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Introduction
During the last RAN4#102-bis-e meeting, some progress was made on the topic of eTypeII port selection codebook performance requirements for FeMIMO. 
Some remaining issues are captured in the corresponding WF [1]. The major open topics on “PMI reporting requirement for Rel-17 enhanced type II PS codebook” being:
· Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
· Issue 4-2-1: General Test seup of PMI reporting requirement
· Issue 4-2-2: Modelling BF CSI-RS Port:

[bookmark: _Hlk88742629]This contribution we will re-present Nokia’s point on the above captured open issues.

PMI reporting requirement for Rel-17 enhanced type II PS codebook
Whether to define PMI requirement for Rel-17 FeType II PS codebook
The issue of “whether to define PMI requirements for Rel-17 FeType II PS codebook” was discussed in RAN4#102-e [1] resulting in below way forward. 
	[bookmark: _Hlk99110301]Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeType II PS codebook
· Option 1 : Yes
· Option 1a: Define PMI reporting requirement for Rel-17 FeTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook.
· Option 1b: Consider defining PMI requirement for Rel-17 eType II port selection only if RAN4 can reach an agreement on a simplified way of testing with SU-MIMO test set-up, otherwise not to define requirement.
· Option 2 : No
· Companies are encouraged to provide the detail test setup and test metric, also including gNB implementation model in the next meeting



Regarding option 1a, as already presented in [3] feTypeII port selection has been introduced to mainly reduce the precoder calculation complexity at the UE and move a large part of the calculation complexity to the BS. This is mainly done based on partial reciprocity properties of the radio channel [5] in FDD as delay and angular DL/UL properties are robust to calibration errors.
The main advantage of feTypeII port selection codebook is not only to outperform the eTypeII port selection codebook, but to reduce the computation complexity at the UE.

Comparative Simulations between feTypeII port selection codebook over eTypeII port selection codebook (that have already been presented in [7] [8] don’t lead to large performance differences, since the main benefits are on the UE computation complexity side not on performance gains.

Defining PMI reporting requirements for Rel-17 feTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook does not indicate whether to define PMI requirements for Rel-17 feTypeII port selection.
The complexity reduction at the UE introduced by feTypeII port selection, requires a completely new implementation of the PMI calculation and selection routines in the UE.

Given the expected performance and evident UE implementation impact of Rel-17 feTypeII PS CBs, we maintain our proposal to have requirements for this:
Define PMI requirement for Rel-17 feType II port selection, for FDD FR1.

Regarding option 1b, the SU-MIMO test setup that we recommend would be the same hardware connection setup as already proposed in for eType II port selection in [4], however with the difference that the test equipment would need to match its W1 and Wf to the AoD and Delay profile of the radio channel model in the test. This is done to avoid a complicated dual reciprocal (UL/DL) radio channel fading convolution constraint on the test setup and avoid having to estimate the AoD and delays of the UL SRS at the TE. In that regard the UL SRS sent by the UE is discarded by the TE. The TE simply applies the best W1 and Wf corresponding to the TDL channel model selected for the test. As the TDL is not spatial per se this would result in a constant and single AoA on all delays of the TDL model irrespective of which specific TDL model is chosen and would thus result in single W1 setting for all TDL based test cases for feTypeII port selection codebook.
The TE is not required to use SRS from UE to estimate the AoA and delays of the radio channel profile.
The TE can simply apply the best W1 and Wf based on the known AoA and delays of the radio channel profile of the test.
The SU-MIMO hardware setup shall be the same for feType II PS CB as for eType II PS CB.
The software procedures at TE would be different for feType II PS CB as for eType II PS CB in the sense that the TE would need to match its W1 and Wf to the TDL model selected
The TE shall use the same W1 for all TDL models and test variants for feType II PS CB performance and adjust the Wf per TDL model.
The test metric for the PMI requirement for Rel-17 feTypeII port selection shall be relative throughput ratio between following PMI and random PMI

General Test setup of PMI reporting requirement
On the Issue of general test setup of PMI reporting two options where proposed.
	Issue 4-2-1: General Test setup of PMI reporting requirement
· Option 1 : Both SU-MIMO and MU-MIMO
· Option 2 :  SU-MIMO



