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Introduction
This email summary covers the discussions for Rel-18 NR MIMO OTA WI.
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: Discuss open issues, conclude Workplan. 
· 2nd round: Conclude the open issues. 
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
Siting Zhu
	yixuan@caict.ac.cn
zhusiting@caict.ac.cn 

	Huawei, HiSilicon
	Lingyu Kong
Hai Zhou
	konglingyu4@hisilicon.com
hai.zhou1@huawei.com

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

	Keysight Technologies
	Thorsten Hertel
	Thorsten.Hertel@keysight.com

	Apple
	Istvan Szini
	Istvan@apple.com

	Qualcomm
	Bin Han
	binhan@qti.qualcomm.com

	vivo
	Ruixin Wang
	ruixin.wang@vivo.com

	OPPO
	Qifei Liu
	liuqifei@oppo.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: General and work plan
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2216357
	CAICT
	[bookmark: OLE_LINK1]Work plan for Rel-18 NR MIMO OTA WI
[bookmark: OLE_LINK2]Proposal 1: Approve the work plan in Table 1 for the Work Item on NR MIMO OTA enhancement.



Open issues summary
Sub-topic 1-1 Work plan
[bookmark: OLE_LINK44]Issue 1-1: Work plan for Rel-18 NR MIMO OTA WI
· [bookmark: OLE_LINK52]Proposal: Approve the work plan in R4-2216357 for the Work Item on NR MIMO OTA enhancement.
· Recommended WF
· The target is to approve the work plan in this meeting. Discuss how to finetune the workplan, if needed.
· Stabilize the workplan after 1st round discussion.
Table 1. Work plan for Rel-18 NR MIMO OTA enhancement
	Timeline
	Core part
	Performance part

	RAN#97-e, Sep '20
	Initiate the Work Item

	RAN4 #104-bis-e, Oct '22
	Approve the work plan

	
	FR2: 
· Discuss and make progress on the framework for FR2 MIMO OTA requirements development 
FR1:
· Discuss initial contributions on FR1 MIMO OTA test methodology enhancements
· For other device types
· For smartphone in browsing mode using hand phantom
· Test time reduction methodologies
· Introduction of more FR1 channel models
· Refinement of FR1 channel model validation pass/fail limits

	

	RAN4 #105, Nov '22
	Start CR preparation for TS 38.151

	
	FR2:
· Finalize the framework for FR2 MIMO OTA requirements development
· [bookmark: OLE_LINK21]Discuss the refinements of FR2 MIMO OTA test parameters and FR2 channel model validation pass/fail limits, if applicable
FR1:
· Study FR1 MIMO OTA test methodology for other device types in free space based on operators’ request.
· Study FR1 MIMO OTA test methodology for smartphone in browsing mode using hand phantom 
· Discuss test time reduction methodologies, if applicable  
· Discuss the introduction of more FR1 channel models based on operator’s requests 
· Discuss and make progress on the refinement of FR1 channel model validation pass/fail limits

	


	RAN #98e, Dec '22
	Revisit the framework for FR2 MIMO OTA requirements development to check the feasibility and progress of hybrid simulation and measurement approach.

	RAN4 #106, Feb '23

	FR2:
· Further discuss and make decision on the framework for FR2 MIMO OTA requirements development (depending on RAN-P conclusions)
· Further discuss the refinements of FR2 MIMO OTA test parameters and FR2 channel model validation pass/fail limits 
FR1:
· Further study FR1 MIMO OTA test methodology for other device types in free space 
· Further study FR1 MIMO OTA test methodology for smartphone in browsing mode using hand phantom
· Further discuss test time reduction methodologies 
· Make decision on introducing more FR1 channel models 
· Finalize the refinement of FR1 channel model validation pass/fail limits

	FR1:
· Discuss and agree on the framework for FR1 MIMO OTA performance requirements development
· Start channel model validation measurement and collect performance alignment devices based on the framework

	RAN #99, Mar '23
	

	RAN4 #106-bis, Apr '23

	FR2:
· Further refinement on the framework for FR2 MIMO OTA requirements development is not precluded
· Make progress on the refinement of FR2 MIMO OTA test parameters, conclude the refinement of FR2 channel model validation pass/fail limits
FR1:
· Make progress on FR1 MIMO OTA test methodology for other device types in free space 
· Make progress on FR1 MIMO OTA test methodology for smartphone in browsing mode using hand phantom
· Conclude test time reduction methodologies  
· Discuss and determine channel model parameters of the newly introduced FR1 channel model(s)

	FR2: 
· Start the simulation activity and/or the measurement activity based on the agreed framework 
· Discuss the enhancement of figure of merits (FoM) and criteria for FR2 MIMO OTA 
FR1:
· Submit channel model validation results based on the agreed framework
· Start lab alignment activity based on the agreed framework 

	RAN4 #107, May '23
	FR2:
· Finalize the refinement of FR2 MIMO OTA test parameters
FR1:
· Specify FR1 MIMO OTA test methodology for other device types in free space, if necessary
· Specify FR1 MIMO OTA test methodology for smartphone in browsing mode using hand phantom, if necessary and feasible
· Discuss channel model validation targets for the newly introduced FR1 channel model(s)

	[bookmark: OLE_LINK16]FR2:
· Continue the simulation activity and/or the measurement activity for FR2 MIMO OTA requirements
· Make progress on the enhancement of FoM and criteria for FR2 MIMO OTA
FR1:
· Continue the lab alignment activity


	RAN #100, Jun '23
	

	RAN4 #108, Aug '23 

	FR1:
· Finalize FR1 MIMO OTA test methodology for other device types in free space
· Finalize FR1 MIMO OTA test methodology for smartphone in browsing mode using hand phantom
· Further discuss and agree on channel model validation targets for the newly introduced FR1 channel model(s)
Preliminary MU assessment:
· Start preliminary MU assessment for newly defined test methodologies and test configurations

	FR2:
· Collect and process simulation results and/or measurement results for FR2 MIMO OTA requirements
· Make progress on the enhancement of FoM and criteria for FR2 MIMO OTA
FR1:
· Complete the lab alignment activity
· Collect measurement data of commercial devices from aligned labs

	RAN #101, Sep '23
	

	RAN4 #108-bis, Oct '23
	Preliminary MU assessment:
· Discuss and make progress on preliminary MU assessment 
	FR2:
· Further collect and process simulation results and/or measurement results for FR2 MIMO OTA requirements
· Conclude the enhancement of FoM and criteria for FR2 MIMO OTA
FR1:
· Complete data collection, process the data and discuss FR1 MIMO OTA requirements


	RAN4 #109, Nov '23
	Preliminary MU assessment:
· Finalize preliminary MU assessment for all newly defined test methodologies and test configurations
	FR2:
· Discuss FR2 MIMO OTA requirements  
· Discuss recommended test tolerance (TT) for FR2 MIMO OTA performance requirements
FR1:
· Further discuss FR1 MIMO OTA requirements
· Discuss recommended TT for FR1 MIMO OTA performance requirements


	RAN #102, Dec '23
	Complete and close the core part WI

	RAN4 #110, Feb '24
	
	FR2:
· Further discuss FR2 MIMO OTA requirements  
· Discuss and make progress on recommended TT for FR2 MIMO OTA performance requirements
FR1:
· Agree on FR1 MIMO OTA requirements
· Conclude recommended TT for FR1 MIMO OTA performance requirements


	RAN #103, Mar '24
	Complete FR1 performance part objectives

	RAN4 #111, Apr '24
	
	FR2:
· Further make progress on FR2 MIMO OTA requirements 
· Conclude recommended TT for FR2 MIMO OTA performance requirements


	RAN4 #112, May '24
	
	FR2:
· Agree on FR2 MIMO OTA requirements


	RAN #104, Jun '24
	Complete FR2 performance part objectives, close the Rel-18 Work Item



Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 Work plan
	Company
	Comments

	Huawei, HiSilicon
	[bookmark: OLE_LINK35]Issue 1-1: Work plan for Rel-18 NR MIMO OTA WI
We support the plan.

	Apple
	The work plan indicates that by RAN4 #106-bis, the FR2 pass/fail criteria for channel model validation should be concluded. By that time, we would like to have considered FR2 MIMO OTA lab alignment in parallel with the hybrid simulation/measurement correlation efforts.

	CAICT
	Support the workplan. The workplan can be further refined/updated based on the discussion outcomes. 
To Apple: Thanks for the suggestion on FR2 MIMO OTA lab alignment. In our understanding, it is part of the FR2 requirements framework. Whether to conduct the FR2 lab alignment is still under discussion. Considering this is the first meeting of the WI, we prefer to handle this step by step:
[bookmark: OLE_LINK40]1. The group reaches consensus on whether to perform a FR2 lab alignment. 
2. If yes, specify a time plan for the FR2 lab alignment activity. 
3. Update the work plan accordingly. 
We’d like to encourage companies to share views on the FR2 lab alignment activity under Sub topic 2-1 FR2 MIMO OTA requirements framework.


	Qualcomm
	For FR2 MIMO OTA, we need to finalize the simulation assumptions for requirements development before starting the simulation activity. 

In RAN4#106, it says “
[bookmark: OLE_LINK30]FR1:
· Discuss and agree on the framework for FR1 MIMO OTA performance requirements development
…”
Shouldn’t the framework discussion belong to core part which is similar as FR2?

	vivo
	Thanks for the good workplan for MIMO OTA. 
For FR1, it is not concluded whether new channel model should be defined at this quite late stage (3rd WI for NR MIMO OTA), we propose to:

FR1: RAN4 #107, May '23
· Specify FR1 MIMO OTA test methodology for other device types in free space, if necessary
· Specify FR1 MIMO OTA test methodology for smartphone in browsing mode using hand phantom, if necessary and feasible
· Discuss channel model validation targets for the newly introduced FR1 channel model(s), if necessary

Whether there will be further actions after concluding the necessity, is FFS, in case RAN4 does not have agreements for the following aspects, we propose to add the following wording:
FR1: RAN4 #108
· Finalize FR1 MIMO OTA test methodology for other device types in free space, if applicable
· Finalize FR1 MIMO OTA test methodology for smartphone in browsing mode using hand phantom, if applicable
· Further discuss and agree on channel model validation targets for the newly introduced FR1 channel model(s), if applicable


	OPPO
	We support the work plan and vivo’s updates. And the plan could be further updated based on the progress of the WI.


 
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 Work plan
	Issue 1-1: Work plan for Rel-18 NR MIMO OTA WI
6 companies commented. In general, the workplan is aggregable. Need to update the workplan in the 2nd round discussion.
Tentative agreements: Revise the workplan based on the comments in the first round. 
Recommendations for 2nd round: Discuss and approve the updated workplan



Discussion on 2nd round
Issue 1-1: Work plan for Rel-18 NR MIMO OTA WI
Recommendations for 2nd round:
· Companies can share views on the updated work plan (https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_104bis-e/Inbox/Drafts/%5B104-bis-e%5D%5B327%5D%20NR_MIMO_OTA_enh/Rnd2/Rev.%20of%20R4-2216357%20Work%20plan%20for%20Rel-18%20NR%20NR_MIMO_OTA_enh%20WI.docx)
· Approve the work plan. 

	Company
	Comments

	
	

	
	

	
	

	
	

	
	



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

	R4-2215542
	Keysight Technologies UK Ltd
	On FR2 Requirements Framework and Correlation between Simulations and Measurements
[bookmark: OLE_LINK37]Observation 1: Keysight can support a limited number of companies actively contributing on FR2 simulations with measurements to advance efforts to correlate simulations with measurements.
Proposal 1: Allow the FR2 MIMO OTA requirements to be defined solely based on simulations.
Proposal 2: Correlate simulations with measurements as part of the FR2 MIMO OTA requirements framework.
Proposal 3: Avoid an inter-lab alignment and measurement campaign to define FR2 MIMO OTA requirements

	R4-2216077
	Huawei,HiSilicon
	Discussion on FR2 MIMO OTA test methodology enhancement
Proposal1: RAN4 firstly discusses on the correlation between simulation results (with an appropriate margin) and measurement results
[bookmark: OLE_LINK15]	(1a) The simulation results are used to approximate the measurement results. It means that we focus more on measured results than simulation results for FR2 requirement definition.
	(1b) The simulation results are equivalent to the measurement result. It means that we treat both sets of data in the same way, e.g. the averaging approach.
[bookmark: OLE_LINK4]Proposal2: RAN4 considers an appropriate threshold for the simulation and measurement data pools to ensure the reliability of FR2 requirements and eliminate the concern on too little data.

	R4-2216111
	vivo
	Discussions on FR2 MIMO OTA enhancement
Proposal 1: RAN4 should reach consensus on detailed framework/procedure on how to perform hybrid approach before RAN#98, to ensure and confirm the feasibility of the framework. 
Proposal 2: RAN4 should consider the following aspects for hybrid approach: 
1. Simulation campaign to define a range or tentative values for requirements
2. Further check the test results based on measurement of commercial FR2 device, the following aspects should be considered:
a. Whether lab alignment activity should be done, to ensure that the measured deviation is within an acceptable range
b. [bookmark: OLE_LINK20]How many labs for FR2 lab alignment, RAN4 needs detailed procedure for lab alignment 
c. How many commercial devices are sufficient to confirm the minimum requirements defined by simulation campaign
3. [bookmark: OLE_LINK22][bookmark: OLE_LINK23]FR2 MU assessment is still undefined, which should be finalized before FR2 lab alignment activity (if needed)
Observation 1: The confirmation of downlink power and 70%TP criterion should be confirmed in Rel-17 maintenance part. 
Observation 2: we do not quite understand the needs to update the number of test points, only if we see clear measurement data which demonstrates that 36 points measurement is not sufficient for large number of FR2 commercial UEs. 
Observation 3: In TS 38.151, FR2 MIMO OTA validation pass/fail limit is applied to all FR2-1 frequency bands. 
Proposal 3: RAN4 can further check the FR2 channel model validation pass/fail limits if more practical measurement results are obtained from more FR2-1 bands. 

	R4-2216171
	Xiaomi
	on the FR2 MIMO OTA test methodology enhancement
Observation 1: Due to the FR2 industry development, the number of FR2 commercial devices and the FR2 MIMO OTA test systems are both too small to carry out an anonymous test campaign.
Observation 2: From current simulation results, we can see the deviation from beam peak direction is about 4dB. The deviation for 36 test points are about 6dB.
Observation 3: Considering the test results used for define requirement is 30, there is only 2 to 3 simulation results submitted.
Observation 4: For spherical coverage 50%ile drop around 9 results have been submitted to define the requirement.
[bookmark: OLE_LINK10]Proposal 1: To define the requirement, at least 20 results considering both simulation and test results.
Observation 5: It is reasonable to consider about 5dB MU for FR2 MIMO OTA system.
[bookmark: _Hlk116140186]Proposal 2: To agree a 7.5dB compared to the average to treat the out-standing points.

	R4-2216359
	CAICT
	Views on the framework for FR2 MIMO OTA requirements
[bookmark: OLE_LINK13]Proposal 1: Companies are encouraged to provide devices, simulation results, and measurement results for defining FR2 MIMO OTA requirements. The simulation activity and the measurement activity can be conducted in parallel to promote the progress. 
[bookmark: OLE_LINK18]Proposal 2: Specify detailed procedures to derive FR2 MIMO OTA requirements from hybrid of simulation results and measurement results. The following two options can be considered as starting point.
· Option 1:
· Step 1: Validate the simulation approach with the measurement results by using the same set of parameters as UE’s implementation. 
· Step 2: If the gap between the simulation results and the measurement results is larger than X dBm/Hz, revisit and improve the simulation approach until the gap is less than X dBm/Hz. The value of X is FFS. 
· Step 3: Derive the requirements form a hybrid data pool consisting of simulation results and measurement results. 
· Option 2: 
· Sept 1: Derive initial requirements with square brackets from the simulation results.
· Step 2: Evaluate the gap between the simulation results and measurement results. The gap is intended to be used to adjust the initial requirements. 
· Step 3: Refine/Revisit the requirements according to the outcome of Step 2 and derive the final requirements.
Proposal 3: If enough measurement results are collected, FR2 MIMO OTA requirements should be purely derived from measurement results. The minimum number of devices that pure measurement approach can be adopted is FFS. 
Observation 1: From the latest 5G report of GSA, the numbers of announced 5G device models supporting n261, n260, n257, and n258 bands are 81, 80, 47, and 37, respectively.
Proposal 4: The FR2-1 band supported by most announced 5G device models can be considered as the 1st priority when defining the requirements. Further adjustment of the target FR2-1 bands for FR2 MIMO OTA requirements development in the WID is not precluded.

	R4-2216413
	Qualcomm Incorporated
	Discussion on FR2 MIMO OTA requirements
Proposal 1: RAN4 to collect the information regarding the test labs and measurement devices, and then decide the number of measurement devices for requirements developments.
Proposal 2: If the number of measurement devices are sufficient, the FR2 MIMO OTA requirements can be developed by measurement approach.
Observation 1: The gap between simulation and measurement can be evaluated and leveraged to compensate the gap between simulation and measurement. RAN4 could also define the criteria for simulation validation, e.g., the gap is less than XdB. 
Proposal 3: If the number of measurement devices are insufficient, the validated simulation results can be used to develop the requirements together with measurement results. 
Proposal 4: RAN4 to discuss the criteria of simulation validation and study on how to handle the gap between simulation results and measurement results.

