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Introduction
This document contains meeting minutes and agreements reached during an ad-hoc meeting for the OTA topics including Rel-18 MIMO OTA enhancement and Rel-18 TRP TRS enhancement, chaired by Ruixin Wang (vivo). 
Topic #1: Framework for FR2 MIMO OTA
Issue 1-1: Overall work flow
Proposal: 
2.1 Overall work flow 
The overall work flow of FR2 MIMO OTA performance requirements development is illustrated in Fig. 1. 
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Fig. 1.  Work flow of FR2 MIMO OTA performance requirements development (needs update)
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: The purpose of the validation activity is to ensure that simulation results can be aligned or correlated with measurement results. 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: An FR2 MIMO OTA lab alignment should be done. Only aligned labs can share measurement results into the data pool for defining FR2 MIMO OTA requirements. [The measurement results used for the Simulation platform validation activity should also come from the aligned lab(s).] Details of the lab alignment activity is specified in 2.2.3.
· 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. 

Discussion:
Apple: how to use the data to correlate the simulation and measurement. We are OK to further update the work flow 
CAICT: determine the whole framework and then update flow chart figure

Agreement: agree the above framework and further update the work flow chart accordingly.

[bookmark: OLE_LINK16]Issue 1-2: Working procedure for Simulation Platform Validation Activity
Proposal: 
2.2 Detailed working procedures 
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. 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. [The lab alignment is required for the validation activity, i.e., the measurement results used for the validation activity should come from the aligned lab(s).]
f. Further check the feasibility of the lab alignment for 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: [2-4]
5. Device selection criteria:
a. To align the assumptions in the simulation with the measurement, use prototypes and commercial devices (1st priority)
b. FFS number of panels per UE 
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 pattern is provided will be based on simulation model proponents requirements. Radiation pattern can also be measured in the labs. 
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.
Discussion:
Samsung: we donot need vendor to declare the information. The number of FR2 device is limited, we have to find a way different antenna configuration should be considered. 
QC: this should not be declared. We should not mention number of panels here
CAICT: this is only for simulation validation activity, we donot need to consider the panel information. 
Apple: this is device selection criteria, commercial device information is not available. Commercial devices should be 1st priority.
Keysight: how about 3 panels UE? 6a would have to know the number of panels
Chair: clarification on 6 

Tentative Agreements: endorse the framework generally but further discuss 6.a this meeting.

[bookmark: OLE_LINK25]Issue 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
Agreement: above framework agreed.

Issue 1-4: Working procedure for Lab Alignment Activity
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. 
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
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 Non-Standalone (NSA) or SA, but should be mapped with the measurement results submission.
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 shall not be disclosed publicly). 
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.  
Discussion:
Keysight: remove 3D-MPAC given only one system. 5b is not aligned with previous agreements
Apple: we prefer to use 4 devices for lab alignment

Agreements: the above framework is agreed.


[bookmark: OLE_LINK36]Issue 1-5: Working procedure for Simulation Campaign
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:
a. [bookmark: OLE_LINK5]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
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 

Chair: This issue is not treated in OTA ad-hoc session.

Issue 1-6: Working procedure for Measurement Campaign
Proposal: 
2.2.5 Measurement Campaign
2. 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
3. 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]
· How to guarantee that 1 panel UE is included, is FFS. If it is not feasible, remove 2.d.
4. 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. Other information that should be disclosed is FFS 

Chair: This issue is not treated in OTA ad-hoc session.

Issue 1-7: Working procedure for Specifying Performance Requirements
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 correlate the simulation with the measurement, is FFS and depending on the results come from the Simulation platform validation activity
· 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
Discussion:
Apple: suggest to remove 3;
Keysight: we do not see the contradiction of approach 3, it is applicable.

Agreements: use the above approaches as starting point for further discussion.

