporting with one CSI Reporting Setting, three alternatives were listed including one, two or three CSIs in the same report.
4) For NC-JT measurement based on multi-DCI, a working assumption was agreed with two alternative options: an explicit or implicit association between the two CSI Reporting Settings.
In this contribution, we discuss our proposals for the many open points remaining in the measurement and reporting aspects of M-TRP CSI.

[bookmark: _Ref54347807]2	FDD CSI reporting with partial reciprocity

In RAN1#103-e, several alternatives were listed for the codebook structure as detailed in the following agreement.
Agreement
Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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In terms of functional description of the codebook components all alternatives share the same understanding of  as matrix of combination coefficients and  as a free selection matrix, except Alt 0, which can be regarded as a special case in which all ports are selected. In fact, Alt 0 can be applied to all other alternatives, such that the freely selected ports are layer-specific and corresponds, for each reported layer, to the port index associated to the reported nonzero coefficients.
Observation 1. Alt 0 can be regarded as a special case applicable to any of the other alternatives, where the indication of port selection is combined with the nonzero coefficient selection. This option allows layer-specific port selection and entails larger feedback overhead.
However, two main design differences can be identified across the proposes alternative codebook structures:
1) [bookmark: _Ref61341919]Role of . There are three different proposals
a.  is not needed (Alt 1 and 2). The understanding is that a UE reports wideband (WB) PMI only and that the calculation of the WB coefficients is left to UE’s implementation, similarly to Rel-15 Type II WB reporting
b.  is a DFT-based compression matrix, like in Rel-16 eType II codebooks (Alt 3.0, 3.1 and 5).  may be configured/indicated to the UE and/or selected/reported by the UE. Maintaining the same functional definition of  as in Rel-16, as DFT-based compression matrix, allows to configure/indicate to a UE to calculate few additional FD components. This has the benefit of reducing the CSI-RS port occupancy by letting a UE calculate some FD components to free up some CSI-RS ports and/or to increase the PMI accuracy if the delays cannot be perfectly pre-compensated. Also note that WB reporting can be configured as a special case for . However, in this case, unlike Alt 1 and 2, where the WB coefficients are not specified, a UE reports only the DC component.
Two very similar variants are proposed:
i. [bookmark: _Ref61290560] (Alt 3.0), where  is the number of FD components configured or indicated by the network.
In this formulation, if the selection of the FD components is done by the UE, these are presumably selected in the complete set of  components, in a similar mechanism as in Rel-16 eType II for . In this case, only one port may be needed per spatial beam, as the UE would calculate all the FD components. The advantage of FD precoding, in this case, is the ability of the network to “align” the delay profile of different beams to focus, statistically, the energy of different beams in a smaller number of delays. However, complexity and reporting overhead to indicate the selected  components would be comparable to those of Rel-16.
Alternatively, the  FD components may be determined at the gNB, for example corresponding to a window of size  and initial point 0. In this case, multiple ports may be used for FD precoding of a spatial beam and for each such port a UE would calculate only the FD components in the window and returning a selection indication is not needed.
ii.  (Alt 3.1 and 5), where  is the size of window of FD components configured or indicated by the network and  is the number of FD components selected by a UE.
This formulation describes a more general configuration of window + selection in restricted set, as opposed to configuration/selection in full set, whereby the selection may be done in part by the network, by determining a reduced size window of FD components and in part by a UE by further selecting a subset within this window, in a similar mechanism as in Rel-16 e Type II for .
The second formulation comprises the first, in a special case of , which is reasonable for small values of , or for . Setting a value of  smaller than  has the advantage of reducing the size of the bitmap needed to indicate the selected nonzero coefficients and/or allowing for larger values of , which reduces the number of FD precoding vectors needed for each spatial beam, thereby reducing the CSI-RS overhead further.
c.  is a further selection matrix, selecting the same 
i. SD-FD bases within each port (Alt 3.2). In this case,  is the number of SD-FD bases mapped in each CSI-RS port.
ii. Ports within each port group (Alt 4). In this case,  is the number of ports in each of the port group.
In terms of FD representation of the PMI, Alt 3.2 and 4 assume WB reporting only, with implementation specific calculation of the WB coefficients.
In both cases, each of the  columns of  contains a single ‘1’. We observe that this selection matrix can be combined with the port/port group selection matrix , to form a single SD-FD selection matrix (Alt 3.2) or a port selection matrix (Alt 4) with a specific Kronecker structure, as illustrated in Figure 1.

Observation 2. There are three different proposals for the role of :
·  is not needed as a UE reports only wideband combination coefficients and the wideband calculation is not specified
·  is a DFT-based compression matrix
·  is a further selection matrix

Observation 3.  as a DFT-based compression matrix has the benefits of  increasing the PMI accuracy if the delays cannot be perfectly determined because of the lack of full reciprocity and/or reducing the CSI-RS port occupancy by letting a UE calculate some FD components to free up some CSI-RS ports.
Observation 4. Two similar formulations are proposed for  as a DFT-based compression matrix. In Alt 5 and 3.1 two parameters are used, , instead of one, , describing a more general configuration window + selection in restricted set, as opposed to a configuration/selection in the full set of FD components (Alt 3.0).
Observation 5.  as a further selection matrix can be combined with the port/port group selection matrix , to form a single SD-FD selection matrix (Alt 3.2) or a port selection matrix (Alt 4) with a specific Kronecker structure.
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[bookmark: _Ref61308050]Figure 1. In Alt 3.2 and 4 the two selection matrices,  and , can be combined in one. The parameter  is the number of SD-FD bases per port. The parameter  is the number of ports per port group, such that .