	R4-2216448
	OPPO
	Views on the framework for FR2 MIMO OTA requirement development
Proposal 1: Two schemes of “hybrid approach” are proposed as below.
· [bookmark: OLE_LINK19]The preferred scheme: the hybrid of simulation results and measurement results is interpreted as well aligned between simulation results and measurement results.
· [bookmark: OLE_LINK25]The compromised scheme: the hybrid of simulation results and measurement results is interpreted as simulation results can have a reasonable and stable gap compared with measurement results.
Observation 1: Averaging approach to deal with the simulation data pool is not the appropriate way to derive the performance requirement.
Proposal 2: It is proposed to encourage companies providing simulation results with different UE antenna assumptions as much as possible.

	R4-2215657 (reserved)
	Apple
	On FR2 MIMO OTA test methodology enhancement



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[bookmark: OLE_LINK17]Sub-topic 2-1 FR2 MIMO OTA requirements framework 
In the WID, the core part objective with 1st priority is to define the framework for FR2 MIMO OTA requirement development:
	· Study and define the framework for FR2 MIMO OTA requirement development (1st priority)
· Hybrid of simulation results and measurement results will be considered as the starting point in FR2 requirement definition
· Note: Revisit in RAN#98 to check the feasibility and progress of hybrid simulation and measurement approach.
· The correlation between simulation results and measurement results will be considered
· Simulation assumptions agreed in R17 MIMO OTA WI can be considered as the baseline
· Study how to handle the situation when not enough measurement results can be collected



Companies discussed this topic in R4-2215542 (Keysight), R4-2216077 (Huawei, HiSilicon), R4-2216111 (vivo), R4-2216171 (Xiaomi), R4-2216359 (CAICT), R4-2216413 (Qualcomm), and R4-2216448 (OPPO). To facilitate the discussion, some valuable proposals have been merged or reworded in the initial summary. 
Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
· Proposals
· Proposal 1 (vivo): RAN4 should reach consensus on detailed framework/procedure on how to perform hybrid approach before RAN#98, to ensure and confirm the feasibility of the framework.
· Proposal 2 (Huawei): RAN4 considers an appropriate threshold for the simulation and measurement data pools to ensure the reliability of FR2 requirements and eliminate the concern on too little data. (Only when the data pool exceeds this threshold, RAN4 uses the simulation or/and measurement results for FR2 requirement definition.)
· Proposal 3 (Qualcomm): RAN4 to collect the information regarding the test labs and measurement devices, and then decide the number of measurement devices for requirements developments.
· Proposal 4 (CAICT): Companies are encouraged to provide devices, simulation results, and measurement results for defining FR2 MIMO OTA requirements. The simulation activity and the measurement activity can be conducted in parallel to promote the progress. 
· Proposal 5 (OPPO): Encourage companies providing simulation results with different UE antenna assumptions as much as possible.
· Proposal 6 (Qualcomm): With a validated simulation platform, companies who could not provide either the measurement results or simulation results can provide the input on the antenna configurations. (This approach can ensure the validity of the simulation results, and at the same time can increase the amount of data used to develop requirements.)
· Proposal 7 (Keysight): Avoid an inter-lab alignment and measurement campaign to define FR2 MIMO OTA requirements.
· Recommended WF
· Companies are invited to share views on each proposal. 

Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
· Proposals
· Proposal 1: (Qualcomm, CAICT): If enough measurement results can be collected, FR2 MIMO OTA requirements should be purely derived from measurement results. Decide the minimum number of devices that pure measurement approach can be adopted.
· [bookmark: OLE_LINK11]Proposal 2 (Qualcomm): If the number of measurement devices are insufficient, the validated simulation results can be used to develop the requirements together with measurement results.
· [bookmark: OLE_LINK3]Proposal 3 (Keysight): Allow the FR2 MIMO OTA requirements to be defined solely based on simulations.
· Recommended WF
· Companies are invited to share views on each proposal.

Issue 2-1-3: Correlation between simulation and measurement
· Proposals
· Proposal 1 (Huawei): RAN4 firstly discusses on the correlation between simulation results (with an appropriate margin) and measurement results.
· Proposal 2 (Keysight): Correlate simulations with measurements as part of the FR2 MIMO OTA requirements framework.
· Proposal 4 (Qualcomm, CAICT): RAN4 should discuss the methods and the criteria for validating the simulation approach/results, and how to handle the gap between simulation results and measurement results.
· Proposal 5 (Qualcomm, CAICT): Validate the simulation results by comparing them with measurement results assuming the same UE configurations.
· Recommended WF
· Companies are invited to share views on each proposal.

[bookmark: OLE_LINK24]Issue 2-1-4: Detailed procedures of the hybrid approach
· Proposals
· Proposal 1 (Moderator): Specify detailed procedures of the hybrid approach. One or more of Proposals 2~4 can be considered as starting point, depending on the conclusions of this meeting.
· Proposal 2 (CAICT, OPPO, Huawei, Xiaomi): If the simulation results are verified to be aligned with the measurement results, treat the simulation and measurement results equally and define the FR2 MIMO OTA requirements based on the hybrid data pool. 
· Proposal 2a (CAICT): Consider the following steps:
· Step 1: Validate the simulation approach with the measurement results by using the same set of parameters as UE’s implementation. 
· Step 2: If the gap between the simulation results and the measurement results is larger than X dBm/Hz, revisit and improve the simulation approach until the gap is less than X dBm/Hz. The value of X is FFS. 
· Step 3: Derive the requirements form a hybrid data pool consisting of simulation results and measurement results. 
· Proposal 2b (OPPO): The preferred scheme: the hybrid of simulation results and measurement results is interpreted as well aligned between simulation results and measurement results.
· Proposal 2c (Huawei): The simulation results are equivalent to the measurement result. It means that we treat both sets of data in the same way, e.g. the averaging approach.
· Proposal 2d (Xiaomi): To define the requirement, the total number of results that are used to establish the data pool should be at least 20 including both simulation and test results.
· Proposal 2e (Xiaomi): To agree a 7.5dB gap compared to the average to treat the out-standing points. (Reuse 1.75*MU which adopted in FR1 MIMO OTA lab alignment activity as the criterion to identify “apparent outliers” in the data pool)
· Proposal 3 (CAICT, vivo, OPPO): Define tentative values with square brackets for FR2 MIMO OTA requirements, then check and adjust the tentative requirements based on the measurement results to obtain final requirements. 
· Proposal 3a (CAICT): Consider the following steps:
· Sept 1: Derive initial requirements with square brackets from the simulation results.
· Step 2: Evaluate the gap between the simulation results and measurement results. The gap is intended to be used to adjust the initial requirements. 
· Step 3: Refine/Revisit the requirements according to the outcome of Step 2 and derive the final requirements.
· Proposal 3b (vivo): RAN4 should consider the following aspects for hybrid approach: 
1. Simulation campaign to define a range or tentative values for requirements
2. Further check the test results based on measurement of commercial FR2 device, the following aspects should be considered:
a. Whether lab alignment activity should be done, to ensure that the measured deviation is within an acceptable range
b. How many labs for FR2 lab alignment, RAN4 needs detailed procedure for lab alignment 
c. How many commercial devices are sufficient to confirm the minimum requirements defined by simulation campaign
3. FR2 MU assessment is still undefined, which should be finalized before FR2 lab alignment activity (if needed)
· Proposal 3c (OPPO): The compromised scheme: the hybrid of simulation results and measurement results is interpreted as simulation results can have a reasonable and stable gap compared with measurement results.
· Proposal 4 (Huawei): The simulation results are used to approximate the measurement results. It means that we focus more on measured results than simulation results for FR2 requirement definition.
· Others 
· Recommended WF
· Companies are invited to share views on each proposal, further refinement of the procedures are welcome.
· Consider the proposals as a package. 
· For other issues on preliminary MU assessment, please comment under Topic #4. 

Sub-topic 2-2 Other aspects of FR2 MIMO OTA (Target bands for requirements, Channel model validation pass/fail limits)
Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Moderator’s note: In the current WID, the example target FR2-1 band is n258. 
· Proposal
· The FR2-1 band supported by most announced 5G device models can be considered as the 1st priority when defining the requirements. Further adjustment of the target FR2-1 bands for FR2 MIMO OTA requirements development in the WID is not precluded. (CAICT)
· Recommended WF
· [bookmark: OLE_LINK27]Companies are invited to share views.

Issue 2-2-2: FR2 channel model validation pass/fail limits
· Proposal
· RAN4 can further check the FR2 channel model validation pass/fail limits if more practical measurement results are obtained from more FR2-1 bands. (vivo)
· Recommended WF
· Companies are invited to share views.

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

	Huawei，
HiSilicon
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
Proposal 1/2/3/4/5/6 are fine.
Regarding Proposal 2, further explain:
If the test data pool exceeds some threshold,
Only consider the test data, which is same as Proposal 1 in Issue 2-1-2.
Else if the simulation data pool exceeds some threshold, 
Consider a hybrid approach.
Else 
        We don't expect it.

Proposal 3 is important for discussing how to deal with simulation and test results, and Huawei HiSilicon can volunteer the test labs.
Slightly concern on Proposal 7, which might be further discussed after feedback from companies.

Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
Proposal 1/2 are fine, and regarding how to distinguish “enough” from “insufficient”, an alternative option is Proposal 2 in Issue 2-1-1: RAN4 considers an appropriate threshold for the simulation and measurement data pools to ensure the reliability of FR2 requirements and eliminate the concern on too little data.
Regarding Proposal 3, some companies provided some test results in last two RAN4 e-meetings. If they feedback they can provide more data, test results are not excluded.
Issue 2-1-3: Correlation between simulation and measurement
According to our comments in Issue 2-1-1, if a hybrid approach is considered, the simulation results with an appropriate margin are equivalent to the measurement result. It means that we treat both sets of data in the same way, e.g. the averaging approach. The margin or gap need to further check according to the provided data.


	Keysight Technologies
	Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted
Support P2 & P3. As discussed in our contribution, we have concerns about the availability of FR2 OTA test systems to collect sufficient number of measurements (Proposal 1)
Issue 2-1-3: Correlation between simulation and measurement
Support Proposals 2 and 5. 
Issue 2-1-4: Detailed procedures of the hybrid approach
Support Proposal 2c
Issue 2-2-2: FR2 channel model validation pass/fail limits
Support proposal

	Apple
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
We support Proposals 1, 2, 3, 4, 5, 6
We don’t support Proposal 7, in fact, based on previous MIMO OTA channel model validations, FoM and requirement definitions. We encourage RAN4 to conduct a FR2 MIMO OTA lab alignment supporting this effort as well
Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted
We support Proposal 1
We would like to propose a clarification on Proposal 2: 
· If the number of measurement devices are insufficient, once the simulation/measurements correlation is successfully completed. The validated simulation results can be used to develop the requirements together with measurement results.
We don’t support Proposal 3, we believe that most of the group agreed that a fundamental correlation between simulation and measurements are required to validate the simulation model(s), therefore, consider valid its simulation results.
Issue 2-1-3: Correlation between simulation and measurement
We support Proposals 1, 2, 4 (with emphasis on the simulation/measurement correlation criteria definition), and Proposal 5
Issue 2-1-4: Detailed procedures of the hybrid approach
We support Proposal 1, 2, 2a, 2b, 3
We conditionally support Proposal 2c, with emphasis on the simulation/measurement correlation criteria definition, 
We would like to propose the following clarification on Proposal 2d: 
· Proposal 2d (Xiaomi): To define the requirement, the total number of results that are used to establish the data pool should be at least 20 per band, including both simulation and test results.
We don’t support Proposal 3a. Considering that measurement results are produced by a lab that validated the channel model and reach alignment with other labs (FR2 MIMO OTA lab alignment required). The gap between simulation and measurement results, should be addressed refining and validating the simulation model(s). The gap between simulation and measurements which is outside the sim/measurement correlation pass/fail criteria, should not be used to make a final requirement decision.
We don’t support Proposal 3b.1, a criteria to defined confidence level on simulation model(s) must be defined prior to consider simulation results.
We support Proposal 3b.2, with emphasis on FR2 MIMO OTA lab alignment activity.
We don’t support Proposal 3c, if there’s a reasonable and stable gap between simulation and measurements, we encourage the simulation model(s) proponents to further refine the model and reduce such gap within the simulation/measurement correlation pass/fail criteria (FFS).
We would like to propose a clarification on Proposal 4:
· Proposal 4 (Huawei): The simulation results from valid model(s) are used to approximate emulate the measurement results. It means that wWe focus more on measured results than simulation results for FR2 requirement definition.


	Keysight Technologies
	Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted
Clarification on Proposal 3. If companies end up providing measurement results (following an alignment campaign) to define requirements, great. This proposal would allow, in the absence of measurement results/alignment campaign, requirements to be defined using simulations (correlated with measurements, see below). 
To Apple (“group agreed that a fundamental correlation between simulation and measurements are required to validate the simulation model(s)”): KS is not suggesting to define requirements just based on simulations without any measurements at all; as outlined in our contribution, we are suggesting that simulators from OEMs/chipset vendors be validated by correlating the simulations with measurements, see Issue 2-1-3 and excerpt from R4-2215542
“Given the feedback in the last couple RAN4 meetings suggesting the need for correlating simulations with measurements, it is proposed to formalize the need of such correlation.
[bookmark: _Ref115079767][bookmark: _Ref115364664]Proposal 2: Correlate simulations with measurements as part of the FR2 MIMO OTA requirements framework.”
 

	CAICT
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
Support Proposals 1~6. 
[bookmark: OLE_LINK31]P3: Agree. It is crucial to obtain the information regarding how many test labs and how many devices are available. It will be appreciated if volunteer companies can provide FR2 smartphones/prototypes for collecting measurement results. 
P7: Prefer not to preclude the lab alignment and measurement campaign at this stage. The feasibility of the lab alignment and measurement campaign should be further discussed based on the initial information on the available labs and devices. 
Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
Support P1 and P2. 
P3: Measurement results should be taken into account when defining the FR2 MIMO OTA requirements. At least, measurement results should be used to validate the simulation approach/ simulation data/ requirements.   
Issue 2-1-3: Correlation between simulation and measurement
Support all the proposals. The group should determine how to validate the simulation and the validation criteria. 
Issue 2-1-4: Detailed procedures of the hybrid approach
In general, support Proposals 1, 2, 3. Regarding the detailed procedures:
P2a: support as proponent.  
P2d: Support to specify a minimum number of the hybrid data pool including both the simulation and measurement results. More data is preferred but we have a concern that if more than 20 data can be collected. We’d like to further check how much data is feasible. 
[bookmark: OLE_LINK33]P2e: If the simulation is verified to be well aligned with the measurement, all the data should be deemed as valid and included in the data pool, i.e., there’s no need to remove any data. 
[bookmark: OLE_LINK34]P3a and P3b can be merged to provide more complete procedures.


	Samsung
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
We support proposal 1 to 6.
[bookmark: OLE_LINK36]For proposal 5 and 6 about antenna assumptions, we should distinguish the antenna assumption for simulation alignment with that for performance simulation. For performance simulation, it is preferred to consider different antenna assumptions as much as possible.
For proposal 7, the simulation activity and the measurement activity can be conducted in parallel, so at current stage it may be not urgent to preclude lab alignment and measurement campaign before a concrete feasible framework is agreed.
Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
Proposal 1 is preferred. In case measurements are insufficient, proposal 2 is also acceptable.
Issue 2-1-3: Correlation between simulation and measurement
If going with hybrid approach, all the proposals are reasonable
Issue 2-1-4: Detailed procedures of the hybrid approach
Proposal 4 makes sense. That’s why we need to make sure the correlation between simulation and measurement. Base on that, measurement results may be prioritized than simulation results, instead of equally treatment.
For detailed procedures in proposal 2 and 3, they can be both discussed. One point need to highlight is about simulation alignment. Simulation results from different companies may vary a lot (as shown in R17) for the same UE configuration. When correlating simulation with measurement, is the averaged simulation results adopted? We think a simulation alignment phase need to be concluded before correlating with measurement.

	Xiaomi
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
Support proposal 1-6.
Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
Support proposal 1 and 2.
Issue 2-1-3: Correlation between simulation and measurement
Support the proposals.
Issue 2-1-4: Detailed procedures of the hybrid approach
In general we support the proposals. Some clarification question.
For proposal 2a, how to treat all the measurement results, i.e. with what kind of average method and furthermore what if the measurement results have some “outstanding” points? For the gap comparison, are we going to compare the average of measurement result to each of the simulation results or there still will be a simulation average result.