At current stage there are no MU-MIMO performance requirements specified (to TypeII codebooks) in release 17 UE performance requirements [6]. Although TypeII, eTypeII and feTypeII are primarily showing most performance benefits in MU-MIMO we will discuss in a first step the SU-MIMO setup of Figure 1. This setup should not differ from previous proposed SU-MIMO setups from a hardware standpoint, however some of the software procedures are worth discussing.
[image: ]
[bookmark: _Ref101479373]Figure 1: SU-MIMO test setup proposal

SU-MIMO test setup with hardcoded W1 and Wf
The DUT is connected via conductive setup with 1 cable per antenna port to the TE. On TE side these ports should be bi-directional UL/DL leading to the leanest and simplest hardware setup. On the procedures side the TE should deduct the best and single W1 from the proposed UE geometric relation to the TDL profile. One Option would be boresight perpendicular to the BS antenna array, thus creating a single AoD at BS emulated by the TE. The UE would send the PMI feedback necessary to the computation of the W2 matrix and thus the TE would be able to compute full precoder based on W1, W2, and Wf.
Note: It must not be neglected to configure a W1*Wf pre-coded CSI-RS resource with 2L*M ports to allow the UE to derive the PMI feedback for W2.
By Utilizing the proper choice of codebook via virtual UL, the TE can discard the UE SRS and simply deduct W1 and Wf from the emulated radio channel in DL.
We propose to use the hardware test setup for SU-MIMO already specified for eTypeII rel16 with the TE software approach presented in Figure 2 where W1 and Wf are hardcoded for selected TDL profile.

Extension to MU-MIMO test
According to [4] the test setup need for MU-MIMO would not differ from the test setup in SU-MIMO if an artificial co-scheduled UE (generated by TE) is used. Thus an artificial signal to a “virtual UE” will undergo a radio channel to the virtual 2nd UE (co-scheduled UE), which signal would interfere with the DUT UE.
This can be seen in below schematic in Figure 2.
The TE would select a subset of precoding Wf based on the radio channel test, emulating the AoA and delay estimation from the UE SRS. This can be simply done via channel model knowledge since TDL is non-spatial channel model.

Define requirements for a single hardware test setup that covers both SU-MIMO and MU-MIMO with TE channel to precoding mapping (virtual SRS AoA, AoD estimation)

 [image: ]
[bookmark: _Ref101480325]Figure 2: MU-MIMO test setup proposal


Modelling BF CSI-RS Port
In practice the CSI-RS (ports) are beamformed for the feTypeIIPS PMI selection. The beamforming includes both W1 and Wf and models the AoD/AoA, as well as, the delay/frequency domain profile, as estimated from uplink references.
However, the current TDL model does not contain any spatial component.
As such it was proposed to include such a spatial component into the channel model/CSI-RS, by re-using either the Rel-13 LTE Class B K=1 MIMO fading channel, or the K>1 power scaling method:
	Issue 4-2-2: Modelling BF CSI-RS Port:
· Option 1
· Option 1a: MIMO fading channel as Rel-13 LTE Class B K=1 PMI test cases
· Option 1b: Power scaling method similar as Rel-13 LTE Class B K>1 CRI test case  
· Other options are not precluded
· Apply option 1 as a starting point for initial evaluation in next meeting




For alignment, we assume that the power scaling method is given as [TS 36.101]:
	[image: ]
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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]:
	[bookmark: _Toc368026718]B.2.3B.4	Beam steering approach
Given the channel spatial correlation matrix in B.2.3B.1, the corresponding random channel matrix H can be calculated. The signal model for the k-th subframe is denoted as


And the steering matrix is further expressed as following:


where
-	H is the Nr xNt channel matrix per subcarrier.

-	 is the steering matrix, 

-	 is the steering matrix in first dimension with same polarization,

-	 is the steering matrix in second dimension with same polarization,

-	 is the number of antenna elements infirst dimension with same polarization,

-	 is the number of antenna elements in second dimension with same polarization,

For 1 antenna element of the same polarization in one direction, .

For 2 antenna elements of the same polarization in one direction, .

For 3 antenna elements of the same polarization in one direction,.

For 4 antenna elements of the same polarization in one direction, .

where the index  stands for first dimension and second dimension respectively.