Figure 2 illustrates an example of how the mechanism of configuring additional FD component calculation at the UE can be implemented in practice, according to the description in 1)b.ii. In the example we consider , , a configured window of FD components of size  and . We illustrate the case of three SD-FD bases associated to the same spatial beam and three different FD components. The first axis shows the PDP for the considered beam, obtained from UL channel estimate at the gNB. Note that the PDP may be calculated in an oversampled delay domain. In this case, the oversampling factor is 2, hence the -size window covers 4 delays in this oversampled domain. The gNB implementation chooses an optimal position of three windows of size 4, for example by maximising the PDP energy inside the windows and avoiding any window overlap. The initial delay of each window determines the corresponding FD precoding vector for each of the three SD-FD bases. The bottom 3 axes illustrate the shifted position of the window of FD components at the UE side: for each SD-FD basis a UE is configured to calculate the first 2 FD components only. Note that, in this case, there is no need for the UE to signal , as . The  DFT-based matrix is configured by the network, whilst a UE selects and reports the nonzero coefficients out of  candidate coefficients, where  is the number of selected SD-FD bases, or directly out of  coefficients. Note that we consider a single layer reporting. In case of multiple layers, the bitmap size is multiplied by the reported rank .
Observation 6. An important implementational aspect of the network configuration of  as a DFT-based compression matrix is the optimisation of the choice of windows of FD components. The corresponding FD precoding weights are determined by the initial points of these windows.
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[bookmark: _Ref61396050]Figure 2. Illustration of a window of size  FD components configured by the network such that a UE calculates the first 2 FD components for each SD-FD basis.

Proposal 1. Support the codebook structure , where  is a  DFT-based compression matrix (Alt 5, 3.0, 3.1) and the  components are network configured or selected and reported within a configured window of size 
· FFS:  configured or selected and reported by a UE
· FFS: values of  and 
· , i.e., WB reporting
· 

The second difference between the alternative codebook structures is given by
2) One- or many-to-one mapping of SD-FD bases to CSI-RS ports. In general, we can describe () as a free selection matrix selecting
a. [bookmark: _Ref61308631]Ports () (Alt 1, 3.0, 3.1)
b. [bookmark: _Ref61308707]SD-FD bases () (Alt 2, 3.2, 5)
c. [bookmark: _Ref61308634]Port groups ( ) (Alt 4)
Note that a and c assume that a single SD-FD basis is mapped in a CSI-RS port, whereas b assumes that  SD-FD bases are mapped in each port.
Observation 7. In all proposals but Alt 0,  is a free selection matrix selecting ports/SD-FD bases/port groups. There are two different proposals regarding the mapping of SD-FD bases to ports to reduce the CSI-RS overhead
· One-to-one mapping
· Many-to-one mapping

Regarding this second aspect of whether to convey a single or multiple SD-FD bases in a CSI-RS port, the main motivation for proposing many-to-one mapping is to reduce the CSI-RS overhead when scheduling multiple UEs simultaneously for CSI reports with a large number of UE-specific CSI-RS ports, say 32. In practice, a possible target is for Rel-17 CSI-RS occupancy, in terms of average occupied REs per slot needed to configure reports from a set number of UEs, to be comparable to the CSI-RS occupancy of Rel-16 eType II codebooks. However, without reduction in CSI-RS overhead, the RS overhead of Rel-17 PS would be much larger than that of Rel-16. In fact, in Rel-16 ports are typically shared between UEs but with FD precoding this is very complicated.
A reduction in CSI-RS port density resulting from reducing CSI-RS overhead may lower the accuracy of the DL channel estimation. However, this negative impact is mitigated by the fact that, by exploiting FDD reciprocity, a UE may only need to calculate a WB channel measure for each SD-FD basis. Hence, the frequency resolution needed for the RS of these SD-FD bases is much lower than for a spatially beamformed-only port like in Rel-16 PS. 
Observation 8. Reduction in CSI-RS overhead is critical when scheduling multiple UEs simultaneously for CSI reports with a large number of UE-specific CSI-RS ports, say 32. Without this reduction, the RS overhead of Rel-17 PS would be much larger than that of Rel-16.
The following mechanisms were proposed for studying in RAN1#104-e.
Proposal
Investigate the need for conveying more SD-FD bases than CSI-RS ports, and if the need is justified,  evaluate following mechanisms, by taking into account the trade-off among UE complexity, performance and reporting overhead by port selection codebook enhancements 
· Note considering one-to-one mapping between SD-FD/SD basis and CSI-RS port, 32 CSI-RS ports,  and CSI-RS density 0.5, as a starting point 
· The mechanism of conveying SD-FD beamforming bases using CSI-RS ports, e.g.
· FDM: mapping    SD-FD/SD bases FDMed  into single CSI-RS port at frequency domain
· CDM: mapping  SD-FD bases CDMed into single CSI-RS port at frequency domain 
· Lower CSI-RS frequency density per CSI-RS resource: e.g. 0.25 
· A CSI  across multiple CSI-RS resources: i.e.  equals to total number of CSI-RS ports across multiple CSI-RS resources
· A CSI across multiple time slots: i.e.  equals to total number of CSI-RS ports across multiple time slots
· Any combination of above examples and other mechanisms are not precluded
· FFS: how to specify the mapping between multiple SD-FD bases in a CSI-RS port or across multiple CSI-RS resources or across multiple time slots in PMI quantization and associated CQI determination  
· Note that supporting up to 32 SD-FD bases across all CSI-RS resource(s) is prioritized for PS codebook enhancement in Rel-17.
Other mechanisms are not precluded
The main advantage of the SD-FD basis multiplexing over reducing frequency density of a CSI-RS resource is the possibility to schedule more CSI-RS resources per slot. This is possible because, by mapping multiple SD-FD bases in the same port, fewer ports per resource can be used, which allows more flexible time-frequency allocation.
This is illustrated by an example in Figure 3, where we compare the maximum number of UE-specific CSI-RS resources, hence the maximum number of UEs, that can be scheduled for CSI reporting in a slot, with 32 SD-FD bases configured per user. We consider a slot format with front loaded PDCCH + DMRS. The configuration on the right assumes many-to-one mapping, with  SD-FD bases mapped to a port. We can define the density per SD-FD basis, , as the ratio between the density of a CSI-RS resource over the number of SD-FD bases mapped to each of its port:
	