	Qualcomm
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
P1: We support P1. Need to finalize the FR2 framework/procedure before RAN98.
P2: We support P2. Considering the number devices and capability for measurement/simulation, the threshold should be smaller than FR1.
P3: We support P3 as proponent. And if the number of test lab is small, we should avoid the inter-band lab alignment as P7. From QC side, we could provide the prototype for the measurement and simulation collection. But we don’t have the test setup as of now.
P4: We support P4. We need to collect the information on the readiness of lab and measurement device number first.
P5 t is not clear for us. Does it mean to use simulation results with different UE antenna assumptions as much as possible to develop the requirement? We should use the reasonable UE antenna rather roughly saying to consider antenna assumptions as much as possible. The proposed antenna assumptions should follow the implementation.
P6: We support P6 as proponent. To clarify P6, the intention here is to provide more simulation data based the validated simulation results. The results can be simulated based on the input from companies. It can help to increase the number of data pool for simulation.
P7: If finally we just have 1 or 2 labs, it is true we can’t do the inter-ban alignment. It depends on the number of lab. 
Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
Actually, P1, P2 and P3 are fine with different situation.
P1: It is the best situation if we can have enough measurement data. In this case we can use pure measurement data to develop the requirements
P2: If the number of measurement device is not enough, we can consider the simulation results in the data pool.
P3: If there is no measurement data (or just 1 or 2), we can use simulation results to derive the requirements. But I think here simulation results should have been done for the correlation with measurement. In other worlds, there will be at least one set of measurement results for correlation between simulation and measurement.
Issue 2-1-3: Correlation between simulation and measurement
OK with P1-5, if the simulation results are considered to develop the requirement, The correlation between simulation and measurement should be based on the same antenna assumptions, i.e., setting the simulation assumption to align the measurement device as much as possible.
Issue 2-1-4: Detailed procedures of the hybrid approach
P2: we support P2a as the starting point. For P2d, set the number of results as 20 is too high for FR2. In FR1 MIMO OTA, we used 15. For FR2, we suggest the number should not exceed 10 considering the FR2 device number is much less than FR1. For 2e, we would expect the MU for FR2 would be higher than FR1. Note that this gap to identify the outliers is only for measurement data if any.
[bookmark: OLE_LINK47]For P3, first of all, the simulation results should be verified based on the correction between measurement. If we get the requirements based on the validated simulation results, but found that there is gap with measurement results. Then how adjust the  requirements based on the measurement results assuming that, there are only few measurement results. The details need to be discussed. Agree with vivo’s view that need to complete the FR2 MU assessment first. 
For P3c, not sure how to define “reasonable” and “stable” here? Any initial thinking from proponent? 

	CMCC
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
We support P1/2/3/4/5/6

Issue 2-1-2: General views on the FR2 MIMO OTA requirements development
We support P1. RAN4 should first collect the number of ready test labs and commercial FR2 terminals to decide if the pure measurement approach can be adopted, and CMCC can volunteer the test labs.
As for P2, if the number of measurement devices are insufficient, we can also support some companied actively contributing on FR2 simulations with measurement to derive the correlation between the simulation and measurement results.
Issue 2-1-3: Correlation between simulation and measurement
P1, P4 & P5 are fine to us.

Issue 2-1-4: Detailed procedures of the hybrid approach
We support proposal 2a, 2b, 2c and 2d.
We don’t support Proposal 3a and 3b.1 if the lab alignment can be reached. The simulation results should be refined or validated once channel model validation and throughput testing alignment can be achieved by test labs.

	vivo
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
Generally, we support proposals 1 to 6.
For proposal 7, we should not preclude FR2 lab alignment for the time being.
Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
Hybrid approach is the baseline. We are OK if pure measurement-based approach is workable to finalize the requirement work, but seems not easy.
Issue 2-1-4: Detailed procedures of the hybrid approach
Modified Proposal 4 from Apple is better. 
For other proposals, better to be merged and considered as starting point given this is first meeting.

	OPPO
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
We support Proposal 1/2/3/4/5/6. 
Clarification to Qualcomm on Proposal 5: actually, samsung’s comment perfectly clarified Qualcomm’s concern. In Proposal 5, the providing simulation results with different antenna assumptions are used for deriving performance requirement other than simulation alignment. Commercial FR2 UE may have various RF/antenna designs and implementations, which should be properly reflected in the FR2 data pool for requirement deriving. Proposal 5 aims to address the variousness of UE implementations by simulation approach.
Issue 2-1-2: General views on the FR2 MIMO OTA requirements development
As some companies clarified, the three proposals fit for different situations as Qualcomm explained in detail. Preference/support from companies will not change the actual situation. So the solid action for RAN4 is to conclude on the applicability of the proposals, e.g. defining the threshold of test labs and commercial devices.
Issue 2-1-3: Correlation between simulation and measurement
All the proposals are supported if the simulation approach is used in performance requirement definition.
Issue 2-1-4: Detailed procedures of the hybrid approach
Generally support the proposals.
As the proponent of P3c, clarifications are below.
Some companies commented that if there is stable gap between simulation and measurement, the simulation should be further refined. It is correct direction to refine the simulation, however, some gaps can not be eliminated or reduced by fine-tune the simulations. For example, the Reference Sensitivity used for simulation comes from RF requirement in the spec. While, UE’s sensitivity capability may be much better than the spec requirement, which depending on the UE implementation. In this case, the simulation results and measurement results may have a reasonable (all +shifted or all -shifted) and stable (repeatable) gap.


 
Sub topic 2-2 Other aspects of FR2 MIMO OTA (Target bands for requirements, Channel model validation pass/fail limits)
	Company
	Comments

	Huawei，
HiSilicon
	Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Proposal is fine.
Issue 2-2-2: FR2 channel model validation pass/fail limits
OK, and it appears to have been included in the objective.

	Apple
	Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
We support the Proposal.
Issue 2-2-2: FR2 channel model validation pass/fail limits
We support the Proposal.

	CAICT
	[bookmark: OLE_LINK29]Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Support as proponent. 
The current target FR2-1 band listed in the WID is n258. However, according to the latest data from GSA, there are only13 smartphones support n258. Bands n260 and n261 are supported by most smartphones (more than 40). It is proposed to prioritize n261 (adjacent to n258) for FR2 MIMO OTA requirements development. Operators’ requests should also be considered.  


	
Xiaomi
	Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Support the Proposal.
Issue 2-2-2: FR2 channel model validation pass/fail limits
Support the Proposal.

	Qualcomm
	Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Agree with proposal. Ok with n261 as the priority. We consider n258 in Rel-17 since that was based on the simulation rather measurement. So no big difference there. 
Issue 2-2-2: FR2 channel model validation pass/fail limits
Agree with proposal

	vivo
	Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Support the Proposal.
We also would like to clarify that seems GSA’s report is for all FR2 devices (FWA CPE smartphone, industry device, others), the absolute number is not quite representative. RAN4 need to further collect commercial FR2 smartphone information.
Issue 2-2-2: FR2 channel model validation pass/fail limits
Support the Proposal.

	OPPO
	Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Support the proposal.
Issue 2-2-2: FR2 channel model validation pass/fail limits
Support the proposal.


 
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 FR2 MIMO OTA requirements framework
	Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
[bookmark: OLE_LINK39]9 companies commented. In general, Proposals 1-6 are agreeable for all the companies with minor revisions/clarifications. 
Regarding Proposal 7, 4 companies support not to preclude the lab alignment and measurement campaign at this time or support to conduct a lab alignment. Qualcomm pointed out that whether we can conduct a lab alignment depends on the number of labs that can participate. 
During the 1st round discussion, 2 labs (Huawei, CMCC) indicated that they can be lab volunteers. Qualcomm indicated that they can provide the prototype for the measurement and simulation collection. 
Tentative agreements:
· Proposal 1: RAN4 should reach consensus on detailed framework/procedure on how to perform hybrid approach before RAN#98, to ensure and confirm the feasibility of the framework.
· Proposal 2: RAN4 considers an appropriate threshold for the simulation and measurement data pools to ensure the reliability of FR2 requirements and eliminate the concern on too little data. 
· Proposal 3: RAN4 to collect the information regarding the test labs and measurement devices, and then decide the number of measurement devices for requirements developments.
· Proposal 4: Companies are encouraged to provide devices, simulation results, and measurement results for defining FR2 MIMO OTA requirements. The simulation activity and the measurement activity can be conducted in parallel to promote the progress. 
· Proposal 5 (updated): For performance simulation, encourage companies providing simulation results as much as possible with different UE antenna assumptions which follow the implementation.
· Proposal 6: With a validated simulation platform, companies who could not provide either the measurement results or simulation results can provide the input on the antenna configurations. 
Recommendations for 2nd round:
· Check if the tentative agreements are agreeable. 
· [bookmark: OLE_LINK28][bookmark: OLE_LINK38]To collect initial information, companies are encouraged to indicate if they could provide measurement/simulation efforts/FR2 devices in the following table. 
	Companies that are/might be able to provide measurement efforts during Rel-18:
	Keysight (currently limited to correlating simulations with measurements), Huawei Hisilicon, CMCC

	Companies that are/might be able to provide simulation efforts during Rel-18:
	Qualcomm

	Companies that are/might be able to provide FR2 smartphones (including prototypes) during Rel-18:
	Qualcomm

	Others (e.g., provide UE antenna assumptions, …)
	



Further discuss the following proposals:
· Proposal 7 (new): RAN4 should decide whether to conduct an inter-lab alignment activity and a measurement campaign to define FR2 MIMO OTA requirements.
· Proposal 8: Preliminary FR2 MU assessment should be finalized before the FR2 lab alignment activity (if needed). 

Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
10 companies commented. In general, Proposals 1 and 2 are acceptable to all the companies. Proposal 3 with current wording is controversial, based on the discussions, the moderator suggests to consider the revised proposal 3 in the 2nd round and further refine the applicability of each proposal.
Tentative agreements:
· Proposal 1: If enough measurement results can be collected, FR2 MIMO OTA requirements should be purely derived from measurement results. Decide the minimum number of devices that pure measurement approach can be adopted.
· Proposal 2 (updated): If the number of measurement devices are insufficient, once the simulation/measurement correlation is successfully completed, the validated simulation results can be used to develop the requirements together with measurement results.
Recommendations for 2nd round:
· Check if the tentative agreements are agreeable. 
Further discuss the following proposals:
· Proposal 3 (revised): If few measurement results can be collected and the simulation/measurement correlation is successfully completed, allow the FR2 MIMO OTA requirements to be defined based on simulations correlated with measurements.
· Proposal 4: Further refine and make decision on the applicability of Proposals 1~3. 

Issue 2-1-3: Correlation between simulation and measurement
9 companies commented. In general, all Proposals are acceptable. 
Agreement: 
· Proposal 4: Validate the simulation results by comparing them with measurement results assuming the same UE configurations.
Tentative agreements:
· Proposal 1: RAN4 firstly discusses on the correlation between simulation results (with an appropriate margin) and measurement results.
· Proposal 2: Correlate simulations with measurements as part of the FR2 MIMO OTA requirements framework.
· Proposal 3: RAN4 should discuss the methods and the criteria for validating the simulation approach/results, and how to handle the gap between simulation results and measurement results.
Recommendations for 2nd round:
· Check if the tentative agreements are agreeable. 

Issue 2-1-4: Detailed procedures of the hybrid approach
Companies provided many valuable comments on this issue. Based on the comments, the proposals are merged and updated. Some consensus from Issues 2-1-1~2-1-3 are also considered. 
Recommendations for 2nd round: Discuss and further refine the following updated proposals:
· RAN4 should specify detailed procedures of the hybrid approach. The following approaches can be considered as starting point.
· Approach 1: If the simulation results are verified to be aligned with the measurement results, treat the simulation and measurement results equally and define the FR2 MIMO OTA requirements based on the hybrid data pool.  
· 1. Validate the simulation approach with the measurement results by using the same set of parameters as UE’s implementation. Detailed procedures and criteria should be specified. Consider the following aspects:
a. Whether simulation alignment among different companies should be completed before the validation between simulation and measurement.
b. Whether a lab alignment activity should be conducted before the validation between simulation and measurement. 
c.  How many different UE implementations are sufficient to validate the simulation. 
· 2. If the gap between the simulation results and the measurement results is larger than X dBm/Hz, revisit and improve the simulation approach until the gap is less than X dBm/Hz. The value of X is FFS. 
· 3. Collect measurement and simulation results to establish a hybrid data pool. 
a. The total number of results in the data pool should be at least [FFS] per band including both simulation and test results. 
b. To agree a 1.5MU gap compared to the average to treat the out-standing points of measurement results.
· 4. Derive the requirements form the hybrid data pool with simulation results and measurement results being equally treated. 
· Approach 2: The simulation results from valid model(s) are used to emulate the measurement results. (The validation procedures are the same as those in Approach 1.) Then focus more on measured results than simulation results for FR2 requirement definition.
· Approach 3 (with the lowest priority, i.e., only if Approaches 1 and 2 are not workable, Approach 3 can be considered): If the simulation results can have a reasonable and stable gap compared with measurement results, define a range or tentative values with square brackets for FR2 MIMO OTA requirements, further check and adjust the tentative requirements based on the measurement results to obtain final requirements. How many commercial devices are sufficient to confirm the tentative requirements defined by simulation campaign is FFS. 


	Sub-topic#2-2 Other aspects of FR2 MIMO OTA
	Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Agreement: 
· The FR2-1 band supported by most announced 5G device models can be considered as the 1st priority when defining the requirements. Further adjustment of the target FR2-1 bands for FR2 MIMO OTA requirements development in the WID is not precluded. 
Recommendations for 2nd round:
· Capture the agreement in the WF.
· Further collect commercial FR2 smartphone information.
· Further check if band n261 can be considered as the 1st priority when defining FR2 MIMO OTA requirements.

Issue 2-2-2: FR2 channel model validation pass/fail limits
Agreement: 
· RAN4 can further check the FR2 channel model validation pass/fail limits if more practical measurement results are obtained from more FR2-1 bands.
Recommendations for 2nd round:
· Capture the agreement in the WF.




Discussion on 2nd round 
Sub-topic 2-1 FR2 MIMO OTA requirements framework 
Issue 2-1-1: General views on the FR2 MIMO OTA requirements development
Tentative agreements:
· Proposal 1: RAN4 should reach consensus on detailed framework/procedure on how to perform hybrid approach before RAN#98, to ensure and confirm the feasibility of the framework.
· Proposal 2: RAN4 considers an appropriate threshold for the simulation and measurement data pools to ensure the reliability of FR2 requirements and eliminate the concern on too little data. 
· Proposal 3: RAN4 to collect the information regarding the test labs and measurement devices, and then decide the number of measurement devices for requirements developments.
· Proposal 4: Companies are encouraged to provide devices, simulation results, and measurement results for defining FR2 MIMO OTA requirements. The simulation activity and the measurement activity can be conducted in parallel to promote the progress. 
· Proposal 5 (updated): For performance simulation, encourage companies providing simulation results as much as possible with different UE antenna assumptions which follow the implementation.
· Proposal 6: With a validated simulation platform, companies who could not provide either the measurement results or simulation results can provide the input on the antenna configurations. 

Recommendations for 2nd round:
· Check if the tentative agreements are agreeable. 
· To collect initial information, companies are encouraged to indicate if they could provide measurement/simulation efforts/FR2 devices directly in the following table. 
	Companies that are/might be able to provide measurement efforts during Rel-18:
	Keysight (currently limited to correlating simulations with measurements), Huawei Hisilicon, CMCC, CAICT, Apple

	Companies that are/might be able to provide simulation efforts during Rel-18:
	Qualcomm

	Companies that are/might be able to provide FR2 smartphones (including prototypes) during Rel-18:
	Qualcomm

	Others (e.g., provide UE antenna assumptions, …)
	



· Further discuss the following proposals:
· Proposal 7 (new): RAN4 should decide whether to conduct an inter-lab alignment activity and a measurement campaign to define FR2 MIMO OTA requirements.
· Proposal 8: Preliminary FR2 MU assessment should be finalized before the FR2 lab alignment activity (if needed). 
· [bookmark: _Hlk116638068]Capture agreements in the WF

	[bookmark: OLE_LINK56]Company
	Comments

	Huawei,
HiSilicon
	Ok with Proposal 7/8

	Xiaomi
	Support proposal 7 and 8.

	Qualcomm
	For P5, it is not clear for us what does “as much as possible with different UE antenna assumptions”. As we commented in the 1st round, the simulation results should be based on the input from companies which should follow the implementation. The worlding “as much as possible” seems confusing to us. We have the following suggestions:
· Proposal 5 (updated): For performance simulation, encourage companies providing simulation results as much as possible with different UE antenna assumptions which follow the implementation.
For the information, is it possible to share the information that lab can be ready?

	OPPO
	OK with tentative agreements, and support Proposal 7 and 8.

	CAICT
	Thank QC for the suggestion. In our understanding, P5 is to encourage companies to provide more simulation results with different antenna assumptions. Thus, we suggest the following wording:
· Proposal 5 (updated): For performance simulation, encourage companies providing more simulation results as much as possible with different UE antenna assumptions which follow different implementations.


	Apple
	We support Proposal 7 stressing the preference for a lab alignment activity,  and support Proposal 8 as well.




