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Introduction
The email discussion is separated into the following topics:
· Topic 1: maintenance of objectives 1-6
· Topic 2: maintenance of 38.810 (NOTE: no contributions were submitted to this agenda, and this topic is not included in the summary)
This document captures the outcome of the second round of the email discussion.
Topic #1: maintenance of objectives 1-6
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117854
	Samsung
	Preliminary assessment of MU on FR2 test time reduction
Observation 1: no new MU is needed for new measurement grid method and for single link polarization method.
Observation 2: no new MU is needed for RSRPB based RX beam peak search method.
Proposal 1: RAN4 concludes that no new MU is defined for the three prioritized test time reduction methods (new measurement grids, RSRPB based RX beam peak search, single link polarization measurement).

	R4-2117971
	Apple
	Preliminary uncertainty assessment for the high DL power and low UL power objective
Observation 1: Although the TR has captured the MU element 'Near-field interaction between probe antenna and DUT antenna,' the related analysis is not explicitly identified in the TR section dedicated to Objective 1.
Observation 2: Along with the EIRP measurement error MU element, another element is needed to quantify TRP measurement error; further discussion is needed to to capture the uniform/non-uniform grid applicability.
Observation 3: Given the extensive analysis of the influence of noise on both the CFFNF and CFFDNF systems, this MU element should be included in the study's outcome.
Proposal 1: In an effort to conclude the preliminary uncertainty assessment of Objective 1, it is proposed to take the above observations into account and to agree on a clear table of MU element applicability to the two methods (CFFNF/CFFDNF) and related methodology parameters (e.g. grid spacing)

	R4-2119177
	Rohde & Schwarz
	MU analysis and applicability for CFFDNF with black-box approach
Observation 1: peak direction does not change substantially due to the frequency response of the UE array.
Observation 2: black-box approach for CFFDNF is not impacted the potential changes in the pattern of the UE array due to frequency response.
Observation 4: search cone angle in Table 5.1.4.6-1 of TR 38.884 is valid for both CFFNF and CFFDNF with black-box approach.
Observation 4: search cone angle in Table 5.1.4.6-1 of TR 38.884 is valid for both CFFNF and CFFDNF with black-box approach.
Proposal 1: approve the text proposal presented in Appendix A to introduce the black-box approach for CFFDNF based on relative measurements.

	R4-2119380
	Keysight Technologies, Rohde & Schwarz
	Preliminary MU assessment of CFFDNF and CFFNF methodologies
Proposal 1: Adopt the above MU descriptions in [1]
Proposal 2: Adopt the above preliminary MUs in [1]

	R4-2118316
	vivo
	TP to TR 38.884 on general aspects

	R4-2118963
	Anritsu Limited
	UL MIMO EVM simulations for TE dual-receiver using the overlapping PUSCH DMRS configuration 
Observation 1: The simulations using the overlapping PUSCH DMRS configuration as specified for UE conformance show similar performance as for the non-overlapping case.
Observation 2: Method 1 can be used with overlapping PUSCH DMRS configuration as specified for UE conformance.
Proposal []: Confirm the use of Method 1 for both FR1 and FR2 under the conditions specified for UE conformance.

	R4-2119381
	Keysight Technologies
	On Black-Box Correlation Factor NF Test Methodology 
Observation 1: Especially at short range lengths, not compensating the probe antenna pattern can lead to errors in estimating the NF beam peak direction and EIRP/EIS for the CFFDNF approach. 
Proposal 1: Consider a new methodology acronym for the Correlation Factor based NF approach, e.g., CFFCFNF, instead of considering it to be a CFFDNF methodology



Open issues summary
Sub-topic 1-1: Preliminary uncertainty assessment for high DL and low UL power enhancements
Issue 1-1-1: Mapping of enhancement approaches to MU tables
-	Alt 1-1-1-1: Introduce the following MU tables for each power class:
-	CFFNF with black-box and r={22 cm for PC3, 32 cm for PC1} with applicability to EIRP only
-	CFFNF with black&white box and r={22 cm for PC3, 32 cm for PC1} with applicability to EIRP only
-	CFFDNF with black&white box and r={35 cm for PC3, 45 cm for PC1} with applicability to EIRP only
-	CFFDNF with black&white box and r={20 cm for PC3, 20 cm for PC1} with applicability to TRP only
-	Alt 1-1-1-2: Introduce the following MU tables:
-	CFFNF with L=22 cm with applicability to EIRP only
-	CFFNF with L=35 cm with applicability to EIRP only
-	CFFDNF with L=22 cm with applicability to EIRP and TRP
-	CFFDNF with L=35cm with applicability to EIRP and TRP
-	NOTE: R4-2117971 analyzed the uncertainty contributions only for the PC3 case

Issue 1-1-2: DUT antenna estimation
-	Alt 1-1-2-1:
-	For black-box approach, where DUT antenna location is not declared, set this element to 0
-	For black&white approach keep FFS pending OEM feedback on typical offset estimation error
-	Alt 1-1-2-2:
-	For black&white-box approach, assuming error in declared offset = 1 cm (worst-case of available results), use the corresponding values from Table 5.1.4.9-1
-	Alt 1-1-2-3: further analysis is needed to be performed for black&white-box approach for offset errors > 1 cm and can be done in RAN5

Issue 1-1-3: Probe antenna pattern
-	Alt 1-1-3-1:
-	Set this element to 0 for CFFDNF and CFFNF approaches
-	Alt 1-1-3-2:
-	Set this element according to the analysis in Table 5.1.4.4-2
-	Alt 1-1-3-3: further analysis is needed to be performed and can be done in RAN5

