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Introduction
This topic summary covers the discussions for Rel-18 NR_MIMO_OTA_enh WI (AI 5.17).
List of candidate target of discussions for this topic. 
· [bookmark: OLE_LINK30]1st round: Discuss open issues, stabilize the Framework and time plan for FR1 MIMO OTA. 
· 2nd round: Conclude the open issues, approve the Framework and time plan for FR1 MIMO OTA.

It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	CAICT
	Xuan Yi
	yixuan@caict.ac.cn

	Keysight
	Thorsten Hertel
	Thorsten.Hertel@keysight.com

	Huawei
	Hai Zhou
	hai.zhou1@huawei.com

	Spirent
	Alfonso Rodriguez-Herrera
	Alfonso.rodriguez-herrera@spirent.com

	 Verizon
	
	

	MVG
	Kim Rutkowski
	kim.rutkowski@mvg-world.com

	Qualcomm
	Bin Han
	binhan@qti.qualcomm.com

	Samsung
	Bozhi Li
	bozhi.li@samsung.com

	vivo
	Ruixin
	Ruixin.wang@vico.com

	OPPO
	Qifei Liu
	liuqifei@oppo.com

	AT&T
	Ron Borsato
	ronald.borsato@att.com

	Apple
	Istvan Szini
	Istvan@apple.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
Topic #1: 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

	R4-2304026
	Huawei Tech.(UK) Co.. Ltd
	on MIMO OTA test with hand phantom
Observation 1: left/right hand (LH/LR) Data Mode Portrait (DMP) can be tested within existing quiet zone.
Proposal 1: consider testing left/right hand (LH/LR) Data Mode Portrait (DMP) with additional MU term for hand phantom given in R4-2218071 without the need to test Data Mode Landscape (DML) and Data Mode Screen UP (DMSU).

	R4-2304073
	MediaTek Beijing Inc.
	Research on FR1 MIMO OTA noise impact at low band
Observation 1:  Suitable attenuation after amplifiers may exclude some uncertainties such as amplifier noise impact.
Proposal 1: Labs should do the noise impact experiments to eliminate the noise impact at low bands. Suitable attenuation may need to be added in the system setup.

	R4-2304215
	CMCC
	Noise impact of FR1 low frequency for CMCC&BUPT joint lab
Observation 1:  The noise effect brought by PA will have great impact on DUT’s performance for n28 frequency.
Observation 2: The noise effect can be solved by adding attenuator behind the PA, and 20dB attenuator is enough for CMCC&BUPT joint lab.

	R4-2304346
	Apple
	On FR1 MIMO OTA lab alignment PADs roaming
Proposal 1: Consider volunteer labs outside Asia to receive FR1 MIMO OTA PADs for last, e.g.: Apple (Cupertino/California/USA) as a last lab to test PADs.

	R4-2305122
	CAICT, SAICT
	Further views on FR1 MIMO OTA test for smartphone with hand phantom
Observation 1: It can be observed from the measurement results that MIMO OTA performance in FS and TRS in hand phantom cannot reflect MIMO OTA performance for smartphones in browsing mode.  
Proposal 1: Confirm the necessity of the FR1 MIMO OTA test methodology enhancement for smartphone with hand phantom.
Observation 2: It can be observed from the measurement results that the trends of MIMO OTA performance with DMP and DMSU positions are similar for smartphones in browsing mode.  
Observation 3: The current QZ size of MPAC can encompass the DUT with Wide Grip Hand phantom in DMP position.
Proposal 2: Confirm the feasibility of FR1 MIMO OTA test with hand phantom in DMP position. 

	R4-2305123
	CAICT
	Framework and time plan for FR1 MIMO OTA performance requirements development
Proposal 1: Approve the framework and time plan defined in this contribution. Further refinement is not precluded based on discussion outcomes in future meetings.

	R4-2305525
	Xiaomi
	on the FR1 MIMO OTA
Observation 1: The necessity and feasibility is observed.
Observation 2: The hand phantom MU is added in SISO test.
Proposal 1: Apply hand phantom MU to count the larger size of hand phantom.
Observation 3: Attenuation is added to minimize the low frequency noise impact.

	R4-2305613
	OPPO
	On FR1 MIMO OTA in browsing mode
Proposal 1: The BM DMP mode can be used for FR1 MIMO OTA measurement by reusing the existing Quiet Zone size.
Proposal 2: Further analysis on the impact of channel models in BM DMSU mode is encouraged from TE vendors.

	R4-2305784
	Keysight Technologies UK Ltd
	On Phantom Testing and QZ Sizes
Observation 1: Only the 30 cm QZ/test zone has been defined for OTA testing with phantoms for smartphone devices in 3GPP and CTIA.
Observation 2: The larger smartphones can typically fit inside the 20 cm regardless of test condition, i.e., FS, DMP, DMSU
Observation 3: The hand phantom cannot be fully contained within the 20 cm QZ but can be fully contained within the 30 cm QZ.
Proposal 1: The hand phantom (excluding adapters and fixtures) and smartphone shall be fully contained within the QZ.
Proposal 2: Adjust the WID to augment the existing 20 cm QZ/test zone with a 30 cm QZ if phantoms are considered for NR FR1 MIMO OTA testing.
Proposal 3: In the absence of introducing another QZ/test zone, do not consider phantoms for NR FR1 MIMO OTA testing.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Framework and time plan for FR1 MIMO OTA
Sub-topic description: A framework and time plan for FR1 MIMO OTA is proposed in R4-2305123, which can be revised based on the 1st round discussion outcomes. The target is to approve the framework and time plan at this meeting.
[bookmark: OLE_LINK1]Issue 1-1-1: Overall work flow
· Proposal: 
2.1 Overall work flow
The overall work flow of FR1 MIMO OTA performance requirements development for bands <1GHz (n5/n8/n28) and bands >1GHz (n1/n77) are illustrated in Figs. 1 (a) and (b), respectively. 
[image: ]			[image: ]
(a) for bands <1GHz (n5/n8/n28)                    (b) for bands >1GHz (n1/n77)
Fig. 1.  Work flow of FR1 MIMO OTA performance requirements development
[bookmark: _Hlk119613207]In general, FR1 MIMO OTA performance requirements will be derived based on a measurement data pool of commercial devices per band. To establish valid and trustable measurement data pools for defining FR1 MIMO OTA requirements, the following activities are required before measurement campaigns. 
· For bands <1GHz (n5/n8/n28)
· Channel Model Validation: 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 Section 2.2.1. 
· Lab Alignment Activity: A new FR1 MIMO OTA lab alignment activity is required at band n28 in Rel-18. Only aligned labs can share measurement results into the data pool for defining FR1 MIMO OTA requirements for bands < 1GHz. Details of the lab alignment activity is specified in Section 2.2.3.
· For bands >1GHz (n1/n77) 
· Channel Model Validation: 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 Section 2.2.1. 
· Note: Rel-17 aligned labs do not need to submit channel model validation results for band n77, because the channel model validation results for band n78 are applicable to band n77 due to the same channel model and validation frequency. 
· No new lab alignment activity is required. Only Rel-17 aligned labs (Apple, CAICT, CMCC&BUPT, Huawei, MediaTek, Xiaomi) can share measurement results into the data pool for defining FR1 MIMO OTA requirements for bands > 1GHz.
Detailed working procedures for FR1 MIMO OTA performance requirements development are described in Section 2.2. 

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

Issue 1-1-2: Working procedures of Channel Model Validation
· Proposal: 
2.2.1 Channel Model Validation
1. 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 MPAC system. 
2. The channel model validation measurements shall be performed as described in Annex C.3 of TS 38.151, including:
a. Power Delay Profile (PDP) 
b. Doppler/Temporal correlation
c. Spatial correlation
d. Cross-polarization
e. Power validation
3. Channel model: FR1 UMi CDL-C, as specified in Annex C.1 of TS 38.151
4. Test band: n1, n5, n8, n28; Test frequency: as specified in Tables C.3.1-1 and C.3.1-2 of TS 38.151
· Note: 	According to TS 38.151, n5 and n8 share the same channel model validation frequency, therefore, only one set of channel model validation results needs to be submitted for these two bands.
5. Pass/fail limits: as defined in Annex C.4 of TS 38.151

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

Issue 1-1-3: Working procedures of Lab Alignment Activity
· Proposal: 
2.2.2 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 [2-4] PADs 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.
c. Participating labs should first examine and exclude the impact of noise before submitting PAD measurement results.
3. Test methodology: 
a. Test plan: 3GPP TS 38.151
b. Test system: MPAC
4. Test cases for Lab Alignment Activity:
a. Test band: n28
b. Number of test cases: [2-4] PADs 
c. Operation mode: NR Standalone (SA) 
d. Use scenario: Free space
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 will be derived based on the averaging approach (linear average in dBm) of lab alignment data pool from ≥ 3 labs
c. Apparent outliers (if identified) will not be considered in the average process for reference value. The PAD measurement result deviates over 1.5*preliminary MU (i.e., 4.55dB) from all the other labs’ results should be identified as apparent outlier.
d. [bookmark: _Hlk132038828]Pass/fail limit for lab alignment should be defined as X*preliminary MU (X is TBD) as baseline. 
7. Volunteer lab procedures:
a. PAD delivery scheme: Decide PAD delivery scheme after all the volunteer labs and PADs information being confirmed. 
b. PAD measurement time in each volunteer lab: finalize PAD measurement within [7] workdays, and deliver to the next lab ASAP with PAD delivery In/Out information shared in email-reflector.

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

Issue 1-1-4: Working procedures of Measurement Campaign
· Proposal: 
2.2.3 Measurement Campaign
1. The purpose of Measurement Campaign is to collect measurement results of commercial devices from permitted labs for specifying FR1 MIMO OTA performance requirements.
2. Test cases for FR1 MIMO OTA Measurement Campaign:
a. Test bands: all listed bands in WID [1], i.e., n1, n5, n8, n28, n77; FFS whether and how to down-select
b. Use scenario: Free space
c. Operation mode: SA (first stage)
d. Powe class: PC3 (first stage)
3. Commercial device (Smartphone) selection criteria for FR1 MIMO OTA Measurement Campaign:
a. DUT capability: support for all the bands n1, n5, n8, n28, and n77 listed in the WID is preferred, but devices supporting only a subset of the above bands can equally be used in the measurement campaign for such supported bands
b. DUT variety: the selection of commercial devices should cover various of devices in the market. The following selection criteria can also be considered:
1) Year of production: 2020-2023
2) Brand variety
3) Price range (to cover different price ranges, including High/Mid/Low-end products)
4) Popularity
5) Number of bands supported
4. [bookmark: _Hlk95730354]Commercial devices preparation: test labs can prepare and collect commercial devices by themselves based on the above selection criteria. 
5. Measurement results submission:
a. Use the same worksheet template to submit the measurement results (a template will be submitted to RAN4 meetings for approval), based on the contribution-driven manner
b. The measurement results should be submitted to RAN4 by anonymous approach (the UE model should not be disclosed)
c. UE information disclosure: the following information should be shared: 
i. All FR1 bands supported by each UE
ii. Production year of each UE
iii. Other UE information disclosure: FFS
d. The allowed maximum number of submitted devices from each lab is [15] per band (depends on how many test labs will join the Measurement Campaign and the minimum number of data required for defining performance requirements)
e. Only the results from aligned labs will be considered for specifying requirements, as described in Section 2.1. 
f. The progress in each lab is encouraged to be shared via the RAN4 reflector (e.g., how many devices have been measured and on which bands)

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

Issue 1-1-5: Working procedures of Specifying Performance Requirements
· Proposal: 
2.2.4 Specifying Performance Requirements
1. Minimum number of devices for defining requirements for each band: [15]
2. Method of requirements derivation: per-band Data driven approach
3. The value at [85%] percentile of the CDF curve can be selected as the starting point for requirement discussion
4. Performance part of the work will proceed in a contribution-driven manner. 

