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List of agreements
The following agreements were made during RAN1#104bis-e meeting [1][6]:

Agreement
For rank=1, polarization-common based free-selection should be supported for W1.
· FFS: Whether there is a need to restrict the number of CSI-RS ports for which this is supported

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

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

Agreement
At least for rank 1, regarding the value(s) of K1 for port selection matrix W1 in NP*K1, study and down-select from the following candidate values of K1 and the maximal value of P in RAN1 105e
· K1 in {2,4,8,12,16,24,32} with K1 <= P
· The maximal value of P as Pmax, e.g.  32
· FFS: possible parameter combinations/dependence for K1 with other PS CB parameters, e.g. whether different candidate values of K1 should be configured for different ranks (if rank>1 is supported).
· FFS: Whether any value of K1 up to P can be supported for some codebook parameters 
· Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations.
Note: for polarization-specific based free-selection, it means select K1 ports out of P ports
Note: P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study)

Agreement
A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters

Agreement 
At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
· FFS: Applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.

Agreement 
At least for rank 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1#105e
· Alt 1: N= Mv always
· Alt 2: N >= Mv and FFS candidate value(s) of N, e.g. 2, 4
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/ not supporting additional alternatives for higher rank.

Agreement 
At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:  
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.

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

Agreement 
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, down-select ONE option for CSI-RS configurations associated with Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)
· If there is no consensus in RAN1#105e, Option 0 is by default.

In this contribution, we study some of the above agreements and provide our additional views on CSI enhancement based on FDD angle and delay reciprocity for Rel-17.

Codebook enhancements based on reciprocity of angle and/or delay
On reducing the CSI-RS overhead
In [1], companies are encouraged to study the following options for CSI-RS configurations associated with Rel-17 PS codebook for supporting low CSI-RS overhead and/or CSI-RS processing complexity considering the impact on UPT performance under realistic CSI-RS measurement, and to down select one:  
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook

Option 1, i.e., reducing the density of CSI-RS pilots in the frequency domain as a means for supporting low CSI-RS overhead, can be expected to have a low impact on the 3GPP standard – new values of the density of CSI-RS need to be defined. On the other hand, Option 3, although it appears to also have a low impact on the standard, does not seem to offer equally good opportunities for reducing the CSI-RS overhead, since essentially no lower CSI-RS density per CSI-RS resource is supported. Hence, considering the estimated amount CSI-RS overhead reduction offered by Option 1 and Option 3, we make the following proposal.

Proposal 1. If further CSI-RS enhancements are needed for CSI-RS associated with Rel-17 PS codebook, then prefer Option 1. 

On polarization-common versus polarization-specific SD/SD-FD bases selection
Various aspects concerning the detailed design of the port selection matrix  are still open. Such aspects concern rank-1 transmissions and are to be discussion during RAN1#105-e meeting. They include:
· For rank=1, whether there is a need to restrict the number of CSI-RS ports for which polarization-common based free selection should be supported for .
· At least for rank 1, candidate values of  and the maximal value of , denoted by .
·  with .
· Note: polarization-common based free-selection means to select the same  ports out of P/2 ports for both polarizations. Polarization-specific based free-selection means to select  ports output of  ports.

The issue of based free-selection, either polarization-common or polarization-specific, occupies a central place in the above discussion. With polarization-common base selection the gNB applies a first polarization on a first CSI-RS port, and a second, orthogonal polarization on a second CSI-RS port. These two ports share the same transmit spatial filter and, together, form a CSI-RS beam. UEs are aware of the mapping between CSI-RS beams and CSI-RS ports and report feedback of both polarizations for each selected CSI-RS beam. Polarization-common base selection has several advantages:
· First, UEs endowed with dual-polarized receivers can exploit the radio channel fully to obtain diversity gains (i.e., for rank-1 transmissions), or multiplexing gains (i.e., for rank-2 transmissions) while using a single, dual-polarized receive filter, i.e., receive beam. Notice that if the mapping between CSI-RS beams and CSI-RS ports were not known, UEs might need to use two different receive beams to obtain said gains, which likely would lead to a larger power dissipation.
· Second, the reporting overhead can be reduced. When observed over a wideband channel, both polarizations tend to have equal average powers, even though at any given sub-carrier one of them may fade. It is therefore likely that if one of the polarizations of a CSI-RS beam is observed then the other one will also be observed. The mechanisms for selecting and reporting SD/SD-FD bases that currently exist in Rel-15/16 [7] provide a convenient means of compactly reporting polarization-common bases.

Observation 1. When observed over a wideband channel, both polarization components of a CSI-RS beam are likely to be either strong or weak. Current Rel-15/16 mechanisms allow for compact polarization-common reporting.

Since polarization-common base selection is already part of Rel-15/16 [7], selecting polarization-common base selection and reporting for Rel-17 PS CB has a minimum impact of the specification. Based on the above discussion, we naturally make the following proposal.

Proposal 2. For minimum specification impact, maintain the polarization-common base selection and reporting mechanism of Rel-15/16. A polarization-specific mechanism should only be introduced if it can be shown that, at least for some scenarios of interest, it provides substantial advantage over polarization-common. 