	[bookmark: _Ref534994984][bookmark: _Ref534994990](1)


In the example on the right, we use 8-port resources with density 1, hence the density per SD-FD basis equals 0.25. In the figure we draw two examples of CSI-RS allocation obtained with the three possible patterns listed in Table 7.4.1.5.3-1 of 38.211, for : pattern 8 uses CDM4, whilst patterns 6 and 7 use CDM2. The maximum number of UEs that can be scheduled for CSI reporting per slot, with 32 SD-FD bases, is 11 and 15, respectively.
Conversely, in the left-hand side of Figure 3, we can achieve the same density per SD-FD basis with one-to-one mapping, by introducing a lower CSI-RS density of 0.25, i.e., one in 4 RBs is scheduled with CSI-RS REs. To accommodate all 32 SD-FD bases, we need to use  port resources. We also introduce a comb offset with value set:  indicating which RB in a group of  is occupied by a CSI-RS resource, such that we can occupy each RB with CSI-RS resources. In this case, the possible time-frequency resource allocations are illustrated by two examples, one obtained with pattern 18 of Table 7.4.1.5.3-1 of 38.211, using CDM8 and one obtained with either pattern 16 (CDM2) or 17 (CDM4). A noticeable difference in these RS allocations is that, because of density=0.25, all SD-FD bases for a UE occupy one in 4 RBs. The maximum number of UEs that can be scheduled for CSI reporting per slot, with 32 SD-FD bases, is lower than that achieved by many-to-one mapping and equals 8 for all patterns.

Table 1. Parameters used for comparing CSI-RS scheduling with one- and many-to-one mapping of SD-FD bases. The example is illustrated in Figure 3.
	
	SD-FD bases per resource
	density per SD-FD basis ()
	SD-FD bases per port ()
	ports per resource ()
	resource density
	max. resources per slot

	one-to-one mapping
	32
	0.25
	1
	32
	0.25
	8

	many-to-one mapping
	32
	0.25
	4
	8
	1
	15



In addition to reducing CSI-RS overhead by CSI-RS density reduction or SD-FD basis multiplexing, gNB can apply UE specific shifts to the delay precoding vectors of different UEs. Hence, the CSI-RS resources of many UEs can share the same time frequency resource elements, separated by the different UE-specific shifts applied at gNB. This corresponds to multiplexing different SD-FD shifts of the different UEs in the delay domain. The UE-specific shifts can be chosen by gNB to avoid inter-symbol interference between the multiplexed UEs. UE needs to be informed of the configured shift, so it can properly undo it before proceeding to Rel17 processing.
Observation 9. Reducing the CSI-RS resource density to 0.5 and 0.25 can achieve the same density per SD-FD basis as mapping 2 and 4 SD-FD bases per port with density 1, respectively. However, mapping multiple SD-FD bases to a port allows to schedule more resources per slot, hence supporting more UEs. For example, for 32 SD-FD bases and a target density per SD-FD basis of 0.25, one-to-one mapping allows up to 8 resources per slot, whereas many-to-one mapping allows up to 15 resources per slot.
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[bookmark: _Ref61371508]Figure 3. Example of maximum number of UE-specific CSI-RS resources that can be scheduled in a slot with two different mechanism: one SD-FD basis per port with reduced resource density (left) and multiplexing of SD-FD bases to ports (right).
 
Proposal 2.  is a  free selection matrix, if reported.
· FFS: whether  has Kronecker structure (Alt 3.2 and 4), 
· FFS: feedback overhead increase if  is not reported (Alt 0)

Proposal 3. Support further study of at least the following two additional mechanisms to reduce the CSI-RS overhead
· Mapping  SD-FD bases in a CSI-RS resource port, with 
· Reduced CSI-RS resource density of 0.25 with RB comb offset: 

Proposal 4. Study multiplexing of SD-FD pairs of different UEs in delay domain by applying UE-specific shifts to FD-precoded beamforming vectors at gNB, in order to further reduce CSI-RS overhead on top of previously mentioned schemes.
As noted before, CSI-RS overhead reduction can also be achieved by adopting the mechanism in 1)b, i.e., by configuring a UE to calculate some additional FD components with  and save the CSI-RS ports conveying the corresponding SD-FD bases. Note that this mechanism can be applied in conjunction to the CSI-RS mapping techniques mentioned above. The extra FD components can be configured by the network: for example, for every port the UE is configured to calculate the first two consecutive components starting from the DC. Network configuration does not allow to adapt the selection of these additional components to the SRS channel estimate, but saves signalling overhead Alternatively, network indication of which additional components to calculate allows adaptable choice of components by the network, at the expense of some extra DL signalling.