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

Issue 1-1-6: Time plan
Moderator: The target completion date for Core part is Dec. 2023, for Perf. part is Jun. 2024. 
· Proposal: 
[bookmark: OLE_LINK17]2.3.1 Time plan for bands < 1GHz
1. Finalize the working procedure and time plan for FR1 Lab Alignment Activity at RAN4 #106-bis-e (Apr 2023). 
2. Lab volunteers and PADs announced at RAN4#106-bis-e or via email-reflector before the starting of RAN4#107 (22 May 2023) are considered. 
3. Conclude lab volunteers, PADs’ information, and delivery scheme at RAN4#107. PAD providers are encouraged to prepare PADs as early as possible. Lab Alignment Activity can start with the labs that complete channel model validation, after RAN4#107 immediately, if ≥ 3 lab volunteers and 3 PADs are ready. 
4. Lab volunteers shall complete channel model validation before the starting of RAN4#108 (21 Aug 2023). The results shall be submitted to RAN4 by formal T-docs. Lab volunteer can also share the validation results via email-reflector before submitting to RAN4 meetings.
5. Collect all lab alignment measurement results from lab volunteers based on contribution-driven manner at RAN4#109 (Nov 2023). Conclude the lab alignment outcome in RAN4#109. Measurement Campaign can start after RAN4#109 immediately, if ≥ 3 labs are aligned.  (Lab volunteers that fail to complete PAD measurement and/or reach alignment at RAN4#109, if any, can have a chance to submit the PAD measurement results to RAN4#110 (Feb 2024) and be confirmed as aligned labs.)  
6. Collect measurement results of commercial devices from aligned labs based on contribution-driven manner in RAN4#110 (Feb 2024) and RAN4#111 (Apr 2024). 
7. Conclude FR1 MIMO OTA performance requirements at or before RAN4#112 (May 2024). 
2.3.2 Time plan for bands > 1GHz 
1. Measurement Campaign for bands > 1GHz can start with the Rel-17 aligned labs that complete channel model validation at an early stage. The channel model validation results shall be submitted to RAN4 by formal T-docs. 
2. Collect measurement results of commercial devices from the labs based on contribution-driven manner no later than RAN4#110 (Feb 2024). 
3. Conclude FR1 MIMO OTA performance requirements no later than RAN4#112 (May 2024). 

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

[bookmark: OLE_LINK27]Sub-topic 1-2 FR1 MIMO OTA requirement related work
Moderator: The proposed time plan in Issue 1-1-6 is to conclude lab volunteers, PADs’ information, and delivery scheme at RAN4#107 (May 2023) for Rel-18 FR1 lab alignment activity.
Issue 1-2-1: Information collection for FR1 MIMO OTA requirement related work
· Proposal
· Collect preliminary information for FR1 MIMO OTA requirement related work during this meeting. Companies are encouraged to confirm whether they are willing to participate in the following campaigns:
	FR1 MIMO OTA related Campaign
	Company

	Lab Alignment Activity at Band n28
	Apple, CAICT, CMCC&BUPT, MediaTek, Xiaomi, [Huawei], …

	Measurement Campaign for bands < 1GHz
	CAICT, [Apple], [CMCC&BUPT], [MediaTek], [Xiaomi], [Huawei], …

	Measurement Campaign for bands > 1GHz
	Rel-17 aligned labs: CAICT, [Apple], [CMCC&BUPT], [MediaTek], [Xiaomi], [Huawei], …



· Recommended WF
· Capture confirmed information in the WF

Issue 1-2-2: Call for PADs for FR1 MIMO OTA lab alignment 
· Proposal
· Companies are encouraged and appreciated to provide PADs for the FR1 MIMO OTA lab alignment activity at Band n28. Volunteer companies can indicate in the table below:
	Company
	How many PADs can be provided

	
	

	
	

	
	



· Recommended WF
· Capture confirmed information in the WF

Issue 1-2-3: PAD delivery scheme
· Proposal
· Proposal 1: Consider volunteer labs outside Asia to receive FR1 MIMO OTA PADs for last, e.g.: Apple (Cupertino/California/USA) as a last lab to test PADs. (Apple)
· Recommended WF
· TBA

Issue 1-2-4: Noise impact issue at low bands
Moderator: Up to now, CAICT (R4-2301049), CMCC&BUPT joint lab (R4-2304215), and MediaTek (R4-2304073) demonstrated their experimental measurement results and solutions for the noise impact issue at low bands; Xiaomi (R4-2305525) indicated the noise impact has been minimized in their lab by adding 20dB-attenuators. 
· Proposal
· Proposal 1: Labs should do the noise impact experiments to eliminate the noise impact at low bands. Suitable attenuation may need to be added in the system setup. (MediaTek)
· Proposal 2: It is confirmed that the noise impact on low-band FR1 MIMO OTA test is solved in CAICT (R4-2301049), CMCC&BUPT (R4-2304215), MediaTek (R4-2304073), and Xiaomi (R4-2305525) labs. (Moderator)
· Recommended WF
· TBA

[bookmark: OLE_LINK32]Sub-topic 1-3 FR1 MIMO OTA test with Hand phantoms
Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
· Proposals
· Proposal 1: It is observed that the 20cm QZ can fully accommodate smartphones with Wide Grip Hand phantom in DMP position. (Huawei, OPPO, CAICT)
· Proposal 1a (Huawei): consider testing left/right hand (LH/LR) Data Mode Portrait (DMP) with additional MU term for hand phantom given in R4-2218071 without the need to test Data Mode Landscape (DML) and Data Mode Screen UP (DMSU).
· Proposal 1b (OPPO): The BM DMP mode can be used for FR1 MIMO OTA measurement by reusing the existing Quiet Zone size. (OPPO)
· Proposal 1c (CAICT): Confirm the feasibility of FR1 MIMO OTA test with hand phantom in DMP position. 
· Proposal 2: It is observed that the hand phantom cannot be fully contained within the 20 cm QZ but can be fully contained within the 30 cm QZ. (Keysight)
· Proposal 2a (Keysight): Adjust the WID to augment the existing 20 cm QZ/test zone with a 30 cm QZ if phantoms are considered for NR FR1 MIMO OTA testing.
· Proposal 2b (Keysight): In the absence of introducing another QZ/test zone, do not consider phantoms for NR FR1 MIMO OTA testing.
· Proposal 3 (Keysight): The hand phantom (excluding adapters and fixtures) and smartphone shall be fully contained within the QZ. 
· Proposal 4 (Xiaomi): Apply hand phantom MU to count the larger size of hand phantom.
· Proposal 5 (OPPO): Further analysis on the impact of channel models in BM DMSU mode is encouraged from TE vendors.
· Recommended WF
· Companies are invited to share views on the proposals.

Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
CAICT (R4-2305122) and Xiaomi (R4-2301920) shared some measurement results and analysis. 
· Proposal
· Proposal 1: Confirm the necessity of the FR1 MIMO OTA test methodology enhancement for smartphone with hand phantom. (CAICT, Xiaomi)
· Recommended WF
· Companies are invited to share views.

Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 Framework and time plan for FR1 MIMO OTA
	Company
	Comments

	HuaweiXXX
	Issue 1-1-1: Overall work flow: support the proposed work flow.
Issue 1-1-2: Working procedures of Channel Model Validation: support the proposed channel model validation scheme.
Issue 1-1-3: Working procedures of Lab Alignment Activity: support the proposed lab alignment procedure.
Issue 1-1-4: Working procedures of Measurement Campaign: support the proposed measurement campaign.
Issue 1-1-5: Working procedures of Specifying Performance Requirements: support the proposed for performance specification.
Issue 1-1-6: Time plan: support the proposed time plan.


	Samsung
	Issue 1-1-4: Working procedures of Measurement Campaign: 
Not against but just have a question to this part regarding “Test bands: all listed bands in WID [1], i.e., n1, n5, n8, n28, n77; FFS whether and how to down-select”. As in time plan it is mentioned that for bands >1GHz could start early, so the measurement campaign will starts in near future, when shall we discuss about the test bands down-selection. In our understanding the down-selection should be down before measurement campaign starts.
Issue 1-1-5: Working procedures of Specifying Performance Requirements: 
About the percentile value in 3rd bullet of 2.2.4, in Rel-17 the value is controversial as several companies propose to adopt 95%, may it be replaced with [TBD] ?

	vivo
	Issue 1-1-5: Working procedures of Specifying Performance Requirements
It would be too early to conclude 85% CDF as starting point.

	CAICT
	Issues 1-1-1~1-1-6:
Support the proposals as proponent. 

	OPPO
	Issue 1-1-1: Overall work flow: 
support the proposeal.
Issue 1-1-2: Working procedures of Channel Model Validation: 
support the proposal.
Issue 1-1-3: Working procedures of Lab Alignment Activity: 
support the proposal.
Issue 1-1-4: Working procedures of Measurement Campaign: 
Generally agree with the proposal. 
For 3b, is there procedure to guarantee the DUT variety or shall the five DUT-selection criteria be satisfied by permitted labs when submitting the measurement results to the data pool?
For 5d, the purpose of this sub-bullet is to avoid majority data from one lab which biases the whole data pool. However, it did not happen in R17 measurement campaign. So, it is proposed to encourage permitted labs submitting measurement results as many as possible, rather than setting an allowed maximum number.
Issue 1-1-5: Working procedures of Specifying Performance Requirements: 
support the proposed for performance specification.
Issue 1-1-6: Time plan: 
support the proposed time plan.


	Apple
	Issue 1-1-1: Overall work flow: support the proposed work flow.
Issue 1-1-2: Working procedures of Channel Model Validation: support the proposed channel model validation scheme.
Issue 1-1-3: Working procedures of Lab Alignment Activity: support the proposed lab alignment procedure.
Issue 1-1-4: Working procedures of Measurement Campaign: support the proposed measurement campaign.
Issue 1-1-5: Working procedures of Specifying Performance Requirements: support the proposed for performance specification.
Issue 1-1-6: Time plan: support the proposed time plan.


	CAICT
	Issue 1-1-4: Working procedures of Measurement Campaign: 
Response to Samsung: Thanks for pointing this out. The time plan can be updated to include “Conclude whether/how to down-select the bands in WID before the start of Measurement Campaign”.

	vivo
	Issue 1-1-4: Working procedures of Measurement Campaign
Agree that the measurements result from Rel-17 aligned labs should be considered to define requirements. However, measurement results from other companies to analysis UE performance or other MIMO antenna issue should not be precluded.