Issue 1-1-4: EIRP measurement error
-	Proposal: According to the following and assuming the probe antenna is compensated:
-	CFFNF PC3 with black-box: Table 5.1.4.6-4
-	CFFNF PC3 with black&white box: Table 5.1.4.5-3
-	CFFNF PC1 with black-box: Table 5.1.4.6-4
-	CFFNF PC1 with black&white box: Table 5.1.4.5-4
-	CFFDNF PC3 with black&white box: Table 5.1.4.4-8
-	CFFDNF PC1 with black&white box: Table 5.1.4.4-8

Issue 1-1-5: TRP measurement error
-	Alt 1-1-5-1: According to the following and assuming the probe antenna is compensated:
-	CFFDNF PC3 with black&white box and constant step size grid: Table 5.1.4.4-9
-	CFFDNF PC1 with black&white box and constant step size grid: Table 5.1.4.4-10
-	Alt 1-1-5-2: Same as Alt 1-1-5-1 and including the following:
-	CFFDNF PC3 with black&white box and non-uniform grid: Table 5.1.4.4-12
-	CFFDNF PC1 with black&white box and non-uniform grid: Table 5.1.4.4-11

Issue 1-1-6: Near-field interaction between probe antenna and DUT antenna
-	Alt 1-1-6-1: This MU element is similar to the ‘A3-15 Multiple Reflections’ MU element of the Near Field Test Range in TR 37.941 and can be assumed to be 0 but needs to be evaluated for each system separately
-	Alt 1-1-6-2: Analysis of near-field interaction should be made available in the TR
-	Alt 1-1-6-3: Capture relevant references to existing analysis of NF interaction for NF range in the base station specifications and rely on RAN5 to finalize the related analysis.

Issue 1-1-7: Influence of noise
-	Proposal: Given the extensive analysis of the influence of noise on both the CFFNF and CFFDNF systems (Table 5.1.4.8-5), this MU element should be included in the study's outcome 

Issue 1-1-8: Feasibility of CFFDNF with black-box
-	Alt 1-1-8-1: Confirm feasibility of the CFFDNF with black box approach based on the analysis in R4-2119177:
-	peak direction does not change substantially due to the frequency response of the UE array.
-	black-box approach for CFFDNF is not impacted the potential changes in the pattern of the UE array due to frequency response.
-	search cone angle in Table 5.1.4.6-1 of TR 38.884 is valid for both CFFNF and CFFDNF with black-box approach.
-	search cone angle in Table 5.1.4.6-1 of TR 38.884 is valid for both CFFNF and CFFDNF with black-box approach.
-	Alt 1-1-8-2: Confirm feasibility of the CFFDNF with black box approach based on the analysis in R4-2119381:
-	When the antenna pattern for the low-UL power operation matches the antenna pattern for the high-UL power operation, the CFFDNF with black box approach methodology can accurately predict the FF EIRP using NF measurements without the need for NF probe antenna pattern compensation
-	When the antenna configuration for the low UL power operation is a subset of the antenna configuration for the high UL power operation, i.e., the antenna pattern changes between low-UL and high-UL power operation, the CFFDNF methodology needs to take uncertainties (std. deviation and systematic errors) into account
-	The CFFDNF with black box approach methodology uncertainties increase when range lengths decrease and when local search step sizes increase
-	Use Tables 4 and 6 in R4-2119381 as the baseline for the related uncertainty analysis for PC3 & PC1 for CFFDNF with black box approach
-	Alt 1-1-8-3: Same as Alt 1-1-8-2 with the following addition:
-	Consider a new methodology acronym for the Correlation Factor based NF approach, e.g., CFFCFNF, instead of considering it to be a CFFDNF methodology

Sub-topic 1-2: EVM for dual polarization test equipment receiver
Issue 1-2-1: overlapping PUSCH DMRS configuration
-	Proposal: Method 1 can be used with overlapping PUSCH DMRS configuration as specified for UE conformance

Sub-topic 1-3: Preliminary MU for test time reduction enhancements
Issue 1-3-1: New measurement grid
-	Proposal: No new uncertainty element is needed

Issue 1-3-2: single link polarization method
-	Proposal: No new uncertainty element is needed

Issue 1-3-3: RSRPB based RX beam peak search
-	Proposal: No new uncertainty element is needed

Companies views’ collection for 1st round 
Open issues 
	Issue
	Company comments

	Issue 1-1-1: Mapping of enhancement approaches to MU tables

	Keysight: support Alt 1-1-1-1. Each methodology should have its own MU table, separately for black box and black&white-box approaches

	
	R&S: we share KS view. We think it is recommended to keep separate MU table per combination of methodology vs. black-box / black&white-box approach.

	
	Apple: we are fine with Alt 1-1-1-1 and understand the partitioning of the applicability much better now based on the submitted contribution. Would like to also include the understanding that the revised TP on Objective 1 will capture Alt 1-1-1-1 in its implementation this meeting.

	
	Keysight: We can confirm that the revised TP will have the tables in the discussion portion of the contribution repeated in the TP portion of the contribution based on the Proposal in Alt 1-1-1-1.

	
	

	Issue 1-1-2: DUT antenna estimation

	

	
	Keysight: support Alt 1-1-2-1 (black box  0cm) and Alt 1-1-2-3 (black&white-box approach), await feedback from OEMs and continue the MU evaluation in RAN5

	
	R&S: either alt 1-1-2-1 or 1-1-2-3.

	
	Apple: Can we consider the following hybrid approach?
-	For black-box approach, where DUT antenna location is not declared, set this element to 0
-	For black&white approach, clarify that the MU element analysis can be don in RAN5, is dependent on OEM feedback on typical offset estimation error, and provide an example calculation assuming 1 cm error in declared offset

	
	Keysight: we could consider a hybrid approach where we set the MU to 0dB for Black-Box approach and set it to “FFS (in RAN5)” while referring to Table 5.1.4.9-1. Using a specific example offset should be avoided since it could be interpreted as recommendation from RAN4.

