3GPP TSG-RAN WG4 Meeting # 105											             	R4-2220157
Toulouse, France, November 14th – November 18th, 2022

Agenda item:			8.15.5
Source:	Moderator (CAICT)
Title:	Summary for [105][331] NR_MIMO_OTA_enh
Document for:	Information
Introduction
This topic summary covers the discussions for Rel-18 NR MIMO OTA WI (AI 8.15).
List of candidate target of discussions for this topic. 
· [bookmark: OLE_LINK30]1st round: Discuss open issues, stabilize the Framework for FR2 MIMO OTA. 
· 2nd round: Conclude the open issues, approve the Framework for FR2 MIMO OTA.
[bookmark: _Hlk118898733]Topic #1: FR2 MIMO OTA
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2219340
	CAICT
	Framework for FR2 MIMO OTA performance requirements development
[bookmark: OLE_LINK22]Proposal 1: Approve the Framework defined in this contribution to guide the FR2 MIMO OTA performance requirements related work. 

	R4-2218360
	Apple
	On MIMO OTA test methodology
Proposal 1: In an absence of volunteer companies providing PADs, 3GPP to make a decision of purchase devices on the market for the purpose of lab alignment.
Proposal 2: Define the minimum number of PADs as 4 allowing a plurality of antenna system topologies.
Proposal 3: Channel model validation is a pre-requisite for labs to provide early measurement results to be used on simulation vs. measurement correlation.
Proposal 4: Define the maximum pass/fail simulation vs. measurements uncertainty gap (“x” dB) no later than RAN4 #106.
Proposal 5: Define a FR2 MIMO OTA lab alignment framework no later than RAN4 #106.
Proposal 6: Measurement results that will be selected to validate simulation models, shall be accompanied by its antenna system radiation pattern, the format in which the radiation patten is provided will be based on simulation model proponents requirements.

	R4-2218562
	Samsung
	Antenna configuration in FR2 MIMO OTA campaign
Observation 1:	FR2 MIMO OTA performance metric MASC is a 2 layer spherical coverage whose performance is highly related with antenna panel number.
Observation 2:	In FR2 SISO OTA spherical coverage requirement derivation, both 1 penal UE and 2 panel UE were taken in to account
[bookmark: OLE_LINK1][bookmark: OLE_LINK3][bookmark: OLE_LINK55]Proposal 1:	In simulation, alignment and measurement campaign, both 1 panel UE and 2 panel UE should be included, and a considerable proportion of 1 panel UE should be guaranteed.
[bookmark: OLE_LINK7]Proposal 2:	Each simulation company and test lab to provide results along with panel number listed and make sure single panel UE is included in each company’s input.

	R4-2218851
	vivo
	Further discussion on FR2 MIMO OTA
Proposal 1: The minimum number of results should be the same as Rel-17, i.e., 15, to keep the consistency of UE performance Statistical analysis.
Proposal 2: If hybrid approach is adopted, then, the measurement results should not be less than 10.
Proposal 3: The correlation or gap between simulation and measurement results should within the measurement uncertainty of FR2 3D-MPAC system to ensure that the simulation results are valid.
Proposal 4: RAN4 should define the detailed procedure on how to verify the measurement results and simulations results, the most reasonable way is to check the correlation for some selected DUTs as examples.
Proposal 5: The FR2 lab alignment should be done, if the measurement results are considered to define FR2 MIMO OTA requirements. 

