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Introduction
During the last RAN4#103-e meeting, further progress was made on the topic of eTypeII Port Selection codebook based PMI reporting for Rel-17.
The main agreement PMI reporting requirement for Rel-17 enhanced Type II PS codebook, was to further discuss the test case design in August [1]:
	2.1	Sub-topic 2-1: Test setup for PMI
Agreement: 
	Further discuss test case design especially for BF modelling in BS side, RAN4 will not introduce requirements for Rel-17 FeType II PS codebook if RAN4 can’t identify proper test case set-up by end of Aug RAN4 meeting.



[bookmark: _Hlk88742629]In this contribution we will express our views on the open issues and open new discussions, if necessary.
In particular we will address the following issue captured in last meeting’s WF [1]:
	· Encourage interesting companies including TE vendors bring more analysis about the test design especially for BF modelling in BS side and test feasibility in RAN4#104-e meeting. 



Discussion

eTypeII PS Rel-16 vs eTypeII PS Rel-17 background
While not captured in the specifications, RAN1 has previously used the following formulations in documents exchanged on the RAN1 reflector to describe the Rel-17 eTypeII (PS) CBs:
	For layer  :

() is a port selection matrix which freely selects  ports out of  CSI-RS ports (selecting the same ports in both the first and second halves of the ports for a total of  ports) such that each column of  has one element set to 1 and the remaining elements are zeros.
() is a DFT based compression matrix, where  = *R controls PMI subband resolution (where  is csiRportingBand, subbandSize and R is numberOfPMISubbandsPerCQISubband) and   is the size of the size of the frequency-domain basis.



It is then understood that  is a sparse matrix of linear combination coefficients for layer , which are fed back in the PMI to build the data and DM-RS precoding matrix  (it is a matrix whose columns contain the precoding vectors for all subbands).
In Rel-16 eType II port selection (PS), the gNB transmits beamformed CSI-RS, i.e., each CSI-RS port is precoded with a weight vector (length is practically up to implementation). It can also be noted the precoders can differ on  subbands. It is expected that the CSI-RS port precoders effectively form a codebook for potential spatial precoder basis.
The UE indicates which ports form the best basis for the precoding matrix (subject to the restrictions imposed by the parameters: selected ports per polarisation  and port sampling size ).
In Rel-17 eType II PS, the gNB precodes each CSI-RS port like in Rel-16, however the ports are now expected to be precoded in both the spatial domain (as in Rel-16), as well as in the frequency domain (FD, also “delays”), i.e., the basis vectors differ per “subband”. The SD/FD precoding vectors can be determined based on reciprocal channel state information (such as angles and delays) measured from UL reference signals (SRS).  The exact measurements made by the BS on the SRS signals and how the measurements are used to determine the SD/FD precoding vectors for the CSI-RS signals is not defined in the specifications. It is also up to the gNB implementation on how to use the PMI indication provided by the UE based on the SD/FD precoding vectors (i.e., CSI-RS ports) to derive the data/DM-RS precoder
The advantage of Rel-17 PS over Rel-16 PS is a further reduction in feedback overhead.  For example,  is commonly much smaller and an all-ones vector for M =1, and  is commonly much sparser.  Additionally, it is possible to simplify the UE implementation as only one small SVD is required, instead of N3 EVDs, and DFT compression of Wf is smaller (only M basis vectors). There even exist configurations, where neither W1 nor Wf need to be reported.
When comparing to legacy TypeII performance requirements specifications from TS 38.101-4, the main difference is the need to specify how the gNB/TE beamforms the CSI-RS in a meaningful way.
There is a need to specify how to beamform the CSI-RS for Rel-17 TypeII-PS codebook performance requirements.
Beamforming of CSI-RS should fit the spatial and frequency domain properties of the radio multipath fading channel.

