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1	Topics for informal email discussion
The following RAN4 Chairman’s guidance was received after the 3GPP RAN4 #92bis meeting:

In order to address the concerns on progress of objective 2, my recommendation on objective 2 is that continue e-mail discussion on objective 2 before Nov meeting. Discussion on the outcome of e-mail discussions on objective 2 can be arranged in the early time during Nov meeting week.  No decision is expected during the e-mail discussion before Nov meeting but decision could be made based on e-mail discussion outcome during the Nov meeting.


This document is intended to capture the outcome of the informal email discussion as input to the RAN4 #93 meeting.
1.1	EIRP measurement aspects
Question 1: what possible test methodology enhancement techniques can address the issues identified with with the EIRP measurement in the presence of polarization basis mismatch between the DUT and the test equipment?

	Company
	Views

	Apple
	We see two possible methodology enhancements:  polarization sweep of the DL signal and the use of CP for the DL signal and UL signal measurement.  Potential benefits and drawbacks of each enhancement should be well understood before making a selection of one approach.

	MediaTek Inc.
	We think below 3 methodologies could solve the issue. We use current test methodology as a reference line to describe each of them. In short:
· Methodology 1 concept
· Test facility
· Change to “simultaneous Link_H & Link_V, with 2-port CSI-RS beam management”
[image: ]
· Test procedure
· Change to “Link_V & H” → “UE_Beam_Lock” → “Measurement_V & H”
· Test result
· “Measurement_V & H”
· Methodology 2 concept
· Test facility
· Same as current architecture
[image: ]
· Test procedure
· Change to “Link_V → Link_H → UE_Beam_Lock → Measurement_V → Measurement_H”
· Test result
· “Measurement_V & H”
· Methodology 3 concept
· Test facility
· Add “Link_45_degree“ by rotation
[image: ]
· Test procedure
· Follow current test procedure, but add one link condition for “Link_45_degree“
· Test result:
· Best of “Measurement_V & H” of different link conditions

	LG
	Depending on different UE implementations, only single polarization transmission can be active even though the UE has UL MIMO capability. For this type of UE, different approach for calculating total EIRP should be considered e.g., total EIRP = EIRP (PolLink=θ) + EIRP (PolLink=Φ) for the single polarization transmission UE. 
For dual polarization transmission active (not always), if polarization sweeping is considered, N value for sweeping resolution level should be declared by UE.

	Samsung
	For UEs with 1 Tx chain, there is no polarization gain regardless of testability enhancement

For UEs with 2 Tx chains but supporting polarization-specific beam correspondence, polarization sweep approach and CP approach can not guarantee simultaneous 2Tx reliably. Besides, polarization sweep approach will significantly increase test time which is conflict with Objective 6 (test time reduction).

One of the important intention is to capture polarization gain. The key point of polarization gain is to enable simultaneous 2Tx reliably. If we focus on UEs with simultaneous 2Tx capability anyhow, then it may narrow down the effort on testability.

	Qualcomm
	A valid measurement methodology correctly captures UE behaviour.

The issues ‘identified with the EIRP measurement in the presence of polarization basis mismatch between the DUT and the test equipment’ does not point to a problem in the EIRP measurement methodology. In the scenarios identified, the measurement methodology correctly captures that the UE does not transmit on both polarizations – this scenario is actually confirmation that the existing EIRP measurement methodology is valid. The motivation for change here is incorrect.

	SONY

	We think the current EIRP test method can correctly measure the UE EIRP. The DL signals in two orthogonal polarizations are sufficient to represent the possible real life scenario. 
 
With the current test procedure, UEs with polarization specific beam correspondence may transmit with3 dB lower power with certain DL polarization angles. However, it is up to the UE under test to choose to transmit with lower power. Therefore, it is a UE capability issue but not a test procedure issue. 

Based on the discussion above, we think there is not enough motivation to modify the current test procedure modification on EIRP measurement.  Therefore, the motivation to modify the testing method shall be clarified firstly. 
 
Regarding the possible enhancements which have been mentioned so far: Based on our understanding, neither polarization sweep, nor CP could be used for EIRP test enhancement since they are not typical configuration of DL signals from gNB. Also, the test time increase due to the polarization sweep, and the feasibility of CP generation from the TE are questionable. 