	Issue 1-1-3: Probe antenna pattern

	Keysight: support Alt 1-1-3-1 (set this element to 0). The proposal in Alt 1-1-3-2 is not applicable here as the test procedures defined in 5.1.4.2 and the applicability of NF methodologies defined in Clause 5.1.5 clearly state that the pattern must be compensated.  

	
	R&S: we support Alt 1-1-3-1 to set this element to 0, although the MU element description must reflect that 0 assumes probe antenna pattern is compensated.

	
	Apple: We are confused by the comments which propose to set this element to 0 while referring to an antenna pattern compensation procedure, for which the impact on MU is not very clear. We are fine to consider this error to be named differently (e.g. "error in probe antenna pattern compensation"). If we cannot use the analysis in Table 5.1.4.4-2, then how can this source of error be characterized?

	
	Keysight: The analysis in Table 5.1.4.4-2 outlines the MUs if you do not apply the probe pattern compensation. Given the large MUs, it was decided that the probe pattern must be compensated (which was stated accordingly in the TR). Since the NF probe antenna pattern can readily be characterized, e.g., using a NF scanner, compensating the probe antenna pattern is possible without any MU impact. As stated in R4-2119380, this approach is identical with NF BS OTA testing in 37.941 where the MU is set to 0 (Table 9.2.5.3-2) and the MU element is described as follows:
A3-14	Probe pattern knowledge
The probe(s) pattern(s) is assumed to be known so that the BS measurement in near field can be corrected when performing the near field to far field transform. There is no direct dependence between the BS pattern and the probe pattern in near field measurements. This uncertainty is assumed to have a Gaussian distribution.

	
	

	Issue 1-1-4: EIRP measurement error

	Keysight: support Proposal

	
	R&S: we support the proposal.

	
	

	
	

	
	

	Issue 1-1-5: TRP measurement error

	Keysight: support Alt 1-1-4-2. A revision of R4-2119380 is being prepared to include this proposal. 

	
	Apple: Alt 1-1-5-2 (NOTE: there is a mistake in the Alt numbering in the summary)

	
	

	
	

	
	

	Issue 1-1-6: Near-field interaction between probe antenna and DUT antenna

	Keysight: support Alt 1-1-6-1. In the end, RAN5 will finalize MU anyway, i.e., Alt 1-1-6-3 is acceptable as well but Alt 1-1-6-1 would allow an initial MU value in RAN4.  

	
	R&S: either option Alt 1-1-6-1 or Alt 1-1-6-3.

	
	Apple: Alt 1-1-6-1 is preferred in order to have an initial MU value in RAN4; agree with Keysight comment that RAN5 will finalize the value in their work.

	
	

	
	

	Issue 1-1-7: Influence of noise

	Keysight: this MU element (‘Influence of Noise’) already exists for permitted methodologies defined in RAN4/RAN5. TR 38.884 only captured new MU elements that are unique to CFFNF/CFFDNF. We are OK to capture a modified write-up/augmentation of the existing MU element of ‘Influence of Noise’ in the revision of R4-2119380 and let RAN5 finalize the MUs based on the framework provided in 38.884. 

	
	R&S: we share KS view, although it has to be noted the augmented definition is only required for CFFNF since CFFDNF can just apply current definition in RAN5.

	
	Apple: We are fine to consider augmenting the existing MU element "influence of noise," which should include numerical deltas compared to the permitted methodologies and clear applicability (i.e. R&S comment above, if agreeable).

	
	Keysight: The revision of R4-2119380 provides this clarification

	
	

	Issue 1-1-8: Feasibility of CFFDNF with black-box

	Keysight: support 1-1-8-3 and aspects of Alt 1-1-8-1 (e.g., search cone angle). We are open to a different acronym than CFFCFNF but we cannot agree to consider the correlation factor approach to be part of CFFDNF since this approach is not a direct measurement approach with the requirement for a NF search and the determination of the correlation factor (separate FF and NF measurements). 

	
	R&S: 
With regards to Alt 1-1-8-3 (new acronym), we understand the reasons to differentiate this method based on relative factor  (or correlation factor) from CFFDNF, although in our view this method is the logical extension to implement a black-box approach based on CFFDNF. The proposed acronym CFFCFNF is probably too confusing, so we see the following 3 options in order of preference:
· For practical reasons, keep the nomenclature “CFFDNF with black box approach” and ensure the descriptions provide enough details to differentiate from CFFDNF with black&white-box approach.
· Define a new acronym CFFdeltaNF, or CFF∆NF, which clearly identifies the usage of a relative / delta factor.
· Given the generic description in clause 5.1.1 of TR 38.884, CFFNF could be broad enough to cover this new methodology: 
“The Combined far-field/near-field (CFFNF) system utilizing a transform-based approach assumes that the UE beamlock function (UBF) activation is performed towards the FF beam peak direction based on the far-field method and then test case procedures are performed with measurement probe(s) in the NF of the DUT.”
Even though, the overall usage along the document is very much tied to the asymptotic expansion approach and therefore it would require much editorial effort to differentiate between the two of them.