Issue 2-1-2: When/whether the measurement approach and the simulation approach can be adopted 
Tentative agreements:
· Proposal 1: If enough measurement results can be collected, FR2 MIMO OTA requirements should be purely derived from measurement results. Decide the minimum number of devices that pure measurement approach can be adopted.
· Proposal 2 (updated): If the number of measurement devices are insufficient, once the simulation/measurement correlation is successfully completed, the validated simulation results can be used to develop the requirements together with measurement results.
Recommendations for 2nd round:
· Check if the tentative agreements are agreeable. 
· Further discuss the following proposals:
· Proposal 3 (revised): If few measurement results can be collected and the simulation/measurement correlation is successfully completed, allow the FR2 MIMO OTA requirements to be defined based on simulations correlated with measurements.
· Proposal 4: Further refine and make decision on the applicability of Proposals 1~3. 
· Capture agreements in the WF

	Company
	Comments

	Huawei,
HiSilicon
	Regarding the prerequisites for Proposal 2/3, what is the difference between them? They look the same. It is better to combine together to form one proposal.

	Xiaomi
	Support the tentative agreement, for proposal 3, we also cannot tell the difference, maybe moderator can help to clarify the intension.

	Qualcomm
	We support P1/2/3. For P3, our understanding is, it is possible that only few labs, e.g., one or two labs could provide the environment for correlation. In this case, it will rely on the simulation results to define the requirements.

	OPPO
	Support the tentative agreements and P3. Our understanding of P3 is that in the case of very few measurement results collected (e.g. 1 or 2 results) and they cannot well/fully demonstrate the UE performance distribution in the data pool, the simulation approach is used to define the requirement, of course, the simulation results should be “correlated with the measurement result”.

	CAICT
	The original P3 is “Allow the FR2 MIMO OTA requirements to be defined solely based on simulations.” The updated P3 is modified based on Keysight’s clarifications in 1st round. Our understanding is similar to those of QC and OPPO.  

	Apple
	We support Proposal 1
We don’t support Proposal 2, the likelihood that we will have a successful correlated simulation model with insufficient measurement results is low, and is not a sufficient argument to rely solely on simulations. The simulation model to be considered valid needs to emulate several measurements.
Proposal 3 needs a clear definition of simulation/measurements correlation criteria and pass/fail limits, to be considered as a valid proposal.
Proposal 4: we support Proposal 1. Proposals 2/3 and intertwined and requires further clarification as we described above in our comments on Proposal 3.



Issue 2-1-3: Correlation between simulation and measurement
Agreement: 
· Proposal 4: Validate the simulation results by comparing them with measurement results assuming the same UE configurations.
Tentative agreements:
· Proposal 1: RAN4 firstly discusses on the correlation between simulation results (with an appropriate margin) and measurement results.
· Proposal 2: Correlate simulations with measurements as part of the FR2 MIMO OTA requirements framework.
· Proposal 3: RAN4 should discuss the methods and the criteria for validating the simulation approach/results, and how to handle the gap between simulation results and measurement results.
Recommendations for 2nd round:
· Check if the tentative agreements are agreeable. 
· Capture agreements in the WF

	Company
	Comments

	Huawei,
HiSilicon
	Proposal 1/3 are fine.
Proposal 2 is based on the Proposal 1 of Issue 2-1-2, so it should be postponed.

	Xiaomi
	Support proposal 1 and 3. 

	Qualcomm
	Support P1/3
For P2, Correlate simulations with measurements as part of the FR2 MIMO OTA requirements framework if simulation results are used to develop requirements.

	OPPO
	Support P1 and P3. We would like to refine the wording of P2 as below.
Proposal 2: Correlate simulations with measurements as part of the FR2 MIMO OTA requirements framework if the pure measurement approach is excluded.

	Apple
	We support Proposals 1, 2. 
Proposal 3 should consider a simulation/measurement correlation criteria and pass/fail limits. Simulation models that fail such correlation effort should neither be considered as a valid model nor reliable source of results, therefore the gap doesn’t needs to be handled.



Issue 2-1-4: Detailed procedures of the hybrid approach
Recommendations for 2nd round: Discuss and further refine the following updated proposals.
· RAN4 should specify detailed procedures of the hybrid approach. The following approaches can be considered as starting point.
· Approach 1: If the simulation results are verified to be aligned with the measurement results, treat the simulation and measurement results equally and define the FR2 MIMO OTA requirements based on the hybrid data pool.  
· 1. Validate the simulation approach with the measurement results by using the same set of parameters as UE’s implementation. Detailed procedures and criteria should be specified. Consider the following aspects:
a. Whether simulation alignment among different companies should be completed before the validation between simulation and measurement.
b. Whether a lab alignment activity should be conducted before the validation between simulation and measurement. 
c.  How many different UE implementations are sufficient to validate the simulation. 
· 2. If the gap between the simulation results and the measurement results is larger than X dBm/Hz, revisit and improve the simulation approach until the gap is less than X dBm/Hz. The value of X is FFS. 
· 3. Collect measurement and simulation results to establish a hybrid data pool. 
a. The total number of results in the data pool should be at least [FFS] per band including both simulation and test results. 
b. To agree a 1.5MU gap compared to the average to treat the out-standing points of measurement results.
· 4. Derive the requirements form the hybrid data pool with simulation results and measurement results being equally treated. 
· Approach 2: The simulation results from valid model(s) are used to emulate the measurement results. (The validation procedures are the same as those in Approach 1.) Then focus more on measured results than simulation results for FR2 requirement definition.
· Approach 3 (with the lowest priority, i.e., only if Approaches 1 and 2 are not workable, Approach 3 can be considered): If the simulation results can have a reasonable and stable gap compared with measurement results, define a range or tentative values with square brackets for FR2 MIMO OTA requirements, further check and adjust the tentative requirements based on the measurement results to obtain final requirements. How many commercial devices are sufficient to confirm the tentative requirements defined by simulation campaign is FFS. 

	[bookmark: OLE_LINK57]Company
	Comments

	Xiaomi
	We support the approach 1. Furthermore, the simulation alignment should be done first since from current simulation result about 4 to 6dB is observed.

	Qualcomm
	Response to Xiaomi. We plan to validate the simulation with measurement. Then there is no need to align the simulation results with companies assuming reference is measurement
We prefer approach 1 and approach 3.

	CAICT
	Regarding the simulation alignment, we share similar views with QC. If all the simulations are verified with measurement, there is no need to perform a sperate simulation alignment activity. 

	Apple
	Approach 1.1.a. 
Considering that the Issue 2-1-2 Proposal 3 “(Keysight): Allow the FR2 MIMO OTA requirements to be defined solely based on simulations.” Is no longer being evaluated, the correlation between simulation models from different companies can happen in parallel while measurement results are gathered. At the end the simulation model will have to correlate with measurements.
 Approach 1.1.b.
We support the Approach 1b. The lab alignment activity should consider the PADs being anonymous, and the data compiled at the end of the activity, therefore the measurements results gathering should precedes the correlation with simulation models.
Approach 1.1.c.
UE implementations needs a definition.
We support Approach 1.2.
We support Approach 1.3.a.
Approach 1.3.b. Perhaps requires a better definition, is this related in how to treat outliers?
We support Approach 1.4, since there’s no such a thing as “Simulation Uncertainty”, for lack of better method, perhaps the same lab alignment pass/fail criteria based on MU, can be applied while correlating various simulation models. 
We support Approach 2.
We don’t support Approach 3. 
“only if Approaches 1 and 2 are not workable”. 
If approaches 1 and 2 are not workable or feasible, there will be no confidence on the model validity or hybrid approach. 

	
	



Sub-topic 2-2 Other aspects of FR2 MIMO OTA 
Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
Agreement: 
· The FR2-1 band supported by most announced 5G device models can be considered as the 1st priority when defining the requirements. Further adjustment of the target FR2-1 bands for FR2 MIMO OTA requirements development in the WID is not precluded. 
Recommendations for 2nd round:
· Capture the agreement in the WF.
· Further collect commercial FR2 smartphone information.
· Further check if band n261 can be considered as the 1st priority when defining FR2 MIMO OTA requirements.

	Company
	Comments

	CAICT
	We downloaded the FR2 smartphone list from GSA as below for information. There are 46 smartphones support n261.



[image: ]

	Apple
	Issue 2-2-1: Target bands for FR2 MIMO OTA requirements development
We support the 2nd round recommendations

	
	

	
	

	
	



Topic #3: 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

	R4-2215321
	Huawei Tech.(UK) Co.. Ltd
	on MIMO OTA tests for tablets and smartphones in browsing mode
[bookmark: OLE_LINK6]Proposal 1: maximum diagonal dimension of tablets under tests should be less than 20 cm with the same performance metrics in section 6.1 of [2].
Proposal 2: the screen and power management setting should follow those in Table 1 and Table 2, respectively.
Proposal 3: FR1 tests in browsing mode for smartphones should select devices wider than 72mm with the wide hand phantom description and device positioning guideline defined Annex B.2.3 and Annex B.3.1.1 of [4], respectively.
[bookmark: OLE_LINK7]Proposal 4: [image: ] in eqn.1 is used as FR1 performance metric for smartphones in browsing mode with the substitution approach if one azimuthal position fails to reach 70% maximum throughput. Whether to include 90% throughput as a metric is FFS.

	R4-2215705
	Samsung
	Necessity and feasibility of hand phantom MIMO OTA test method
Observation 1:	possible enhancement of FR1 MIMO OTA should reuse the 2D MPAC system layout with 16 uniformly-spaced dual-polarized probes specified in TR38.827 and TS38.151.
Observation 2:	the diameter of DUT plus hand phantom will probably be larger than the 20cm test zone specified in TR38.827 and TS38.151
Observation 3:	applicable hand phantom UE orientation is fewer which bring unfair averaged TRMS so that good UE and bad UE are not well distinguished.
Observation 4:	hand phantom for DML orientation is complicated and bring large burden for test.
Observation 5:	MIMO rank and MCS fall back is normal UE behaviour to alleviate phantom blockage while SISO OTA with hand phantom is more essential.
Proposal 1:	The OTA performance can be fully verified with the combination of free space MIMO OTA + phantom TRP TRS

	R4-2216112
	vivo
	Discussions on FR1 MIMO OTA enhancement
Observation 1: New device is acceptable if the test methodology is unchanged and the device is within 20cm test zone size. Clear operator’s request is needed.
Observation 2: Phantom-based MIMO OTA testing was discussed in LTE phase in 3GPP and CTIA but finally excluded.
Proposal 1: RAN4 should further study whether Minimum Number of Slots per Stream for bands <1GHz can be reduced to 10k. 
Proposal 2: RAN4 should further clarify whether the scope is to adopt more defined channel models in Rel-16 for FR1 MIMO OTA requirements, or to define more brand-new FR1 channel models in Rel-18. 
Proposal 3: RAN4 should define the unfinished power validation pass/fail limits, based on more validation measurement results. 

	R4-2216170
	Xiaomi
	on the FR1 MIMO OTA test methodology enhancement
Observation 1: Current 20cm quite zone is large enough to cover the NR bands.
Observation 2: The hand phantom for LTE MIMO OTA is the same as the TRP/TRS hand phantom
Proposal 1: To reuse the same hand phantom of NR TRP/TRS as to the FR1 MIMO OTA test

	R4-2216358
	CAICT
	Discussion on FR1 MIMO OTA testing for hand phantom browsing mode
Proposal 1: RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The FoM of FR1 MIMO OTA requirement in free space can be the baseline. 
Proposal 2: The average TRMS of left hand phantom browsing mode and right hand phantom browsing mode, is defined as the FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The averaging shall be done in linear scale for the TRMS results of both right and left hand phantom measurements, according to the formula:

where


Such that MODE is one of {left, right}, and {PMODE,70,0, …, PMODE,70,11} are the measured sensitivity values at each azimuth position at the 70% throughput outage.
Proposal 3: For hand phantom browsing mode, consider reusing the additional criterion in azimuthal orientations for free space mode.
Proposal 4: Send an LS to CTIA to ask for the permission of body phantoms to be referenced in 3GPP NR MIMO OTA spec. 

	R4-2216449
	OPPO
	FR1 MIMO OTA in browsing mode
Proposal 1: It is necessary to specify enhanced FR1 MIMO OTA test methodology in browsing mode using hand phantom.
[bookmark: OLE_LINK8]Proposal 2: it is proposed to focus on portrait mode with hand phantom for FR1 MIMO OTA browsing usage scenario.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[bookmark: _Hlk116199778]Sub-topic 3-1 FR1 MIMO OTA for smartphone in browsing mode
Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
· Proposals
· Proposal 1 (OPPO): It is necessary to specify enhanced FR1 MIMO OTA test methodology in browsing mode using hand phantom. 
· Proposal 2 (CAICT): Send an LS to CTIA to ask for the permission of body phantoms to be referenced in 3GPP NR MIMO OTA spec. 
· Proposal 3 (OPPO): it is proposed to focus on portrait mode with hand phantom for FR1 MIMO OTA browsing usage scenario. 
· Proposal 4 (Samsung): The OTA performance can be fully verified with the combination of free space MIMO OTA + phantom TRP TRS.
· Others
· Recommended WF
· Companies are invited to share views. 

Issue 3-1-2: Specific phantom to adopt
· Proposals
· Proposal 1 (Huawei): FR1 tests in browsing mode for smartphones should select devices wider than 72mm with the wide hand phantom description and device positioning guideline defined Annex B.2.3 and Annex B.3.1.1 of TS 38.161, respectively. 
· [bookmark: OLE_LINK49]Proposal 2 (Xiaomi): To reuse the same hand phantom of NR TRP/TRS as to the FR1 MIMO OTA test. 
· Others
· Recommended WF
· Companies are invited to share views. 

Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
· Proposals
· [bookmark: OLE_LINK9]Proposal 1 (CAICT): RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The FoM of FR1 MIMO OTA requirement in free space can be the baseline. 
· Proposal 2 (Huawei, CAICT): The average TRMS of left hand phantom browsing mode and right hand phantom browsing mode, is defined as the FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. The averaging shall be done in linear scale for the TRMS results of both right and left hand phantom measurements, according to the formula:

where


Such that MODE is one of {left, right}, and {PMODE,70,0, …, PMODE,70,11} are the measured sensitivity values at each azimuth position at the 70% throughput outage. 
If 1 azimuth position does not result in a defined measured sensitivity at 70% throughput, SMODE,70 is calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE PRS-EPRE-MAX (substitution approach) for the one missing result.
· Proposal 3 (Huawei): Whether to include 90% throughput as a metric is FFS.
· Proposal 4 (CAICT): For hand phantom browsing mode, consider reusing the additional criterion in azimuthal orientations for free space mode.
· Others
· Recommended WF
· Companies are invited to share views. 

Sub-topic 3-2 FR1 MIMO OTA for other device types
Issue 3-2: FR1 MIMO OTA for other device types
· Proposals
· Proposal 1 (Huawei): maximum diagonal dimension of tablets under tests should be less than 20 cm with the same performance metrics in section 6.1 of TS 38.151. 
· Proposal 2 (Huawei): the screen and power management setting should follow those in Table 1 and Table 2, respectively.
Table 1: Display Settings
	Parameter
	Value

	LCD Backlight
	50%

	Ambient light sensor
	Disabled


[bookmark: _Ref289241995]
Table 2: Power management
	Parameter
	Value

	Screensaver
	Disabled

	Turn OFF display
	Never

	Turn OFF Hard drive
	Never

	System Hibernate
	Never

	Sysem Standby
	Never

	Dynamic control of clock frequencies
	Disabled

	Power source
	Standard battery


· Others
· Recommended WF
· [bookmark: OLE_LINK12]Companies are invited to share views. 

Sub-topic 3-3 Channel model aspects for FR1 MIMO OTA
Issue 3-3: Channel model aspects for FR1 MIMO OTA
· Proposals
· Proposal 1: RAN4 should further clarify whether the scope is to adopt more defined channel models in Rel-16 for FR1 MIMO OTA requirements, or to define more brand-new FR1 channel models in Rel-18.  (vivo)
· Proposal 2: RAN4 should define the unfinished power validation pass/fail limits, based on more validation measurement results. (vivo)
· Others
· Recommended WF
· Companies are invited to share views. 

Sub-topic 3-4 Test time reduction for FR1 MIMO OTA
Issue 3-4: Test time reduction for FR1 MIMO OTA
· Proposals
· Proposal 1: RAN4 should further study whether Minimum Number of Slots per Stream for bands <1GHz can be reduced to 10k. (vivo)
· Others
· Recommended WF
· Companies are invited to share views. 

Companies views’ collection for 1st round 
Open issues 
Sub topic 3-1 FR1 MIMO OTA for smartphone in hand phantom
	Company
	Comments

	Huawei, HiSilicon
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
We support proposal 1, 2 and 3.
Issue 3-1-2: Specific phantom to adopt
We support both proposal 1 and 2.
Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
We support proposal 1, 2 and 3. 