Issue 1-8: 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
	Note

	Huawei
	One commercial device as PAD for lab alignment activity but not for simulation validation activity
	Without disclosing any UE information except supported bands

	xx
	xx
	xx



Huawei: the device is only for lab alignment activity
Chair: any volunteers to provide FR2 devices?
Samsung: what is the deadline to declare as volunteer for FR2 device?
CAICT: next RAN4 meeting could be the deadline. 
QC: can any 3rd party to provide the device? 

Agreements: 
· Companies are encouraged to provide PADs for the potential FR2 MIMO OTA lab alignment activity. The volunteer companies are indicated in the table below:
	Company name
	How many PADs can be provided
	Note

	Huawei
	One commercial device as PAD for lab alignment activity but not for simulation validation activity
	Without disclosing any UE information except supported bands

	xx
	xx
	xx



Topic #2: FR1 TRP TRS
Chair: due to limited meeting time, only Issue 2-7 is treated in this OTA ad-hoc session.  

Issue 2-1: UL modulation parameter for UL-MIMO and TxD TRP test 
· Proposals
· Option 1: Adopt DFT-s-OFDM QPSK for 2Tx TRP testing, i.e., DFT-s-OFDM QPSK. (vivo, Samsung, Qualcomm, Xiaomi)
· Recommended WF

Issue 2-2: Proper TPMI-index for UL-MIMO TRP test 
· Proposals
· Option 1: Define TRP for one-lay UL MIMO with TPMI 2-5 as the average of TRP values from TPMI 2, 3, 4 and 5. (Huawei)
· Option 2: RAN4 to focus on Mode-1 with TMPI index 2 as the baseline. The fixed TMPI should be considered to simplify the test procedure. (Qualcomm)
· Recommended WF

Issue 2-3: Other aspects for UL-MIMO TRP test 
· Proposals
· Proposal 1: UL MIMO capable devices needs to follow different TRP requirements for coherent and non-coherent implementations. (Apple)
· Proposal 2: It is proposed to further study the possible phase difference variation range in RAN4. (OPPO)
· Proposal 3: Conduct a data based study to define the impact of TPMI index selection on the measurement uncertainty and lab repeatability. (Apple)
· Proposal 4: Conduct a data driven study to determine the feasibility and impact of EIRP measurement based on TPMI dynamic selection. (Apple)
· Recommended WF

Issue 2-4: Test method for TxD 
· Proposals
· Option 1: Send a LS to RAN5 on seeking more information on TxD configuration. (vivo, Xiaomi)
· Recommended WF
· Confirm the above proposal and review the LS in R4-2218849

Issue 2-5: other aspects for 2Tx 
· Proposals
· Option 1: The MU contribution of 2Tx with different phase variation range should be considered. (OPPO)
· Recommended WF
· TBA

Issue 2-6: Test parameters for each band of RedCap testing
· Proposals
· Proposal 1: Selecting one channel bandwidth per band for RedCap TRP and TRS tests. Default channel bandwidth is mid channel bandwidth defined in TS 38.508-1 Table 4.3.1.0A-1 RedCap UE Mid Test Channel bandwidth. (vivo)


Issue 2-7: Other TRP and TRS testing time reduction solutions
	R4-2218076
	Chosun University, RRA



· Proposals
· Proposal 1: RAN4 can further discuss the merit of MPAC with switch matrix and NTFT in order to reduce TRP time by 70% compared with that of CATR. (RRA, Chosun University)
· Proposal 2: RAN4 can further discuss the merit of MPAC with multi-receivers and NTFT in order to reduce TRP time by 95% compared with that of CATR. (RRA, Chosun University)
· Recommended WF
· TBA

Discussion: 
Apple: thanks for the contribution. Is the same system for both FR1 and FR2? 
Keysight: a lot of things are not clear. The TRP measurement time is not reasonable. 
R&S: we are not sure how relevant of the TRP measurement of FR1 and FR2.

Agreement: 
· [bookmark: _GoBack]RAN4 can further discuss the test method MPAC with switch matrix and NTFT, and MPAC with multi-receivers and NTFT. 
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