	R4-2219138
	Qualcomm Incorporated
	On FR2 MIMO OTA requirements
Proposal 1: RAN4 to consider the minimum number of devices is up to [8] per band for data pool for FR2 MIMO OTA requirements development. 
Proposal 2: If the number of measurement devices are insufficient, the validated simulation results should be counted into the data pool to develop the requirements together with measurement results.
Observation 1: It is encouraged the volunteer labs for validation activity and lab alignment activity to clarify whether to participate in the measurement campaign.
Proposal 3: If finally, the number of results including measurement and simulation could not reach the minimum number, e.g., [8], RAN4 to decide the FR2 MIMO OTA requirements based on the existing results including measurement and/or simulation results in the data pool.
Proposal 4: For pure measurement approach, RAN4 to follow the same procedure as FR1 MIMO OTA measurement campaign. Lab alignment and how to avoid the same device to be tested multiple times by the volunteer labs should be considered.
Observation 2: For correlation between simulation and measurement, to align the assumptions, the feasible way is to use prototype rather commercial devices.
Proposal 5: For hybrid approach, there is no need to do the lab alignment activity. The correlation between simulation and measurement could be completed within company that wants to validate simulation platform and specific lab that volunteers to participate in the validation activity.
Observation 3: The MASC from simulation is over 10dB relaxed than measurement for commercial devices.
Proposal 6: RAN4 to consider the MASC as the pass/fail criteria for validating the simulation platform. The gap of MASC between simulation and measurement shall be less than +/- XdB. 

	R4-2219384
	Huawei,HiSilicon
	Discussion on FR2 MIMO OTA test methodology enhancement
Proposal 1: RAN4 need discuss how many the measurement environments are sufficient for validation activity.
Proposal 2: Each simulation result has a gap less than X dB with the corresponding measurement result from different measurement environments.

	R4-2219683
	Xiaomi
	on the FR2 MIMO OTA
Proposal 1: 1*MU can be set as the threshold between the simulation and measurement data pool. If the difference is smaller than the threshold, the FR2 requirement can be defined with simulation and measurement results together.
Proposal 2: To define the requirement, at least 20 results considering both simulation and test results.
Proposal 3: Put equal weight of the measurement results and simulation results.
[bookmark: OLE_LINK4]Proposal 4: To only define one band for FR2-1 for FR2 MIMO OTA requirement in Rel-18.



The moderator can suggest a limited number of papers which could be presented: Companies can discuss directly based on the Topic summary for Topic #1. 
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Framework for FR2 MIMO OTA performance requirements development
Issue 1-1-1: Overall work flow
Moderator: the proposal combines views from contributions R4-2218360, R4-2218562, R4-2218851, R4-2219138, R4-2219384, R4-2219683; changes based on proposals in R4-2219340 are highlighted.
· Proposal
2.1 Overall work flow 
The overall work flow of FR2 MIMO OTA performance requirements development is illustrated in Fig. 1. 

[image: ]
Fig. 1.  Work flow of FR2 MIMO OTA performance requirements development
In general, either the hybrid approach (simulation and measurement) or the pure measurement approach will be adopted to define the FR2 MIMO OTA performance requirements. Once [8-15] or more measurement results of different commercial devices per band are collected, the pure measurement approach will be adopted and simulation results will only be provided for information and not included in the data pool for requirement development. The detailed working procedures for specifying FR2 MIMO OTA performance requirements are described in Section 2.2. 
The simulation efforts and measurement efforts can be conducted in parallel. To establish valid and trustable simulation and measurement data pools for defining FR2 MIMO OTA requirements, the following activities are required:
1) Simulation platform validation activity: Companies shall complete simulation platform validation before submitting simulation results into the data pool for defining FR2 MIMO OTA requirements, validation results should be submitted to RAN4 for review. Details of the simulation platform validation activity is specified in 2.2.1.  
2) Channel model validation activity: Companies shall complete channel model validation before submitting measurement results, validation results should be submitted to RAN4 for review. Details of the channel model validation is specified in 2.2.2. 
3) [Lab alignment activity: Only aligned labs can share measurement results into the data pool for defining FR2 MIMO OTA requirements. Details of the lab alignment activity is specified in 2.2.3.]
· Conclude that the Lab alignment should be done, or, RAN4 should discuss and determine whether to perform an FR2 MIMO OTA lab alignment activity, make the decision and finalize the framework for the lab alignment no later than RAN4 106 meeting (Feb. 2023). 
· At least [3] participating labs and at least [2-4] Performance Alignment Devices (PADs) per band are required. 

· Recommended WF
· Companies are invited to share views based on the above proposal.
· The target is to approve the framework in this meeting.