[bookmark: _GoBack]2.1	Simulation results
In this section we present simulation results to evaluate the trade-off between performance, feedback overhead and reference signal overhead of the FFD-based port-selection codebook enhancement, under different design alternatives.
For the enhanced PS schemes, the assumption on the reference signals is that both SRS and CSI-RS are triggered aperiodically for up to  UEs with FTP traffic in the queue, where  is the maximum number of UEs supported by the SRS configuration. The SRS resources configuration is given by (SRS period, comb, # OFDM symbols, ) = (5ms, 4, 4, 8). Regarding the CSI-RS overhead, the gNB configures up to 32 UE-specific CSI-RS ports, depending on the configuration parameters being tested. Because the DL RS overhead varies with the FTP traffic and the number of ports configured per UE, we include all DL RS overhead in the user’s throughput calculation.
Regarding the UE feedback overhead, we assume rank one report and free SD-FD pair selection indicated by means of a bitmap of size , where  is the total number of SD-FD pairs and , i.e., the number of precoded CSI-RS ports. In order to simulate different operating points comparable with the six parameter combinations specified for Rel-16 PS, we determine the values of  as , where the values of  and  are taken from the first five parameter combinations of Table 5.2.2.2.6-1 of TS 38.214. Because the sixth parameter combination corresponds to a value , which would require more than 32 ports, we replace it with a different combination of , which results in . All parameter combinations for both baseline and Rel-17 enhancement are listed in Table 2.
The PMI report also includes  nonzero coefficients, quantised in a similar way as in Rel-16 but without a reference amplitude for the weaker polarisation. Amplitude and phase are quantised with 3 and 4 bits, respectively.

[bookmark: _Ref54342703]Table 2. Simulated parameter combinations for Rel-16 PS baseline and Rel-17 PS. 
	
	Rel-16 eType II PS
	Rel-17 PS

	paramCombination-r16
	
	
	
	
	

	1
	2
	¼ 
	¼ 
	16
	4

	2
	2
	¼ 
	½ 
	16
	8

	3
	4
	¼ 
	¼ 
	32
	8

	4
	4
	¼ 
	½ 
	32
	16

	5
	4
	¼ 
	¾
	32
	24

	6
	4
	½ 
	½ 
	--
	--

	(7)
	(4)
	(¼)
	(1)
	32
	32




In Figure 4 and Figure 5 we evaluate different gNB implementations to estimate the dominant SD beams and FD components from the SRS UL channel measurement. In Figure 4 the relative UPT gain is calculated without considering the CSI-RS overhead, whereas Figure 5 includes the RS overhead in the throughout calculation for each slot. For the determination of the SD beams we consider two schemes: grid-of-beams (GoB), whereby the spatial beams are pre-computed and can be based, for example, on DFT vectors, or optimised for coverage; eigenvector-based beamforming (EBB), whereby the beamforming weight are calculated from the UL channel covariance matrix in the spatial dimension. For the determination of the precoding weights in the frequency domain, we consider three possible schemes: DFT-based, whereby the precoding vectors are pre-computed and chosen from a DFT codebook; eigenvector-based precoding (eig), whereby the precoding vectors are obtained from eigenvector decomposition of the UL channel covariance matrix in the frequency dimension; orthogonal matching pursuit (OMP), whereby the dominant delays are found sequentially through a sparse representation of the channel measurement.
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[bookmark: _Ref61889609]Figure 4. Comparison between different gNB implementations to estimate the dominant SD beams and FD components from the SRS UL channel measurement. CSI-RS overhead is not included in the throughput calculation.
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[bookmark: _Ref61889627]Figure 5. Comparison between different gNB implementations to estimate the dominant SD beams and FD components from the SRS UL channel measurement. CSI-RS overhead is included in the throughput calculation



In Figure 6 and Figure 7 we evaluate the effect of Alt 0 on the performance-overhead trade-off. In Alt 0,  is an identity matrix, i.e., the only selection done by a UE is through the bitmap of nonzero coefficients. We compare two cases: UE-side port selection, in which the UE selects  from  ports precoded by the gNB and gNB-side port selection, in which the gNB does the selection of  ports and the UE reports coefficients for all configured ports. The rightmost point coincides for the two cases, because it corresponds to , i.e., a UE is configured to report all coefficients corresponding to the  ports. In Figure 6, we note that UE-side port selection achieves better performance with larger feedback overhead due to the larger bitmap size. However, when taking the CSI-RS overhead in consideration, in Figure 7, the two schemes show similar performance. For reference, we plot the performance of these two schemes under the assumption of perfect UL-DL channel reciprocity. In this case performance of the two schemes is virtually the same but gNB-side selection achieves a significantly lower UL overhead.
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[bookmark: _Ref61890508]Figure 6. Comparison between gNB-side port selection (Alt 0) and UE-side port selection. CSI-RS overhead is not included in the throughput calculation.
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[bookmark: _Ref61890510]Figure 7. Comparison between gNB-side port selection (Alt 0) and UE-side port selection. CSI-RS overhead is included in the throughput calculation.



In Figure 8 and Figure 9 we compare schemes with many-to-one mapping of SD-FD pairs to ports against a scheme mapping single SD-FD pairs to ports. We use the notation  to indicate, respectively, the number of PMI subbands per CQI subband, , the number of SD-FD pairs mapped in a single port, , and the number of SD-FD pair repetitions within a CQI subband, . Note that, say  subband size in number of PRBs, the following relationship holds between the three parameters: . In these results, .
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[bookmark: _Ref61891425]Figure 8. Comparison between many-to-one () and one-to-one () mapping of SD-FD pairs to CSI-RS ports. CSI-RS overhead is not included in the throughput calculation.
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[bookmark: _Ref61891428]Figure 9. Comparison between many-to-one () and one-to-one () mapping of SD-FD pairs to CSI-RS ports. CSI-RS overhead is included in the throughput calculation.