Further restrictions of SD and FD bases selection
From discussions [1][6], it appears that reciprocity of the UL and DL signal subspaces is not easily upheld. However, angles and delays of individual multipath components (MPCs) are, indeed, reciprocal. How can we extrapolate UL CSI to the DL? One way to achieve this is to apply restrictions on the SD and FD vectors that can be selected by the UE. 
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Figure 1. Illustration of SD vectors restriction. Based on UL CSI (left), the gNB can restrict the set of DL SD beams eligible by the UE to those compatible with the UL CSI (right).

Figure 1 illustrates the case of restricting the set of eligible SD vectors. In this example, a gNB learns from UL SRS that signals arrive through only a few directions. Therefore, it makes sense in the DL to restrict the set of eligible CSI-RS ports to those aligned compatible with said directions. In the figure, the UE is only allowed to select from the set of eligible (hashed) CSI-RS ports. Since the number of choices by the UE has been reduced, less bits are needed to encode the DL CSI feedback reports.

Proposal 3: Based on UL CSI, further restrict the set of CSI-RS ports eligible by the UE to those compatible with UL signal angles. By reducing the number of choices, less bits are needed to encode the DL CSI feedback reports by the UE.

The details of the signaling of the set of CSI-RS ports eligible by the UE need to be discussed. It is however clear that having restricted the number of eligible CSI-RS ports from  to, say, , the original set of candidate values of , with , can also be reduced, e.g., to , with .

Observation 2: Having reduced the number of CSI-RS ports eligible by the UE, candidate values of  can be kept at small values. For example, .

A similar proposal can be made for the DL. In this case, an FD sampling size parameter, , similar to the PS sampling size parameter , can be introduced. FD DFT vectors cannot longer be selected freely, but only groups  of FD vectors, with , , and where  is the number of FD vectors to be selected (similar to the SD parameter ). The parameter  can be set, e.g., such as to cover the delay spread of the channel. Note that not all  vectors within a window/set needed to be selected. Thus, UEs report  vectors and the selected value of . Moreover, for channels in which MPCs tend to be concentrated around a certain mean delay, which can be learnt from the UL CSI, the range of the parameter  can be further restricted. This is schematically illustrated in Figure 2.
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[bookmark: _Ref61867527]Figure 2. Illustration of the concentration of MPCs about certain directions (vertical axis) and delays (horizontal axis). If known from UL CSI, this information can be extrapolated to the DL, provided that the channel can be described by a handful of MPCs. In the example, the FD sampling size parameter  is set to 4, covering the delay spread of the channel. Furthermore, we have ,   and , for this example.

Notice that this method achieves the same effect as pre-shifting the CSI-RS in the delay domain and has the additional advantage that CSI-RS can be used in a MU-MIMO setting.

Proposal 4: Introduce an FD sampling size parameter . Based on UL CSI, further restrictions to  can be applied in order to limit the set of FD DFT vectors eligible by the UE.

[bookmark: _GoBack]This proposal is compatible with the introduction of a single window/set with size  vectors, as proposed in the agreements in [1]. For this, it is sufficient to set , where the  FD bases in the window are consecutive columns from an orthogonal DFT matrix. For increased flexibility, we do not require UEs to always select all  vectors within a window/set. Thus, we allow  rather than enforcing . Furthermore, the FD sampling size parameter  selects one out of several possible windows/sets with size  vectors. This leads to the following proposals:

Proposal 5: At least for rank 1, the FD bases used for  quantization must be  consecutive vectors from an orthogonal DFT matrix.
Proposal 6: At least for rank 1, support .


[bookmark: _Hlk47387515]Conclusions

This document considered enhancements to Rel-17 in order to achieve a better tradeoff among UE complexity, performance and reporting overhead. The following observations and proposals have been made:

Observation 1. When observed over a wideband channel, both polarization components of a CSI-RS beam are likely to be either strong or weak. Current Rel-15/16 mechanisms allow for compact polarization-common reporting.
Observation 2: Having reduced the number of CSI-RS ports eligible by the UE, candidate values of  can be kept at small values. For example, .

Proposal 1. If further CSI-RS enhancements are needed for CSI-RS associated with Rel-17 PS codebook, then prefer Option 1.
Proposal 2. For minimum specification impact, maintain the polarization-common base selection and reporting mechanism of Rel-15/16. A polarization-specific mechanism should only be introduced if it can be shown that, at least for some scenarios of interest, it provides substantial advantage over polarization-common.
Proposal 3: Based on UL CSI, further restrict the set of CSI-RS ports eligible by the UE to those compatible with UL signal angles. By reducing the number of choices, less bits are needed to encode the DL CSI feedback reports by the UE.
Proposal 4: Introduce an FD sampling size parameter . Based on UL CSI, further restrictions to  can be applied in order to limit the set of FD DFT vectors eligible by the UE.
Proposal 5: At least for rank 1, the FD bases used for  quantization must be  consecutive vectors from an orthogonal DFT matrix.
Proposal 6: At least for rank 1, support .
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