[bookmark: OLE_LINK16]Issue 1-1-2: Working procedure for Simulation Platform Validation Activity
Moderator: the proposal combines views from contributions R4-2218360, R4-2218562, R4-2218851, R4-2219138, R4-2219384, R4-2219683; changes based on proposals in R4-2219340 are highlighted.
· Proposal
2.2 Detailed working procedures 
[bookmark: OLE_LINK24]2.2.1 Simulation Platform Validation Activity 
1. The purpose of Simulation Platform Validation Activity is to ensure that simulation results can be aligned or correlated with measurement results. 
2. [bookmark: OLE_LINK15]Method and requirement: 
a. Validate the simulation platform by comparing the simulation results with the measurement results using the same set of parameters as some selected example UE’s implementation. The gaps between simulated and measured MIMO Average Spherical Coverage (MASC) values will be used as pass/fail criteria.
b. The simulation platform is allowed to be adjusted and improved during the activity towards meeting the pass/fail criteria. 
c. Companies shall complete channel model validation before providing measurement results
d. RAN4 should discuss how many measurement environments are sufficient for the Validation Activity. 
e. There is no need to do the lab alignment for the Validation Activity. The correlation between simulation and measurement could be completed within company that wants to validate simulation platform and specific lab that volunteers to participate in the validation activity. 
3. Band: [n261]
4. The minimum number of devices (i.e., different sets of parameters of UE implementations for simulation) required per band: [2]
5. Device selection criteria:
a. To align the assumptions in the simulation with the measurement, use prototypes rather than commercial devices
b. Both 1 panel UE and 2 panel UE should be included, and a considerable proportion of 1 panel UE should be guaranteed
6. Validation results submission:
a. Measurement results that will be selected to validate simulation models, shall be accompanied by its antenna system radiation pattern, the format in which the radiation patten is provided will be based on simulation model proponents requirements.
b. The following information should be provided: 
i. The number of antenna panels of each UE
ii. Other information that should be provided is FFS 
7. Pass/fail criteria: 
a. (1st priority) Each simulation result has a gap less than X dB with the corresponding measurement result from each measurement environment. The value of X is FFS, or defined as the measurement uncertainty (MU) of FR2 3D-MPAC system. If Criterion a. is met, the simulation results generated by the simulation platform(s) can be considered as aligned with measurement. 
· Define the value of X no later than RAN4 #106 meeting (Feb. 2023) 
b. [bookmark: OLE_LINK17](If Criterion a. cannot be met, Criterion b. is acceptable.) The simulation results have a stable and reasonable gap with the measurement results. Detailed acceptable values of the gaps are FFS. If Criterion b. is met, the simulation results generated by the simulation platform(s) can be correlated with measurement.

· Recommended WF
· Companies are invited to share views based on the above proposal.
· The target is to approve the framework in this meeting.

[bookmark: OLE_LINK25]Issue 1-1-3: Working procedure for Channel Model Validation
· Proposal
[bookmark: _Hlk118832980]2.2.2 Channel Model Validation
1. [bookmark: _Hlk118833061]The purpose of Channel Model Validation is to ensure that the channel models are correctly implemented and hence capable of generating the propagation environment, as described by the model, within the test zone of the 3D-MPAC system. 
2. The channel model validation measurements shall be performed as described in Annex D.3 of TS 38.151, including:
a. Power delay profile (PDP) 
b. Doppler/Temporal correlation
c. PAS similarity percentage (PSP)
d. Cross-polarization
e. Power validation
3. Channel model: FR2 UMi CDL-C, as specified in Annex D.1 of TS 38.151
4. Test band: [n261]
5. Pass/fail limits: as defined in Annex D.2 of TS 38.151

· Recommended WF
· Companies are invited to share views based on the above proposal.
· The target is to approve the framework in this meeting.