	Anritsu
	In short, implementation of the UE architecture should be corrected to ensure simultaneous UL transmission from two polarization antennas. It is upto the UE vendor to choose lower power transmission. But from the regulatory requirement viewpoint, at least maximum output power (EIRP/TRP) requirement has to be verified with the possible maximum power only by TPC command.
Other requirements such as minimum peak EIRP and spherical coverage should be verified as pure UE performances under the actual network operation, and these requirements shall not be tested under the best conditions for the UE.   

	Ericsson
	The EIRP should be measured with two orthogonal polarizations and the result summed up. Two methods 
1. measure the polarizations simultaneously and sum up
2. measure the polarizations sequentially and sum up (whilst making sure that the two polarizations directions are properly captured)

This would be consistent with BS testing.

Polarization alignment involves a mechanical rotation, this should be avoided as the test time would be prohibitive.



Question 2: If polarization scan is a technique that can be used, what should be the minimum number of required polarization scans to guarantee the diversity gain to be captured reliably?

	Company
	Views

	Apple
	Our internal analysis of this topic is ongoing.

	
	



Question 3: What new measurement uncertainty elements are introduced with techniques in Question 1?

	Company
	Views

	Apple
	The uncertainty element associated with capturing the deversity gain is maximized when no additional polarization sweeps are defined relative to the current behavior based on TR38.810; this value is reduced as a function of the number of sweeps.

The use of CP is anticipated to introduce new MU elements, such as axial ratio error of the test equipment, and new calibration procedures, depending whether an LP or CP reference antenna is used.

	
	



1.2	UL transmit signal quality measurement aspects
Question 4: what possible test methodology enhancement techniques can address the issues identified with with the UL transmit signal quality measurement in the presence of polarization basis mismatch between the DUT and the test equipment?

	Company
	Views

	Apple
	We see three possible methodology enhancements:  polarization sweep of the measurement antenna when measuring the UL signal, the use of CP for the DL signal and UL signal measurement, and coherent demodulation of two LP signals from cross-polarized receiver antennas at the test equipment.  Potential benefits and drawbacks of each enhancement should be well understood before making a selection of one approach.

	Qualcomm
	We see 2 options: 1. Full OTA receiver (dual coherent receivers) and 2. Single pol receiver adjusted to an ‘optimal’ angle for each UE. Pol scan could be used to determine optimal pol angle for UL testing. The ‘Optimal pol’ method still has significant technical issues associated with it however, and we cannot recommend it in this context.

	Anritsu
	We see 3 options:
1) Keep the Rel-15 test method that the UL transmit signal quality is measured without the Tx diversity enabled. (Anritsu’s preference)
In our view, the purpose to measure EVM is to verify a performance of the front end circuit in a UE. In that sense, we do not think we need to enable Tx diversity feature during the EVM test
Also it is preferable to keep this method until other requirements will also be figured out at least by the end of Rel-16. Otherwise the test system configuration may have to be revisited again.
2) Test by dual coherent receivers. However to study the feasibility of this measurement in detail, we need a clarification with the actual data calculation procedures like the current EVM measurement. (e.g. what kind of transparent Tx diversity scheme is applied? How the combined OTA signals can be split and re-combined in the TE finally.)
3) Mechanical single antenna sweeping by TE. 
Option 2 and 3 methods may face a difficulty with the test system configuration once other requirements have been introduced during rel-16 timeframe. E.g. Inter-band UL/DL CA measurement. 



Question 5: If polarization scan is a technique that can be used, what should be the minimum number of required polarization scans to guarantee the UL transmit signal quality to be captured reliably?

	Company
	Views

	Apple
	Our internal analysis of this topic is ongoing.

	Qualcomm
	we cannot recommend pol-scan in this context.

	
	



Question 6: What new measurement uncertainty elements are introduced with techniques in Question 4?

	Company
	Views

	Apple
	The uncertainty element associated with measuring UL transmit signal quality is maximized when no additional polarization sweeps are defined relative to the current behavior based on TR38.810; this value is reduced as a function of the number of sweeps.