	Keysight Technologies
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
Concerns with Proposals 1, 2, and 3 as the Quiet Zone for testing with phantoms would likely have to be increased to 30cm from 20cm. We previously demonstrated very poor spatial correlation errors for a system with 16 uniformly spaced probes for a 20cm QZ; the performance will degrade even more for a 30cm QZ (which is used for TRP/TRS testing with hand phantoms). 
Issue 3-1-2: Specific phantom to adopt
Similar concerns as voiced in Issue 3-1-1

	Apple
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
[bookmark: OLE_LINK43][bookmark: OLE_LINK42][bookmark: OLE_LINK45]During the Rel. 17 WID we manage to align 6 labs and define performance requirement for 2 out 4 proposed bands, and 70% TP only, not defining performance requirement at 90% as defined on the lab alignment test plan. All this effort was conducted on Free Space only. We still need to define performance requirement at bands n1, n5, n8, n28 and n77 at 70 and 90% TP during this WID. Considering that we might have to revalidate the channel model in low bands, i.e.: n5, n8 and n28, it seems unreasonable to expect that adding hand phantom test condition, all remaining FS and phantom performance requirement definitions can be completed during this WID.
For these reasons we don’t support Proposals 1, 2 and 3.
Issue 3-1-2: Specific phantom to adopt
Based on the reasons stated on issue 3-1-1 (above), we don’t support MIMO OTA phantom measurements at this time. Therefore we don’t support  Proposals 1 and 2.
Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
Based on the reasons stated on issue 3-1-1 (above), we don’t support MIMO OTA phantom measurements at this time. Therefore we don’t support  Proposals 1, 2, 3 and 4.

	CAICT
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
Support Proposal 1, 2, 3 and cannot agree with Proposal 4. 
This is the first meeting of the WI, the group should not close the door to study the enhanced FR1 MIMO OTA test method for smartphones in browsing mode. We are open to discuss the feasibility of the testing, e.g., check whether the QZ size has to be enlarged. 
Clarifications to Apple: 
1. The Rel-18 WI does NOT aim to define performance requirements for UEs with phantoms. The objective in the WID is “Study, and if necessary and feasible, specify enhancements of the FR1 MIMO OTA test methodology for Smartphone in browsing mode using hand phantom.” 
2. In TS 38.151, TRMS at 90% TP has NOT been selected as the FoM of FR1 MIMO OTA, so the group didn’t define performance requirements at 90% TP. In our understanding, the TRMS90 defined in Rel-17 FR1 lab alignment test plan is to collect more useful information, e.g., help to make decision on the additional criteria at 90% TP. 
Issue 3-1-2: Specific phantom to adopt
We support both proposals 1 and 2.
Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
Support Proposals 1, 3, 4. 
Regarding Proposal 2, we support to introduce more DUT positions to guarantee accurate evaluation of UEs’ performance.


	Samsung
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
As proponent of proposal 4, we think it not necessary to specify test method for MIMO OTA with hand phantom, refer to details in our contribution R4-2215705.
For proposal 2, it is not necessary to send LS before study phase is concluded.
For proposal 3, only portrait mode could not reflect the real 3D performance.
Issue 3-1-2: Specific phantom to adopt
We suggest to focus on necessity and feasibility discussion firstly.
Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
FoM should not be discussed before study phase is concluded.

	Xiaomi
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
We would like to further discuss and to see the feasibility of the browsing mode test method. 
Issue 3-1-2: Specific phantom to adopt
To reuse the current phantom as much as possible should be the baseline.
Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
Similar comments as issue 3-1-1.


	Qualcomm
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
Share the similar view as Keysight. The QZ will be increased for browsing mode.

	vivo
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
We share similar views with Samsung, tend to agree not necessary to specify test method for MIMO OTA with hand phantom. 
For phantoms, the copyright agreement is between CTIA and 3GPP, but not for specific WI or specific Working Group, if the intention is to reuse TRP TRS phantoms, no need of a new LS for MIMO OTA. Only if, the intention is to adopt some new phantoms.
Issue 3-1-2: Specific phantom to adopt
Premature to discuss before necessity and feasibility is confirmed.
Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
Premature to discuss before necessity and feasibility is confirmed. 
In general, we are not in favor of defining new FoM for MIMO OTA, especially FR1. 


	OPPO
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
Support Proposal 1/2/3. As we elaborated in R4-2216449, UE will have different performance under Free space scenario or browsing mode. As the test method enhancement, browsing mode for MIMO OTA test is necessary. We also agree with KS’s comments, the study on QZ extension potentially is part of the enhancement work.
Issue 3-1-2: Specific phantom to adopt
Support P1/2.
Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
FoM needs FFS.


 
Sub topic 3-2 FR1 MIMO OTA for other device types
	Company
	Comments

	Huawei, HiSilicon
	Issue 3-2: FR1 MIMO OTA for other device types
As proponent, we support both proposal 1 and 2.

	Keysight Technologies
	Issue 3-2: FR1 MIMO OTA for other device types
Support Proposal 1 as larger devices/larger QZs will result in even more degraded spatial correlation errors

	Samsung
	Issue 3-2: FR1 MIMO OTA for other device types
For proposal 1, it is reasonable to apply <=20cm only with current test methodology. One question is whether there would be different requirements depending on size of tablet. On the other hand operator request is also important consideration
For proposal 2, regarding this detailed configuration, is that specific for tablet? If not, it could be discussed a general enhancement to MIMO OTA test method.

	Qualcomm
	Issue 3-2: FR1 MIMO OTA for other device types
Support P1.

	vivo
	Issue 3-2: FR1 MIMO OTA for other device types
For proposal 1, it is OK for us.


 
Sub topic 3-3 Channel model aspects for FR1 MIMO OTA
	Company
	Comments

	Huawei, HiSilicon
	Issue 3-3: Channel model aspects for FR1 MIMO OTA
We support proposal 2, but do not think additional channel models are needed because the current channel models can distinguish UE by performance adequately.

	Spirent
	Issue 3-3: Channel model aspects for FR1 MIMO OTA
Spirent is not against, nor in favor of this proposal, we just want to make sure the group understands the implications of introducing new channel models.
Adopting more R16 channel models or defining new channel models in R18 is not a trivial task. It will require agreeing on the channel model (whether previously defined in R16 or new in R18), harmonizing the theoretical targets, setting new spatial channel model validation measurements, and pass/fail limits (hopefully the already stablished limits can be used for the new channels), and finally TRMS measurement campaign(s). 

	Apple
	Issue 3-3: Channel model aspects for FR1 MIMO OTA
Proposal 1, we agreed with Spirent comments. The definition of new channel model will required another effort from FR1 MIMO OTA align labs on producing evidence of channel model validation, prior to engage on performance requirement activities. Additionally, the inclusion of low bands, i.e.: n5,n8,  n28, might need to revalidate the current channel model. We rather propose to prioritize performance requirement adopting the current validated channel, testing additional bands and 90%TP.

	CAICT
	Proposal 1: Agree. 
A clarification question to Apple: In TS 38.151, TRMS at 90% TP has NOT been selected as the FoM of FR1 MIMO OTA, so the group didn’t define performance requirements at 90% TP. Are you proposing to introduce TRMS at 90% TP as FoM and define the corresponding performance requirements? 
Proposal 2: Support to define the unfinished power validation pass/fail limits. 
For FR1 channel models, 3 labs have already provided validation measurement results in Rel-17, we think the measurement results are sufficient to define pass/fail limits. For FR2, more power validation measurement results are needed. 


	Samsung
	Issue 3-3: Channel model aspects for FR1 MIMO OTA
For proposal 1, to introduce more channel model based on operator requests is in core part than performance part, so our understanding is no new requirements for potential new channel models.
For proposal 2, we support.

	Qualcomm
	Issue 3-3: Channel model aspects for FR1 MIMO OTA
We share the same view as Apple. We should prioritize the performance adopting the current channel model. We don’t see the urgency to develop the new channel model. 

	vivo
	Issue 3-3: Channel model aspects for FR1 MIMO OTA
We share similar views with other companies, RAN4 should not define new channel models at this late stage. 
For P2, we think this should be finalized.

	OPPO
	Issue 3-3: Channel model aspects for FR1 MIMO OTA
More channel model should base on operator’s request.



Sub topic 3-4 Test time reduction for FR1 MIMO OTA
	Company
	Comments

	Keysight Technologies
	Issue 3-4: Test time reduction for FR1 MIMO OTA
Support the study using various devices, chipsets, and orientations. 

	Apple 
	Issue 3-4: Test time reduction for FR1 MIMO OTA
We would like to propose a clarification on Proposal 1:
· Proposal 1: After reach lab alignment and defining preliminary performance requirement pass/fail criteria. RAN4 should further study whether Minimum Number of Slots per Stream for bands <1GHz can be reduced to 10k. (vivo)


	CAICT
	Issue 3-4: Test time reduction for FR1 MIMO OTA
Support the proposal.

	Samsung
	Issue 3-4: Test time reduction for FR1 MIMO OTA
We support the proposal. As it is still in the bracket, we think it is worthy to further check it for the sake of test time reduction.

	vivo
	Issue 3-4: Test time reduction for FR1 MIMO OTA
We support the proposal. 
Regarding Apple’s clarification, we are not sure whether it is a good way to revisit this key test parameter after we concluding the <1GHz lab alignment activity. This should be studied before lab alignment, or in parallel as lab alignment scope. 

	OPPO
	Issue 3-4: Test time reduction for FR1 MIMO OTA
Support the proposal.



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 FR1 MIMO OTA for smartphone in browsing mode
	Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
Companies holds different views on this issue. Considering this is the first meeting of the WI, the moderator suggests to further study the necessity and feasibility. It is pointed out by several companies (Keysight, CAICT, Qualcomm, OPPO) that the size of QZ is an issue needs to be considered. 
[bookmark: OLE_LINK48]Tentative agreement: 
· [bookmark: OLE_LINK32]Further study the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for Smartphone in browsing mode using hand phantom, including the potential extension of QZ size, etc. 
Recommendations for 2nd round:
· Further check of the tentative agreement is agreeable. 

Issue 3-1-2: Specific phantom to adopt
[bookmark: OLE_LINK50]8 companies commented. 4 companies (Huawei, CAICT, Xiaomi, OPPO) support the proposals, while other 4 companies (Keysight, Apple, Samsung, vivo) expressed concerns or suggested to focus on the discussion on necessity and feasibility firstly. There are no objections to the proposals themselves. 
Tentative agreement: 
· If the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for Smartphone in browsing mode are confirmed, reuse the same hand phantom of NR TRP TRS testing, i.e., select devices wider than 72mm with the wide hand phantom description and device positioning guideline defined in Annex B.2.3 and Annex B.3.1.1 of TS 38.161, respectively. 
Recommendations for 2nd round:
· Further check of the tentative agreement is agreeable.

Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
Similar to Issue 3-1-2, several companies expressed concerns or suggested to conclude the study on necessity and feasibility firstly. Regarding the proposals themselves, companies also have not reached consensus.
Tentative agreement: 
· Further study the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for Smartphone in browsing mode using hand phantom at this stage. 
[bookmark: OLE_LINK51]Recommendations for 2nd round:
· Further check of the tentative agreement is agreeable.


	Sub-topic#3-2 FR1 MIMO OTA for other device types
	Issue 3-2: FR1 MIMO OTA for other device types
Proposal 1 is supported by all 5 companies. Samsung also raised a question that whether there would be different requirements depending on size of tablet, and commented that operator request is also important for consideration. 
For proposal 2, Samsung raised a question and no comments received from other companies. Suggest the proponent to further clarify. 
Tentative agreement: 
· Proposal 1: Maximum diagonal dimension of tablets under tests should be less than 20 cm with the same performance metrics in section 6.1 of TS 38.151. 
Recommendations for 2nd round:
· Further check of the tentative agreement is agreeable.
· Recommend the proponent of Proposal 2 to reply the question from 1st round. Then make decision on this proposal. 


	Sub-topic#3-3 Channel model aspects for FR1 MIMO OTA
	Issue 3-3: Channel model aspects for FR1 MIMO OTA
Companies are generally ok with the proposals. 
Regarding introducing new channel models, some companies (Huawei, Apple, Qualcomm, vivo) are not supportive or deem it as a low-priority objective, OPPO indicated that it should based on operator’s request. The moderator would like to clarify that in the WID, the objective “Introduce more FR1 channel models based on operator requests” does not contradict companies’ views. 
Regarding Proposal 2, CAICT indicated that 3 labs have already provided FR1 MIMO OTA power validation measurement results, and thinks the measurement results are sufficient to define pass/fail limits.
Tentative agreements: 
· Proposal 1: RAN4 should further clarify whether the scope is to adopt more defined channel models in Rel-16 for FR1 MIMO OTA requirements, or to define more brand-new FR1 channel models in Rel-18. The introduction of more FR1 channel models should base on operator’s request. 
· Proposal 2: RAN4 should define the unfinished power validation pass/fail limits. For FR1 MIMO OTA, define the pass/fail limits based on the available measurement results. For FR2 MIMO OTA, define the pass/fail limits based on more validation measurement results. 
Recommendations for 2nd round:
· Further check of the tentative agreements are agreeable.


	Sub-topic#3-4 Test time reduction for FR1 MIMO OTA
	Issue 3-4: Test time reduction for FR1 MIMO OTA
In general, all the 6 companies support the proposal. There are some different views between Apple and vivo on how to manage this work with lab alignment activity. 
Tentative agreement: 
· Proposal 1: RAN4 should further study whether Minimum Number of Slots per Stream for bands <1GHz can be reduced to 10k.
Recommendations for 2nd round:
· Further check of the tentative agreements is agreeable.
· Further discuss if the study in Proposal 1 should be concluded before/after the lab alignment activity. 




Discussion on 2nd round
Sub-topic 3-1 FR1 MIMO OTA for smartphone in browsing mode
Issue 3-1-1: General views on FR1 MIMO OTA for smartphone in browsing mode
Tentative agreement: 
· Further study the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for Smartphone in browsing mode using hand phantom, including the potential extension of QZ size, etc. 
Recommendations for 2nd round:
· Further check of the tentative agreement is agreeable. 
· Capture agreements in the WF.

	[bookmark: OLE_LINK59]Company
	Comments

	Huawei, HiSilicon
	Fine with the proposal.

	Xiaomi
	We suggest to remove the part of “extension of QZ” at this stage and further study the test method enhancement.

	Qualcomm
	OK with Tentative agreement

	OPPO
	Support the tentative agreement.

	CAICT
	[bookmark: OLE_LINK55]Support the tentative agreement. The potential “extension of QZ” is an important part of “studying the feasibility of the FR1 MIMO OTA test methodology enhancement”. 

	Apple
	We support the tentative agreement, in the context to better understand the necessity and/or priority of evaluating FR1 MIMO OTA at browsing mode with hand phantom. While free space evaluation is not completed yet.



Issue 3-1-2: Specific phantom to adopt
Tentative agreement: 
· If the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for Smartphone in browsing mode are confirmed, reuse the same hand phantom of NR TRP TRS testing, i.e., select devices wider than 72mm with the wide hand phantom description and device positioning guideline defined in Annex B.2.3 and Annex B.3.1.1 of TS 38.161, respectively. 
Recommendations for 2nd round:
· Further check of the tentative agreement is agreeable.
· Capture agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Fine with the proposal.

	Xiaomi
	This can be decided after issue 3-1-1 is concluded.

	OPPO
	Support the tentative agreement.

	CAICT
	[bookmark: OLE_LINK60]Which phantom will be adopted is important for studying the feasibility of the FR1 MIMO OTA test methodology enhancement. It should be discussed in parallel. 

	
	



Issue 3-1-3: FR1 MIMO OTA FoM for smartphone in hand phantom
Tentative agreement: 
· Further study the necessity and feasibility of the FR1 MIMO OTA test methodology enhancement for Smartphone in browsing mode using hand phantom at this stage. 
Recommendations for 2nd round:
· Further check of the tentative agreement is agreeable.
· Capture agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Fine with the proposal. Assuming the proposal is agreeable, WF could define FoM too.

	Xiaomi
	Support the tentative agreement.

	OPPO
	After concluding on the Issue 3-1-1, the FoM should be defined accordingly.

	CAICT
	RAN4 should define the FoM of FR1 MIMO OTA requirement for smartphone in hand phantom browsing mode. It is related to the feasibility of the FR1 MIMO OTA test methodology enhancement and should be discussed in parallel. 

	
	



Sub-topic 3-2 Channel model aspects for FR1 MIMO OTA
Issue 3-2: FR1 MIMO OTA for other device types
Tentative agreement: 
· Proposal 1: Maximum diagonal dimension of tablets under tests should be less than 20 cm with the same performance metrics in section 6.1 of TS 38.151. 
Recommendations for 2nd round:
· Further check of the tentative agreement is agreeable.
· Recommend the proponent of Proposal 2 to reply the question from 1st round. Then make decision on this proposal. 
· Capture agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Fine with the proposal. 
Responding the question from Samsung in round 1, the intention of proposal 2 is for tablets, albeit it could be applied to smartphones too. Perhaps proposal 2 would only be applied to tablets because applying it to smartphones retrospectively would invalidate previous results. If companies want configuration consistency between smartphones and tablets, we are happy to withdraw proposal 2.

	OPPO
	Support the tentative agreement.