Issue 1-1-4: Working procedure for Lab Alignment Activity
Moderator: the proposal combines views from contributions R4-2218360, R4-2218562, R4-2218851, R4-2219138, R4-2219384, R4-2219683; changes based on proposals in R4-2219340 are highlighted.
· Proposal
[bookmark: _Hlk118833135][2.2.3 Lab Alignment Activity] 
1. The purpose of Lab Alignment Activity is to ensure there is no unexpected lab deviation and establish full trust and confidence on the measurement results. At least [3] participating labs and at least [2-4] PADs for each band are required. If RAN4 decides to perform the lab alignment activity, follow the working procedures as below.
2. Test labs are invited to participate in the lab alignment activity, the following conditions should be fulfilled:
a. Participating labs shall complete channel model validation. 
b. Participating labs should have sufficient test resource to provide on-time measurement results without delay.
3. Test methodology:
a. Test plan: 3GPP TS 38.151
b. Test system: 3D-MPAC
4. Test cases for Lab Alignment Activity:
a. Test band: n261
b. Number of test cases: at least [2-4] devices per-band
c. Operation mode: NR Standalone (SA)
d. The PADs should include both 1 panel UE and 2 panel UE, and a considerable proportion of 1 panel UE should be guaranteed.
5. Test results submission:
a. Use the same worksheet template to submit the measurement results (a template will be submitted to RAN4 meetings for approval)
b. The measurement results should be submitted to RAN4 by anonymous approach (the UE model should not be disclosed)
c. Results shall not be shared between labs before submitting to RAN4 meetings or sharing in the RAN4 reflector. Comparison and lab alignment analysis should only be done in RAN4 meetings/discussions
6. Lab alignment criteria:
a. The pass/fail criteria are defined as the maximum deviation between the measurement result and the reference value
b. The reference value is derived based on the per-band averaging approach of lab alignment data pool from ≥ 3 labs, whether apparent outliers will be considered in averaging process, or not, is FFS
c. Pass/fail limit for lab alignment should be derived from the preliminary MU value. RAN4 should complete preliminary FR2 MU assessment before the end of Lab alignment activity.  

· Recommended WF
· Companies are invited to share views based on the above proposal.
· The target is to approve the framework in this meeting.

Issue 1-1-5: Working procedure for Simulation Campaign
Moderator: the proposal combines views from contributions R4-2218360, R4-2218562, R4-2218851, R4-2219138, R4-2219384, R4-2219683; changes based on proposals in R4-2219340 are highlighted.
· Proposal
[bookmark: _Hlk118833414]2.2.4 Simulation Campaign
1. The purpose of Simulation Campaign is to collect simulation results with different UE antenna assumptions which follow practical implementations from valid simulation platforms after the Simulation Platform Validation Activity for specifying FR2 MIMO OTA performance requirements.
2. Simulation assumptions for FR2 MIMO OTA Simulation Campaign: TBD
a. The simulation assumptions agreed in R17 MIMO OTA WI can be considered as the baseline.
b. Companies are encouraged to provide inputs on different antenna configurations following practical UE implementations for collecting more simulation data.
3. Simulation cases:
b. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Band: [n261] (first stage, or, in Rel-18 timeline)
c. Operation mode: NR Standalone (SA) (first stage)
d. Powe class: PC3 (first stage)
e. The number of antenna panels: Both 1 panel UE and 2 panel UE should be included, and a considerable proportion of 1 panel UE should be guaranteed
4. Simulation results submission:
a. Use the same worksheet template to submit the simulation results (a template will be submitted to RAN4 meetings for approval)
b. The following information should be provided: 
i. The number of antenna panels of each UE
ii. Other information that should be provided is FFS 

· Recommended WF
· Companies are invited to share views based on the above proposal.
· The target is to approve the framework in this meeting.

Issue 1-1-6: Working procedure for Measurement Campaign
Moderator: the proposal combines views from contributions R4-2218360, R4-2218562, R4-2218851, R4-2219138, R4-2219384, R4-2219683; changes based on proposals in R4-2219340 are highlighted.
· Proposal
2.2.5 Measurement Campaign
1. The purpose of Measurement Campaign is to collect measurement results of commercial devices [from permitted labs after the Lab Alignment Activity] for specifying FR2 MIMO OTA performance requirements.
· Consider and discuss how to avoid the same UE model being tested multiple times by different labs
2. Test cases for FR2 MIMO OTA Measurement Campaign:
a. Test band: [n261] (first stage, or, in Rel-18 timeline)
b. Operation mode: NR Standalone (SA) (first stage)
c. Powe class: PC3 (first stage)
d. The number of antenna panels: Both 1 panel UE and 2 panel UE should be included, and a considerable proportion of 1 panel UE should be guaranteed
3. Measurement results submission:
a. Use the same worksheet template to submit the measurement results (a template will be submitted to RAN4 meetings for approval)
b. The measurement results should be submitted to RAN4 by anonymous approach (the UE model should not be disclosed). The following information should be provided: 
i. All FR2 bands supported by each UE
ii. [bookmark: _Hlk118885340]The number of antenna panels of each UE
iii. Other information that should be disclosed is FFS 