 
Sub topic 1-2 FR1 MIMO OTA requirement related work
Moderator: For Issues 1-2-1 and 1-2-2, volunteer companies are invited to directly edit the information collection tables in Section 1.2.2.
	Company
	Comments

	XXXMVG
	Issue 1-2-3: PAD delivery scheme
Issue 1-2-4: Noise impact issue at low bands
R4-2304073 and R4-2304215 present TP vs RS EPRE results with different values of attenuation added at the outputs of the amplifiers.  We have concerns about the method being used to determine the value of attenuator required to reduce the noise level.  A TP measurement is DUT dependent.    A good DUT requires a lower noise floor than a bad DUT, given that the power at which the DUT reaches the threshold will be lower for a good DUT (vs bad DUT).
R4-2304215:  Observation 2:  The value of attenuation required to reduce the noise floor is system dependent and should not be defined as a fixed value.
A DUT independent method that can be used to determine/mitigate the noise is as follows.  Using the same set up as the power validation (C.3.6) perform the following measurements:
1) Measure the power (or noise floor) with the RF signal of the RCT off and the CE on but with the outputs turned off.  
2) Repeat the measurement with the CE off to determine the contribution of noise from the CE.
As with the contributions listed above, keep changing the attenuation level at the outputs of the amplifiers until the normalized power level does not change.


	CAICT
	Issue 1-2-3: PAD delivery scheme
Basically ok with the proposal, but the PAD delivery scheme is highly related to the numbers and locations of labs and PADs, we propose to discuss and conclude the PAD delivery scheme together with the confirmation of volunteer labs and PADs at the next meeting. 
Issue 1-2-4: Noise impact issue at low bands
Support the Proposals.  
Thank MVG for the technical analysis and the suggested DUT independent method.
Yes, the value of attenuation required is system dependent and should not be defined as a fixed value. Each lab should apply a suitable attenuation to their own test system. 
There’s another reason why the attenuators can “correct” MIMO OTA test results. The amplifiers and the probes in the chamber are usually not perfectly matched, which results in standing waves in the link.  At low frequencies, the pass loss along the cables between the amplifiers and the probes is lower, so the standing waves are stronger when they arrive at the probes (higher than the noise floor); sometimes the VSWR of outputs of amplifiers is also worse at low frequencies, leading to larger standing waves.  Such standing waves, if not eliminated before the probes, will cause inaccurate MIMO OTA test results. Adding suitable attenuators at the outputs of the amplifiers can eliminate the standing waves before the probes (the standing waves are attenuated and lower than the noise floor), thus, the MIMO OTA test results can be corrected. 
Anyway, adding attenuators at the outputs of the amplifiers is an effective method, and the labs have shown in their contributions that the MIMO OTA test results at low frequencies are corrected. 


	MVG (2)
	Issue 1-2-4: Noise impact issue at low bands
Thank you for the explanation CAICT.  We agree attenuators will be required to reduce the noise floor and improve the system performance, but we are not sure that using TP vs power is the correct metric to make the determination.  

	Apple
	Issue 1-2-3: PAD delivery scheme
As a proponent we support the Proposal 1
Issue 1-2-4: Noise impact issue at low bands
While we recognize the potential noise contribution to the measurements uncertainty. In our view the recommendation of attenuators as mitigation solution should be proposed by System Integrators rather than labs. In this context we propose an alternative Proposal 3:
Proposal 3: System Integrators should do the noise impact experiments to eliminate the noise impact at low bands. Upon their discretion suitable attenuation may need to be added in the system setup.


 
Sub topic 1-3 FR1 MIMO OTA test with Hand phantoms
	Company
	Comments

	XXXKeysight
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
P1: concern. It is not very clear from R4-2305122 and R4-2304026 how the conclusion in P1 can be made especially since it can be observed in R4-2305784 that a portion of the hand is still within the test zone/quiet zone. The positioning guidelines would have to be adjusted/modified so that phone and phantom hand can be completely enclosed in DMP. 
P2&P3: support
P4: concern, instead of separate MU, QZ/test zone should be adjusted to properly capture MUs and phantoms
P5: concern, as CM impact is evaluated without hand phantoms and device orientations. CM impact as a function of test zone diameter was already evaluated in R4-1912103.
Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
P1: this necessity should be discussed together with the QZ/test zone size in 1-3-1. 

	Huawei
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom: 
Support proposal 1 as proponent. 
On proposal 2, the diagrams in R4-2305613 clearly shows that device and hand phantom in DMP mode can fit into the 20cm quiet zone. 
Support proposal 4.
Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom: support proposal 1.

	MVG
	R4-2305525  Proposal 1 – adding the MU related to the hand phantom only does not incorporate all the MU associated with measuring in a phantom hand.
R4-2305122  Proposal 2 – positioning guidelines must be provided and ensure that the hand phantom is encompassed in the 20 cm QZ.
R4-2304026:  Proposal 1 – only the phone length has been considered in the contribution and has not shown if a phone that is 180 mm mounted in a DMP will fit into the 20 cm QZ.

	Qualcomm
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
On top of QZ/test zone size, we might need to consider/study whether the introduction of hand phantom will have impact on the QZ and/or channel model validation. In other words, the QZ with or without hand phantom might lead to different results on QZ and/or channel model validation.

	Samsung
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
P1: not support. The whole size of DUT and hand phantom would be beyond 20cm QZ  
P2b&P3: support
P4&P5: not support. QZ issue should be addressed firstly.
Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
P1: not support. QZ issue should be addressed firstly. And the trend between TRS and TRMS shown in R4-2305122 is generally aligned even TRMS is only average of two orientations.

	vivo
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
Do not support P1. We have different understand with P1. P2 is reasonable to us.  
P2b&P3 are OK.
P4&P5 are not necessary. Without concluding the scope, corresponding work should not be started.
Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
Based on comments in issue 1-3-1, P1 is not supported.

	CAICT
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom: 
Support P1. 
Thank Keysight and OPPO for providing the illustrations: 
[image: ]
[image: ]
It can be observed that whether the DUT and phantom can be encompassed in QZ also depends on the size of DUT. But even if with larger UEs, suitable positioning guidelines can make the DUT and the phantom be fully encompassed in QZ.
Support P4, P5. Further study the MU and introduced by hand phantom and the impact on prorogation environment generated in the chamber.

Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
Support Proposal 1 as proponent. We believe the measurement results and analysis in R4-2305122 and R4-2301920 clearly demonstrated the necessity. The necessity is independent of the current QZ/test zone size. 
[image: ]
It can be clearly seen from Fig. 2 of R4-2305122  that although the MIMO OTA performance of some phones has a similar trend with TRS, the overall ranking of TRMS is different from TRS. That is, the DUT with better TRS may not show better MIMO OTA performance, and vice versa. For example, UE8 has better MIMO OTA performance (ranked 2nd) but its TRS performance ranks 8th, which is 6 ranks lower than the MIMO ranking. Thus, TRS cannot reflect MIMO OTA performance of smartphones in browsing mode. 


	Xiaomi
		Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom: 
We support proposal 1 and proposal 4.
Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom:
Support proposal 1.

	OPPO
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
Support P1. As per Keysight’s comment, by adjusting the positioning guidance, the DUT and hand phantom in DMP mode can be fully encompassed in the existing QZ.
P3 and P5 are essentially related to the same issue. In general, we agree that the DUT and the phantom should be fully contained with the QZ as the safe rule to guarantee the test applicability. However, there is no analysis/evaluation on the impact when part of phantom (e.g. proportion of wrist of hand phantom), not DUT, is out of QZ range. That’s why we bring up P5.
Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
Support P1. The necessity should not be affected by the issue of QZ size. At least, we can get the conclusion that the necessity of FR1 MIMO OTA with hand phantom is confirmed. However, limited by the existing QZ size, the test methodology can be developed only in DMP mode.

	AT&T
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
Support Proposal 2b and Proposal 3.
Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
Do not support Proposal 1. At a minimum, the QZ size would need to be increased. We also expect that the introduction of the hand phantom would cause the antenna correlation to be less than in the free-space condition which would only improve MIMO OTA performance. We don’t see the need to introduce hand phantom testing for MIMO OTA. Hand phantom testing for TRS is sufficient.

	Apple
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
P1: not supported. Considering that  System Integrator statement that the system designed with 20cm quiet zone is not suitable for phantom hand test without such impact analysis being properly done. That being said, such quiet zone analysis is not in the WID scope.
P2a: Not supported due time constrains and potential impact on test timeline
P2b & P3: supported
P4: Not supported due time constrains and potential impact on test timeline 
P5: Not supported due time constrains and potential impact on channel model validation timeline
Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
P1: While such evaluation is rather valid and defined in the core part of the WID.  Such decision and WF can’t precedes the conclusion of hand phantom vs. current 20cm quiet zone impact.

	CAICT
	Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
We are collecting more measurement results to evaluate the relationship between TRS and MIMO OTA with hand phantoms. 



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 1 Framework and time plan for FR1 MIMO OTA
	Issue 1-1-1: Overall work flow
All companies support the proposal. 
Agreements: 
· The proposed Overall work flow is agreed.
Recommendations for 2nd round:
· None

Issue 1-1-2: Working procedures of Channel Model Validation
All companies support the proposal. 
Agreements: 
· The proposed Working procedures of Channel Model Validation are agreed.
Recommendations for 2nd round:
· None

Issue 1-1-3: Working procedures of Lab Alignment Activity
All companies support the proposal. 
Agreements: 
· The proposed Working procedures of Lab alignment activity are agreed.
Recommendations for 2nd round:
· None

Issue 1-1-4: Working procedures of Measurement Campaign
Companies basically support the proposal. Samsung and OPPO provided constructive comments on details of the working procedure. It is recommended to modify the framework to address the comments. Besides, vivo believes measurement results from labs other than Rel-17 aligned labs to analysis UE performance or other MIMO antenna issue should not be precluded.
Moderator deems the proposal from vivo is constructive, but should not affect the performance requirements work. It is recommended to discuss the proposal in 2nd round, and capture agreements in the WF rather than revise the framework. 
Recommendations for 2nd round:
· Revise the framework R4-2305123 to address the comments raised by Samsung and OPPO.
· Check and approve the revision of R4-2305123 (Framework and time plan for FR1 MIMO OTA).
· Discuss the following proposal, and capture agreements in the WF
· Proposal: Measurement results from labs other than Rel-17 aligned labs to analysis UE performance or other MIMO antenna issues are not precluded.

Issue 1-1-5: Working procedures of Specifying Performance Requirements
6 companies commented and basically support the proposal, the only controversial point is the percentile of the CDF to specify requirements. 4 companies (Huawei, CAICT, OPPO, Apple) support 85%; Samsung supports 95%; vivo deems it’s too early to conclude 85% CDF as starting point. 
Considering 85% is the majority view and it is already in square brackets, it is recommended to keep it as [85%].
Recommendations for 2nd round:
· Furter check if [85%] can be kept in the framework.
· Check and approve the revision of R4-2305123 (Framework and time plan for FR1 MIMO OTA).