The use of CP is anticipated to introduce new MU elements, such as the axial ratio error of the test equipment antenna, and new calibration procedures, depending whether an LP or CP reference antenna is used.

The use of coherent demodulation of two LP signals from cross-polarized receiver antennas at the test equipment is anticipated to introduce new MU elements, such as the cross-polarization coupling of the test equipment antennas.

	Qualcomm
	Full OTA receiver: 
This topology benefits from full coherent combining of its two constituent receivers and best mimics a gNB receiver. MU elements unique to this type of receiver will depend primarily on TE implementation details. FFS

Optimal angle single pol receiver (from pol scan): 
1.	There are at least as many optimal angles as there are active UE UL polarizations. FFS how to determine best TE antenna angle for test.
2.	There is flatness uncertainty associated with how well TE antenna alignment can be achieved to a given UE.
3.	This scheme places an indirect core requirement on UE, on strength of unintended cross-pol fields being launched by the UE, unless MU and TT are trivially large. We think this is a fatal shortcoming of pol scan for Tx modulation quality testing enhancement. See R4-1913147 in Reno

	
	



1.3	EIS test metric
Question 7: the objective to “study EIS test metric which can apply to different UE RF implementations considering downlink polarization sweep enhancement” implies potential applicability to certain UE RF implementations.  What UE RF implementations can be considered in the scope of the EIS test metric study?

	Company
	Views

	LG
	The test procedure should be separated by different RF UE implementations (Ex. single polarization active vs. dual polarization active), and test time should be the top priority if RAN4 decides to introduce a new test procedure of EIS.

	Samsung
	As the most time consuming test case, EIS metric change should not conflict with Objective 6 (test time reduction)

	Qualcomm
	The current EIS metric already applies to all UE implementations successfully. Any change must have good physical reasoning, be consistent with core requirements and enable improvements in test time over current metric.

	SONY
	The current EIS metric is feasible to be applied to different UE RF implementations, and can correctly measure the EIS of different UEs. Besides, we think any modification on the UE RF test shall take the test time into account.


	Ericsson
	The current EIS test metric appears viable, any polarization matching would increase further the test time and may not favour a good receiver design.



Question 8: Given the UE RF architectures in Question 7, what is the feasibility of introducing a new EIS test metric?

	Company
	Views

	
	





2	Informal email discussion summary
2.1	EIRP measurement aspects
Three companies support considering test methodology enhancement techniques that can address the issues identified with with the EIRP measurement in the presence of polarization basis mismatch between the DUT and the test equipment.  A total of five possible techniques have been identified, as well as a proposal to revisit the total EIRP metric (depending on UE implementation).  One company proposed adopting techniques similar to base station testing.

Two companies proposed to focus the effort on UE architectures with simultaneous 2 Tx capability. 
Two companies also consider Objective 6 (test time reduction) in the discussion.

Three companies do not see the motivation to change the EIRP test methodology.

One company thinks the polarization sweeping method and CP method are not typical configuration of DL signals from gNB.

Initial views on the measurement uncertainty elements associated with the proposed enhancements were provided by one company.
2.2	UL transmit signal quality measurement aspects
Three companies support considering test methodology enhancement techniques that can address the issues identified with the UL transmit signal quality measurement in the presence of polarization basis mismatch between the DUT and the test equipment.  A total of five possible techniques have been identified.

Initial views on the measurement uncertainty elements associated with the proposed enhancements were provided by two companies.

One company raised a concern of the possibility with the revisit in the test system configuration at the end of Rel-16. And suggested to keep the same test method as Rel-15 (disable Tx diversity) until all the necessary requirements will be figured out. 
2.3	EIS test metric
Four companies proposed to consider Objective 6 (test time reduction) in the context of EIS test metric discussions.

Three companies do not see the motivation to revisit the EIS test metric.


3	Summary of contributions and views
	AI
	tdoc
	source
	title and views

	10.5.2
	R4-1911503
	Apple Inc.
	Views on the polarization mismatch objective
Proposal 1: RAN4 should identify a list of possible test methodology enhnacement techniques to address the issues identified with the EIRP measurement in the presence of polarization basis mismatch between the DUT and the test equipment.
Proposal 2: For UEs which exhibit the impact of polarization mismatch on EIRP measurement, it can be useful to quantify the impact on MU when measured according to the permitted methods in TR38.810 and to evaluate the tradeoff between test time and MU improvement as a function of polarization angles used in the sweeping approach.
Proposal 3: RAN4 should strive to enhance the FR2 RF test methodology to remove the necessity of using a UE test mode.