· [bookmark: OLE_LINK26]Recommended WF
· Companies are invited to share views based on the above proposal.
· The target is to approve the framework in this meeting.

Issue 1-1-7: Working procedure for Specifying Performance Requirements
Moderator: the proposal combines views from contributions R4-2218360, R4-2218562, R4-2218851, R4-2219138, R4-2219384, R4-2219683; changes based on proposals in R4-2219340 are highlighted.
· Proposal
[bookmark: _Hlk118833540]2.2.6 Specifying Performance Requirements 
2.2.6.1 Pure measurement approach
1. Minimum number of commercial devices for defining requirements: [8-15] per band
2. Method: Derive the requirements from the pure measurement data pool
2.2.6.2 Hybrid approach
[bookmark: OLE_LINK13]Starting point: one of the following three approaches can be adopted based on different applicable conditions.  Revisit and refine the approaches when some simulation and measurement results are available. 
· Note: If finally, the number of results including measurement and simulation could not reach the minimum number, RAN4 to decide the FR2 MIMO OTA requirements based on the existing results including measurement and/or simulation results in the data pool.
1. Hybrid approach 1:
a. [bookmark: OLE_LINK2]Applicable conditions: the simulation results are verified to be aligned with the measurement results
b. Method: Treat the simulation and measurement results equally and define the requirements based on the hybrid data pool including both simulation results and measurement data
c. [bookmark: OLE_LINK9]Minimum amount of data in the hybrid data pool for defining requirements: [8-20] per band, with the minimum amount of measurement results: [3-10] per band or FFS
2. Hybrid approach 2:
a. Applicable conditions: the simulation results are verified to be aligned with the measurement results, or can be correlated with the measurement 
b. Method: Define the requirements based on the hybrid data pool, and focus more on measurement results than simulation results
· [bookmark: _Hlk118834117]How to focus more on the measurement results to define FR2 requirements, is FFS
· The minimum number of measurement results required for this approach, is FFS.
c. Minimum amount of data in the hybrid data pool for defining requirements: [8-20] per band, with the minimum amount of measurement results: [3-10] per band or FFS
3. [Hybrid approach 3 (with the lowest priority):]
a. Applicable conditions: the simulation results can be correlated with the measurement, and the amount of measurement results is less than [3], or others/FFS
b. Method: Define a range or tentative values with square brackets for FR2 MIMO OTA requirements based on simulations, further adjust the tentative requirements based on the measurement results to obtain final requirements
c. Minimum amount of data in the hybrid data pool for defining requirements: [8-20] per band

· Recommended WF
· Companies are invited to share views based on the above proposal.
· The target is to approve the framework in this meeting.

[bookmark: OLE_LINK27]Sub-topic 1-2 FR2 MIMO OTA requirement related work
Issue 1-2-1: Call for FR2 Performance Alignment Devices (PADs)
· Proposals
· Proposal 1: Companies are encouraged to provide PADs for the potential FR2 MIMO OTA lab alignment activity. It will be appreciated if volunteer companies indicate in the table below:
	Company name
	How many PADs can be provided

	
	

	
	



· Proposal 2: In an absence of volunteer companies providing PADs, 3GPP to make a decision of purchase devices on the market for the purpose of lab alignment.
· [bookmark: OLE_LINK10]Recommended WF
· TBA

Issue 1-2-2: Information collection for the FR2 MIMO OTA requirement related work
· Proposal
· It is encouraged the volunteer labs for validation activity and lab alignment activity to clarify whether to participate in the measurement campaign. It will be appreciated if volunteer companies indicate in the table below:
	Companies are willing to provide measurement environments and efforts for Simulation Platform Validation Activity
	Keysight, Huawei, CMCC, CAICT, …