With respect to Alt 1-1-8-2, we appreciate and see the value of the extensive analysis and the simulation results in R4-2119381. Our updated results in the late contribution, revision of R4-2119177, show a similar trend. Therefore, the TP should include the simulation results in R4-2119381 and add the relevant aspects from Alt 1-1-8-1.
That being said, the simulations results and arguments in R4-2119177 suggest that the impact of the low-UL power operation, by means of lower order array or PA effects, is not limited to this new method “CFFDNF with black-box approach” but should be also assessed for CFFNF (with asymptotic expansion) and CFFDNF. 
We were able to run some limited simulation for some of the extreme cases of lower order array modes in R4-2119177 for CFFDNF, using 1º grid in all cases, as shown in the following figures:
4x1 array, upper center position
[image: ]
4x1 array, lower right position
[image: ]
1x2 array, center position
[image: ]
1x2 array, left position
[image: ]
1x1 array, center position
[image: ]
1x1 array, right lower position
[image: ]



The EIRP measurements are simulated for 500 offsets at each test distance, emulating the following high level procedure (as per TR 38.884, clause 5.1.4.2 for CFFDNF test methodology with the black&white-box):
· Step 1: form the beam towards FF antenna in the Tx beam peak direction for the higher array order, i.e. 8x2, then activate UBF.
· Step 2: set the NF probe antenna towards the NF TX beam peak direction, determined from the antenna offset, range length, and FF beam peak direction for the higher array order, i.e. 8x2. 
· Step 3: set UE array to transmit with the lower power mode, i.e. by reducing the number of active elements.
· Step 4: Measure NF power of the UE for the lower power mode in the NF beam peak direction determined in Step 2.
· Step 5: Calculate the EIRP from the NF power in Step 4 by:
· Adding the composite loss to the center of the QZ
· Compensate the actual measurement distance to the center of the UE array, using the 8x2 order.
· Applying the probe antenna NF correction.

The error presented in the following tables is calculated between the ideal FF result and the calculated EIRP in Step 5.
	Antenna configuration
	Range length (m)
	|Mean Error| (dB)
	Std. Deviation (dB)

	4x1, 
upper center position
	0.20
	0.059
	0.030

	
	0.25
	0.040
	0.019

	
	0.30
	0.033
	0.016

	
	0.35
	0.029
	0.015

	
	0.40
	0.027
	0.015

	
	0.45
	0.025
	0.014

	4x1, 
lower right position
	0.20
	0.425
	0.200

	
	0.25
	0.213
	0.076

	
	0.30
	0.136
	0.042

	
	0.35
	0.098
	0.029

	
	0.40
	0.077
	0.023

	
	0.45
	0.063
	0.020

	1x2, 
center position
	0.20
	0.028
	0.018

	
	0.25
	0.024
	0.014

	
	0.30
	0.023
	0.014

	
	0.35
	0.023
	0.014

	
	0.40
	0.023
	0.014

	
	0.45
	0.023
	0.014

	1x2, 
left position
	0.20
	0.210
	0.100

	
	0.25
	0.112
	0.042

	
	0.30
	0.075
	0.027

	
	0.35
	0.058
	0.020

	
	0.40
	0.049
	0.018

	
	0.45
	0.043
	0.017

	1x1, 
center position
	0.20
	0.028
	0.018

	
	0.25
	0.024
	0.014

	
	0.30
	0.023
	0.014

	
	0.35
	0.023
	0.014

	
	0.40
	0.023
	0.014

	
	0.45
	0.023
	0.014

	1x1, 
lower right position
	0.20
	0.212
	0.100

	
	0.25
	0.112
	0.043

	
	0.30
	0.075
	0.027

	
	0.35
	0.058
	0.020

	
	0.40
	0.049
	0.018

	
	0.45
	0.043
	0.017



Comparing these results with the 4x1 simulation results in Table 5.1.4.4-7 of TR 38.884, which assumes a 4x1 array for the whole process (i.e. not reducing from 8x2), it can be seen that there is a relevant error introduced in NF measurements <30cm coming from the different direction selected from the 8x2 array compared to the actual peak radiation in NF for the lower array order in the extreme cases where the elements are selected on the edge of the array. 
We therefore expect a similar impact on CFFNF, with asymptotic expansion approach, and should not be disregarded if the UE assumptions made in R4-2119177 with respect to lower order array configurations for low-UL power modes and PA effects are realistic.


	
	Qualcomm: Thx to KS and R+S for informative analysis. We appreciate the more general approach which makes the measurement method more future proof. Along the lines of future proofing, is it possible to analyze the MU impact to larger arrays (example 12x12 of PC1)?

	
	Keysight: 
Regarding the acronym/nomenclature:
· The concern with the proposed “CFFDNF with black box approach” nomenclature is that this description applies to the actual CFFDNF approach with a single direct near field measurement in the FF beam peak direction using the black-box approach. This approach was shown to have very large MUs and therefore not considered further. The only workaround would be to use “CFFDNF based on Correlation-Factor and black box approach” as this would clearly differentiate itself from the CFFDNF approach. However, this nomenclature would be even more lengthy than CFFCFNF and still implies a direct measurement approach which it is not. 
· We are OK to consider it part of the CFFNF approaches but it would require some more work to differentiate in the TP. 
· CFFdeltaNF is even longer than our originally proposed CFFCFNF
· CFF∆NF, we are OK with that but a Greek symbol in an acronym is pretty rare
Regarding the analyses from R&S:
We performed the same CFFDNF analyses as R&S but with 5000 random offsets for each antenna configuration (each antenna configuration is using the same 5000 random offsets). We also selected an “edge” and a “centre” position for each of the sub-arrays the UE was assumed to select for the low-UL power operation. For simplicity, only the results for the 20cm range length are presented below. The first set of analyses follow the same procedure as outlined by R&S, i.e., the NF beam peak direction and the antenna offset compensation was done based on the declared offset of the reference 8x2 antenna configuration (high-UL power operation). The MUs (mean error and std. deviations) were compared with simulations that assumed that the reference antenna does not switch its configuration, i.e., low-UL and high-UL antenna configuration of 8x2. 
The following observations can be made from the first and second row of simulation results from KS and R&S in the table below:
· The MUs determined from KS and R&S match very well for the same antenna configurations with same/similar starting positions.
· The MUs for the case when the antenna array does not change its antenna configuration, i.e., the low-UL and high-UL configuration is 8x2, matches the MU presented earlier which is captured in Table 5.1.4.4-1 of the TR
· The MUs for the sub-array configurations, i.e., {4x1, 1x1, 1x2}, are the same or generally smaller than the MU for the 8x2 case (which is serving as the reference for PC3 MU purposes)
	