In Figure 10 and Figure 11 we compare schemes in which the UE is configured to calculate additional FD components besides the wideband component (FD component 0). We use the notation  to indicate, respectively, the size of the FD component window configured by the gNB for each of the SD-FD pair, , the size of the FD basis selected at the UE within each configured window, , and the number of windows configured per SD beam, which equals the number of FD components used at the gNB to precode each SD beam, . The two parameters,  and  are defined in Alt 5 and 3.1 of the agreement whilst for , we obtain the special case of Alt 3.0. In all cases, we map 2 SD-FD pairs per port, i.e., we use the mapping combination .
Note that the configuration with  corresponds to schemes where only FD component 0 is reported. In this case there are  FD components per SD beam and a total of 32 SD-FD pairs, mapped to 16 ports (). In comparison, the configuration with  achieves similar throughput-overhead performance, but uses half as many FD components, for a total of 16 SD-FD pairs, mapped to 8 ports.
We also note that the configuration with  (Alt 3.0) achieve worse performance than the other combinations with .
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[bookmark: _Ref61892325]Figure 10. Comparison between schemes in which the UE is configured to calculate additional FD components besides the wideband component. CSI-RS overhead is not included in the throughput calculation.
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[bookmark: _Ref61892327]Figure 11. Comparison between schemes in which the UE is configured to calculate additional FD components besides the wideband component. CSI-RS overhead is included in the throughput calculation.





[bookmark: _Ref54348033]3	M-TRP CSI reporting enhancement
In RAN1#103-e [2], it was agreed to prioritise CSI enhancement to support NC-JT measurement and reporting with a single CSI Reporting Setting. It was also agreed that, in a CSI Reporting Setting, CSI-RS resources for channel measurement (CMRs) are associated to different TRPs/TCI states at resource level and are configured in the same resource set. 
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

The TCI state containing the information on the QCL source and type is associated to each resource in a resource set in different ways depending on the time characteristics of the resource set. For periodic and aperiodic resources, the TCI state is RRC configured: in qcl-InfoPeriodicCSI-RS of the NZP-CSI-RS-Resource IE, for periodic resources and in qcl-info of the CSI-AssociatedReportConfigInfo IE of an aperiodic trigger state, for aperiodic resources. In case of semi-persistent CSI-RS/IM resources, the TCI state ID is indicated in the corresponding resource set activation MAC CE. In all cases, current TCI state information does not contain a TRP association.


3.1	TRP association to CMR resources
For CSI measurement of an NC-JT hypothesis, a UE needs to know the association between CMRs and TRPs or be able to differentiate between CMR resources that are associated to different TRPs,  which is a perquisite in order to be able to identify which CMRs can be paired to ensure the two measured resources are associated to different TRPs. If only two resources are configured in a resource set and the QCL source in their respective TCI state is different, a UE can assume that each resource is associated to a different TRP. However, in general, there can be up to 8 CSI-RS resources in a set, each with a different TCI state. Hence there can be up to 8 different QCL sources in the TCI state information associated to these resources, but only two TRP can be transmitting these resources. In this case, we think the NZP-CSI-RS resources for channel measurements can be grouped, directly or indirectly, through their SSB-block source, such that each group is assumed to be associated to a different TRP.
Observation 10. When up to 8 CSI-RS resources are configured in a set and more than two QCL sources in the TCI state information are associated to these resources, a UE needs additional configuration/indication to determine the association between CMRs and TRPs and/or which CMR pairs to measure for the NC-JT hypotheses.
In the group-based beam reporting discussion for M-TRP enhancement, two example methods have been proposed for grouping CSI-RS resources:
Example proposals for option1/2 of proposal 1-1. Note these examples are not exhaustive or exclusive. 
· Option-1:
· [bookmark: _Hlk54176006]Example 1: introduce higher-layer configured indices (labelled SSI, for discussion purpose only) configured to CMR resources, where UE is requested to report beams with the same or different SSIs within a reported group
· Example 2: One CSI resource setting can be configured with multiple CSI-RS resource sets (each of which corresponds to a TRP transparently), with a restriction/requirement for group based report.  E.g.-1 the maximum number of CSI-RS in a set to be reported in a group, e.g.,1, 2 or 4. E.g.-2, , each set should be with at least one CSI-RS resource to be reported, if multiple CSI-RS resources reported in a group.
Because of the CSI agreement on the resource-level association of different TRPs/TCI states, only Example 1 is relevant. Accordingly, it is possible to introduce higher-layer configured indices to group CMRs/SSBs, where different groups indicate different TRP association, such that a UE can determine an NC-JT hypothesis by measuring two CMRs with different CMR group association or with two QCL sources in different SSB groups.
Observation 11. It is possible to introduce higher-layer configuration indices configured to group CMR resources associated to the same TRP.
Alternatively, it is also possible to introduce TRP grouping only for SSBs and use QCL chain to determine the association of a CMR resource to different TRPs. The QCL-framework defines relationships between QCL source RSs and target signals and channels to be received in DL or transmitted in UL. Figure 6 shows an example of spatial relationships (QCL-typeD) for NZP-CSI-RS and SSB resources. In the figure, the start point of the arrow defines the QCL source, whereas the end point indicates the QCL target resource. For a CMR, by following the QCL-TypeD chain up to a root SSB source, a UE can determine the TRP association by grouping only SSB blocks.
[image: ]
[bookmark: _Ref60665068]Figure 12. Example of spatial relations (QCL-typeD) defined in TS 38.214 for NZP-CSI-RS and SSB resources.