	Companies are willing to participate in the Lab Alignment Activity
	Apple, Huawei, CMCC, CAICT, …

	Companies are willing to participate in the Measurement Campaign
	[Apple], Huawei, CMCC, CAICT, …



· Recommended WF
· TBA

Topic #2: FR1 MIMO OTA
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218071
	Huawei Tech.(UK) Co.. Ltd
	MU for hand phantom in MIMO OTA tests
Proposal 1: add standard uncertainty of 0.18 dB due to hand phantom to MIMO OTA uncertainty table for tests in browsing mode.

	R4-2218072
	Huawei Tech.(UK) Co.. Ltd
	on introduction of new channel models
Proposal 1: there is no need to introduce new channel models because the available channel models are sufficient to distinguish devices by their performances.

	R4-2218073
	Huawei Tech.(UK) Co.. Ltd
	on MIMO OTA tests in browsing mode
Proposal 1: current anechoic chamber configuration is applicable to MIMO OTA test in browsing mode because the quiet zone can encompass hand phantom and test zone size is not impacted by phantom.

	R4-2218360
	Apple
	On MIMO OTA test methodology
Proposal 7: Complete FR1 MIMO OTA performance requirements at defined [2] frequency bands, i.e.: n1, n5, n8, n28 and n77 in Free Space only avoiding unknown hand phantom positioning uncertainty.
Proposal 8. Unless a new lab alignment channel model validation activity takes place, to not introduce new channel models that have no validation evidence among aligned labs.

	R4-2218563
	Samsung
	Necessity and feasibility of hand phantom MIMO OTA test method
Observation 1:	The diagonal size of smart phone applicable for wide grip hand is around 161mm ~ 206mm, which is already close or larger than 20cm size limit of test zone.
Observation 2	the test object size with wide grip hand phantom will be larger than 20cm for most devices within 72mm~92mm width.
Observation 3:	It is not reliable to distinguish good UE and bad UE by a single orientation like DMP.
Proposal 1:	The OTA performance can be fully verified with the combination of free space MIMO OTA + phantom TRP TRS

	R4-2218852
	vivo
	Further discussion on FR1 MIMO OTA
Proposal 1: RAN4 should conclude that the Smartphone browsing mode using hand phantom for MIMO OTA testing should not be defined. The group should gather efforts on developing performance requirement for important low-frequency NR bands. 
Observation 1: For different UE types in FR1, there is no specific different settings on display and power management.
Proposal 2: If RAN4 adopt the additional display and power management settings for tablets UE type, then it would be good to align the same settings for smartphone to ensure consistency.
Observation 2: If the intention is just to provide more flexibility for testing and verification, then companies can select the defined channel models in TR 38.827 by themselves for R&D or other purposes. Many channel models had already been defined in Rel-16.
Observation 3: Introducing new channel models for each band is not helpful for MIMO OTA test method to identify “good or bad” UEs for performance ranking, from conformance testing perspective.
Observation 4: Adopting more channel models defined in TR 38.827 to develop MIMO OTA requirements would increase significant burden for OEMs on antenna design.
Proposal 3: RAN4 should not introduce more channel models for MIMO OTA conformance testing.

	R4-2219339
	CAICT
	Views on FR1 MIMO OTA performance requirements related work
[bookmark: OLE_LINK21]Observation 1: In the WID, bands n1, n5, n8, n28, n77 are listed as the 1st priority for FR1 MIMO OTA requirements development. Bands n5, n8, n28 are lower than 1GHz. 
Proposal 1: RAN4 should make decision on whether to perform an FR1 MIMO OTA lab alignment activity for bands below 1GHz, the decision should be made no later than RAN4 #106 meeting (Feb. 2023).
Proposal 2: To reduce the work load and test time for channel model validation, RAN4 should discuss whether channel model validation for some bands can be omitted. E.g., if the channel model validation for band n78 is completed, the validation for band n77 can be omitted due to the similar frequencies. 
Proposal 3: RAN4 should define the unfinished power validation pass/fail limits for FR1 channel model validation no later than RAN4 #106 meeting (Feb. 2023), based on the available measurement results.