	
	
	
	
	
	Low Power Antenna Config

	Company
	Number of Offsets
	Range Length [m]
	NF BP Direction determined from
	Antenna Centre used for Path Loss Compensation
	MUs
	8x2
	4x1 @ (1,1)
"edge"
	4x1 @ (3,1)
"centre"
	1x1 @ (1,1)
"edge"
	1x1 @ (4,1)
"centre"
	1x2 @ (1,1)
"edge"
	1x2 @ (4,1)
"centre"

	KS
	5000
	0.2
	Reference Antenna
(High-UL Power) offset
	Reference 
(High UL-Power)
	Mean Error [dB]
	0.48
	0.48
	0.04
	0.20
	0.01
	0.20
	0.01

	
	
	
	
	
	Std. Dev. [dB]
	0.22
	0.22
	0.02
	0.09
	0.00
	0.09
	0.00

	R&S
	500
	0.2
	
	Reference 
(High UL-Power)
	Mean Error [dB]
	 
	0.43
	0.06
	0.21
	0.03
	0.21
	0.03

	
	
	
	
	
	Std. Dev. [dB]
	 
	0.20
	0.03
	0.10
	0.02
	0.10
	0.01

	KS
	5000
	0.2
	Sub-Array
(Low-UL Power) offset
	Sub-Array
(Low-UL Power) offset
	Mean Error [dB]
	 
	0.04
	0.04
	0.00
	0.00
	0.00
	0.00

	
	
	
	
	
	Std. Dev. [dB]
	 
	0.02
	0.02
	0.00
	0.00
	0.00
	0.00


Especially the last observation is important to highlight, i.e., the MU for CFFDNF does not increase beyond the reference 8x2 CFFDNF MU when the antenna array switches to a configuration with fewer antenna array elements! 
R&S compares the 4x1 antenna array MUs in the above table with the 4x1 antenna array MUs presented in Table 5.1.4.4-7 and claims that the change in antenna pattern/configuration increases the MU for CFFDNF. We do not believe that this comparison appropriate as the fundamental assumptions between these two simulations are different. In the simulations above, the NF beam peak direction was determine based on the offsets of the 8x2 antenna array while the simulations in Table 5.1.4.4-7 were based on the NF beam peak direction determined based on the actual 4x1 antenna array offsets. Again, as the MUs for the sub-array antenna configurations are the same or smaller than the reference 8x2 antenna array, the change in pattern/configuration does not introduce any additional MU; in many cases, the MU is actually reduced. 
Separate analyses were performed that take the same antenna array offsets into account but instead of determining the NF beam peak direction and the applying the path loss compensation with respect to the phase centre of the 8x2 antenna array, the NF beam peak direction and offset compensation was based on the centre of the sub-antenna array configuration {4x1, 1x1, 1x2}. These results are presented in the third row of the table above. Clearly, the MUs for the 4x1 configuration match the MUs presented in Table 5.1.4.4-7. It can therefore be concluded for CFFDNF (with black&white-box approach) for PC3:
· If the phase centre of the 8x2 antenna array (high UL-power operation) is declared, the previously determined MUs hold if the antenna changes its configuration for the low-UL power operation
· If the phase centre of the sub-antenna array used for low-UL power operation is declared, the previously determined MUs can be further reduced
We are OK to perform and present similar analyses for CFFNF (in RAN5) but we believe that CFFNF does not see an increase in MU due to change in antenna configuration either. The MU element ‘DUT antenna location estimation’ should already capture the effect of the phase centre offset change for CFFNF with black&white-box approach due to change in antenna configuration in the same way as the OEM making an error in declaring the phase centre of the antenna (with no changes in antenna configuration). The black-box CFFNF approach performs local searches at three radii in the NF to estimate the FF EIRP and the actual offset of the antenna array in the low-UL power configuration.

	
	Huawei: Define a new acronym CFFdeltaNF, CFF∆NF, or CFFCFNF, which may be helpful in distinguishing the three testing methodologies with different principles. 
From the simulation results, it can be observed that the statistical error of the subarray activated at the edge is greater than that of the subarray activated at the center. When the same simulation is applied to CFFDNF and CFFNF, it is not clear whether the statistical results are consistent with the above. If the results are the same, can the activation schemes of different subarrays affect the final test result?