Issue 1-1-6: Time plan
All companies support the proposal. CAICT suggested to refine the time plan based on Samsung’s comments on “down-selection of bands” in Issue 1-1-4.
Recommendations for 2nd round:
· Revise the framework R4-2305123 to address the comments on Issue 1-1-4.
· Check and approve the revision of R4-2305123 (Framework and time plan for FR1 MIMO OTA).


	Sub-topic 1-2 FR1 MIMO OTA requirement related work
	Issue 1-2-1: Information collection for FR1 MIMO OTA requirement related work
After 1st round, the following information is confirmed: 
	FR1 MIMO OTA related Campaign
	Company

	Lab Alignment Activity at Band n28
	Apple, CAICT, CMCC&BUPT, MediaTek, Xiaomi, [Huawei], …

	Measurement Campaign for bands < 1GHz
	CAICT, Apple, [CMCC&BUPT], [MediaTek], [Xiaomi], [Huawei], …

	Measurement Campaign for bands > 1GHz
	Rel-17 aligned labs: CAICT, Apple, [CMCC&BUPT], [MediaTek], [Xiaomi], [Huawei], …



Recommendations for 2nd round:
· Continue to collect information, capture confirmed information in the WF

Issue 1-2-2: Call for PADs for FR1 MIMO OTA lab alignment 
No input during 1st round. 
Recommendations for 2nd round:
· Continue to collect information, capture confirmed information in the WF

Issue 1-2-3: PAD delivery scheme
2 companies commented. The proponent company (Apple) supports Proposal 1. CAICT proposes to discuss and conclude the PAD delivery scheme together with the confirmation of volunteer labs and PADs at the next meeting.
Moderator recommends a compromise: Discuss and conclude the PAD delivery scheme together with the confirmation of volunteer labs and PADs at the next meeting. Consider volunteer labs outside Asia to receive FR1 MIMO OTA PADs for last, e.g.: Apple (Cupertino/California/USA) as a last lab to test PADs. 
Recommendations for 2nd round:
· Check if the compromised proposal is agreeable: 
· Discuss and conclude the PAD delivery scheme together with the confirmation of volunteer labs and PADs at the next meeting. Consider volunteer labs outside Asia to receive FR1 MIMO OTA PADs for last, e.g.: Apple (Cupertino/California/USA) as a last lab to test PADs. 
· Capture agreements in the WF

Issue 1-2-4: Noise impact issue at low bands
3 companies discussed this issue. 
MVG provided some technical analysis and agreed that attenuators should be required to reduce the noise floor and improve the system performance, but they are not sure that using TP vs power is the correct metric to determine the value of attenuators, they also suggested a DUT independent method.  
CAICT supported the proposals, and provided additional explanations on why adding attenuators can correct MIMO OTA test results at low bands. 
Apple deems the recommendation of attenuators as mitigation solution should be proposed by System Integrators, rather than labs, and proposed another proposal: System Integrators should do the noise impact experiments to eliminate the noise impact at low bands. Upon their discretion suitable attenuation may need to be added in the system setup.
Moderator would like to clarify that, as stated by MVG and CAICT, the value of attenuation required is system dependent and should not be defined as a fixed value. Thus, the labs should do experiments in their own labs, only in this way they can determine the suitable value of attenuator (even maybe 0, i.e., no need to add attenuators). 
Recommendations for 2nd round:
· Discuss the following proposals, and capture agreements in the WF
· Proposal 1 (based on 1st round discussion): Labs should do the noise impact experiments to determine suitable values of attenuators for their own systems (The value might be 0, i.e., no need to add attenuators). 
· Proposal 2 (based on Apple’s proposal in 1st round): System Integrators are encouraged to do the noise impact experiments to eliminate the noise impact at low bands, and provide guidance to labs. 
· Capture agreements in the WF


	Sub-topic 1-3 FR1 MIMO OTA test with Hand phantoms
	Issue 1-3-1: Feasibility of FR1 MIMO OTA test with hand phantom
This issue is controversial and 11 companies shared views. 
On whether 20cm QZ can fully accommodate DMP: It is observed that if DUT with a larger size is placed at the centre of the QZ, the DUT and hand phantom cannot fully be contained within the 20cm QZ; but 4 companies (Keysight, MVG, CAICT, OPPO) indicated positioning guidelines can be adjusted to make sure the DUT and hand phantom can be fully contained within the QZ in DMP. So it is recommended to further discuss positioning guidelines.
On MU assessment and CM impact: Companies hold opposite views. It is recommended to further discuss the MU assessment and CM impact with hand phantom based on the conclusion of the QZ size issue. 
Recommendations for 2nd round:
· Further discuss the following proposals:
· Proposal 1: Adjust positioning guidelines to ensure that the DUT and hand phantom can be encompassed in the 20 cm QZ in DMP.
· Proposal 2: Further discuss the MU assessment and CM impact with hand phantom based on the conclusion of the QZ size issue.

Issue 1-3-2: Necessity of FR1 MIMO OTA test with hand phantom
9 companies commented on this issue and hold different views. 4 companies (Huawei, CAICT, Xiaomi, OPPO) support to confirm the necessity, while 3 companies (AT&T, Samsung, vivo) deem it is not necessary. 3 companies (Keysight, Samsung, Apple) indicate the necessity should be discussed together with/after the QZ size issue, 2 companies (CAICT, OPPO) think the two issues can be discussed separately. No consensus reached in 1st round. 
Recommendations for 2nd round:
· Companies can further discuss 




Discussion on 2nd round

Topic #2: 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

	R4-2304347
	Apple, ETS-Lindgren
	On FR2 MIMO OTA lab alignment PADs roaming
Proposal 1: Consider volunteer labs outside Asia to receive FR2 MIMO OTA PADs for last, e.g.: Apple (Cupertino/California/USA) then ETS-Lindgren (Cedar Park/Texas/USA) as a last lab to test PADs.

	R4-2304677
	Qualcomm Incorporated
	Views on FR2 MIMO OTA requirements
Proposal 1: To specify the lab alignment pass/fail limit, RAN4 needs to finalize the MU budget for FR2 3D-MPAC system firstly and then make the decision on pass/fail limit based on the MU budget and measurement results conducted in lab alignment activity. 
Proposal 2: Prototype UE shall be allowed for simulation platform validation. The simulation platform validation activity could be done in one of volunteered labs for validation activity.
Proposal 3:  RAN4 to derive the requirements based on the measurement results of commercial devices and does not need to consider any proportion of certain number of antenna panel UE.

	R4-2304829
	Samsung
	On EN-DC band combination selection for FR2 MIMO OTA
[bookmark: _Hlk132289985]Proposal 1:	LTE B66 shall be the example LTE anchor band for n261 FR2 MIMO OTA test.
Proposal 2:	Reuse the same criteria of FR1 TRP TRS in terms of uplink perspective, i.e., select the LTE band whose uplink is closest in frequency to the uplink of LTE band used in the example band combination corresponding to the selected NR carrier and which is supported by the UE in an EN-DC configuration with the chosen NR band.
Proposal 3:	Reuse the same decision tree as that for FR1 TRP TRS (additional clarification needed about uplink or downlink as indicated in proposal 2).

	R4-2304830
	Samsung
	Discussion on single panel UE in FR2 MIMO OTA campaign
Proposal 1:	test labs are encouraged to disclose the quantity of single panel UE used for measurement campaign.
Proposal 2:	if the proportion of single panel UE based on proposal 1 is no greater than 25%, a relaxation factor should be adopted in the requirement derivation on top of the test results from measurement campaign.
Proposal 3:	the relaxation factor can be derived based on simulation approach, and the performance gap or antenna gain gap at 50%-tile between single panel UE and dual panel UE can be simulated and adopted as the relaxation factor
Proposal 4:	update FR2 MIMO OTA framework based on proposal 1, 2 and 3.

	R4-2305124
	CAICT
	Views on FR2 MIMO OTA lab alignment
Observation 1: 5 volunteer labs and 3 PADs can be confirmed at this meeting. FR2 MIMO OTA lab alignment can start with the labs that have completed channel model validation after RAN4#106-bis-e immediately, if the labs and PADs are ready.
Proposal 1: Adopt the following PAD delivery scheme for FR2 MIMO OTA lab alignment activity as baseline.  
· Keysight’s two PADs: Huawei -> CMCC -> CAICT -> (transfer the PADs at Oct RAN4) -> Apple -> ETS-Lindgren -> Return to Keysight 
· Note: The PADs can be tested in different labs located in the same country in parallel during the same period. 
· Huawei’s one PAD: Huawei -> CMCC -> [CAICT (if possible)] -> (transfer the PAD at Aug RAN4) -> Apple -> ETS-Lindgren -> (transfer the PAD at Oct RAN4) -> [CAICT (if cannot measure the PAD before Aug)] -> Return to Huawei
Proposal 2: Each lab should finalize PAD measurement within [8] workdays, and deliver to the next lab in the same country ASAP with PAD In/Out information shared via email-reflector.
Proposal 3: Use measured MASC values as pass/fail criteria to decide the lab alignment outcome. 
Proposal 4: To ensure the lab alignment activity can be concluded on time, companies are encouraged to contribute on FR2 preliminary MU assessment in recent RAN4 meetings. RAN4 should complete FR2 preliminary MU assessment before the end of lab alignment activity, i.e., no later than RAN4#109 (Nov 2023).  
Proposal 5: Include the averaged PAD measurement results from aligned labs into the data pool for specifying FR2 MIMO OTA performance requirements, if allowed by PAD providers. 

	R4-2305363
	Apple
	Alternative method to accommodate single-panel UEs in FR2 MIMO OTA requirement
Observation 1:	Spherical coverage simulations indicate a large gap in 50%-tile gain drops between the single-panel case and the multi-panel cases, ranging in 7-10 dB

Proposal 1:	It is proposed to consider determining a single-panel vs. multi-panel FR2 MIMO OTA performance offset via simulation and then applying this offset to the FR2 MIMO OTA metric obtained from measurements of commercial devices to define the FR2 MIMO OTA requirement.

	R4-2305526
	Xiaomi
	on the FR2 MIMO OTA
Proposal 1: For the lab alignment pass/fail limit, use 0.75*MU as starting point and further check after the FR2 MU is decided.
Proposal 2: Use 15 as min number of measurement data for requirement development.
Observation 1: Mechanism of FR1 TRP TRS cannot be reused for FR2 MIMO OTA EN-DC band combination selection.
Proposal 3: The lowest LTE frequency band which is supported for FR2 EN-DC can be selected.