	10.5.2
	R4-1912107
	Keysight Technologies
	On Minimizing Impact of Polarization Basis Mismatch
Observation 1: When the polarizations between TE and UE antennas are mismatched with ~45o, ~135o, ~225o, ~315o offsets (Test IDs 3&4), the UE front end implementations investigated in this contribution could trigger both UE UL transmitters to transmit max output power and the total EIRP could include the diversity gain.
Observation 2: When the polarizations between TE and UE antennas are matched (Test ID 1&2), the UE front end implementations investigated in this contribution could trigger just one UE UL transmitter to transmit max output power and the total EIRP will not include the diversity gain.
Observation 3: Presenting two DL polarizations simultaneously with 0o phase shift between them (Test IDs 5&6) does not guarantee the 3dB polarization gain for the previously introduced UL polarization selection implementations
Observation 4: : A polarization scan with N different polarization scans requires the EIRP based test times to increase approximately by a factor or N
Observation 5: The polarization scan with linear polarizations can capture the TX diversity gain for the UE architectures analysed in this contribution if the single DL polarization triggers both UE polarizations transmitted in UL
Observation 6: The polarization scan with linear polarization using a roll stage for the feed/measurement antenna is the most practical approach with little to no impact on the MU of existing test cases. However, the implementation of the polarization scan is left to system vendors.
Observation 7: The polarization scan using sequential linear polarizations can address the polarization issue for transmit signal quality measurements
Proposal 1: The introduction of circular polarization for EIRP UL measurements is not considered for this SI due to lack of diversity gain measurement. Additionally, this approach has a significant impact on test equipment and measurement uncertainty.
Proposal 2: Consider the introduction of the polarization scan for MOP-EIRP and MOP-Spherical Coverage UL measurements as part of this SI.
Proposal 3: OEMs to provide feedback on the minimum number of required polarization scans to guarantee the diversity gain to be captured reliably.
Proposal 4: Do not consider coherent combining and demodulation of orthogonally polarized received signals in the test equipment in this SI
Proposal 5: Consider the introduction of the polarization scan for UL Transmit Signal Quality Measurements as part of this SI.
Proposal 6: Avoid a polarization scan for EIS to avoid adjusting the EIS metric based on a UE implementation limitation.

	10.5.2
	R4-1912314
	Sony
	Views on testability enhancement for UE FR2 test
Observation 1: The current EIS metric is feasible to be applied to different UE RF implementations.
Observation 2: UE RF architecture assumption and deployment scenario can be different based on the band combination.
Proposal 1: If EIS test metric would be modified, the new metric shall be able to distinguish between different performing UEs.
Proposal 2: Any modification on UE RF test shall take the test time into account.
Proposal 3: The impact of any test procedure modification on the UE performance must be motivated.
Proposal 4: Test setup shall be aligned with both the UE RF implementation and the typical deployment scenario.
Proposal []: If EIS test metric would be modified, the new metric shall be able to distinguish between different performing UEs.

	10.5.2
	R4-1912420
	Huawei, HiSilicon
	On EIS test metric
Observation 1: EIS test metric which use average calculation on the dual polarization will make EIS requirement 3dB stringent than before.
Observation 2: EIS test metric which use average calculation is not adaptable for single polarization active case.
Observation 3: For single polarization active architecture, it is highly possible to receive the full power transmitted from gNB. The revised EIS test metric remove 3dB EIS which is actually received by the UE for single polarization architecture.
Observation 4: similar with LTE, polarization characteristic is not obvious enough to remove the receiving gain from other polarization transmitted from the gNB.
Proposal 1: RAN4 specify the EIS test metric which is applied to different UE RF implementations.
Proposal 2: revise EIS test metric as discussed in section 2.3.
Proposal 3: The EIS measurement procedure should be defined as in 2.4.
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