	
	

	
	

	
	



Sub-topic 3-3 Channel model aspects for FR1 MIMO OTA
Issue 3-3: Channel model aspects for FR1 MIMO OTA
Tentative agreements: 
· Proposal 1: RAN4 should further clarify whether the scope is to adopt more defined channel models in Rel-16 for FR1 MIMO OTA requirements, or to define more brand-new FR1 channel models in Rel-18. The introduction of more FR1 channel models should base on operator’s request. 
· Proposal 2: RAN4 should define the unfinished power validation pass/fail limits. For FR1 MIMO OTA, define the pass/fail limits based on the available measurement results. For FR2 MIMO OTA, define the pass/fail limits based on more validation measurement results. 
Recommendations for 2nd round:
· Further check of the tentative agreements are agreeable.
· [bookmark: OLE_LINK58]Capture agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Support proposal 2. 
Regarding proposal 1, the aim of channel models is to distinguish smartphones with good performance from those with poor performance. This enables operators to select appropriate smartphone models. The current channel models achieve this aim and we do not see the need to introduce additional channel models. Besides, as pointed out by Spirent in round 1, considerable amount of work would be needed if new channel models were introduced.

	Xiaomi
	Support proposal 2.
Support not to introduce new channel model.

	Qualcomm
	Share the similar view as Xiaomi

	OPPO
	Further discussion on introducing more FR1 channel models should be based on operator’s request.
P2 is supported.

	CAICT
	We prefer to further check if there is a need to introduce more channel models rather than make decision in the first meeting. 

	Apple
	We follow Huawei HiSilicon comments on Proposal 1
We support Proposal 2.



Sub-topic 3-4 Test time reduction for FR1 MIMO OTA
Issue 3-4: Test time reduction for FR1 MIMO OTA
Tentative agreement: 
· Proposal 1: RAN4 should further study whether Minimum Number of Slots per Stream for bands <1GHz can be reduced to 10k.
Recommendations for 2nd round:
· Further check of the tentative agreements is agreeable.
· Further discuss if the study in Proposal 1 should be concluded before/after the lab alignment activity. 
· Capture agreements in the WF.

	Company
	Comments

	Apple
	Proposal 1 should have lower priority, and can be revisited (spot-check) by a sub-set of aligned labs after the lab alignment activity completion.

	
	

	
	

	
	

	
	



Topic #4: Preliminary MU assessment
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2216113
	vivo
	Views on Rel-18 MIMO OTA MU work handling
Proposal 1: FR2 MU assessment is still undefined, RAN4 should finalize this work in Rel-17 maintenance. Considering Rel-17 MIMO OTA Conformance test WI was approved in RAN5, FR2 MU work can coordinate with RAN5 to achieve a reasonable MU value to guide potential Rel-18 FR2 lab alignment activity and pass/fail limits.
Proposal 2: For other parts of MIMO OTA MU work related to FR1 and FR2 test method enhancement, e.g. phantom-based testing in FR1 (if agreed to introduce) and new measurement grid for FR2 (if agreed to introduce), they can be treated in the Rel-18 WI on top of Rel-17 conclusions.



Open issues summary
[bookmark: OLE_LINK5]Sub-topic 4-1 Views on Rel-18 MIMO OTA MU work handling
[bookmark: OLE_LINK26]Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
· Proposals
· Proposal 1: FR2 MU assessment is still undefined, RAN4 should finalize this work in Rel-17 maintenance. Considering Rel-17 MIMO OTA Conformance test WI was approved in RAN5, FR2 MU work can coordinate with RAN5 to achieve a reasonable MU value to guide potential Rel-18 FR2 lab alignment activity and pass/fail limits.
· Proposal 2: For other parts of MIMO OTA MU work related to FR1 and FR2 test method enhancement, e.g. phantom-based testing in FR1 (if agreed to introduce) and new measurement grid for FR2 (if agreed to introduce), they can be treated in the Rel-18 WI on top of Rel-17 conclusions.
· Others
· Recommended WF
· Companies are invited to share views.

Companies views’ collection for 1st round 
Open issues 
Sub-topic 4-1 Views on Rel-18 MIMO OTA MU work handling
	Company
	Comments

	Keysight Technologies
	Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
Concern with Proposal 1 as the WI approved for RAN5 is strictly for FR1, i.e., all FR2 were removed from this WI and no FR2 MU work can be done in RAN5 due to lack of requirements. The preliminary FR2 MU work will have to continue in RAN4 only.


	Apple
	Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
We support Proposals 1 and 2.
As a note for clarification. The Rel. 17 WID on UE Conformance - Multiple Input Multiple Output (MIMO) Over-the-Air (OTA) requirements for NR UEs [RP-221939], had the FR2 objectives removed based on the final outcome of FR2 MIMO OTA in the prior RAN4 Rel.17 WID. 
As soon as more progress is made in RAN4 Rel. 18 a correspondent RAN5 Rel. 18 FR2 MIMO OTA WID will be introduced. 

	Keysight Technologies
	Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
[bookmark: OLE_LINK46]We believe that the preliminary FR2 MUs in RAN4 are needed well before a RAN5 WI could be started which should be around the time requirements are defined in RAN4. 

	CAICT
	Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
Proposal 1: Agree that RAN4 should finalize preliminary FR2 MU assessment in Rel-17 maintenance. Regarding the coordination with RAN5, share similar views with Apple and Keysight. 


	Qualcomm
	Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
Agree to finalize premimanayr FR2 MU in RAN4 since the FR2 part has been removed in RAN5 conformance WI as mentioned by companies.

	vivo
	Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
OK to do this work in RAN4 if interested companies would like to share efforts and analysis on this topic in RAN4.
We would like to highlight that FR2 measurement results will be considered in the hybrid approach, so MU of FR2 MIMO OTA is important, should be finalized before that.


 
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# 4-1 Views on Rel-18 MIMO OTA MU work handling
	Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
Tentative agreements:
· RAN4 should finalize preliminary FR2 MU assessment in Rel-17 maintenance. 
· For other parts of MIMO OTA MU work related to FR1 and FR2 test method enhancement, e.g. phantom-based testing in FR1 (if agreed to introduce) and new measurement grid for FR2 (if agreed to introduce), they can be treated in the Rel-18 WI on top of Rel-17 conclusions.
Recommendations for 2nd round:
· Check if the tentative agreements are agreeable. 




Discussion on 2nd round 
Sub-topic 4-1 Views on Rel-18 MIMO OTA MU work handling
Issue 4-1: Views on Rel-18 MIMO OTA MU work handling
Tentative agreements:
· RAN4 should finalize preliminary FR2 MU assessment in Rel-17 maintenance. 
· For other parts of MIMO OTA MU work related to FR1 and FR2 test method enhancement, e.g. phantom-based testing in FR1 (if agreed to introduce) and new measurement grid for FR2 (if agreed to introduce), they can be treated in the Rel-18 WI on top of Rel-17 conclusions.
Recommendations for 2nd round:
· Check if the tentative agreements are agreeable. 
· Capture agreements in the WF.

	Company
	Comments

	Qualcomm
	We are OK with Tentative agreements

	Apple
	We support both the tentative agreements. 

	
	

	
	

	
	



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

	[bookmark: _Hlk116989715]
	WF on NR MIMO OTA enhancement 
	CAICT
	

	
	
	
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2215321
	
	on MIMO OTA tests for tablets and smartphones in browsing mode
	Huawei Tech.(UK) Co.. Ltd
	Noted
	

	R4-2215542
	
	On FR2 Requirements Framework and Correlation between Simulations and Measurements
	Keysight Technologies UK Ltd
	Noted
	

	R4-2215657 (reserved)
	
	On FR2 MIMO OTA test methodology enhancement
	Apple
	Return to
	

	R4-2215705
	
	Necessity and feasibility of hand phantom MIMO OTA test method
	Samsung
	Noted
	

	R4-2216077
	
	Discussion on FR2 MIMO OTA test methodology enhancement
	Huawei,HiSilicon
	Noted
	

	R4-2216111
	
	Discussions on FR2 MIMO OTA enhancement
	vivo
	Noted
	

	R4-2216112
	
	Discussions on FR1 MIMO OTA enhancement
	vivo
	Noted
	

	R4-2216113
	
	Views on Rel-18 MIMO OTA MU work handling
	vivo
	Noted
	

	R4-2216170
	
	on the FR1 MIMO OTA test methodology enhancement
	Xiaomi
	Noted
	

	R4-2216171
	
	on the FR2 MIMO OTA test methodology enhancement
	Xiaomi
	Noted
	

	[bookmark: _Hlk116989826]R4-2216357
	R4-2217460
	Work plan for Rel-18 NR MIMO OTA WI
	CAICT
	To be Revised
	

	R4-2216358
	
	Discussion on FR1 MIMO OTA testing for hand phantom browsing mode
	CAICT
	Noted
	

	R4-2216359
	
	Views on the framework for FR2 MIMO OTA requirements
	CAICT
	Noted
	

	R4-2216413
	
	Discussion on FR2 MIMO OTA requirements
	Qualcomm Incorporated
	Noted
	

	R4-2216448
	
	Views on the framework for FR2 MIMO OTA requirement development
	OPPO
	Noted
	

	R4-2216449
	
	FR1 MIMO OTA in browsing mode
	OPPO
	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 
[bookmark: OLE_LINK63]
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2217461
	
	WF on NR MIMO OTA enhancement 
	CAICT
	Agreeable
	

	R4-2217460
	
	Work plan for Rel-18 NR MIMO OTA WI
	CAICT
	Agreeable
	

	R4-2215657
	
	On FR2 MIMO OTA test methodology enhancement
	Apple
	Withdrawn
	

	
	
	
	
	
	



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
image1.emf
GSA-GAMBoD-r esults-FR2 devices.xlsx


GSA-GAMBoD-results-FR2 devices.xlsx
Phone 5G-mmW (57)

		Vendor		Model		Form Factor		Frequencies		Fallbacks		Support		Technology		Status		Availability

		TCL		30 V 5G		Phone		b4, b5, b46, b48, b66, n260, n261, n77, n38, n66, n5, mmWave, b13, b2, b12, n2, n48		HSPA, LTE, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Samsung		310 5G CPE (SFG-D0100)		Indoor CPE		n261, mmWave						5G		Commercial

		Seiko Solutions		5G CPE		Indoor CPE		b41, n257, mmWave		LTE, VoLTE		VoLTE, 5G NSA, Voice over New Radio (VoNR)		5G		Commercial		2021 - Q1

		Huawei		5G CPE 2.0 Outdoor mmWave		Outdoor CPE		n257, mmWave				5G NSA, 5G SA (Sub-6 GHz)		5G		Commercial

		Jaton Technology		5G CPE JT3900V		Indoor CPE		mmWave, Not declared, Awaiting confirmation		Not declared				5G		Pre-commercial

		Oppo		5G CPE Omni		Indoor CPE		n78, n3, n41, n20, n1, n71, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, n2, n8, n25, Sub-6 GHz		LTE		MIMO 4x4, 3GPP Release 15, 5G NSA, eSIM, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q1

		Guangzhou Tozed Kangwei Technology		5G Dongle ZLT X01		USB modem		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA, 2G		DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		Arcadyan		5G FWA CPE (device name to be confirmed)		Indoor CPE		mmWave, Sub-6 GHz, Awaiting confirmation						5G		Pre-commercial		2021

		Quanta Computer		5G FWA CPE (device name to be confirmed)		Indoor CPE		mmWave, Sub-6 GHz, Awaiting confirmation		LTE				5G		Pre-commercial		2020

		Sagemcom		5G FWA CPE (device name to be confirmed)		Indoor CPE		mmWave, Sub-6 GHz, Awaiting confirmation		LTE				5G		Pre-commercial		2020

		AsiaTelco (ATEL)		5G H520		Indoor CPE		mmWave, Not declared, Awaiting confirmation		Not declared				5G		Pre-commercial

		WNC (Wistron NeWeb Corporation)		5G Indoor/outdoor high power CPE		Indoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		Not declared				5G		Commercial

		Phoenix Contact, Quectel and Ericsson		5G Industrial Router		Industrial-grade CPE/router/gateway		mmWave, Sub-6 GHz, Awaiting confirmation		LTE		5G SA (Sub-6 GHz)		5G		Pre-commercial		2020

		AsiaTelco (ATEL)		5G JW520 (mmWave)		Outdoor CPE		mmWave, Not declared, Awaiting confirmation		Not declared				5G		Pre-commercial

		Inseego		5G MiFi M1000 (Verizon)		Battery operated hotspot		b4, b5, b66, n260, n261, mmWave, b13, b2, 3500 CBRS b48		LTE, 3G/WCDMA		MIMO 4x4, DL UE-Cat 20, 5G NSA, CBRS, Certified by GCF, NR CA		5G		Commercial		2019 - Q3

		Inseego		5G MiFi M1100 (Global)		Battery operated hotspot		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		MIMO 4x4, DL UE-Cat 20, 3GPP Release 15, 5G NSA, NR CA		5G		Commercial		2019 - Q4

		Inseego		5G MiFi M2000 (Global - M2000A/C/D)		Battery operated hotspot		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, HSPA+, 3G/WCDMA		MIMO 4x4, 256QAM (DL), 5G NSA, DL UE-Cat 22, DSS (Dynamic Spectrum Sharing), Certified by GCF		5G		Commercial		2020

		Inseego		5G MiFi M2100 UW for Verizon		Battery operated hotspot		b3, b28, b1, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b17, b2, b12, b14, 3500 CBRS b48, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA		MIMO 4x4, 256QAM (DL), LAA, 5G NSA, DL UE-Cat 22, CBRS, DSS (Dynamic Spectrum Sharing), Certified by GCF		5G		Commercial		2020 - Q3

		Wavetel Technology		5G mmWave CPE (name tbc)		Indoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		VoLTE, 5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial

		Qucell		5G mmWave Small Cell		Femtocell		n257, mmWave, Not declared		Not declared		5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial

		Linksys		5G Modem		Indoor CPE		mmWave, Sub-6 GHz, Awaiting confirmation		LTE		3GPP Release 15, 5G NSA		5G		Pre-commercial		2020

		Jaton Technology		5G NR CPE JT8900D		Outdoor CPE		n260, n258, n257, n261, mmWave, Not declared				Ruggedised, DL UE-Cat 20		5G		Pre-commercial

		Gemtek Technology		5G NR HE Outdoor CPE (mmWave)		Outdoor CPE		n260, n258, n257, n261, mmWave, Not declared		LTE		MIMO 4x4, DL UE-Cat 20, 3GPP Release 15, 5G NSA, UL UE Cat-18, 5G SA (Sub-6 GHz)		5G		Pre-commercial

		WNC (Wistron NeWeb Corporation)		5G NR Mobile Hotspot		Battery operated hotspot		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation						5G		Commercial

		WNC (Wistron NeWeb Corporation)		5G NR Outdoor CPE		Outdoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation						5G		Pre-commercial

		Samsung		5G Outdoor CPE		Outdoor CPE		n261, mmWave						5G		Commercial		2019

		MeiG		5G SRT851		Indoor CPE		b3, b28, b1, b7, b4, b20, b5, b30, b71, b66, b18, n78, n260, n258, n41, n71, n261, n79, n77, n66, n5, mmWave, b13, b17, b2, b12, b14, b29, n2, n12, Sub-6 GHz		LTE, 3G/WCDMA		MIMO 4x4, 256QAM (DL), DL UE-Cat 20, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q3

		MeiG		5G SRT853-1		Outdoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE		5G NSA, 5G SA (Sub-6 GHz)		5G

		MeiG		5G SRT853-2		Outdoor CPE		b3, b8, b28, b1, b41, n258, n41, mmWave, Sub-6 GHz		LTE		5G NSA, 5G SA (Sub-6 GHz)		5G

		MeiG		5G SRT853-3		Outdoor CPE		b3, b8, b28, b1, b41, n258, n41, mmWave, Sub-6 GHz		LTE		5G NSA, 5G SA (Sub-6 GHz)		5G

		MeiG		5G SRT856S		Indoor CPE		mmWave, Sub-6 GHz, Awaiting confirmation		LTE		5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial

		Telstra		5G Wi-Fi Pro		Router		b3, b8, b28, b1, b7, n78, n258, n7, n5		LTE		DL UE-Cat 20, 5G sub 6 GHz, 5G mmWave		5G		Commercial

		Fujikura		60 GHz mmWave Module		Module		mmWave, 66-71 GHz						5G		Pre-commercial		2021 - Q4

		Acer		Acer Spin 7 5G (SP714-61NA-S1QA)		Notebook		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE				5G		Commercial		2021 - Q1

		BEC Technologies		AirConnect 8120 5G CPE		Indoor CPE		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n48		LTE		LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial		2021 - Q3

		BEC Technologies		AirConnect 8240 5G CPE		Outdoor CPE		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n48		LTE		LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial		2021 - Q3

		Sierra Wireless		AirPrime EM9190		Module		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, b21, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n48		LTE, 3G/WCDMA		LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, Dual SIM 4G+5G, 5G SA (Sub-6 GHz), DSS (Dynamic Spectrum Sharing), Certified by GCF		5G		Commercial		2020 - Q3

		APAL (Palcom)		APAL 5G MR glasses		Wearable device		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		Not declared				5G		Pre-commercial

		Sharp		Aquos R5G SH-51A for NTT DoCoMo		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b17, b2, b12, Sub-6 GHz		LTE		VoLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, 3GPP Release 15, 5G NSA, UL UE Cat-13		5G		Commercial		2020 - Q1

		Sharp		Aquos Zero6 for Softbank		Phone		b3, b8, b1, b7, b38, b4, b41, b42, b5, b18, n78, n3, n257, n28, n77, mmWave, b17, b2, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, DL UE-Cat 15		5G		Commercial		2021 - Q4