	R4-2305608
	Qualcomm Incorporated
	MU budget for FR2 MIMO OTA test system
Proposal 1: RAN4 to consider following measurement uncertainty budget for FR2 3D-MPAC system as the baseline and further refine the value for measurement uncertainty elements based on the input from companies.
	UID
	Description of uncertainty contribution
	Example value (26.5GHz≤f≤29.5GHz) 
	Example value (37GHz ≤f≤40GHz) 
	Distribution of the probability
	Std Uncertainty (26.5GHz≤f≤29.5GHz)  [dB]
	Std Uncertainty (37GHz ≤f≤40GHz)  [dB]

	Stage 2: DUT measurement

	1
	Mismatch for measurement process
	1.30
	TBD
	Actual
	1.30
	TBD

	2
	Measure distance uncertainty
	0.00
	TBD
	Rectangular
	0.00
	TBD

	3
	Quality of quiet zone
	0.6
	TBD
	Actual
	0.6
	TBD

	4
	Base Station simulator 
	2.9
	TBD
	Normal
	1.45
	TBD

	5
	Channel Emulator 
-absolute value
-stability
-linearity
	[3.34]TBD
	TBD
	Normal
	TBD[1.67]
	TBD

	6
	Amplifier uncertainties
	[2.10]
	TBD
	[Normal]
	[1.05]
	TBD

	7
	Random uncertainty
	0.50
	TBD
	Normal
	0.25
	TBD

	8
	Throughput measurement: output level step resolution
	0.25
	TBD
	Rectangular
	0.14
	TBD

	9
	DUT sensitivity drift
	0.2
	0.2
	Rectangular
	0.12
	TBD

	10
	Signal flatness
	0.00
	0.00
	Normal
	0.00
	TBD

	Stage 1: Calibration measurement

	11
	Mismatch for calibration process
- loopback cable path
- system input path
- reference antenna
	0.00
	TBD
	U-Shaped
	0.00
	TBD

	12
	Reference antenna positioning misalignment
	0.01
	TBD
	Rectangular
	0.00
	TBD

	13
	Quality of quiet zone 
	0.60
	TBD
	Actual
	0.60
	TBD

	14
	Total uncertainty of the Network Analyzer
	0.73
	TBD
	Normal
	0.37
	TBD

	15
	Uncertainty of an absolute gain of the calibration antenna
	0.60
	TBD
	Normal
	0.30
	TBD

	16
	Offset of the Phase Center of the Reference Antenna 
	0.00
	TBD
	Rectangular
	0.00
	TBD

	Total Expanded Uncertainty, U, with 95% Confidence Interval
	TBD
	TBD




	R4-2305614
	OPPO
	On hybrid approach for FR2 MIMO OTA
Proposal: similar approaches in R4-2220265 (WF for test device information collection for the measurement data pool from Rel-17 TRP TRS WI and Rel-17 FR1 MIMO OTA) should be consider to adopt for not only the measurement data pool but also the hybrid data pool.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 Framework for FR2 MIMO OTA
Issue 2-1-1: FR2 lab alignment activity 
· Proposals 
· Proposal 1 (CAICT): Each lab should finalize PAD measurement within [8] workdays, and deliver to the next lab in the same country ASAP with PAD In/Out information shared via email-reflector.
· Proposal 2 (CAICT): Use measured MASC values as pass/fail criteria to decide the lab alignment outcome.
· Proposal 3 (Qualcomm): To specify the lab alignment pass/fail limit, RAN4 needs to finalize the MU budget for FR2 3D-MPAC system firstly and then make the decision on pass/fail limit based on the MU budget and measurement results conducted in lab alignment activity.
· Proposal 4 (Xiaomi): For the lab alignment pass/fail limit, use 0.75*MU as starting point and further check after the FR2 MU is decided.
· Recommended WF
· Companies are invited to share views. 

Issue 2-1-2: Simulation platform validation activity 
· Proposals 
· Proposal 1 (Qualcomm): Prototype UE shall be allowed for simulation platform validation. The simulation platform validation activity could be done in one of volunteered labs for validation activity.
· Others
· Recommended WF
· Companies are invited to share views. 

Issue 2-1-3: Minimum number of measurement data for requirements development
Moderator: This issue has been discussed during the last RAN4 meeting with no converged agreement in WF:
	Issue 1-1-5: Minimum number of measurement data for requirements development
<Agreement>: 
· Keep the previous agreement as [8-15].
<Way forward>: 
· Encourage volunteer labs to indicate the amount of measurement data that they can provide as early as possible, to estimate how much measurement data can be collected.



· Options 
· Option 1 (Xiaomi): 15
· Option 2 (Moderator): Keep the previous agreement [8-15], FFS after receiving some feedback from volunteer labs on the estimated amount of measurement data can be provided. 
· Others
· Recommended WF
· Volunteer labs are encouraged to indicate the estimated amount of measurement data that they can provide during this meeting. 

Issue 2-1-4: Approaches to increase the measurement data for requirements development
· Proposal 
· Proposal 1 (CAICT): Include the averaged PAD measurement results from aligned labs into the data pool for specifying FR2 MIMO OTA performance requirements, if allowed by PAD providers.
· Others
· Recommended WF
· Companies are encouraged to share views and propose other approaches
· PAD providers are encouraged to indicate whether the PAD measurement results can be included for specifying requirements

Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
· Proposals 
· Option 1 (Qualcomm): Derive the requirements based on the measurement results of commercial devices and does not need to consider any proportion of certain number of antenna panel UE.
· Option 2 (Samsung): A considerable proportion of single-panel UEs should be guaranteed 
· Proposal 2a: test labs are encouraged to disclose the quantity of single panel UE used for measurement campaign. 
· Proposal 2b: if the proportion of single panel UE based on Proposal 2a is no greater than 25%, a relaxation factor should be adopted in the requirement derivation on top of the test results from measurement campaign.
· Proposal 2c:	the relaxation factor can be derived based on simulation approach, and the performance gap or antenna gain gap at 50%-tile between single panel UE and dual panel UE can be simulated and adopted as the relaxation factor.
· Option 3 (Apple): Consider determining a single-panel vs. multi-panel FR2 MIMO OTA performance offset via simulation and then applying this offset to the FR2 MIMO OTA metric obtained from measurements of commercial devices to define the FR2 MIMO OTA requirement.
· Step #1: Define a preliminary FR2 MIMO OTA limit based on measurements of actual devices (without any requirements on the proportion of single-panel UEs to multi-panel UEs in the data pool)
· Step #2:	Quantify a representative gap in performance between single-panel and multi-panel UEs via simulations.  The methodology for this can leverage the FR2 MIMO OTA simulation engines and further fine-tuned based on RAN4 discussions and agreements
· Step #3:	Define the FR2 MIMO OTA requirement as the limit determined in Step #1 with a relaxation applied as determined in Step #2.
· Others 
· Recommended WF
· Companies are invited to share views. 

Issue 2-1-6: Avoid the same UE model being simulated and measured in Hybrid approach
· Proposals 
· Proposal 1 (OPPO): similar approaches in R4-2220265 (WF for test device information collection for the measurement data pool from Rel-17 TRP TRS WI and Rel-17 FR1 MIMO OTA) should be consider to adopt for not only the measurement data pool but also the hybrid data pool.
· Others
· Recommended WF
· Companies are invited to share views. 

[bookmark: _Hlk132314199]Sub-topic 2-2 FR2 MIMO OTA requirement related work
Moderator: It was agreed (in the framework R4-2302927) to conclude lab volunteers, PADs’ information, and delivery scheme at this meeting for FR2 lab alignment activity.
Issue 2-2-1: PADs for FR2 lab alignment activity
· Proposal 
· Confirm the following PADs for FR2 MIMO OTA lab alignment.
	Provider
	How many PADs can be provided/purchased
	NSA (preferred)
/SA
	PAD current location
	When will the PAD(s) be ready
	Note

	Huawei
	One commercial device as PAD for lab alignment activity but not for simulation validation activity
	NSA
	Beijing, China
	Ready now
	Not to disclose any UE information except supported bands

	Keysight
	Two commercial devices
	EN-DC
	USA
	Can be hand carried to May RAN4 meeting
	Not to disclose the manufacturers and models

	Samsung
	One commercial device for lab alignment activity and also to be adopted in measurement campaign*
	EN-DC
	Korea
	Can be hand carried to May RAN4 meeting
	Not to disclose the manufacturers and models


*Note: There’s a related proposal in Issue 2-1-4. If Proposal 1 in Issue 2-1-4 is agreed, the PAD measurement results can be directly included into the final data pool. 

· Recommended WF
· PAD providers are invited to confirm the information during 1st round.
· Capture confirmed information in WF

[bookmark: _Hlk132294773]Issue 2-2-2: Volunteer labs for FR2 lab alignment activity
· Proposal 
· Confirm the following Volunteer labs for FR2 MIMO OTA lab alignment.
	Volunteer lab
	City
	Contact

	Apple
	Cupertino, California, USA
	 Istvan Szini
Istvan@apple.com

	CAICT
	Beijing, China
	Xuan Yi, yixuan@caict.ac.cn 

	CMCC&BUPT joint lab
	Beijing, China
	

	ETS-Lindgren
	Cedar Park, Texas, USA
	

	Huawei
	Beijing, China
	



· Recommended WF
· Volunteer labs are invited to confirm the information and provide contact info during 1st round.
· Capture confirmed information in WF

Issue 2-2-3: FR2 PAD delivery scheme
· Proposals 
· Proposal 1: Adopt the following PAD delivery scheme for FR2 MIMO OTA lab alignment activity as baseline.  
· Keysight’s two PADs and Samsung’s one PAD: Huawei -> CMCC -> CAICT -> (transfer the PADs at Oct RAN4) -> Apple -> ETS-Lindgren -> Return to Keysight 
· Note: The PADs can be tested in different labs located in the same country in parallel during the same period. 
· Huawei’s one PAD: Huawei -> CMCC -> [CAICT (if possible)] -> (transfer the PAD at Aug RAN4) -> Apple -> ETS-Lindgren -> (transfer the PAD at Oct RAN4) -> [CAICT (if cannot measure the PAD before Aug)] -> Return to Huawei
· Proposal 2 (basically reflected by Proposal 1): Consider volunteer labs outside Asia to receive FR2 MIMO OTA PADs for last, e.g.: Apple (Cupertino/California/USA) then ETS-Lindgren (Cedar Park/Texas/USA) as a last lab to test PADs.
· Recommended WF
· The target is to conclude the PAD delivery scheme at this meeting.

Sub-topic 2-3 Preliminary MU assessment for FR2 MIMO OTA
Issue 2-3-1: Work plan and general views 
· Proposal (CAICT) 
· To ensure the lab alignment activity can be concluded on time, companies are encouraged to contribute on FR2 preliminary MU assessment in recent RAN4 meetings. RAN4 should complete FR2 preliminary MU assessment before the end of lab alignment activity, i.e., no later than RAN4#109 (Nov 2023).  
· Recommended WF
· Companies are invited to share views.