	
	Keysight: as requested by QC, we performed similar CFFDNF analyses with the PC1 antenna array configuration of 12x12 changing to {8x2, 4x1, 1x1, 1x2} configurations for low-power operation similar to the PC3 analyses performed above. The results with 5000 offsets and the 45cm range length are summarized in the table below
	
	
	
	Low Power Antenna Config

	NF BP Direction determined from
	Antenna Centre used for Path Loss Compensation
	MUs
	12x12
	8x2 @ (1,1)
"edge"
	8x2 @ (3,6)
"centre"
	4x1 @ (1,1)
"edge"
	4x1 @ (5,6)
"centre"
	1x1 @ (1,1)
"edge"
	1x1 @ (6,6)
"centre"
	1x2 @ (1,1)
"edge"
	1x2 @ (6,6)
"centre"

	Reference Antenna
(High-UL Power) offset
	Reference 
(High UL-Power)
	Mean Error [dB]
	0.45
	0.30
	0.05
	0.23
	0.00
	0.01
	0.00
	0.13
	0.00

	
	
	Std. Dev. [dB]
	0.05
	0.04
	0.01
	0.03
	0.00
	0.00
	0.00
	0.02
	0.00

	Sub-Array
(Low-UL Power) offset
	Sub-Array
(Low-UL Power) offset
	Mean Error [dB]
	 
	0.05
	0.05
	0.00
	0.00
	
	
	
	

	
	
	Std. Dev. [dB]
	 
	0.01
	0.01
	0.00
	0.00
	
	
	
	


Similar observations as for the PC3 analyses can be drawn:
· First row results: The MUs for the case when the antenna array does not change its antenna configuration, i.e., the low-UL and high-UL configuration is 12x12, matches the MU presented earlier which is captured in Table 5.1.4.4-3 of the TR
· First row results: The MUs for the sub-array configurations, i.e., {8x2, 4x1, 1x1, 1x2}, are smaller than the MU for the 12x12 case (which is serving as the reference for PC1 MU purposes)
· Second row results: the MUs for the case when the actual offset position of the sub-array is declared match the MUs determined in previous simulations, e.g., the MUs for the 8x2 antenna and for 0.45cm range length match the MUs for the 8x2 antenna array shown in Table 5.1.4.4-3.
We can therefore draw similar conclusions for CFFDNF (with black&white-box approach) for PC1:
· If the phase centre of the 12x12 antenna array (high UL-power operation) is declared, the previously determined MUs hold if the antenna changes its configuration for the low-UL power operation
If the phase centre of the sub-antenna array used for low-UL power operation is declared, the previously determined MUs can be further reduced
Response to HW:
The results presented by Keysight in this summary are for CFFDNF with black&white-box approach. They indeed show that the activation of the sub-arrays at the edge yield larger MUs than when placed near the centre. The reason is the larger offset error and thus difference in NF beam peak. However, as we showed, activating the sub-array does not increase the MU beyond the MU for the reference antenna array (8x2 for PC3 and 12x12 for PC1). 

	Issue 1-2-1: overlapping PUSCH DMRS configuration

	R&S: thanks to Anritsu for the analysis. We support the proposal since the results confirm our assumptions. 

	
	Qualcomm: In principle, any RAN1 DMRS configuration is ok to use. It is preferred to use config1 because it has a frequency domain resolution of 4 sub-carriers rather than 6 for config 2.

	
	Anritsu: Simulations of R&S, Qualcomm and Anritsu have been performed with a config 1. As it is known what RAN5 has specified in the 38.501-1 for RF conformance testing for UL MIMO i.e. config1+DMRS subcarrier overlapping between layers 1 & 2, we just wanted to check performance for that case and finalize the choice of Method 1 for FR2 and FR1.

	
	

	
	

	Issue 1-3-1: New measurement grid

	Keysight: it is not sure what the actual proposal is as the new measurement grids based on the optional vendor declarations have been incorporated in RAN5 already. 

	
	Samsung: in the latest SR RP-212303 it mentions that the remaining issue for test time reduction objective is preliminary MU. So the intention of our proposal is to conclude in RAN4 that no new MU job is needed in RAN4 for this method. 

	
	vivo: agree that no MU discussion is needed for this topic. 

	
	Apple: agree with the proposal

	
	Keysight: agree based on the provided clarification

	Issue 1-3-2: single link polarization method

	Samsung: in the latest SR RP-212303 it mentions that the remaining issue for test time reduction objective is preliminary MU. So the intention of our proposal is to conclude in RAN4 that no new MU job is needed in RAN4 for this method.

	
	vivo: same as above

	
	Apple: agree with the proposal

	
	

	
	

	Issue 1-3-3: RSRPB based RX beam peak search

	Samsung: in the latest SR RP-212303 it mentions that the remaining issue for test time reduction objective is preliminary MU. So the intention of our proposal is to conclude in RAN4 that no new MU job is needed in RAN4 for this method.

	
	vivo: same as above

	
	Apple: agree with the proposal

	
	

	
	



CRs/TPs comments collection
Moderator's comment: the TP in ... proposes the following release applicability of the test method enhnancements: "The enhanced test methods defined in the following clauses are not only applicable to current release, they can be adopted for FR2 UE conformance testing from Rel-15"
	CR/TP number
	Comments collection

	R4-2118316, "TP to TR 38.884 on general aspects "
	Apple: Regarding the release independence of these test methodology enhancements, we can see three categories:
1. If a test case or requirement was not-testable in an older Release (e.g. Rel-15), and a new test method or procedure unblocks it in Rel-17, then the method can be said to be release-independent and would apply to the older release
2. If we call one of the enhanced test methodologies as a Rel-17 test equipment feature, then a test equipment setup implementing the earlier release conformance test specification should be allowed to bring in a Rel-17 feature, provided that it meets all of the applicable Rel-17 requirements for that feature
3. When there is a core requirement change (or modification/relaxation) in, e.g. Rel-17, to enable testing/unblock testability issues, then the requirement change should be applicable only from Rel-17 onwards
We think this categorization can help clearly identify the release independence applicability of the enhancements either as a general statement or, if there is interest in the group, for each enhancement objective.