-	 controls the phase variation in first dimension and second dimension respectively, and the phase for k-th subframe is denoted by, where is the random start value with the uniform distribution, i.e., ,  is the step of phase variation, which is defined in Table B.2.3B.4-1, and k is the linear increment of 1 for every subframe throughout the simulation, the index  stands for first dimension and second dimension respectively.

-	 is the precoding matrix for Nt transmission antennas, 



-	 is the received signal,  is the transmitted signal, and is AWGN.
Table B.2.3B.4-1: The step of phase variation
	Variation Step
	Value (rad/subframe)

	

	1.2566×10-3






Using power scaling to have a low complexity known beamformer at the TE is a potentially feasible solution. Other solutions would be dft-based beams, or the K=1 beam steering approach. The power scaling solution has the advantage that the simulated beampattern is independent of any real array structure and the TE does not need to have any kind of array in the first place. This also means that TEs from different vendors can be made fully comparable.
We want to also note that the chosen CSI-RS beamformer will also need to be applied to PDSCH/DM-RS, otherwise the UE choice of W2 based on beamformed CSI-RS will not lead to the expected data TPUT performance.
However, none of these solutions are expected to correlate well with practical performance of feTypeII PS CB.
The power scaling solution has the advantage that the simulated beampattern is independent of any real array structure and the TE does not need to have any kind of array in the first place. This also means that TEs from different vendors can be made fully comparable.

Furthermore, we don’t see the phase rotation per slot as necessary, but it should not be detrimental as long as it does not impose too large of a processing burden on the TE.
Finally, the power scaling method cannot make the feTypeII PS work on its own, as the Wf component is not covered; only the W1 aspect is. As such a secondary solution to derive Wf from the chosen TDL model in the TE is required.
The power scaling method cannot make the feTypeII PS work on its own, as the Wf component is not covered; only the W1 aspect is. As such a secondary solution to derive Wf from the chosen TDL model in the TE is required.

These observations lead us the following proposal:
RAN4 to use a fixed, i.e., non-phase rotating, beamformer based on the LTE power scaling method, in conjunction with a frequency selective beamforming step that is explicitly derived from the used TDL model.


Conclusion
In this contribution we have provided our views on various open issues with relation to Rel-17 eType II port selection codebook for FeMIMO.

We have made the following observations and proposals:

Whether to define PMI requirement for Rel-17 FeType II PS codebook

1. The main advantage of feTypeII port selection codebook is not only to outperform the eTypeII port selection codebook, but to reduce the computation complexity at the UE.
Defining PMI reporting requirements for Rel-17 feTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook does not indicate whether to define PMI requirements for Rel-17 feTypeII port selection.
The complexity reduction at the UE introduced by feTypeII port selection, requires a completely new implementation of the PMI calculation and selection routines in the UE.
1. Define PMI requirement for Rel-17 feType II port selection, for FDD FR1.

The TE is not required to use SRS from UE to estimate the AoA and delays of the radio channel profile.
The TE can simply apply the best W1 and Wf based on the known AoA and delays of the radio channel profile of the test.
The SU-MIMO hardware setup shall be the same for feType II PS CB as for eType II PS CB.
The software procedures at TE would be different for feType II PS CB as for eType II PS CB in the sense that the TE would need to match its W1 and Wf to the TDL model selected
The TE shall use the same W1 for all TDL models and test variants for feType II PS CB performance and adjust the Wf per TDL model.
The test metric for the PMI requirement for Rel-17 feTypeII port selection shall be relative throughput ratio between following PMI and random PMI

General Test setup of PMI reporting requirement
SU-MIMO test setup with hardcoded W1 and Wf
By Utilizing the proper choice of codebook via virtual UL, the TE can discard the UE SRS and simply deduct W1 and Wf from the emulated radio channel in DL.
We propose to use the hardware test setup for SU-MIMO already specified for eTypeII rel16 with the TE software approach presented in Figure 2 where W1 and Wf are hardcoded for selected TDL profile.