		FCNT (Fujitsu)		Arrows 5G F-51A for NTT DoCoMo		Phone		b40, b3, b28, b1, b7, b38, b4, b41, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, UL UE Cat-13, Certified by GCF, GCF certified		5G		Commercial		2020 - Q3

		Casa Systems (Netcomm)		AurusAI CFW-2491		Outdoor CPE		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, Sub-6 GHz		LTE		DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz)		5G		Commercial		2021

		Casa Systems (Netcomm)		AurusAI CFW-2591		Outdoor CPE		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b30, b71, b39, b66, b18, b19, n78, n3, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, Sub-6 GHz		LTE		DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz)		5G		Commercial		2021

		Rakuten		BIG s 5G		Phone		b3, b1, b7, b38, b4, b41, b42, b5, b18, b19, n257, n77, b17, b12, b26		LTE, 2G, 3G		5G sub 6 GHz, 5G mmWave		5G		Commercial

		Thales (Gemalto)		Cinterion MV31-W		Module		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, eSIM, UL UE Cat-13, Dual SIM 4G+5G, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial

		Kyocera		DuraForce Ultra 5G UW for Verizon		Phone		b3, b1, b7, b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		DL UE-Cat 11, PTT, Ruggedised, MCPTT over LTE, 3GPP Release 15, CBRS, Certified by GCF		5G		Commercial		2021 - Q1

		Kyocera		DuraSport 5G UW		Phone		b3, b1, b7, b4, b5, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		PTT, Ruggedised, CBRS, GCF certified		5G		Commercial		2021 - Q4

		D-Link		DWP-1020 5G NR Outdoor CPE		Outdoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		5G NSA		5G		Commercial		2020

		D-Link		DWR-2010		Indoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE		VoLTE, 3GPP Release 15, 5G NSA		5G		Commercial		2020 - Q2

		Pivotal		Echo 5G 28GHz		Repeater		n261, mmWave, Not declared		LTE		Cat M1 (eMTC), 3GPP Release 15, 5G NSA, 5G SA (mmWave)		5G		Commercial		2020 - Q1

		Pivotal		Echo 5G 39GHz		Repeater		n260, mmWave, Not declared		LTE		Cat M1 (eMTC), 3GPP Release 15, 5G NSA, 5G SA (mmWave)		5G		Commercial		2020 - Q2

		Fibocom		FB101		Module		mmWave, Sub-6 GHz						5G		Commercial

		Fibocom		FG100		Module		mmWave, Sub-6 GHz		LTE, 3G/WCDMA		5G NSA, 5G SA (Sub-6 GHz)		5G		Commercial		2020

		Fibocom		FG160W		Module		mmWave, Not declared, Awaiting confirmation		LTE		5G NSA, 5G SA (Sub-6 GHz), 3GPP Release 16, NR CA		5G		Commercial

		Lenovo		Flex 5G (US for Verizon)		Notebook		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n28, n79, n77, n38, n66, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, Sub-6 GHz		LTE, 3G/WCDMA		LAA, 5G NSA, CBRS		5G		Commercial		2020 - Q2

		Fibocom		FM160W		Module		mmWave, Not declared, Awaiting confirmation		LTE		5G NSA, 5G SA (Sub-6 GHz), 3GPP Release 16, NR CA		5G		Pre-commercial

		Telit		FN980m		Module		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, Sub-6 GHz, n48		LTE, HSPA+, 3G/WCDMA, VoLTE		MIMO 4x4, 256QAM (DL), LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 256QAM (UL), Voice over New Radio (VoNR), CBRS, UL UE-Cat 15, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q4

		Samsung		Galaxy A51 5G UW (Verizon)		Phone		b4, b5, b66, n260, n261, mmWave, b13, b2		LTE, 3G/WCDMA, 2G		VoLTE		5G		Commercial		2020 - Q3

		Samsung		Galaxy A71 5G UW for Verizon		Phone		b3, b28, b7, b4, b20, b5, b66, n260, n261, mmWave, b13, b2, b12		LTE, 3G/WCDMA, 2G		Certified by GCF		5G		Commercial		2020 - Q3

		Samsung		Galaxy S10 5G (Variant 1)		Phone		b46, n78, n260, n257, mmWave, L band b32, L band b24, 3500 CBRS b48, Sub-6 GHz		LTE, DC-HSPA+, 2G, VoLTE		MIMO 4x4, LAA, Enhanced Voice Services (EVS), DL UE-Cat 20, 7CA, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2019 - Q2

		Samsung		Galaxy S10 5G (Variant 2)		Phone		n260, n257, mmWave, 3500 CBRS b48, Sub-6 GHz		LTE, 3G/WCDMA, 2G		5G NSA, CBRS, Certified by GCF		5G		Commercial		2019 - Q2

		Samsung		Galaxy S20 5G (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n71, mmWave, b13, b2, b25, b12, b26, 3500 CBRS b48, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, CBRS, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy S20 Plus (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n260, n71, n261, mmWave, b13, b2, b25, b12, b26, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy S20 Ultra (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n260, n71, n261, mmWave, b13, b2, b25, b12, b26, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy Tab S7 5G		Tablet PC		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE		DL UE-Cat 20, 6CA, Certified by GCF		5G		Commercial		2020 - Q3

		Thales (Gemalto)		Gemalto MV31-W		Module		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n28, n79, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12		LTE, 2G, 3G		5G SA, 5G NSA, 5G sub 6 GHz, 5G mmWave, 5G SA (Sub-6 GHz)		5G

		Foxconn		Google Pixel 4a 5G G6QU3 (Verizon)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n260, n71, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n12, n25, Sub-6 GHz		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, CBRS, eSIM		5G		Commercial		2020

		Foxconn		Google Pixel 5 GD1YQ (US/FI)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n1, n71, n261, n28, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, Sub-6 GHz		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, CBRS, eSIM		5G		Commercial		2020

		Foxconn		Google Pixel 6 (G9S9B)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q4

		Foxconn		Google Pixel 6 Pro (G8VOU)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q4

		Gosuncn Technology Group		GosuncnWelink GW2200		Battery operated hotspot		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE		DL UE-Cat 20, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial		2021

		Gosuncn Technology Group		GosuncnWelink GW3200		Indoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE		DL UE-Cat 20, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial		2021

		Gosuncn Technology Group		GosuncnWelink GW5000		Outdoor CPE		mmWave, Sub-6 GHz, Awaiting confirmation		LTE		DL UE-Cat 20, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial		2021

		E-Lins Technology		H685f 5G		Industrial-grade CPE/router/gateway		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b31, b46, b30, b39, b66, b18, b19, b21, n78, n3, n41, n257, n20, n1, n71, n261, n28, n79, n77, n66, n7, b72, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, b9, L band b32, L band b24, 3500 CBRS b48, n2, n8, Sub-6 GHz		LTE, DC-HSPA+, HSPA, HSPA+, 3G/WCDMA		Ruggedised, LAA, 5G NSA, DL UE-Cat 22, CBRS, eSIM, 5G SA (Sub-6 GHz)		5G		Commercial		2021

		E-Lins Technology		H900f 5G		Industrial-grade CPE/router/gateway		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b31, b46, b30, b39, b66, b18, b19, b21, n78, n3, n41, n257, n20, n1, n71, n261, n28, n79, n77, n66, n7, b72, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, b9, L band b32, L band b24, 3500 CBRS b48, n2, n8, Sub-6 GHz		LTE, DC-HSPA+, HSPA, HSPA+, 3G/WCDMA		Ruggedised, LAA, 5G NSA, DL UE-Cat 22, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2021

		Sercomm		Indoor 5G mmWave small cell		Femtocell		n257, n261, mmWave, Not declared		Not declared		3GPP Release 15, 5G NSA		5G

		Apple		iPad Pro 11 inch 3rd gen A2301		Tablet PC		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q2

		Apple		iPad Pro 12.9 inch 5th gen A2379		Tablet PC		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q2

		Apple		iPhone 12 A2172 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Mini A2176 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Pro A2341 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Pro Max A2342 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 13 A2482 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Mini A2481 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Pro A2483 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Pro Max A2484 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b44, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 14 A2649		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n29, n53, n66		HSPA, LTE, EV-DO, 2G, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Plus A2632		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n29, n53, n66		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Plus A2885		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b21, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b34, n2, n8, n12, n25, n30, n48, n26, n29, n53, n66		EV-DO, 2G, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz)		5G		Commercial

		Apple		iPhone 14 Pro A2650		Phone		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n13, n29, n53, n66		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Pro Max A2651		Phone		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b43, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n8, n12, n25, n14, n30, n48, n26, n29, n53		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Samsung		Link Cell		Indoor CPE		mmWave, Not declared, Awaiting confirmation		Not declared				5G

		ZTE		MC8020		Indoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		Not declared		5G NSA, 5G SA (Sub-6 GHz)		5G		Commercial

		Lenovo		Motorola 5G Moto Mod		5G phone adapter		b4, b5, b46, b66, n260, n261, mmWave, b13, b2, 3500 CBRS b48		LTE		LAA, DL UE-Cat 20, CBRS		5G		Commercial

		Motorola Mobility		Motorola Edge 30 Pro		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b48, b71, b39, b66, n78, n260, n41, n71, n261, n77, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n12, n25, n30, n48, n26				5G SA, 5G NSA, 5G mmWave, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Lenovo		Motorola Edge Plus		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, n78, n260, n41, n71, n261, n77, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, b29, 3500 CBRS b48, b34, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		LAA, DL UE-Cat 22, CBRS, UL UE Cat-18, Certified by GCF		5G		Commercial		2020

		Lenovo		Motorola Moto Z 2nd Gen Force with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola Moto Z 3rd Gen with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola Moto Z 4th Gen with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola One 5G UW		Phone		b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		5G NSA		5G		Commercial		2020 - Q4

		Lenovo		Motorola One 5G UW Ace		Phone		b3, b8, b1, b7, b4, b20, b5, b66, n260, n261, n77, n66, n5, mmWave, b13, b17, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE		CBRS		5G		Commercial		2021

		KonnectONE		Moxee Bedrock		Phone		b4, b41, b5, b46, b71, b66, n260, n41, n261, n66, n7, mmWave, b2, b25, b12, b26, n2, n25, Sub-6 GHz		LTE, 3G/WCDMA		DL UE-Cat 18, 3GPP Release 15, 5G NSA		5G		Pre-commercial

		ZTE		MU5002		Router		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b5, b39, n78, n3, n258, n41, n257, n20, n1, n40, n28, n77, n38, n7, n5, n8		LTE, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Fastweb		NeXXt Casa Internet Box		Indoor CPE		mmWave, Not declared, Awaiting confirmation		Not declared				5G		Commercial

		Netgear		Nighthawk 5G Hotspot (MR5000)		Battery operated hotspot		b4, b5, b46, b30, b66, n260, mmWave, b2, b12, b14, b29		LTE		MIMO 4x4, 256QAM (DL), LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, NR CA		5G		Commercial		2020

		Netgear		Nighthawk M5 5G Hotspot Pro (MR5200)		Battery operated hotspot		b3, b1, b7, b4, b5, b46, b30, b66, mmWave, b17, b2, b12, b14, b29, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		MIMO 4x4, 256QAM (DL), LAA, 5G NSA, DL UE-Cat 22		5G		Commercial		2020 - Q4

		Netgear		Nighthawk M6 Pro		Battery operated hotspot		b3, b1, b7, b4, b5, b46, b30, b48, b66, n78, n260, n77, n38, n66, n5, b2, b12, b14, b29, n2, n12, n14, n30, n29		LTE, 3G		DL UE-Cat 20, 5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Netgear		Nighthawk MR5100 for AT&T		Battery operated hotspot		b3, b1, b7, b4, b5, b46, b30, b66, n260, n66, n5, mmWave, b2, b12, b14, b29, 3500 CBRS b48, n2, n12, Sub-6 GHz		LTE, 3G/WCDMA		256QAM (DL), LAA, 5G NSA, CBRS, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		HMD		Nokia 5G mmWave hotspot (name tbc)		Battery operated hotspot		mmWave, Not declared, Awaiting confirmation		LTE		Ruggedised		5G		Pre-commercial

		HMD		Nokia 8 V 5G UW		Phone		b3, b28, b1, b7, b4, b20, b5, b46, b66, n78, n260, n261, n66, n5, mmWave, b13, b17, b2, b12, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, 5G NSA, Dual SIM 4G+5G, Certified by GCF		5G		Commercial		2020 - Q4

		OnePlus		OnePlus 8 5G UW		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b71, b39, b66, b18, b19, n260, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, 3500 CBRS b48, n2, Sub-6 GHz				VoLTE, LAA, 3GPP Release 15, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q2

		OnePlus		OnePlus 9 Pro 5G (NA)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b26, L band b32, L band b24, 3500 CBRS b48, n2, n8, n25, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz)		5G		Commercial		2021 - Q3

		Reliance Communications		Orbic Myra UW (R678L5)		Phone		b4, b5, b46, b66, n260, n261, mmWave, b13, b2, b12		LTE, 3G/WCDMA		LAA, Certified by GCF, GCF certified		5G		Commercial

		Maxcomm		OWR-203 (Japan)		Outdoor CPE		b3, b8, b28, b1, b41, b42, b18, b19, b11, b21, n78, n3, n257, n28, n79, n77, mmWave, b26, Sub-6 GHz		LTE, 3G/WCDMA		MIMO 4x4, 256QAM (DL), DL UE-Cat 20		5G

		Maxcomm		OWR-203 (NA)		Outdoor CPE		b7, b4, b41, b5, b46, b30, b71, b66, n78, n260, n258, n41, n71, n261, n77, n66, n7, n5, mmWave, b13, b2, b25, b12, b14, b26, b29, 3500 CBRS b48, n2, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, 3G/WCDMA		MIMO 4x4, 256QAM (DL), LAA, DL UE-Cat 20, CBRS		5G

		Maxcomm		OWR-203 (South Korea)		Outdoor CPE		b3, b8, b1, b7, b5, n78, n3, n257, n1, mmWave, n8, Sub-6 GHz		LTE, 3G/WCDMA		MIMO 4x4, 256QAM (DL), DL UE-Cat 20		5G

		Google		Pixel 6a		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b30, b48, b71, b39, b66, b18, b19, b32, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n8, n12, n25, n30, n48		HSPA, EV-DO, LTE, 3G/WCDMA, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		ZTE		Pocket WiFi 5G A004ZT for Softbank		Battery operated hotspot		b3, b8, b28, b1, b4, b41, b42, n257, n77, mmWave, b17, b2, b12, Sub-6 GHz		LTE, 3G/WCDMA		DL UE-Cat 16		5G		Commercial		2021 - Q1

		Asus		Qualcomm EXP21		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, Awaiting confirmation, n14, n30, n18, n48, n46, n26		LTE, DC-HSPA+, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 6CA, 5G NSA, CBRS, UL UE Cat-13, Dual SIM 5G+5G, 5G SA (Sub-6 GHz), GCF certified		5G		Commercial		2021 - Q3

		ModalAI		Qualcomm Flight RB5 5G		Drone		mmWave, 3500 CBRS b48, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA, 2G		3GPP Release 15, CBRS		5G		Pre-commercial

		Inseego		R1000 Home Router (Verizon Home Router 1A)		Indoor CPE		mmWave				VoLTE, MIMO 4x4		5G		Commercial		2018 - Q3

		Quectel		RG510Q		Module		mmWave, Sub-6 GHz				3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial		2020

		Quectel		RG520F-NA		Module		b7, b38, b4, b41, b42, b43, b5, b46, b30, b71, b66, n78, n260, n258, n41, n257, n71, n261, n77, n38, n70, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, 3500 CBRS b48, n2, n12, n25, Sub-6 GHz, n14, n30, n48, n26		LTE		VoLTE, MIMO 4x4, LAA, DL UE-Cat 20, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz), 3GPP Release 16		5G		Commercial		2021 - Q4

		Quectel		RG530F-EU		Module		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b5, b32, n78, n3, n260, n258, n41, n257, n20, n1, n261, n40, n28, n77, n38, n7, n5, n8, n259		LTE, 3G/WCDMA		MIMO 4x4, DL UE-Cat 20, 5G SA, 5G NSA, 5G SA (Sub-6 GHz), 3GPP Release 16, 5G SA (mmWave)		5G

		Quectel		RG530F-NA		Module		b7, b38, b4, b41, b42, b43, b5, b46, b30, b48, b71, b66, n78, n260, n258, n41, n257, n71, n261, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n12, n14, n30, n48, n259, n13, n29		LTE		DL UE-Cat 20, 5G SA, 5G NSA, 5G SA (Sub-6 GHz), 3GPP Release 16, 5G SA (mmWave)		5G		Commercial

		Quectel		RM510Q-GL		Module		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n48		LTE, 3G/WCDMA		VoLTE, MIMO 4x4, LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020

		Quectel		RM530F		Module		mmWave, Sub-6 GHz, Awaiting confirmation		Not declared		3GPP Release 16		5G		Pre-commercial

		Quectel		RM530N-GL		Module		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n66, n7, n75, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, n76, Sub-6 GHz, n14, n30, n48, n26		LTE, 3G/WCDMA		VoLTE, MIMO 4x4, LAA, DL UE-Cat 19, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz), 3GPP Release 16		5G		Pre-commercial