On spatial channel modelling
From the previous section we see that in eTypeII codebooks with Port Selection (PS), the CSI-RS (ports) are beamformed for the PMI selection. The beamforming includes both spatial and FD components, and models the Angle of Departure (AoD) at the gNB as well as the delay/frequency domain profile, as estimated from uplink SRS via partial reciprocity.
The selection of beamformers by the UE (“PS”), must be used to recreate the data/DM-RS precoder expected by the UE; i.e.,  and  need to be re-created from the port selection feedback and the knowledge of the used SD and FD CSI-RS beamforming components. 
Note that the CSI beamformer is not applied to data and DM-RS precoding, W; only W is applied to data and DM-RS.
It was proposed in [1] to include a spatial component into the CSI-RS precoding, by re-using either the Rel-13 LTE Class B K=1 MIMO fading channel, or the K>1 power scaling method given in [TS 36.101] and similarly, the fading channel/steering matrix approach is understood to be [TS 36.101, B.2.3A.4 and B.2.3B.4] [R4-164730/R4-162774].
These SD CSI beamforming techniques could all be usable but need to match the spatial properties of the channel model applied to the data.
However, the currently used channel model for data/PDSCH is based on TDL with “low” correlation matrix (i.e., identity==no correlation between the antennas), which means that TDL “low” modelling does not have a realization independent spatial component (i.e., each TDL fading realization has fully independent “preferred” spatial directions). Stated differently, if the precoding is of unit power and does not corrupt the timing/synchronization, any beamforming direction that is not chosen on measurements, will work equally as well. 
TDL “low” channel models do not have a realization independent spatial component.
The TPUT performance gain of Rel-17 eTypeII PS, and the feedback compression from measuring the SD precoder in UL, can only be achieved using a spatially dependent channel model.
Rel-13 LTE Class B K=1 MIMO fading channel, and the fading channel/steering matrix approach from TS 36.101, B2.3.A4 and B2.3B.4, will not differ significantly from each other performance wise when used in combination with TDL. There is no technical basis to prefer one over the other out of these three.

CDL models
According to 7.7.2 Tapped Delay Line in TS 38.901: “The TDL models for simplified evaluations, e.g., for non-MIMO evaluations, are defined for the full frequency range from 0.5 GHz to 100 GHz with a maximum bandwidth of 2 GHz.” 
As stated in TS 38.901, TDL channel model should not be used for MIMO evaluations.
The cluster delay line (CDL) model for link level simulations contains spatial components in both azimuth and elevation. However, according to 7.7.5.1 CDL extension: scaling of angles in TS 38.901 “The angle values of CDL models are fixed, which is not very suitable for MIMO simulations for several reasons; The PMI statistics can become biased, and a fixed precoder may perform better than open-loop and on par with closed-loop or reciprocity beamforming.” 
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In spatially dependent codebook performance testing, a spatial channel model should be used. We suggest using a link level channel model such as CDL with angular translation and scaling, for both CSI and data.

On frequency domain channel modelling
Different from the lack of SD components, the TDL model does have a FD component.
In one implementation, the FD precoding of CSI-RS ports can be taken into account by scaling the SD precoding vectors with the average path gain of the TDL model in each subband.
In one implementation, the FD precoding of CSI-RS ports can be taken into account by scaling the SD precoding vectors with the average path gain of the TDL model in each subband.

Test set up
A generic Test Equipment (TE) setup is proposed in Figure 1.
[image: ]
[bookmark: _Ref110944035]Figure 1: General structure of the Test Equipment/Test setup

The main computational challenges are:
1. Two precoders are needed for data/DM-RS (W(l)) and CSI-RS ports (WCSI).
2. The data precoder is defined in specification, but computationally complex, and depends on PMI feedback by the UE. Hence, pre-calculation of W(l) is not possible. 
Furthermore, the calculation needs to consider the FD and SD properties of the used WCSI, which means a hardcoded WCSI is beneficial.
3. The CSI-RS beamformer depends on the geometry and Power Delay Profile (PDP) of the chosen channel model. It would be possible to pre-calculate the CSI precoder, based on the statistical properties of the chosen channel model.
This would reduce performance, as the current realization of the channel is disregarded, but can still deliver improved performance.

CSI-RS precoder in TDL/CDL
Following the background discussions from the prior sections, we see it possible to determine a useful WCSI by having the columns be known beam steering weights that point either in sweeping directions (TDL) or towards scatterers/reflectors/derived or measured AoD s (CDL has AoDs in definition). The beam steering can be modelled via power scaling or ULA equations.
Alternatively, for a TDL model with antenna correlation mid or high, the sweeping can be replaced with beam steering in the eigendirections of the gNB transmit correlation matrix.
To account for the FD component, these spatial vectors (eigendirections) can be modified by a phase ramp across the subbands equal to the (negative) delay of the primary channel taps.
For example, for a TDL30 channel, one might select the 10 and 15 ns delays (Taps 2 and 3) as well as the 4 strongest spatial modes and form 8 CSI-RS beams using the combinations of these spatial vectors and delays. The UE can then select the best of these ports and the coefficients to combine them.
Other, and potentially improved, implementations are possible, but not recommended for standardizing a robust and common approach for implementation in TEs.
We outlined a method to specify a robust and common approach for implementation and derivation of hard-codable CSI-RS port precoders from TDL/CDL channel models in TEs.