Extension to MU-MIMO test
Define requirements for a single hardware test setup that covers both SU-MIMO and MU-MIMO with TE channel to precoding mapping (virtual SRS AoA, AoD estimation)

Modelling BF CSI-RS Port
The power scaling solution has the advantage that the simulated beampattern is independent of any real array structure and the TE does not need to have any kind of array in the first place. This also means that TEs from different vendors can be made fully comparable.
The power scaling method cannot make the feTypeII PS work on its own, as the Wf component is not covered; only the W1 aspect is. As such a secondary solution to derive Wf from the chosen TDL model in the TE is required.
RAN4 to use a fixed, i.e., non-phase rotating, beamformer based on the LTE power scaling method, in conjunction with a frequency selective beamforming step that is explicitly derived from the used TDL model.
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- P,_(,.) is power scaling factor as following definition:




image4.png
p,(,,):,(ms[p 4@)45,1\:5‘1&5 -1.3351 dB.
X it

4, controls the phase variation, and the phase for m-th subframe is denoted by §, =4, + A0-m . where 6,is
the random start value with the uniform distribution. ie.. 6, €[0,27]. A8 is the step of phase variation
which is defined in Table B.4.6-1. and m is the linear increment of 1 for every sub-frame throughout the
simulation.

Kis the number of configured CSI-RS resources

K-1}

nelol,





image5.png
Table B.4.6-1: The step of phase variation

Variation Step Value (rad/subframe]

A9 1.2566x10°





image6.wmf
n

Wx

HD

y

k

k

+

=

2

,

1

,

,

q

q


oleObject1.bin

image7.wmf
(

)

(

)

(

)

2

1

,

2

,

1

,

2

,

1

,

1

0

0

1

N

D

N

D

D

k

k

k

k

q

q

q

q

Ä

Ä

ú

û

ù

ê

ë

é

=


oleObject2.bin

image8.wmf
2

,

1

,

,

k

k

D

q

q


oleObject3.bin

image9.wmf
)

(

1

1

,

N

D

k

q


oleObject4.bin

image10.wmf
)

(

2

2

,

N

D

k

q


oleObject5.bin

image11.wmf
1

N


oleObject6.bin

image12.wmf
2

N


oleObject7.bin

image13.wmf
1

)

1

(

,

=

i

k

D

q


oleObject8.bin

image14.wmf
ú

û

ù

ê

ë

é

=

i

k

i

k

j

e

D

,

,

3

0

0

1

)

2

(

q

q


oleObject9.bin

image15.wmf
ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

i

k

i

k

i

k

j

j

e

e

D

,

,

,

3

5

.

1

0

0

0

0

0

0

1

)

3

(

q

q

q


oleObject10.bin

image16.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

i

k

i

k

i

k

i

k

j

j

j

e

e

e

D

,

,

,

,

3

2

0

0

0

0

0

0

0

0

0

0

0

0

1

)

4

(

q

q

q

q


oleObject11.bin

image17.wmf
2

,

1

=

i


oleObject12.bin

image18.wmf
i

k

,

q


oleObject13.bin

image19.wmf
k

i

i

k

×

D

+

=

q

q

q

,

0

,


oleObject14.bin

image20.wmf
i

,

0

q


oleObject15.bin

image21.wmf
[

]

p

q

2

,

0

,

0

Î

i


oleObject16.bin

image22.wmf
q

D


oleObject17.bin

oleObject18.bin

image23.wmf
W


oleObject19.bin

image24.wmf
y


oleObject20.bin

image25.wmf
x


oleObject21.bin

image26.wmf
n


oleObject22.bin

image27.wmf
q

D


oleObject23.bin

image1.emf
DUT data 

generator

5G NR encoding 

chain

DUT precoder

DL OFDM

Modulation

Simplified Precoder Calculator

Radio Channel Geometry=> W1

Radio channel PDP => Wf

UL PUCCH => W2

DL

Radio Channel 

emulation

DUT

 W 

UL signalling PUCCH 

including PMI report

 from DUT

bi-directional

 RF ports

RF

UE modem 

antenna connectors

UL BB

TEST EQUIPMENT

Geometry,

PDP


image2.emf
DUT data 

generator

5G NR encoding 

chain

DUT precoder

Random

QAM generator

Co-Scheduled 

UE precoder

OFDM

modulation

Simplified Precoder 

Calculator

Random PMI

Generator for dummy

Co-scheduled UE

Radio Channel 

emulation

DUT

PMI report to DUT