	R4-2219341
	CAICT
	On FR1 MIMO OTA test enhancement for smartphone with hand phantom
Observation 1: It is observed from the measurement results that the hand phantoms deteriorate the multi-antenna reception performance of the smartphone, and the effects of left and right hand phantoms are different.
Proposal 1: It is necessary to enhance the FR1 MIMO OTA test methodology for smartphone with hand phantom to evaluate and validate the real performance of smartphone in browsing mode. 
Observation 2: The measured sensitivity values are different in different DUT positions with hand phantom. 
Proposal 2: RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. At least the sensitivity values in the four DUT positions, namely, HL DMP, HL DMSU, HR DMP, HR DMSU, should be included. 
[bookmark: OLE_LINK18]Proposal 3: Collect more measurement data from different UEs and different DUT positions to study the FR1 MIMO OTA test methodology enhancement for smartphone in browsing mode using hand phantom.

	R4-2219682
	Xiaomi
	on the FR1 MIMO OTA
Observation 1: The LTE MIMO OTA has defined the test method for speech mode for hand-held UE with head phantom.
[bookmark: OLE_LINK14]Proposal 1: It is feasible to use hand phantom for FR1 MIMO OTA test enhancement while further detail can be studied during the Rel-18 timeline.
Proposal 2: It is proposed to not introduce new channel models unless there is clearly operator request.

	R4-2219849
	Keysight Technologies UK Ltd
	On Phantom Testing and QZ/Test Zone Size
Observation 1: The 30 cm QZ/test zone is considered for NR FR1 TRP/TRS testing with phantoms and LTE MIMO OTA.
Proposal 1: Increase the test zone for NR FR1 MIMO from 20 cm to 30 cm when considering phantoms.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Sub-topic 2-1 FR1 MIMO OTA testing for smartphone with Hand phantom 
Several companies shared their views on FR1 MIMO OTA testing for smartphone with Hand phantom (R4-2218071, R4-2218073, R4-2218563, R4-2218852, R4-2219341, R4-2219682, R4-2219849). CAICT provided measurement results of smartphone with hand phantom as shown below (R4-2219341):
Table 1. Measurement results of a smartphone with/without hand phantoms (unit: dBm/30kHz)
	[bookmark: _Hlk118722445]Scenario
	DUT position
	Smode,95
	Smode,90
	Smode,70
	Number of UE orientations fail to reach 70%TP

	Free space
	FS DMP
	-95.7
	-96.5
	-98.5
	0

	
	FS DMSU
	-94.5
	-95.3
	-97.3
	0

	Hand left
	HL DMP
	-94.3
	-95.0
	-97.1
	0

	
	HL DMSU
	-93.0
	-93.7
	-95.8
	0

	Hand right
	HR DMP
	-92.8
	-93.6
	-95.7
	0

	
	HR DMSU
	-92.0
	-92.8
	-94.8
	0



Issue 2-1-1: General views
· Proposals
· Proposal 1: It is necessary to enhance the FR1 MIMO OTA test methodology for smartphone with hand phantom to evaluate and validate the real performance of smartphone in browsing mode. (CAICT)
· Proposal 2: It is feasible to use hand phantom for FR1 MIMO OTA test enhancement while further detail can be studied during the Rel-18 timeline. (Xiaomi)
· Proposal 3: Collect more measurement data from different UEs and different DUT positions to study the FR1 MIMO OTA test methodology enhancement for smartphone in browsing mode using hand phantom. (CAICT)
· Proposal 4: RAN4 should conclude that the Smartphone browsing mode using hand phantom for MIMO OTA testing should not be defined. The group should gather efforts on developing performance requirement for important low-frequency NR bands. (vivo)
· Proposal 5: The OTA performance can be fully verified with the combination of free space MIMO OTA + phantom TRP TRS. (Samsung)
· Others
· Recommended WF
· Companies are invited to share views.