	
	

	
	

	
	

	
	


Summary for 1st round 
Open issues 
	Issue
	Status summary 

	Issue 1-1-1: Mapping of enhancement approaches to MU tables

	Tentative agreements:
-	Introduce the following MU tables for each power class:
-	CFFNF with black-box and r={22 cm for PC3, 32 cm for PC1} with applicability to EIRP only
-	CFFNF with black&white box and r={22 cm for PC3, 32 cm for PC1} with applicability to EIRP only
-	CFFDNF with black&white box and r={35 cm for PC3, 45 cm for PC1} with applicability to EIRP only
-	CFFDNF with black&white box and r={20 cm for PC3, 20 cm for PC1} with applicability to TRP only
-	With the understanding that the revised TP on Objective 1 will capture these aspects
Recommendations for 2nd round:
-	It is recommended to handle this issue as part of TP drafting

	Issue 1-1-2: DUT antenna estimation

	Candidate options:
-	Alt 1-1-2-1:
-	For black-box approach, where DUT antenna location is not declared, set this element to 0
-	For black&white approach keep FFS pending OEM feedback on typical offset estimation error
-	Alt 1-1-2-2:
-	For black&white-box approach, assuming error in declared offset = 1 cm (worst-case of available results), use the corresponding values from Table 5.1.4.9-1
-	Alt 1-1-2-3: further analysis is needed to be performed for black&white-box approach for offset errors > 1 cm and can be done in RAN5
Tentative agreements:
-	For black-box approach, where DUT antenna location is not declared, set this element to 0
-	For black&white approach, clarify that the MU element analysis can be done in RAN5 and set this element to "FFS (in RAN5)" while referring to Table 5.1.4.9-1.
Recommendations for 2nd round:
-	It is recommended to handle this issue as part of TP drafting

	Issue 1-1-3: Probe antenna pattern

	Candidate options:
-	Alt 1-1-3-1: Set this element to 0 for CFFDNF and CFFNF approaches
-	Alt 1-1-3-2: Set this element according to the analysis in Table 5.1.4.4-2
-	Alt 1-1-3-3: further analysis is needed to be performed and can be done in RAN5
-	Alt 1-1-3-4 (new): Set this element to 0 for CFFDNF and CFFNF approaches and consider expanding on the dependency of this approach on near-field probe antenna pattern compensation as, e.g., is done in 37.941
Tentative agreements:
-	 Alt 1-1-3-4
Recommendations for 2nd round:
-	Companies are encouraged to check whether the tentative agreement can be acceptable
-	If yes, then it is recommended to handle the resolution of this issue as part of TP drafting

	Issue 1-1-4: EIRP measurement error

	Tentative agreements:
-	According to the following and assuming the probe antenna is compensated:
-	CFFNF PC3 with black-box: Table 5.1.4.6-4
-	CFFNF PC3 with black&white box: Table 5.1.4.5-3
-	CFFNF PC1 with black-box: Table 5.1.4.6-4
-	CFFNF PC1 with black&white box: Table 5.1.4.5-4
-	CFFDNF PC3 with black&white box: Table 5.1.4.4-8
-	CFFDNF PC1 with black&white box: Table 5.1.4.4-8
Recommendations for 2nd round:
-	It is recommended to handle this issue as part of TP drafting

	Issue 1-1-5: TRP measurement error

	Candidate options:
-	Alt 1-1-5-1: According to the following and assuming the probe antenna is compensated:
-	CFFDNF PC3 with black&white box and constant step size grid: Table 5.1.4.4-9
-	CFFDNF PC1 with black&white box and constant step size grid: Table 5.1.4.4-10
-	Alt 1-1-5-2: Same as Alt 1-1-5-1 and including the following:
-	CFFDNF PC3 with black&white box and non-uniform grid: Table 5.1.4.4-12
-	CFFDNF PC1 with black&white box and non-uniform grid: Table 5.1.4.4-11
Tentative agreements:
-	Alt 1-1-5-2
Recommendations for 2nd round:
-	It is recommended to handle this issue as part of TP drafting

	Issue 1-1-6: Near-field interaction between probe antenna and DUT antenna

	Candidate options:
-	Alt 1-1-6-1: This MU element is similar to the ‘A3-15 Multiple Reflections’ MU element of the Near Field Test Range in TR 37.941 and can be assumed to be 0 but needs to be evaluated for each system separately
-	Alt 1-1-6-2: Analysis of near-field interaction should be made available in the TR
-	Alt 1-1-6-3: Capture relevant references to existing analysis of NF interaction for NF range in the base station specifications and rely on RAN5 to finalize the related analysis.Tentative agreements:
-	This MU element is similar to the ‘A3-15 Multiple Reflections’ MU element of the Near Field Test Range in TR 37.941 and can be assumed to be 0 but needs to be evaluated in RAN5 for each system separately
Recommendations for 2nd round:
-	It is recommended to handle this issue as part of TP drafting

	Issue 1-1-7: Influence of noise

	Candidate options:
-	Proposal: Given the extensive analysis of the influence of noise on both the CFFNF and CFFDNF systems (Table 5.1.4.8-5), this MU element should be included in the study's outcome
Tentative agreements:
-	The MU element (‘Influence of Noise’) already exists for permitted methodologies defined in RAN4/RAN5.
-	New MU elements defined in TR 38.884 are unique to CFFNF/CFFDNF.
-	TR can capture a modified write-up/augmentation of the existing MU element of ‘Influence of Noise’, which is applicable to CFFNF, since CFFDNF can just apply current definition in RAN5, and the applicable numerical deltas
Recommendations for 2nd round:
-	Companies are encouraged to check whether the tentative agreement can be acceptable
-	If yes, then it is recommended to handle the resolution of this issue as part of TP drafting