Issue 2-3-2: MU budget for FR2 MIMO OTA test system 
· Proposal (Qualcomm) 
· RAN4 to consider following measurement uncertainty budget for FR2 3D-MPAC system as the baseline and further refine the value for measurement uncertainty elements based on the input from companies.
	UID
	Description of uncertainty contribution
	Example value (26.5GHz≤f≤29.5GHz) 
	Example value (37GHz ≤f≤40GHz) 
	Distribution of the probability
	Std Uncertainty (26.5GHz≤f≤29.5GHz)  [dB]
	Std Uncertainty (37GHz ≤f≤40GHz)  [dB]

	Stage 2: DUT measurement

	1
	Mismatch for measurement process
	1.30
	TBD
	Actual
	1.30
	TBD

	2
	Measure distance uncertainty
	0.00
	TBD
	Rectangular
	0.00
	TBD

	3
	Quality of quiet zone
	0.6
	TBD
	Actual
	0.6
	TBD

	4
	Base Station simulator 
	2.9
	TBD
	Normal
	1.45
	TBD

	5
	Channel Emulator 
-absolute value
-stability
-linearity
	[3.34]TBD
	TBD
	Normal
	TBD[1.67]
	TBD

	6
	Amplifier uncertainties
	[2.10]
	TBD
	[Normal]
	[1.05]
	TBD

	7
	Random uncertainty
	0.50
	TBD
	Normal
	0.25
	TBD

	8
	Throughput measurement: output level step resolution
	0.25
	TBD
	Rectangular
	0.14
	TBD

	9
	DUT sensitivity drift
	0.2
	0.2
	Rectangular
	0.12
	TBD

	10
	Signal flatness
	0.00
	0.00
	Normal
	0.00
	TBD

	Stage 1: Calibration measurement

	11
	Mismatch for calibration process
- loopback cable path
- system input path
- reference antenna
	0.00
	TBD
	U-Shaped
	0.00
	TBD

	12
	Reference antenna positioning misalignment
	0.01
	TBD
	Rectangular
	0.00
	TBD

	13
	Quality of quiet zone 
	0.60
	TBD
	Actual
	0.60
	TBD

	14
	Total uncertainty of the Network Analyzer
	0.73
	TBD
	Normal
	0.37
	TBD

	15
	Uncertainty of an absolute gain of the calibration antenna
	0.60
	TBD
	Normal
	0.30
	TBD

	16
	Offset of the Phase Center of the Reference Antenna 
	0.00
	TBD
	Rectangular
	0.00
	TBD

	Total Expanded Uncertainty, U, with 95% Confidence Interval
	TBD
	TBD



· Recommended WF
· Companies are invited to share views.

[bookmark: _Hlk132293109]Sub-topic 2-4 EN-DC band combination selection for FR2 MIMO OTA
Issue 2-4-1: Example LTE anchor band selection
· Options
· Option 1: LTE B66 shall be the example LTE anchor band for n261 FR2 MIMO OTA test. (Samsung)
· Others
· Recommended WF
· Companies are invited to share views.

Issue 2-4-2: Decision tree to select the EN-DC band combination for FR2 MIMO OTA testing
· Options
· Option 1 (Samsung): Reuse the same criteria of FR1 TRP TRS in terms of uplink perspective, i.e., select the LTE band whose uplink is closest in frequency to the uplink of LTE band used in the example band combination corresponding to the selected NR carrier and which is supported by the UE in an EN-DC configuration with the chosen NR band.
· Option 1a: Reuse the same decision tree as that for FR1 TRP TRS (additional clarification needed about uplink or downlink as indicated above).
· Option 2 (Xiaomi): Not to reuse the mechanism of FR1 TRP TRS for FR2 MIMO OTA EN-DC band combination selection.
· Option 2a: The lowest LTE frequency band which is supported for FR2 EN-DC can be selected. 
· Others
· Recommended WF
· Companies are invited to share views.

Companies views’ collection for 1st round 
Open issues 
Sub-topic 2-1 Framework for FR2 MIMO OTA
	Company
	Comments

	XXX
	Issue 2-1-1: FR2 lab alignment activity 
Issue 2-1-2: Simulation platform validation activity 
Issue 2-1-3: Minimum number of measurement data for requirements development
Issue 2-1-4: Approaches to increase the measurement data for requirements development
Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
Issue 2-1-6: Avoid the same UE model being simulated and measured in Hybrid approach


	Huawei，HiSilicon
	Issue 2-1-1: FR2 lab alignment activity
For proposal 1, We support specifying the test time for each lab, but need to reconsider whether [8] workday is appropriate which depends on delivery scheme, Especially, see Issue 2-2-3	
Keysight’s two PADs and Samsung’s one PAD: Huawei -> CMCC -> CAICT -> (transfer the PADs at Oct RAN4) -> Apple -> ETS-Lindgren -> Return to Keysight
Since Huawei can get all the PADs by the end of May. Until October, there are nearly four months of testing. 
Issue 2-1-2: Simulation platform validation activity
Support the first sentence: Prototype UE shall be allowed for simulation platform validation.
No support the second sentence: The simulation platform validation activity could be done in one of volunteered labs for validation activity. keep the agreement in last meeting(Issue 1-1-4 in R4-2302975)
o	The measurement results used for the simulation platform validation activity should be also from the aligned lab(s).


	Verizon
	· Issue 2-1-1: FR2 lab alignment activity
We support Proposal 3 and RAN4 needs to define the MU budget. The Proposal 4 is consider as a subset of Proposal 3, and a clarification is needed for the 0.75 factory.

· Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
We support by using the measurement results to deriving the OTA requirements based on commercial devices. First, this method was agreed by companies, and the important thing is the measurement needs to be on the anonymous manner. Second, the work should get avoid of the further relaxations on the top of measurement results. In Rel-17, RAN4 had agreed this work should be defined in Rel-18, we expect working progress without further delay. 

	Qualcomm
	Issue 2-1-1: FR2 lab alignment activity
We are OK with proposal 1&2&3
For proposal 4, we’d like to make the decision on pass/fail limits after MU is defined and preliminary lab alignment measurement are conducted. 
Issue 2-1-2: Simulation platform validation activity 
Support proposal 1 as the proponent.
Issue 2-1-3: Minimum number of measurement data for requirements development
We support option 2 from moderator.
Issue 2-1-4: Approaches to increase the measurement data for requirements development
Support proposal 1.
Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
We support option 1 and have concerns on option 2&3.
Firstly, RAN4 has agreed that with measurement approach, requirements will be derived based on the measurement results from commercial devices which is the typical approach of deriving the OTA requirements such as FR1 TRP/TRS, FR1 MIMO OTA. As agreed, the measurement activity is based on the anonymous manner which means it will not disclose any other information of UE except the supporting band information. Therefore, we don’t think it is feasible to know how many antenna module is used by the sample devices, i.e., one panel, two panel or three panels…
Secondly, in Rel-17, companies argued that the FR2 MIMO OTA requirements should be defined based on the status of commercial devices and postponed the requirements definition in Rel-18. It is not reasonable for us to consider more relaxation with not realistic simulation data on top of measurement results which are from commercial devices.
Thirdly, technically, it is not correct to apply the antenna gain drop between single-panel vs two or more than 2 panels on top of measurement results since the MACS is the spatial average of MIMO sensitivity under the fading channel that is quite different from EIS. 
The last but not the least, we don’t think the devices expected to get worse is the right direction in 3GPP when specifying the FR2 MIMO OTA requirements.
Issue 2-1-6: Avoid the same UE model being simulated and measured in Hybrid approach
It is not clear how to avoid the same UE model being simulated and measured with the approach in R4-2220265. For example, without the details of information on antenna pattern and/or antenna modelling, how can we make sure whether the same UE model being used for simulation and measurement or not? Expect that, it is not feasible to consider all the aspects in simulation to algin with real devices such as blocking by the different materials, etc. In summary, we believe it would be not a case that simulation devices and measurement devise are exactly the same.

	Samsung
	Issue 2-1-1: FR2 lab alignment activity
We are generally okay with P1/2/4 which aligns with R17 practice. 

Issue 2-1-2: Simulation platform validation activity 
Support proposal 1.
Issue 2-1-3: Minimum number of measurement data for requirements development
At least 15 is needed.
Issue 2-1-4: Approaches to increase the measurement data for requirements development
Support to include the PAD measurement results into data pool for performance derivation. Maybe we can further discuss data processing of the same PAD’s results from labs in case MU would be large.
Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
Support option 2 and 3. We think option 2 and 3 can be merged. As the requirements will be derived from only few like 15 devices, especially current commercial devices are not single panel UE, it would be likely that requirements are derived by UE with 2~3 panels, and this will block the popularization of mmWave industry. Now the FR2 market is small compared with FR1 and FR2 is usually launched for middle high tier devices. The MIMO OTA spec should assume that in the future low tier devices and small form factor devices will be equipped with single panel, and it is beneficial for mmWave industry since more devices could support FR2.
Issue 2-1-6: Avoid the same UE model being simulated and measured in Hybrid approach
In our understanding, in hybrid approach, only one device is needed to validate simulation platform and then all other simulations are based on different antenna configurations, so it seems not necessary to consider repeated UE issue.

	CAICT
	Issue 2-1-1: FR2 lab alignment activity 
Support P1, 2, 3
P4: Reviewing the previous discussions on determining pass/fail limit for Rel-17 MIMO OTA lab alignment, it can be found that there was an argument between 0.5 MU and one MU, both with justifications; the gourp firstsly reached consensus on [0.5-1] MU and finally determined 0.75 MU. 
We propose to condiser the experience in Rel-17 and reuse [0.5-1] preliminary MU as staring point, further check after FR2 preliminary MU is decided.
Issue 2-1-2: Simulation platform validation activity 
Support the proposal.
Issue 2-1-3: Minimum number of measurement data for requirements development
Support Option 2. Ideally, we prefer more measurement data, but our concern is whether enough FR2 commercial devices can be collected. Without inputs from volunteer labs on estimated amount of measurement data can be submitted, it is difficult to confirm the feasibility of a certain minimum number.
We’d like to encourage all volunteer labs to indicate the estimated amount of measurement data that they can provide. Unfortunately, as a volunteer lab we can only submit few measurement results due to the difficulty of collecting FR2 devices. 
Issue 2-1-4: Approaches to increase the measurement data for requirements development
Support P1. 
Besides, we encourage UE venders and any other companies to provide FR2 devices for volunteer labs in measurement campaign to generate more data. 
Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
Support Option 1, and don’t think Options 2 and 3 are workable and necessary. 
Thank the proposed approaches in Options 2 and 3, but currently there’s no single-panel UE on the market, and we cannot predict the proportion of single-panel UE in the future. If a relaxation is added, the requirements for multi-panel UEs would be over-relaxed. Besides, even if there are single-panel UEs appear in the future, we expect they still have good MIMO OTA performance. 
Thus, we believe Option 1 is the most reasonable and feasible approach, and no further relaxation is needed.   
 

	Xiaomi
	Issue 2-1-1:
Answer to Verizon the 0.75 is based on FR1 MIMO OTA framework. We are open to further discuss based on the MU.
Issue 2-1-3:
We still believe 15 is appropriate. If only 8 results are submitted we have no idea how to treat these results.
Issue 2-1-4:
Proposal 1 is a good point and we support.
Issue 2-1-5:
In principle, we don’t agree that the core requirements will be different for different UE implementation so we support option 1.