Observation 12. It is possible to use the QCL-typeD source chain and grouping of SSB resources such that CMRs associated to SSB sources in different groups are understood to be associated to different TRPs.  
Therefore, by introducing higher-layer configuration of SSB or CMR resource grouping, it is possible for a UE to establish which TCI states in a resource set are associated to different TRPs and hence determine the possible pairing of resources for NC-JT measurements.
[image: ]
Figure 13. Possible methods for associating a TRP to CMR resources. Alt 1 is by CMR resource grouping, Alt2 is by SSB grouping and QCL chain.

Proposal 5. Introduce higher-layer configuration for grouping resources such that a TRP association is known for each CMR resource. The grouping of CMR resources can be understood by the UE based on either of the following methods:
· Alt-1: grouping (or TRP association) of CMR resources.
· Alt-2: grouping (or TRP association) of SSB resources and QCL-TypeD chain is used to determine the TRP association of a CMR. 


3.2	CMR pairing restriction for NC-JT measurement and reporting
Another issue related to the association of CMR resources to NC-JT hypotheses is the pairing of CMRs. In general, there can be up to 8 CSI-RS resources in a set with 4 resources associated to each of the two TRPs, hence there may be up to 16 possible NC-JT transmission hypotheses. Moreover, depending on the introduction of resource grouping, as elaborated above, a UE may or may not know the CMR-TRP association. In both cases, a mechanism for the network to explicitly indicate the pairing of CMRs to be measured under the NC-JT hypotheses would be beneficial to restrict the possible combinations, and/or to determine the TRP association in the absence of resource grouping. This mechanism of pairing restriction also allows to define the bit-width and codepoint association between the CRI and CMR combinations in case of NC-JT reporting. For example, let us consider a UE capable of 5 simultaneous CSI calculations (simultaneousCSI-ReportsPerCC=5) and a CSI Reporting Setting with 4 CSI-RS resources, two for each TRP. The UE may be configured to calculate CSIs for both single-TRP and NC-JT transmission hypotheses. In this case, 4 calculations would be needed for the single TRP measurement hypotheses and only 2 CSI calculations remain available for NC-JT. Therefore, the network may want to restrict the possible NC-JT combinations from 4 to one.
Figure 8 illustrates this example, in which the CMR pairing restriction is indicated by means of a 2x2 bitmap where each bit is associated to a possible CMR pair. The figure also shows the CRI codepoints associated with this pairing restriction for the three alternative CSI reporting configurations described in the following agreement:
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 

Note that in all three alternatives, the combined bit-width of the CRIs equals three bits.
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[bookmark: _Ref60682084]Figure 14. Example of CMR pairing restriction for NC-JT measurement hypotheses. The CMR pairing also determines the CRI codepoint association used to report the measurement hypothesis under the three different CSI reporting alternatives.

Proposal 6. Support network indication of the CMR pairing to restrict the NC-JT measurement hypotheses when more than 2 CMR resources are configured in a resource set.

3.3	Number of configurable CSIs in a single report
In RAN1#103-e, three possible combinations of CSIs were listed in the agreement reported above and illustrated on the right-hand side of Figure 8. Alt. 3, combined with Alt. 1 provides the most flexible mechanism allowing the network to configure the following three reports
· 3 CSIs: two best single TRP measurements, one for TRP 0 and one for TRP 1 and 1 best NC-JT measurement
· 2 CSIs: two best single TRP measurements, one for TRP 0 and one for TRP 1
· 2 CSIs: one best single TRP measurement, one best NC-JT measurement

Proposal 7. For the number of reported CSIs in a single Reporting Setting, support a combination of Alt 3 and Alt 1 with three possible configurations:
1) 3 CSIs: two best single TRP measurements, one for TRP 0 and one for TRP 1, and 1 best NC-JT measurement
2) 2 CSIs: two best single TRP measurements, one for TRP 0 and one for TRP 1
3) 2 CSIs: one best single TRP measurement, one best NC-JT measurement
 
3.4	Other open issues on resource configuration and CSI quantities
Another configuration aspect that needs to be addressed is the current limitation in the maximum number of ports supported per CMR, when a UE is configured with multiple CSI-RS resources per set and CRI reporting. From Sec. 5.2.1.4.2 of 38.214: “If  CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If  CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports”. Therefore, with the existing port number restriction, CSI measurement for M-TRP is limited to 16 ports per TRP, including single-TRP measurement hypotheses. We propose to extend this limit to 32 ports per resource.
Proposal 8. For M-TRP CSI measurement, support extension of the maximum number of ports per CSI-RS resource to 32.
As agreed in RAN1#103-e, UE’s support of NC-JT measurement, in case of CMRs configured with 32 ports each, is to be considered optional, subject to UE’s capability.
In regard to the CSI quantities reported for an NC-JT measurement hypothesis and single CSI Reporting Setting a number of FFS points remain in the following agreement
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

As elaborated before, CRI can be used to report the measured hypothesis a CSI refers to, for both single-TRP and NC-JT measurement hypotheses. For an NC-JT CSI, a CRI definition needs to be extended to include a pair of CMRs, one for each TRP. If more than two CMRs are configured in the resource set, we think network indication may be needed to restrict the possible number of pair combinations. Once these CMR pairs are known to the UE, the association of CRI codepoints to a single CMR or pair of CMRs can follow the ordering of the network indication (for NC-JT CSIs) and/or the natural ordering of the configured CMRs. The bit-width of a CRI is determined by the reporting mechanism. As illustrated in the example of Figure 8, the value range of the CRI for each of the alternative reporting mechanisms is determined by the resource set configuration and by the network indication, if applicable.
Proposal 9. When an NC-JT CSI is included in a multi-TRP report, support extension of the CRI definition to include the CMR pairs configured/indicated by the network for NC-JT measurements.
Proposal 10. For NC-JT CSI, support restriction of the combination of reported RIs to the following sets: {1,1}, {1,2}, {2,1}, {2,2}.