	Issue 1-1-8: Feasibility of CFFDNF with black-box

	Candidate options:
-	Alt 1-1-8-1: Confirm feasibility of the CFFDNF with black box approach based on the analysis in R4-2119177:
-	peak direction does not change substantially due to the frequency response of the UE array.
-	black-box approach for CFFDNF is not impacted the potential changes in the pattern of the UE array due to frequency response.
-	search cone angle in Table 5.1.4.6-1 of TR 38.884 is valid for both CFFNF and CFFDNF with black-box approach.
-	search cone angle in Table 5.1.4.6-1 of TR 38.884 is valid for both CFFNF and CFFDNF with black-box approach.
-	Alt 1-1-8-2: Confirm feasibility of the CFFDNF with black box approach based on the analysis in R4-2119381:
-	When the antenna pattern for the low-UL power operation matches the antenna pattern for the high-UL power operation, the CFFDNF with black box approach methodology can accurately predict the FF EIRP using NF measurements without the need for NF probe antenna pattern compensation
-	When the antenna configuration for the low UL power operation is a subset of the antenna configuration for the high UL power operation, i.e., the antenna pattern changes between low-UL and high-UL power operation, the CFFDNF methodology needs to take uncertainties (std. deviation and systematic errors) into account
-	The CFFDNF with black box approach methodology uncertainties increase when range lengths decrease and when local search step sizes increase
-	Use Tables 4 and 6 in R4-2119381 as the baseline for the related uncertainty analysis for PC3 & PC1 for CFFDNF with black box approach
-	Alt 1-1-8-3: Same as Alt 1-1-8-2 with the following addition:
-	Consider a new methodology acronym for the Correlation Factor based NF approach, e.g., CFFCFNF, instead of considering it to be a CFFDNF methodology
Tentative agreements:
-	Define a new acronym CFFdeltaNF, CFF∆NF, or CFFCFNF
-	Can CFFdeltaNF be selected (at least for the purpose of TP title)?
-	Further discussion is needed to select the acronym and also to identify which aspects of Alt 1-1-8-1, 1-1-8-2, and 1-1-8-3 can be incorporated into the agreement on this methodology
-	Strive to create a new TP for this methodology as a new sub-clause related to Objective 1 which should include all aspects related to tesst method description, procedure, and preliminary uncertainty assessment
Recommendations for 2nd round:
-	Companies are encouraged to check whether the tentative agreement can be acceptable
-	The methodology proponent has requested a revision of R4-2119177 in order to capture technical corrections of the simulation results; it is recommended that this revision can be noted
-	A new TP on CFFdeltaNF should be allocated to R&S to try to make progress on the above tentative agreements during the 2nd round.

	Issue 1-2-1: overlapping PUSCH DMRS configuration

	Tentative agreements:
-	Method 1 can be used with overlapping PUSCH DMRS configuration as specified for UE conformance
-	Since the agreeable proposal above is taken directly from R4-2118963, and it is the only proposal in the paper, it is recommended to approve R4-2118963
Recommendations for 2nd round:
-	None

	Issue 1-3-1: New measurement grid

	Tentative agreements:
-	No new uncertainty element is needed
Recommendations for 2nd round:
-	None

	Issue 1-3-2: single link polarization method

	Tentative agreements:
-	No new uncertainty element is needed
Recommendations for 2nd round:
-	None

	Issue 1-3-3: RSRPB based RX beam peak search

	Tentative agreements:
-	No new uncertainty element is needed
Recommendations for 2nd round:
-	None
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	CRs/TPs Status update recommendation  

	R4-2118316, "TP to TR 38.884 on general aspects "
	To be revised


Discussion on 2nd round (if applicable)
Open issues
TP on high DL power and low UL power test cases (revision of R4-2119380 to R4-2120696)
Moderator's note: includes Issues 1-1-1, 1-1-2, 1-1-3, 1-1-4, 1-1-5, 1-1-6, 1-1-7
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Summary for 2nd round

TP on high DL power and low UL power test cases (revision of R4-2119380 to R4-2120696)
The revised TP seems agreeable

TP on CFFdeltaNF (tdoc R4-2120697)
The revised TP seems agreeable

TP to TR 38.884 on general aspects (revision of R4-2118316 to R4-2120695)
The revised TP seems agreeable
Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	TP on CFFdeltaNF
	Rohde &Schwarz, Keysight
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2117854
	Preliminary assessment of MU on FR2 test time reduction
	Samsung
	To be noted
	

	R4-2117971
	Preliminary uncertainty assessment for the high DL power and low UL power objective
	Apple
	To be noted
	

	R4-2118316
	TP to TR 38.884 on general aspects
	vivo
	To be revised
	

	R4-2118963
	UL MIMO EVM simulations for TE dual-receiver using the overlapping PUSCH DMRS configuration
	Anritsu Limited
	To be approved
	

	R4-2119177
	MU analysis and applicability for CFFDNF with black-box approach
	ROHDE & SCHWARZ
	To be revised
	Revision to be noted

	R4-2119380
	Preliminary MU assessment of CFFDNF and CFFNF methodologies
	Keysight Technologies UK Ltd, Rohde & Schwarz
	To be revised
	

	R4-2119381
	On Black-Box Correlation Factor NF Test Methodology
	Keysight Technologies UK Ltd
	To be noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents
2nd round 
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2120697
	TP on CFFdeltaNF
	Rohde &Schwarz, Keysight
	To be approved
	

	R4-2120695
	TP to TR 38.884 on general aspects
	vivo
	To be approved
	

	R4-2120694
	MU analysis and applicability for CFFDNF with black-box approach
	ROHDE & SCHWARZ
	To be noted
	

	R4-2120696
	Preliminary MU assessment of CFFDNF and CFFNF methodologies
	Keysight Technologies UK Ltd, Rohde & Schwarz
	To be approved
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