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1
Introduction
In RAN4#98-e, “WF on polarization basis mismatch [1]” was approved. Couple of further open issues about TPMI details and 2-port CSI-RS details were listed, and other transmitter characteristics were preliminarily discussed. We share our analysis and proposals about TPMI method, 2-port CSI-RS configuration, and EVM issues in this paper.

2
About “TPMI method”
In the latest WF, one of open issues is:
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We share analysis on expected EIRP test result based on “Option1: Fixed TPMI index” and “Option-2: Optimal TPMI index” in Fig 1:
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Fig 1. EIRP difference between fixed TPMI index and optimal TPMI index
Observation 1: “Optimal TPMI” can reflect UE achievable EIRP performance well compared to “Fixed TPMI”. In the case study, the differences are 0.6 dB @peak and 2 dB @50-tile, respectively.
Proposal 1: Define option-2 “Optimal TPMI index”.
3
About “2-port CSI-RS configuration”

In the latest WF, the agreement is “for any FR2 UE that implements CSI-RS based beam refinement, 2-port CSI-RS can help the UE get a better picture of the channel”.

Hence, we focus on the following details about 2-port CSI-RS configuration, which is raised in the latest WF:

After considering the key items for beam training, we propose 2-port CSI-RS configuration as below.
Proposal 2: Define 2-port CSI-RS configuration as below:
· Repetition = ON

· Repetition number = 8 

· Density = 2
4
EVM issue due to polarization basis mismatch
After reviewing more transmitter characteristics and corresponding test procedures, we’d like to raise the EVM (error vector magnitude) issue due to polarization basis mismatch with current test procedure, and propose solution to mitigate it. 

Firstly, we collect some background information about EVM as below for reference:
· In TS 38.101-2 (V17.0.0), the minimum requirements for EVM and test metric is defined as below:


· In TS 38.101-2 (V17.0.0), EVM equalizer spectrum flatness is defined as below:


· In TS 38.521-2 (V16.6.0), the EVM is calculated by below formula.


· Besides, in FR2, OTA is the basic test method, and dual-polarization is the basic architecture assumption of FR2 UE during requirement discussion. This is one key difference for EVM test between LTE/FR1 and FR2.

After considering all of above requirement and test metric. One EVM issue due to polarization basis mismatch with current test procedure is found. We did TWO EVM measurements based on different polarization basis mismatch conditions by ONE commercial mmWave device to demonstrate the issue directly. 
	ONE selected mmWave commercial phone
(Link=TX beam peak direction, Meas=Link angle)

	TWO test conditions

	polarization basis mismatch condition
	condition 1

(theta 0; phi 135)
	condition 2
(theta 0; phi 180)

	
	Noted that, beam peak direction is at theta=0 & phi=0; 

Hence, both condition 1 and 2 are at beam peak direction, and the main difference between them is just different polarization basis mismatch conditions. 
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	EVM spectrum flatness (dB)
	13.7
(fail)
	1.5 
(pass)

	EVM 
test 
result
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Table 1. EVM test value and spectrum flatness can be quite different 
just because of different polarization basis mismatch conditions
Observation 2: Same UE but different polarization basis mismatch conditions with current EVM test procedure can lead to quite different test results, even affect pass/fail results. 

Proposal 3: RAN4 shall define solution(s) for EVM issue due to polarization basis mismatch.

Because the EVM issues is due to polarization basis mismatch, so the behavior would have a “period”. We use this ONE commercial device to show the EVM results versus different phi degrees in Fig 2. Noted that again, all of them is tested at beam peak direction.
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Fig 2. EVM test result can be quite different just because of different polarization basis mismatch conditions, and the period is about 90 degrees. 
Observation 3: The EVM test result period is about 90 degree as expected, due to the inherent possible polarization basis mismatch is 0 to 90 degree.
One method to mitigate the test issue is to allow TE to do some more tests based on different polarization angles.
Proposal 4: For EVM test, different polarization angles shall be applied to avoid test results be affected due to polarization basis mismatch.

After considering the EVM test result period is 90 degree, and black box concept is used for FR2 SISO OTA. We think “0, 45 (=90/2), 22.5 (=45/2) degrees” would be efficient options. Hence, we illustrate the proposed flow and details as below:

Proposal 5: The conceptual EVM test conditions and flow are proposed as Fig 3.
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Fig 3. Proposed EVM test procedure and condition.
Of course, more test polarization angle options may be “safer” to mitigate the issue, however, the proposed 3 relative test polarization angle chances would be enough, even if TE doesn’t know what the exact relative polarizations difference between UE antenna and TE test antenna is because of black box concept. Please refer to below illustration in Fig 4, it shows the selected max 3 chances would be enough to capture reasonable UE EVM achievable performance.
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Fig 4. Test examples to support 3 polarization angels candidate (0, 45, 22.5 degrees) would be enough
Finally, while RAN4 achieve consensus, we think send a formal LS to RAN5 to notify the issue and solution would be better for relative TS modification reference.
Proposal 6: RAN4 shall send LS to RAN5 to notify the EVM issue and the agreed solution(s).

5
Conclusion
We share our view on TPMI method, 2-port CSI-RS configuration, and also EVM issue and solutions, respectively.
【TPMI】
Observation 1: “Optimal TPMI” can reflect UE achievable EIRP performance well compared to “Fixed TPMI”. In the case study, the differences are 0.6 dB @peak and 2 dB @50-tile, respectively.

Proposal 1: Define option-2 “Optimal TPMI index”.

【2-port CSI-RS】
Proposal 2: Define 2-port CSI-RS configuration as below:

· Repetition = ON

· Repetition number = 8 

· Density = 2

【EVM】
Observation 2: Same UE but different polarization basis mismatch conditions with current EVM test procedure can lead to quite different test results, even affect pass/fail results. 

Proposal 3: RAN4 shall define solution(s) for EVM issue due to polarization basis mismatch.

Observation 3: The EVM test result period is about 90 degree as expected, due to the inherent possible polarization basis mismatch is 0 to 90 degree.
Proposal 4: For EVM test, different polarization angles shall be applied to avoid test results be affected due to polarization basis mismatch.

Proposal 5: The conceptual EVM test conditions and flow are proposed as Fig 3.

Proposal 6: RAN4 shall send LS to RAN5 to notify the EVM issue and the agreed solution(s).
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Which TPMI index per test AoA shall be sent by TE is FFS


Option1: Fixed TPMI index 


Option2: Optimal TPMI index 


          …


UE vendors are encouraged to study the UE EIRP performance delta between Option1 and Option2


…








Interested companies are encouraged to provide a suitable CSI-RS configuration to better estimate the feasibility of the method





The requirement is verified with the test metric of EVM (Link=TX beam peak direction, Meas=Link angle).





Table 6.4.2.1-1: Minimum requirements for error vector magnitude


�
Parameter�
Unit�
Average EVM level�
Reference signal EVM level�
�
Pi/2 BPSK �
%�
30.0�
30.0�
�
QPSK �
%�
17.5�
17.5�
�
16 QAM �
%�
12.5�
12.5�
�
64 QAM �
%�
8.0�
8.0�
�






Table 6.4.2.4-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)


Frequency range�
Maximum ripple (dB)�
�
|FUL_Meas – F_center| ≤ X MHz 


(Range 1)�
6 (p-p)�
�
|FUL_Meas – F_center| > X MHz


(Range 2)�
9 (p-p)�
�
NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated


NOTE 2:	F_center refers to the center frequency of the CC


NOTE 3:	X, in MHz, is equal to 30 % of the CC bandwidth�
�









� EMBED Equation.3  ���
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