3.5	On multi-DCI based NC-JT measurements
Regarding CSI measurement for multi-DCI based NC-JT, the following working assumption was agreed in RAN1#103-e, where two alternative options were provided for the TRP association to NZP CSI-RS resources:
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

On one hand, option 1 is understood to propose an explicit association between reporting settings that are intended for NCJT CSI reporting. Such association would most likely be done by explicit indication in the CSI report configurations. On the other hand, option 2 is understood to propose an implicit association between reporting settings that are intended for NCJT CSI reporting. The implicit association could stem from the correspondence between configured CMR and NZP-CSI-RS for interference measurement in each reporting setting, respectively.  A possible motivation to consider solutions for multi-DCI NC-JT measurements with two CSI Reporting Settings, is the need for different PUCCH/PUSCH resources for CSI reporting.  
Although, this is a valid concern, we note that the framework provided for single-DCI NC-JT measurement is flexible enough to be extended to the multi-DCI case as well. Indeed, the only outstanding issue that may prevent extending the solution agreed for single Reporting Setting to M-DCI based NC-JT measurement is the configured uplink resources (PUCCH/PUSCH) for CSI reporting. Such issue may be resolved in case association between CMR resource and TRPs is known to the UE, due to i) CMR resource grouping or ii) SSB resource grouping with SSB used as QCL-Type D source. Therefore, one of the following mechanisms can provide a solution based on the agreement for single Reporting Setting 
· two reporting settings with the same configurations except for PUCCH/PUSCH resources for CSI reporting.
· a single reporting setting with two PUCCH/PUSCH resources for CSI reporting, each PUCCH/PUSCH being associated with a given TRP.

Additionally, if a UE is configured for a multi-DCI M-TRP reporting, the CSI calculations for the NC-JT hypotheses are performed in a similar manner as for single-DCI M-TRP, but with the different assumption of a two-codeword transmission. The CSI quantities are then reported on different PUCCH/PUSCH resources depending on which TRP they are associated to.
Hence introducing a different type of configuration, as proposed in the working assumption, is an unnecessary complication and could make it possible to circumvent the agreement for single Reporting Setting. In fact, the network may use any new scheme agreed from this working assumption, in the single-DCI based M-TRP case as well. Such redundancy of schemes may lead to ambiguity. 
Observation 13. For CSI measurement for multi-DCI based NC-JT, there is no need to introduce TRP association at Report Setting level, because the two separate CSI reports can share the same configuration with resource-level TRP association as agreed for single-DCI based NC-JT measurement.
Proposal 11. Postpone any decision on multi-DCI based NCJT measurement after a decision is made on the TRP association to CMRs for single Reporting Setting.
Proposal 12. If TRP association to CMRs is agreed for single Reporting Setting, modify the working assumption on multi-DCI based NCJT measurement with implicit or explicit association between two Reporting Settings having the same configurations except for PUCCH/PUSCH resources.
Proposal 13. Regarding the FFS on CQI calculation in multi-DCI NC-JT measurement, further clarify that a UE assumes two codewords are received fully overlapping in time and frequency and that each codeword is mapped to the spatial layers associated to one TRP.

4	Conclusion
Hereafter is a summary of observations and proposals for FDD CSI enhancement
Observation 1. 	Alt 0 can be regarded as a special case applicable to any of the other alternatives, where the indication of port selection is combined with the nonzero coefficient selection. This option allows layer-specific port selection and entails larger feedback overhead.
Observation 2. 	There are three different proposals for the role of :
·  is not needed as a UE reports only wideband combination coefficients and the wideband calculation is not specified
·  is a DFT-based compression matrix
·  is a further selection matrix.
Observation 3. 	 as a DFT-based compression matrix has the benefits of  increasing the PMI accuracy if the delays cannot be perfectly determined because of the lack of full reciprocity and/or reducing the CSI-RS port occupancy by letting a UE calculate some FD components to free up some CSI-RS ports.
Observation 4. 	Two similar formulations are proposed for  as a DFT-based compression matrix. In Alt 5 and 3.1 two parameters are used, , instead of one, , describing a more general configuration window + selection in restricted set, as opposed to a configuration/selection in the full set of FD components (Alt 3.0).
Observation 5. 	 as a further selection matrix can be combined with the port/port group selection matrix , to form a single SD-FD selection matrix (Alt 3.2) or a port selection matrix (Alt 4) with a specific Kronecker structure.
Observation 6. An important implementational aspect of the network configuration of  as a DFT-based compression matrix is the optimisation of the choice of windows of FD components. The corresponding FD precoding weights are determined by the initial points of these windows.
Observation 7. 	In all proposals but Alt 0,  is a free selection matrix selecting ports/SD-FD bases/port groups. There are two different proposals regarding the mapping of SD-FD bases to ports to reduce the CSI-RS overhead
· One-to-one mapping
· Many-to-one mapping
Observation 8. 	Reduction in CSI-RS overhead is critical when scheduling multiple UEs simultaneously for CSI reports with a large number of UE-specific CSI-RS ports, say 32. Without this reduction, the RS overhead of Rel-17 PS would be much larger than that of Rel-16.
Observation 9. 	Reducing the CSI-RS resource density to 0.5 and 0.25 can achieve the same density per SD-FD basis as mapping 2 and 4 SD-FD bases per port with density 1, respectively. However, mapping multiple SD-FD bases to a port allows to schedule more resources per slot, hence supporting more UEs. For example, for 32 SD-FD bases and a target density per SD-FD basis of 0.25, one-to-one mapping allows up to 8 resources per slot, whereas many-to-one mapping allows up to 15 resources per slot.