Issue 2-1-2: Quite zone size for FR1 MIMO OTA testing with phantoms
· Proposals
· Proposal 1: Current anechoic chamber configuration is applicable to MIMO OTA test in browsing mode because the quiet zone can encompass hand phantom and test zone size is not impacted by phantom. (Huawei)
· Proposal 2: Increase the test zone for NR FR1 MIMO from 20 cm to 30 cm when considering phantoms. (Keysight)
· Others
· [bookmark: OLE_LINK19]Recommended WF
· [bookmark: OLE_LINK29]Companies are invited to share views.

Issue 2-1-3: FR1 MIMO OTA FoM for smartphone with hand phantom
· Proposals
· Proposal 1: RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. At least the sensitivity values in the four DUT positions, namely, HL DMP, HL DMSU, HR DMP, HR DMSU, should be included. (CAICT)
· Others
· Recommended WF
· Companies are invited to share views.

Issue 2-1-4: MU for hand phantom in MIMO OTA tests
· Proposals
· Proposal 1: Add standard uncertainty of 0.18 dB due to hand phantom to MIMO OTA uncertainty table for tests in browsing mode. (Huawei)
· Others
· Recommended WF
· Companies are invited to share views.

Sub-topic 2-2 Other aspects of FR1 MIMO OTA (new channel model, other UE types)
Issue 2-2-1: New channel models for FR1 MIMO OTA
· Proposals
· Proposal 1: There is no need to introduce new channel models because the available channel models are sufficient to distinguish devices by their performances. (Huawei)
· Proposal 2: Unless a new lab alignment channel model validation activity takes place, to not introduce new channel models that have no validation evidence among aligned labs. (Apple)
· Proposal 3: RAN4 should not introduce more channel models for MIMO OTA conformance testing. (vivo)
· Proposal 4: It is proposed to not introduce new channel models unless there is clearly operator request. (Xiaomi)
· [bookmark: OLE_LINK28]Proposal 5 (stick to the agreement of last meeting): RAN4 should further check if there is a need to adopt/define more channel models. The introduction of more FR1 channel models should base on operator’s request. 
· Others
· Recommended WF
· Companies are invited to share views.

Issue 2-2-2: FR1 MIMO OTA testing for other UE types
· Proposals
· Proposal 1: If RAN4 adopt the additional display and power management settings for tablets UE type, then it would be good to align the same settings for smartphone to ensure consistency. (vivo)
· Others 
· Recommended WF
· Companies are invited to share views.

Sub-topic 2-3 FR1 MIMO OTA requirement related work 
Moderator’s note: In the WID (R4-222668), bands n1, n5, n8, n28, n77 are listed as the 1st priority for FR1 MIMO OTA requirements development. Bands n5, n8, n28 are lower than 1GHz.
Issue 2-3-1: FR1 MIMO OTA channel model validation 
· Proposals
· Proposal 1: To reduce the work load and test time for channel model validation, RAN4 should discuss whether channel model validation for some bands can be omitted. E.g., if the channel model validation for band n78 is completed, the validation for band n77 can be omitted due to the similar frequencies. (CAICT)
· Proposal 2: RAN4 should define the unfinished power validation pass/fail limits for FR1 channel model validation no later than RAN4 #106 meeting (Feb. 2023), based on the available measurement results. (CAICT)
· Others
· Recommended WF
· Companies are invited to share views.

Issue 2-3-2: FR1 MIMO OTA lab alignment activity
· Proposals
· Proposal 1: RAN4 should make decision on whether to perform an FR1 MIMO OTA lab alignment activity for bands below 1GHz, the decision should be made no later than RAN4 #106 meeting (Feb. 2023). (CAICT)
· Others
· Recommended WF
· [bookmark: OLE_LINK23]Companies are invited to share views.

Issue 2-3-3: FR1 MIMO OTA performance requirements
· Proposal: 
· Complete FR1 MIMO OTA performance requirements at defined frequency bands in the WID, i.e.: n1, n5, n8, n28 and n77 in Free Space only avoiding unknown hand phantom positioning uncertainty. (Apple)
Moderator’s clarification: In the WID (R4-222668), it is already specified that FR1 MIMO OTA performance requirements will be define for Free Space only.
· Recommended WF
· Companies are invited to share views.
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