	OPPO
	Issue 2-1-1: FR2 lab alignment activity 
Support P1&P2.
For P4, we share similar view with CAICT, [0.5-1] as starting point is reasonable.
Issue 2-1-2: Simulation platform validation activity 
Support the proposal.
Issue 2-1-3: Minimum number of measurement data for requirements development
Support Option 1. 15 measurement data are needed for deriving the FR2 MIMO OTA requirement based on CDF approach.
Issue 2-1-4: Approaches to increase the measurement data for requirements development
Support the proposal.
Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA

Issue 2-1-6: Avoid the same UE model being simulated and measured in Hybrid approach
It is right understanding that simulation results are based on different antenna configurations. Furthermore, the antenna configurations should conform with UE implementation, which means, to our understanding, the antenna configurations come from some UE implementation. And these UE may also be measured in FR2 MIMO OTA aligned lab. Such kind of multi-count should be avoided in the data pool, considering it’s already rare data in the data pool.

	AT&T
	Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
We support option 1 and share the same concerns as Qualcomm on options 2&3.
RAN4 should follow the previous agreed methods to base the performance requirements on measurement results of commercial devices without any a priori knowledge of the devices. We have had similar situations with FR1 MIMO and FR1 TRP/TRS where the number of UE antennas are not considered in the dataset utilized to derive requirements.

	Apple
	Issue 2-1-1: FR2 lab alignment activity 
P1 – P4, agree
Issue 2-1-2: Simulation platform validation activity 
P1, not supported, as previously agreed simulation and measurement correlation should be done using PADs measurement results from aligned labs
Issue 2-1-3: Minimum number of measurement data for requirements development
Supports Option 2
Issue 2-1-4: Approaches to increase the measurement data for requirements development
Supports Proposal 1
Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
Supports Proposal 3 as a proponent
Issue 2-1-6: Avoid the same UE model being simulated and measured in Hybrid approach
The cited Apple’s contribution on R4-2220265, considered how to structure the data collection, not necessarily a hybrid data collection unique to FR2 MIMO OTA.

	CMCC
	Issue 2-1-1: FR2 lab alignment activity
For proposal 1, we share similar views with Huawei, considering Huawei can get all PADs by the end of May, especially for issue 2-2-3, for Huawei’s PAD, only Huawei & CMCC & CAICT (if possible) need to finish the test before Aug RAN4, we suggest that each lab can finalize the PAD measurement results at least 10 workdays.

We support proposal 2&3, as for proposal4, we support Qualcomm’s comments that FR2 MU can be further check after the lab alignment measurement results being collected.
Issue 2-1-3: Minimum number of measurement data for requirements development
Supports Option 2. 


 
Sub-topic 2-2 FR2 MIMO OTA requirement related work
Moderator: For Issues 2-2-1 and 2-2-2, volunteer companies are invited to directly edit the information collection tables in Section 2.2.2.
	Company
	Comments

	XXX
	Issue 2-2-3: FR2 PAD delivery scheme


	Huawei，HiSilicon
	Issue 2-2-1: PADs for FR2 lab alignment activity
Please add additional note: the provided PAD supports n257 rather n261. In my understanding, it seems not to affect validation activity. Any views are welcome.

Issue 2-2-2: Volunteer labs for FR2 lab alignment activity
Contact:
Lingyu Kong: konglingyu4@hisilicon.com
Jizheng wang: wangjizheng@hisilicon.com

Issue 2-2-3: FR2 PAD delivery scheme
We plan to test all FR2 PADs after May RAN4 meeting, so hope the PADs to be tested or transferred at the same time for the convenience.


	Samsung
	Issue 2-2-3: FR2 PAD delivery scheme
“Return to Keysight”  “Return to Keysight and Samsung”

	CAICT
	Issue 2-2-1: PADs for FR2 lab alignment activity
Thank Huawei for the clarification. We believe this will not affect the lab alignment activity. 
Issue 2-2-3: FR2 PAD delivery scheme
Thank Samsung for the correction. 


	Apple
	Partially supports Proposals 1 on:
“Keysight’s two PADs and Samsung’s one PAD: Huawei -> CMCC -> CAICT -> (transfer the PADs at Oct RAN4) -> Apple -> ETS-Lindgren -> Return to Keysight 
Supports Proposal 2 as a proponent

	CMCC
	Issue 2-2-2: Volunteer labs for FR2 lab alignment activity
Contact:
Yichen Zhao: zhaoyichen@cmdc.chinamobile.com
Xiaohang Yang: yangxiaohang@caict.ac.cn
Issue 2-2-3: FR2 PAD delivery scheme
We are OK with Proposal1. 



Sub-topic 2-3 Preliminary MU assessment for FR2 MIMO OTA
	Company
	Comments

	XXXKeysight
	Issue 2-3-1: Work plan and general views 
Issue 2-3-2: MU budget for FR2 MIMO OTA test system 
Concern with the proposal as the gNB MU is different from the CE MU as they are two different pieces of test equipment. We are checking internally whether the FR1 CE MU can be applied to FR2 but might not be able to confirm until May meeting.

	Qualcomm
	Issue 2-3-1: Work plan and general views 
OK with proposal from CAICT. It is encouraged to complete the MU budget ASAP which will be used to define pass/fail limit for lab alignment.
Issue 2-3-2: MU budget for FR2 MIMO OTA test system 
Encourage companies to provide the input. 

	Apple
	Issue 2-3-1: Work plan and general views 
Supports the proposal



Sub-topic 2-4 EN-DC band combination selection for FR2 MIMO OTA
	Company
	Comments

	XXX
	Issue 2-4-1: Example LTE anchor band selection
Issue 2-4-2: Decision tree to select the EN-DC band combination for FR2 MIMO OTA testing


	Qualcomm
	Issue 2-4-1: Example LTE anchor band selection
Considering the large separation between LTE/FR1 and FR2, there will be no harmonic or intermodulation issue for EN-DC/FR1+FR2 NR-DC/ FR1+FR2 NR-CA. Therefore, the devices that supports n261 with any LTE/FR1 anchor band could be used for the measurement activity.

	Samsung
	Issue 2-4-1: Example LTE anchor band selection
Supports Option 1 as proponent. Though the de-sense is relatively small compared with FR1, it would be better to have a default example anchor band to avoid any potential impacts from LTE. It was agreed in last meeting that “Down select the example LTE anchor band from B2, B4/66 and B5 for FR2 NSA UE MIMO OTA test.” Following the agreement, we think an example anchor band for n261 is necessary.
Thanks for Qualcomm comments about “the devices that supports n261 with any LTE/FR1 anchor band could be used for the measurement activity”, that can be considered in decision tree in case UE does not support band B66, we are open with that, i.e., B66 as example anchor band, and no decision tree when UE not supporting B66 and any LTE band can be used.
Issue 2-4-2: Decision tree to select the EN-DC band combination for FR2 MIMO OTA testing
Support option 1 as proponent but also open with other proposals.

	Xiaomi
	Issue 2-4-1: 
We don’t have strong view on this topic.
Issue 2-4-2: 
As illustrated in our paper, since we don’t need to consider the performance degradation caused by LTE bands so we don’t need such mechanism of FR1 TRP TRS. For the lowest supported LTE band means largest coverage and can be used as example.

	AT&T
	Issue 2-4-1: Example LTE anchor band selection
We support Option 1 along with a decision tree approach as it provides a known test condition that would be consistent across any test labs that are performing certification testing. We are also OK to start with the lowest band option as proposed by Xiaomi. The key to have a consistent test condition for a particular UE regardless of which test lab is used.
Issue 2-4-2: Decision tree to select the EN-DC band combination for FR2 MIMO OTA testing
Support option 1a. We could also support option 2a.



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 2-1 Framework for FR2 MIMO OTA
	Issue 2-1-1: FR2 lab alignment activity 
Proposal 1: 
Supported by 5 companies, while Huawei and CMCC deem that there’s no need to require [8] days considering there’s enough time between Jun~Aug/Oct, and CMCC proposed at least 10 days. 
Moderator would like to clarify that the worst case is two labs have to complete the measurement between the end of Oct meeting and the Tdoc submission ddl of Nov. meeting. 
Proposal 2: Supported by all the companies. 
Proposals 3&4: Companies support to define the pass/fail limits based on MU, but the factor is still controversial. Companies are basically ok with FFS the pass/fail limits, and [0.5-1] MU seems acceptable. 
Tentative agreements:
· Use measured MASC values as pass/fail criteria to decide the lab alignment outcome.
· RAN4 needs to finalize the preliminary MU budget for FR2 3D-MPAC system firstly and then make the decision on pass/fail limit based on the MU budget and measurement results conducted in lab alignment activity. Adopt [0.5-1]*preliminary MU as starting point and further check after the FR2 MU is decided and some PAD measurement results are available.
Recommendations for 2nd round:
· Check if the tentative agreements are agreeable.
· Further discuss the following proposal, capture agreements in the WF
· Proposal (based on 1st round discussion): Each lab should finalize PAD measurement within 10 workdays, and deliver to the next lab in the same country ASAP with PAD In/Out information shared via email-reflector; otherwise, labs in the same country should equally share the period for testing the PADs. 

Issue 2-1-2: Simulation platform validation activity 
Companies hold different views on the proposal. Moderator recommend to keep the previous agreements in the FR2 MIMO OTA framework (R4-2302927) as a compromise. 
Recommendations for 2nd round:
· Proposal: Keep the previous agreements in the FR2 MIMO OTA framework (R4-2302927) as below.
· 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).
· [bookmark: OLE_LINK15]To align the assumptions in the simulation with the measurement, use prototypes and commercial devices (1st priority).

Issue 2-1-3: Minimum number of measurement data for requirements development
3 companies (Samsung, Xiaomi, OPPO) support Option 1, 4 companies (Qualcomm, CAICT, Apple, CMCC) support Option 2. 
Recommendations for 2nd round:
· Further discuss the compromised Proposal:
· Keep the previous agreement [8-15], FFS after receiving some feedback from volunteer labs on the estimated amount of measurement data can be provided. More measurement data is preferred. 

Issue 2-1-4: Approaches to increase the measurement data for requirements development
Tentative agreement:
· Include the averaged PAD measurement results from aligned labs into the data pool for specifying FR2 MIMO OTA performance requirements, if allowed by PAD providers.
Recommendations for 2nd round:
· Further check the tentative agreement. 

Issue 2-1-5: Whether/how to accommodate single-panel UEs in FR2 MIMO OTA
Most companies (Verizon, AT&T, Qualcomm, CAICT, Xiaomi) support Option 1, 2 companies (Samsung, Apple) support Option 2/3. 
Moderator recommends to respect the majority view and operators’ request. 
Tentative agreement:
· Derive the requirements based on the measurement results of commercial devices and does not need to consider any proportion of certain number of antenna panel UE. 
Recommendations for 2nd round:
· Further check the tentative agreement. 