Test Metric
In RAN4#103e different test metric options where proposed.
	· Test Metric
· Option 1: following PMI with random PMI 
· Option 2: Following FeType II CB over following eType II CB
· Option 3: Following FeType II CB PMI over Type 1 single panel random PMI  




All three test metric proposals are usable in our opinion, option1 (follow PMI over random PMI) might be the easiest/lowest complexity to implement in TEs.
All three test metric proposals are usable in our opinion, option1 (follow PMI over random PMI) might be the easiest/lowest complexity to implement in TEs.

Timeframe
Given the evident large amount of remaining work to define performance requirements for Rel-17 eTypeII PS codebooks, and the little remaining time, we propose the following:
RAN4 to include performance requirements for Rel-17 eTypeII PS codebooks in the Rel-18 timeframe, and to start from the test setups contributed to, and discussed in, RAN4#104.

Conclusion
In this contribution we have provided our views on various open issues with relation to analysis about the test design especially for BF modelling in BS side and test feasibility.
 
We have made the following observations and proposals:

eTypeII PS Rel-16 vs eTypeII PS Rel-17 background

1. There is a need to specify how to beamform the CSI-RS for Rel-17 TypeII-PS codebook performance requirements.
Beamforming of CSI-RS should fit the spatial and frequency domain properties of the radio multipath fading channel.

On spatial channel modelling
TDL “low” channel models do not have a realization independent spatial component.
The TPUT performance gain of Rel-17 eTypeII PS, and the feedback compression from measuring the SD precoder in UL, can only be achieved using a spatially dependent channel model.
Rel-13 LTE Class B K=1 MIMO fading channel, and the fading channel/steering matrix approach from TS 36.101, B2.3.A4 and B2.3B.4, will not differ significantly from each other performance wise when used in combination with TDL. There is no technical basis to prefer one over the other out of these three.
As stated in TS 38.901, TDL channel model should not be used for MIMO evaluations.
In spatially dependent codebook performance testing, a spatial channel model should be used. We suggest using a link level channel model such as CDL with angular translation and scaling, for both CSI and data.

On frequency domain channel modelling
In one implementation, the FD precoding of CSI-RS ports can be taken into account by scaling the SD precoding vectors with the average path gain of the TDL model in each subband.

Test set up
We outlined a method to specify a robust and common approach for implementation and derivation of hard-codable CSI-RS port precoders from TDL/CDL channel models in TEs.

Test Metric
All three test metric proposals are usable in our opinion, option1 (follow PMI over random PMI) might be the easiest/lowest complexity to implement in TEs.

Timeframe
1. RAN4 to include performance requirements for Rel-17 eTypeII PS codebooks in the Rel-18 timeframe, and to start from the test setups contributed to, and discussed in, RAN4#104.
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The predefined angle values in the CDL models can be generalized by introducing angular translation and scaling. By
translation, mean angle can be changed to 4, .., and angular spread can be changed by scaling. The translated and

scaled ray angles can be obtained according to the following equation:

AS,
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in which:
B moce is the tabulated CDL ray angle

AS,q¢ s the rms angular spread of the tabulated CDL including the offset ray angles, calculated using the
angular spread definition in Annex A

Hymogs i the mean angle of the tabulated CDL, calculated using the definition in Annex A
Hysessec  is the desired mean angle
AS,eq s the desired rms angular spread

B is the resulting scaled ray angle.

The angular scaling is applied on the ray angles including offsets from the tabulated cluster angles. Typical angular
spreads for different scenarios can be obtained from the system-level model.

Example scaling values are:
- AOD spread (ASD) for each CDL model: {5, 10, 15, 25} degrees

- AOA spread (ASA) for each CDL model: {30, 45, 60} degrees.
- ZOA spread (ZSA) for each CDL model: {5, 10, 15} degrees.
- ZOD spread (ZSD) for each CDL model: {1, 3, 5} degrees.

the azimuth and zenith angles of departure and arrival.

The angular scaling and translation can be applied to some or

Note: The azimuth angles may need to be wrapped around to be within [0, 360] degrees, while the zenith angles may need
to be clippeld to be within [0, 180] degrees.
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