Proposal 1. 	Support the codebook structure , where  is a  DFT-based compression matrix (Alt 5, 3.0, 3.1) and the  components are network configured or selected and reported within a configured window of size 
· FFS:  configured or selected and reported by a UE
· FFS: values of  and 
· , i.e., WB reporting
· 
Proposal 2. 	 is a  free selection matrix, if reported.
· FFS: whether  has Kronecker structure (Alt 3.2 and 4), 
· FFS: feedback overhead increase if  is not reported (Alt 0)

Proposal 3. 	Support further study of at least the following two additional mechanisms to reduce the CSI-RS overhead
· Mapping  SD-FD bases in a CSI-RS resource port, with 
· Reduced CSI-RS resource density of 0.25 with RB comb offset: 

Proposal 4. 	Study multiplexing of SD-FD pairs of different UEs in delay domain by applying UE-specific shifts to FD-precoded beamforming vectors at gNB, in order to further reduce CSI-RS overhead on top of previously mentioned schemes.

Hereafter is a summary of observations and proposals for M-TRP CSI enhancement.
Observation 10. 	When up to 8 CSI-RS resources are configured in a set and more than two QCL sources in the TCI state information are associated to these resources, a UE needs additional configuration/indication to determine the association between CMRs and TRPs and/or which CMR pairs to measure for the NC-JT hypotheses.
Observation 11. 	It is possible to introduce higher-layer configuration indices configured to group CMR resources associated to the same TRP.
Observation 12. It is possible to use the QCL-typeD source chain and grouping of SSB resources such that CMRs associated to SSB sources in different groups are understood to be associated to different TRPs.
Observation 13. For CSI measurement for multi-DCI based NC-JT, there is no need to introduce TRP association at Report Setting level, because the two separate CSI reports can share the same configuration with resource-level TRP association as agreed for single-DCI based NC-JT measurement.

Proposal 5. 	Introduce higher-layer configuration for grouping resources such that a TRP association is known for each CMR resource. The grouping of CMR resources can be understood by the UE based on either of the following methods:
· Alt-1: grouping (or TRP association) of CMR resources.
· Alt-2: grouping (or TRP association) of SSB resources and QCL-TypeD chain is used to determine the TRP association of a CMR.
Proposal 6. 	Support network indication of the CMR pairing to restrict the NC-JT measurement hypotheses when more than 2 CMR resources are configured in a resource set.
Proposal 7. 	For the number of reported CSIs in a single Reporting Setting, support a combination of Alt 3 and Alt 1 with three possible configurations:
1) 3 CSIs: two best single TRP measurements, one for TRP 0 and one for TRP 1, and 1 best NC-JT measurement
2) 2 CSIs: two best single TRP measurements, one for TRP 0 and one for TRP 1
3) 2 CSIs: one best single TRP measurement, one best NC-JT measurement
Proposal 8. 	For M-TRP CSI measurement, support extension of the maximum number of ports per CSI-RS resource to 32.
Proposal 9. 	When an NC-JT CSI is included in a multi-TRP report, support extension of the CRI definition to include the CMR pairs configured/indicated by the network for NC-JT measurements.
Proposal 10. 	For NC-JT CSI, support restriction of the combination of reported RIs to the following sets: {1,1}, {1,2}, {2,1}, {2,2}.
Proposal 11. 	Postpone any decision on multi-DCI based NCJT measurement after a decision is made on the TRP association to CMRs for single Reporting Setting.
Proposal 12. 	If TRP association to CMRs is agreed for single Reporting Setting, modify the working assumption on multi-DCI based NCJT measurement with implicit or explicit association between two Reporting Settings having the same configurations except for PUCCH/PUSCH resources.
Proposal 13. 	Regarding the FFS on CQI calculation in multi-DCI NC-JT measurement, further clarify that a UE assumes two codewords are received fully overlapping in time and frequency and that each codeword is mapped to the spatial layers associated to one TRP.

Appendix

	Parameter
	Value

	Scenario
	Dense Urban (Macro only)

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

	Inter-BS distance
	200m 

	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 for 20MHz

	Simulation bandwidth 
	20 MHz for 15kHz

	Channel model for reciprocity
	Alt1: based on Section 5.3 of TR 36.897

	CSI-RS overhead 
	All DL RS overhead is included in the DL throughput calculation

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	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

	SRS error model and configuration
	SRS error model in Table A.1-2 in 36.897 with Δ=9 dB
(SRS period, comb, # OFDM symbols, # UEs) = (5ms, 4, 4, 8)

	Calibration error model
	
Amplitude error (expressed in decibel of ) and phase error have normal distribution with 0.7dB and 5 degrees standard deviation, respectively.
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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  
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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  
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   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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