Issue 2-1-6: Avoid the same UE model being simulated and measured in Hybrid approach
Based on the comments from companies (Qualcomm, Samsung, Apple), it seems that the necessity and feasibility of the proposal is not very clear. 
Recommendations for 2nd round:
· Companies can further discuss


	Sub-topic 2-2 FR2 MIMO OTA requirement related work
	Issue 2-2-1: PADs for FR2 lab alignment activity
Recommendations for 2nd round:
· Further confirm the bands supported by each PAD. Capture confirmed information in the WF. 
	Provider
	How many PADs can be provided/purchased
	NSA (preferred)
/SA
	PAD current location
	When will the PAD(s) be ready
	Note
	Supported bands

	Huawei
	One commercial device as PAD for lab alignment activity but not for simulation validation activity
	NSA
	Beijing, China
	Ready now
	Not to disclose any UE information except supported bands
	n257

	Keysight
	Two commercial devices
	EN-DC
	USA
	Can be hand carried to May RAN4 meeting
	Not to disclose the manufacturers and models
	PAD_1: n261, others
PAD_2: n261, others

	Samsung
	One commercial device for lab alignment activity and also to be adopted in measurement campaign
	EN-DC
	Korea
	Can be hand carried to May RAN4 meeting
	Not to disclose the manufacturers and models
	To be confirmed



Issue 2-2-2: Volunteer labs for FR2 lab alignment activity
Recommendations for 2nd round:
· Further check the information. Capture confirmed information in the WF. 
	Volunteer lab
	City
	Contact

	Apple
	Cupertino, California, USA
	 Istvan Szini
Istvan@apple.com

	CAICT
	Beijing, China
	Xuan Yi, yixuan@caict.ac.cn 

	CMCC
	Beijing, China
	Yichen Zhao: zhaoyichen@cmdc.chinamobile.com
Xiaohang Yang: yangxiaohang@caict.ac.cn

	ETS-Lindgren
	Cedar Park, Texas, USA
	[Edwin Mendivil: Edwin.Mendivil@ets-lindgren.com]

	Huawei
	Beijing, China
	Lingyu Kong: konglingyu4@hisilicon.com
Jizheng wang: wangjizheng@hisilicon.com



Issue 2-2-3: FR2 PAD delivery scheme
Companies are generally ok with Proposal 1. Considering Proposal 2 is almost reflected by Proposal 1, it is recommended to adopt Proposal 1. 
Tentative agreement:
· Adopt the following PAD delivery scheme for FR2 MIMO OTA lab alignment activity as baseline.  
· Keysight’s two PADs and Samsung’s one PAD: Huawei -> CMCC -> CAICT -> (transfer the PADs at Oct RAN4) -> Apple -> ETS-Lindgren -> Return to Keysight and Samsung
· Note: The PADs can be tested in different labs located in the same country in parallel during the same period. 
· Huawei’s one PAD: Huawei -> CMCC -> [CAICT (if possible)] -> (transfer the PAD at Aug RAN4) -> Apple -> ETS-Lindgren -> (transfer the PAD at Oct RAN4) -> [CAICT (if cannot measure the PAD before Aug)] -> Return to Huawei
Recommendations for 2nd round:
· Further check the tentative agreement. 


	Sub-topic 2-3 Preliminary MU assessment for FR2 MIMO OTA
	Issue 2-3-1: Work plan and general views 
Qualcomm and Apple support the proposal. No objections. 
Agreement:
· To ensure the lab alignment activity can be concluded on time, companies are encouraged to contribute on FR2 preliminary MU assessment in recent RAN4 meetings. RAN4 should complete FR2 preliminary MU assessment before the end of lab alignment activity, i.e., no later than RAN4#109 (Nov 2023).
Recommendations for 2nd round:
· Capture the agreement in the WF 

Issue 2-3-2: MU budget for FR2 MIMO OTA test system 
Keysight and Qualcomm discussed this issue. 
Tentative agreement:
· Further discuss this issue at the next meeting. Inputs from CE vendors are encouraged. 
Recommendations for 2nd round:
· Further check the tentative agreement. 


	Sub-topic 2-4 EN-DC band combination selection for FR2 MIMO OTA
	Issue 2-4-1: Example LTE anchor band selection
Issue 2-4-2: Decision tree to select the EN-DC band combination for FR2 MIMO OTA testing
4 companies (Qualcomm, Samsung, Xiaomi, AT&T) discussed the two issue and some constructive comments were proposed. 
Tentative agreement: 
· To make sure a consistent test condition for a particular UE across different labs, an example LTE anchor band along with a decision tree shall be defined. 
· LTE B66 is selected as the example LTE anchor band for n261 FR2 MIMO OTA test. For UEs that don’t support B66, use a decision tree to select the LTE anchor band.
· Further discuss details of the decision tree 
Recommendations for 2nd round:
· Further check the tentative agreement. 




Discussion on 2nd round
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Topic #3: Rel-17 MIMO OTA maintance
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2305498
	Huawei,HiSilicon
	Discussion on FR2 MIMO OTA test methodology enhancement
Proposal 1: Considering unclear motivation and unaligned decoding algorithm, not recommendation the EPRE power validation.
Proposal 2: Based on more input data, RAN4 to consider tightening the pass/fail limit appropriately. 
Proposal 2a: The pass/fail limits for temporal correlation are formed as bands of ±10% of correlation capped at 100% from the target defined in clause D.3.3. Additionally, when the upper bound reaches 20%, the limit stays at 20% and the lower limit drops to 0%. The values defined in Table 1 are introduced into the spec.
Proposal 2b: The pass/fail limits for temporal correlation are formed as bands of ±10% of correlation capped at 100% from the target defined in clause D.3.3, and the lower limit drops to 0%. The values defined in Table 2 are introduced into the spec.



Open issues summary
Sub-topic 3-1 FR2 MIMO OTA channel model validation
Issue 3-1: FR2 MIMO OTA channel model validation
Backgourod: This topic was dicussed at the last meeting with the following way forward:
	Issue 3-2: FR2 channel model validation
<Way forward>: 
· FFS the following proposals at the next meeting. 
· Consider to add on TS 38.151 a PDP target definition for an additional cluster at 0ns.
· Consider the to add an option to measure the EPRE Power Validation using a test equipment capable to decode the NR signal.



· Proposals (Huawei)
· Proposal 1: Considering unclear motivation and unaligned decoding algorithm, not recommendation the EPRE power validation.
· Proposal 2: Based on more input data, RAN4 to consider tightening the pass/fail limit appropriately. 
· Proposal 2a: The pass/fail limits for temporal correlation are formed as bands of ±10% of correlation capped at 100% from the target defined in clause D.3.3. Additionally, when the upper bound reaches 20%, the limit stays at 20% and the lower limit drops to 0%. The values defined in Table 1 are introduced into the spec.
· Proposal 2b: The pass/fail limits for temporal correlation are formed as bands of ±10% of correlation capped at 100% from the target defined in clause D.3.3, and the lower limit drops to 0%. The values defined in Table 2 are introduced into the spec.
· Recommended WF
· Companies are invited to share views.

Companies views’ collection for 1st round 
Open issues 
Sub-topic 3-1: FR2 MIMO OTA channel model validation
	Company
	Comments

	XXXKeysight
	Issue 3-1: FR2 MIMO OTA channel model validation
On P1: We would like to see a detailed proposal for another method but we are certainly open to considering this. Without knowing the signal parameters and using spectrum analyzer for the measurements, we have some concerns to endorse the propose as is.
On P2: We are generally OK with tighter limits

	Huawei，HiSilicon
	Issue 3-1: FR2 MIMO OTA channel model validation
For Proposal 1, we have two concerns. One is that there is no the EPRE power validation in existing test in our understanding. Why it is needed only for FR2 MIMO OTA.  The other is that the measurement of EPER involves the decoding algorithm which it leads to difficulties in how to standardize it. 

	Spirent
	On P2: We would like to keep the limits as agreed for consistency with FR1.

	CAICT
	P2: We prefer to keep the same limits as those for FR1. It is more difficult to accurately estimate lower autocorrelations, so wider limits should be applied.

	Apple
	Issue 3-1: FR2 MIMO OTA channel model validation
On P1: Apple as an original proponent will submit contributions for RAN4 #107 with details on both proposals captured in the WF.

	Huawei，HiSilicon
	We are fine to further discuss the issue in next meeting.



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 3-1: FR2 MIMO OTA channel model validation
	Issue 3-1: FR2 MIMO OTA channel model validation
Proposal 1: 3 companies (Keysight, Huawei, Apple) commented. Based on the comments, it is recommended to discuss the proposal with details brought by the original proponent company (Apple) at the next meeting. 
Proposal 2: 2 companies (Spirent, CAICT) don’t support the proposal and prefer to keep the limits as agreed for consistency with FR1, 1 company (Keysight) is generally ok, the proponent company is fine to FFS. 
Tentative agreements:
· FFS the following proposals with details brought by the proponent company at the next meeting. 
· Consider to add on TS 38.151 a PDP target definition for an additional cluster at 0ns.
· Consider the to add an option to measure the EPRE Power Validation using a test equipment capable to decode the NR signal.
· Keep the FR2 temporal correlation validation pass/fail limits as agreed for consistency with FR1. 
Recommendations for 2nd round:
· Check the Tentative agreements. Capture agreements in the WF. 



Discussion on 2nd round
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on Rel-18 MIMO OTA
	CAICT
	

	
	
	
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2304026
	
	on MIMO OTA test with hand phantom
	Huawei Tech.(UK) Co.. Ltd
	Noted
	

	R4-2304073
	
	Research on FR1 MIMO OTA noise impact at low band
	MediaTek Beijing Inc.
	Noted
	

	R4-2304215
	
	Noise impact of FR1 low frequency for CMCC&BUPT joint lab
	CMCC
	Noted
	

	R4-2304346
	
	On FR1 MIMO OTA lab alignment PADs roaming
	Apple
	Noted
	

	R4-2304347
	
	On FR2 MIMO OTA lab alignment PADs roaming
	Apple, ETS-Lindgren
	Noted
	

	R4-2304677
	
	Views on FR2 MIMO OTA requirements
	Qualcomm Incorporated
	Noted
	

	R4-2304829
	
	On EN-DC band combination selection for FR2 MIMO OTA
	Samsung
	Noted
	

	R4-2304830
	
	Discussion on single panel UE in FR2 MIMO OTA campaign
	Samsung
	Noted
	

	R4-2305122
	
	Further views on FR1 MIMO OTA test for smartphone with hand phantom
	CAICT, SAICT
	Noted
	

	R4-2305123
	
	Framework and time plan for FR1 MIMO OTA performance requirements development
	CAICT
	To be revised
	

	R4-2305124
	
	Views on FR2 MIMO OTA lab alignment
	CAICT
	Noted
	

	R4-2305363
	
	Alternative method to accommodate single-panel UEs in FR2 MIMO OTA requirement
	Apple
	Noted
	

	R4-2305498
	
	Discussion on FR2 MIMO OTA test methodology enhancement
	Huawei,HiSilicon
	Noted
	

	R4-2305525
	
	on the FR1 MIMO OTA
	Xiaomi
	Noted
	

	R4-2305526
	
	on the FR2 MIMO OTA
	Xiaomi
	Noted
	

	R4-2305608
	
	MU budget for FR2 MIMO OTA test system
	Qualcomm Incorporated
	Noted
	

	R4-2305613
	
	On FR1 MIMO OTA in browsing mode
	OPPO
	Noted
	

	R4-2305614
	
	On hybrid approach for FR2 MIMO OTA
	OPPO
	Noted
	

	R4-2305784
	
	On Phantom Testing and QZ Sizes
	Keysight Technologies UK Ltd
	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
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
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) Do not include hyper-links in the documents
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