		ASKEY Computer Corp		RTL0200 5G NR CPE		Indoor CPE		b3, b8, b28, b1, b7, b38, b20, n78, n260, n257, n261, n79, n77, mmWave, L band b32, L band b24, Sub-6 GHz		LTE		DL UE-Cat 20, 3GPP Release 15, 5G NSA		5G		Commercial

		ASKEY Computer Corp		RTL0300 5G NR ODU		Outdoor CPE		n260, n257, n261, mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE		DL UE-Cat 20, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial

		Broadmobi		RX60		Indoor CPE		mmWave, Not declared, Awaiting confirmation		LTE, 3G/WCDMA, 2G		3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz)		5G		Pre-commercial

		Compal		RXL-G1		Module		b3, b8, b28, b1, b7, b38, b20, mmWave, L band b32, L band b24, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		MIMO 4x4, DL UE-Cat 20, 3GPP Release 15, 5G NSA, Dual SIM 4G+5G, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020

		Compal		RXM-G1		Module		b3, b8, b28, b1, b7, b38, b20, mmWave, L band b32, L band b24, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		MIMO 4x4, 3GPP Release 15, 5G NSA, CBRS, Dual SIM 4G+5G, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020

		ASKEY Computer Corp		SCE1000 (MMWAVE SMALL CELL)		Femtocell		n257		Not declared, VoLTE		VoLTE, 3GPP Release 15, 5G NSA		5G		Commercial

		Razer		Sila 5G		Indoor CPE		mmWave, Sub-6 GHz, Awaiting confirmation		LTE		3GPP Release 15, 5G NSA		5G		Commercial

		Sunsea AIoT (Longsung, Simcom)		Simcom Wireless SIM8300		Module		mmWave, Sub-6 GHz						5G		Pre-commercial

		Sunsea AIoT (Longsung, Simcom)		Simcom Wireless SIM8300G-M2		Module		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, VoLTE		LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, Voice over New Radio (VoNR), CBRS, 5G SA (Sub-6 GHz)		5G		Commercial

		Asus		Snapdragon Insiders		5G phone adapter		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b48, b71, b39, b66, b18, b19, b11, b21, b32, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n18, n48, n46, n26, n13		DC-HSPA+, HSPA+, LTE, 3G/WCDMA, 2G		DL UE-Cat 20, 5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Sharp		Speed Wi-Fi 5G X01		Battery operated hotspot		n257, mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		MIMO 4x4, 3GPP Release 15, 5G NSA		5G		Commercial		2020 - Q1

		MeiG		SRM815W		Module		mmWave, Awaiting confirmation						5G		Pre-commercial		2020 - Q4

		MeiG		SRM825W-EA		Module		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b5, b39, b18, b19, n78, n3, n258, n41, n257, n1, n40, n28, n79, n77, mmWave, L band b32, L band b24, b34, Sub-6 GHz		LTE, DC-HSPA+, 3G/WCDMA, VoLTE		MIMO 4x4, 256QAM (DL), DL UE-Cat 20, 3GPP Release 15, 5G NSA, Voice over New Radio (VoNR), 5G SA (Sub-6 GHz)		5G		Commercial		2021

		MeiG		SRM825W-EU		Module		b40, b3, b8, b28, b1, b7, b38, b20, b5, b46, n78, n3, n258, n257, n20, n1, n40, n28, n38, n7, n5, mmWave, L band b32, L band b24, n8, Sub-6 GHz		LTE, DC-HSPA+, 3G/WCDMA, VoLTE		VoLTE, MIMO 4x4, 256QAM (DL), LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, Voice over New Radio (VoNR), 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		MeiG		SRM825W-KR		Module		b3, b8, b28, b1, b7, b5, n78, n257, mmWave, Sub-6 GHz		LTE, DC-HSPA+, 3G/WCDMA, VoLTE		VoLTE, MIMO 4x4, 256QAM (DL), DL UE-Cat 20, 3GPP Release 15, 5G NSA, Voice over New Radio (VoNR), 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		MeiG		SRM825W-NA		Module		b7, b4, b41, b42, b43, b5, b46, b30, b71, b66, n78, n260, n258, n41, n71, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, 3500 CBRS b48, n2, n12, n25, Sub-6 GHz, n48		LTE, DC-HSPA+, 3G/WCDMA, VoLTE		VoLTE, MIMO 4x4, 256QAM (DL), LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, Voice over New Radio (VoNR), CBRS, UL UE-Cat 15, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		MeiG		SRM827		Module		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		3GPP Release 16		5G		Pre-commercial

		MeiG		SRM827W		Module		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		3GPP Release 16		5G		Pre-commercial

		TCL		TCL 10 5G UW (T790S)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, LAA, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q4

		TCL		TCL 30 V 5G		Phone		b4, b5, b46, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, HSPA, 3G/WCDMA, 2G		5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial		2022 - Q1

		TCL		TCL TAB Pro 5G		Tablet PC		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		LAA, CBRS		5G		Commercial		2021

		ZTE		Telstra 5G WiFi Pro (ZTE MU500)		Battery operated hotspot		b3, b8, b28, b1, b7, n78, n258, n7, n5, mmWave, Sub-6 GHz		LTE, 3G/WCDMA		DL UE-Cat 20		5G		Commercial		2020

		Tri Cascade Inc		Tritom SG500M2-X		Module		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n28, n79, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA		MIMO 4x4, LAA, DL UE-Cat 20, 3GPP Release 15, 5G NSA, CBRS, UL UE Cat-13, 5G SA (Sub-6 GHz), NR FR2 CA, NR CA		5G

		Thundercomm		TurboX T55MM-EA SoM (M.2)		Module		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b5, b39, b18, b19, n78, n260, n258, n41, n257, n261, n28, n79, n77, mmWave, b26, L band b32, L band b24, b34, Sub-6 GHz		LTE, 3G/WCDMA		MIMO 4x4, DL UE-Cat 20, 5G NSA, 5G SA (Sub-6 GHz), NR UL 2CC, NR CA, 8CA		5G

		LG		V50 ThinQ (Verizon)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, mmWave, b13, b2, 3500 CBRS b48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, Enhanced Voice Services (EVS), CBRS		5G		Commercial		2019 - Q2

		LG		V50S ThinQ 5G		Phone		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		5G NSA		5G		Commercial		2019 - Q4

		LG		V60 ThinQ 5G UW		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, mmWave, b13, b2, b12, 3500 CBRS b48		LTE, 3G/WCDMA		VoLTE, LAA, 3GPP Release 15, 5G NSA, CBRS		5G		Commercial		2020 - Q1

		LG		V60 ThinQ LG-51A (Japan)		Phone		b40, b3, b28, b1, b7, b38, b4, b41, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, ViLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, 3GPP Release 15, 5G NSA		5G		Commercial		2020 - Q2

		LG		Velvet 5G UW for Verizon		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n78, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		Ruggedised, LAA, 3GPP Release 15, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q3

		WNC (Wistron NeWeb Corporation)		Verizon 5G Home Router 1B (LV55/LRV5-100)		Indoor CPE		b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, 3500 CBRS b48, n2, Sub-6 GHz		LTE		DL UE-Cat 16, CBRS		5G		Commercial

		Cradlepoint		W4005-5GB Wideband Adapter		Industrial-grade CPE/router/gateway		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n48		LTE, 3G/WCDMA		Ruggedised, MIMO 4x4, 256QAM (DL), LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, CBRS, 64 QAM (UL), Dual SIM 4G+5G		5G		Commercial		2021 - Q2

		Inseego		Wavemaker FG2000 (Global)		Indoor CPE		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, HSPA+, 3G/WCDMA		VoLTE, MIMO 4x4, 256QAM (DL), DL UE-Cat 22, Certified by GCF		5G		Pre-commercial		2021

		Inseego		Wavemaker FW2010		Outdoor CPE		mmWave, Not declared, Awaiting confirmation		Not declared		Certified by GCF		5G		Pre-commercial		2021

		Inseego		Wavemaker Pro FW2010e		Outdoor CPE		mmWave, Not declared, Awaiting confirmation		Not declared				5G		Pre-commercial

		Inseego		Wavemaker Pro S2000e (Sub6 and mmWave)		Industrial-grade CPE/router/gateway		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE		MIMO 4x4, 5G NSA, DL UE-Cat 22, Dual SIM 4G+5G, 5G SA (Sub-6 GHz), DSS (Dynamic Spectrum Sharing), Certified by GCF		5G		Commercial		2021 - Q3

		Sharp		WiFi Station SH-52A		Battery operated hotspot		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b17, b2, b12, Sub-6 GHz		LTE, 3G/WCDMA		DL UE-Cat 20, UL UE Cat-13		5G		Commercial		2020 - Q3

		LG		WING (Global)		Phone		b3, b8, b28, b1, b7, b4, b20, b5, b46, b66, mmWave, b13, b2, b12, 3500 CBRS b48, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA, 2G		LAA, CBRS, Dual SIM 4G+5G, Certified by GCF		5G		Commercial		2020 - Q4

		LG		WING (NA for Verizon)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, LAA, CBRS		5G		Commercial		2020 - Q4

		Sony Mobile		Xperia 1 IV		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b48, b71, b39, b66, b19, b32, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b26, b29, b34, n2, n8		HSPA, LTE, 2G		5G SA, 5G NSA, 5G mmWave, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		Sony Mobile		Xperia PRO		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b39, b66, b18, b19, b11, b21, n260, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		Dual SIM 4G+5G		5G		Commercial		2021 - Q1

		Sony Mobile		Xperia PRO (XQ-AQ52) for Japan		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b39, b66, b18, b19, b11, b21, n78, n257, n79, n77, mmWave, b13, b17, b2, b25, b12, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		LAA, CBRS, Dual SIM 4G+5G		5G		Commercial		2021 - Q2

		Lenovo		Yoga 5G (RoW)		Notebook		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		Not declared		Certified by GCF		5G		Commercial
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		Vendor		Model		Form Factor		Frequencies		Fallbacks		Support		Technology		Status		Availability

		TCL		30 V 5G		Phone		b4, b5, b46, b48, b66, n260, n261, n77, n38, n66, n5, mmWave, b13, b2, b12, n2, n48		HSPA, LTE, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Sharp		Aquos R5G SH-51A for NTT DoCoMo		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b17, b2, b12, Sub-6 GHz		LTE		VoLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, 3GPP Release 15, 5G NSA, UL UE Cat-13		5G		Commercial		2020 - Q1

		Sharp		Aquos Zero6 for Softbank		Phone		b3, b8, b1, b7, b38, b4, b41, b42, b5, b18, n78, n3, n257, n28, n77, mmWave, b17, b2, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, DL UE-Cat 15		5G		Commercial		2021 - Q4

		FCNT (Fujitsu)		Arrows 5G F-51A for NTT DoCoMo		Phone		b40, b3, b28, b1, b7, b38, b4, b41, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, UL UE Cat-13, Certified by GCF, GCF certified		5G		Commercial		2020 - Q3

		Rakuten		BIG s 5G		Phone		b3, b1, b7, b38, b4, b41, b42, b5, b18, b19, n257, n77, b17, b12, b26		LTE, 2G, 3G		5G sub 6 GHz, 5G mmWave		5G		Commercial

		Kyocera		DuraForce Ultra 5G UW for Verizon		Phone		b3, b1, b7, b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		DL UE-Cat 11, PTT, Ruggedised, MCPTT over LTE, 3GPP Release 15, CBRS, Certified by GCF		5G		Commercial		2021 - Q1

		Kyocera		DuraSport 5G UW		Phone		b3, b1, b7, b4, b5, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		PTT, Ruggedised, CBRS, GCF certified		5G		Commercial		2021 - Q4

		Samsung		Galaxy A51 5G UW (Verizon)		Phone		b4, b5, b66, n260, n261, mmWave, b13, b2		LTE, 3G/WCDMA, 2G		VoLTE		5G		Commercial		2020 - Q3

		Samsung		Galaxy A71 5G UW for Verizon		Phone		b3, b28, b7, b4, b20, b5, b66, n260, n261, mmWave, b13, b2, b12		LTE, 3G/WCDMA, 2G		Certified by GCF		5G		Commercial		2020 - Q3

		Samsung		Galaxy S10 5G (Variant 1)		Phone		b46, n78, n260, n257, mmWave, L band b32, L band b24, 3500 CBRS b48, Sub-6 GHz		LTE, DC-HSPA+, 2G, VoLTE		MIMO 4x4, LAA, Enhanced Voice Services (EVS), DL UE-Cat 20, 7CA, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2019 - Q2

		Samsung		Galaxy S10 5G (Variant 2)		Phone		n260, n257, mmWave, 3500 CBRS b48, Sub-6 GHz		LTE, 3G/WCDMA, 2G		5G NSA, CBRS, Certified by GCF		5G		Commercial		2019 - Q2

		Samsung		Galaxy S20 5G (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n71, mmWave, b13, b2, b25, b12, b26, 3500 CBRS b48, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, CBRS, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy S20 Plus (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n260, n71, n261, mmWave, b13, b2, b25, b12, b26, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy S20 Ultra (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n260, n71, n261, mmWave, b13, b2, b25, b12, b26, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Foxconn		Google Pixel 4a 5G G6QU3 (Verizon)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n260, n71, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n12, n25, Sub-6 GHz		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, CBRS, eSIM		5G		Commercial		2020

		Foxconn		Google Pixel 5 GD1YQ (US/FI)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n1, n71, n261, n28, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, Sub-6 GHz		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, CBRS, eSIM		5G		Commercial		2020

		Foxconn		Google Pixel 6 (G9S9B)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q4

		Foxconn		Google Pixel 6 Pro (G8VOU)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q4

		Apple		iPhone 12 A2172 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Mini A2176 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Pro A2341 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Pro Max A2342 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 13 A2482 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Mini A2481 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Pro A2483 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Pro Max A2484 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b44, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 14 A2649		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n29, n53, n66		HSPA, LTE, EV-DO, 2G, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Plus A2632		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n29, n53, n66		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Plus A2885		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b21, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b34, n2, n8, n12, n25, n30, n48, n26, n29, n53, n66		EV-DO, 2G, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz)		5G		Commercial

		Apple		iPhone 14 Pro A2650		Phone		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n13, n29, n53, n66		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Pro Max A2651		Phone		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b43, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n8, n12, n25, n14, n30, n48, n26, n29, n53		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Motorola Mobility		Motorola Edge 30 Pro		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b48, b71, b39, b66, n78, n260, n41, n71, n261, n77, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n12, n25, n30, n48, n26				5G SA, 5G NSA, 5G mmWave, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Lenovo		Motorola Edge Plus		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, n78, n260, n41, n71, n261, n77, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, b29, 3500 CBRS b48, b34, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		LAA, DL UE-Cat 22, CBRS, UL UE Cat-18, Certified by GCF		5G		Commercial		2020

		Lenovo		Motorola Moto Z 2nd Gen Force with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola Moto Z 3rd Gen with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola Moto Z 4th Gen with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola One 5G UW		Phone		b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		5G NSA		5G		Commercial		2020 - Q4

		Lenovo		Motorola One 5G UW Ace		Phone		b3, b8, b1, b7, b4, b20, b5, b66, n260, n261, n77, n66, n5, mmWave, b13, b17, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE		CBRS		5G		Commercial		2021

		KonnectONE		Moxee Bedrock		Phone		b4, b41, b5, b46, b71, b66, n260, n41, n261, n66, n7, mmWave, b2, b25, b12, b26, n2, n25, Sub-6 GHz		LTE, 3G/WCDMA		DL UE-Cat 18, 3GPP Release 15, 5G NSA		5G		Pre-commercial

		HMD		Nokia 8 V 5G UW		Phone		b3, b28, b1, b7, b4, b20, b5, b46, b66, n78, n260, n261, n66, n5, mmWave, b13, b17, b2, b12, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, 5G NSA, Dual SIM 4G+5G, Certified by GCF		5G		Commercial		2020 - Q4

		OnePlus		OnePlus 8 5G UW		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b71, b39, b66, b18, b19, n260, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, 3500 CBRS b48, n2, Sub-6 GHz				VoLTE, LAA, 3GPP Release 15, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q2

		OnePlus		OnePlus 9 Pro 5G (NA)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b26, L band b32, L band b24, 3500 CBRS b48, n2, n8, n25, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz)		5G		Commercial		2021 - Q3

		Reliance Communications		Orbic Myra UW (R678L5)		Phone		b4, b5, b46, b66, n260, n261, mmWave, b13, b2, b12		LTE, 3G/WCDMA		LAA, Certified by GCF, GCF certified		5G		Commercial

		Google		Pixel 6a		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b30, b48, b71, b39, b66, b18, b19, b32, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n8, n12, n25, n30, n48		HSPA, EV-DO, LTE, 3G/WCDMA, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		Asus		Qualcomm EXP21		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, Awaiting confirmation, n14, n30, n18, n48, n46, n26		LTE, DC-HSPA+, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 6CA, 5G NSA, CBRS, UL UE Cat-13, Dual SIM 5G+5G, 5G SA (Sub-6 GHz), GCF certified		5G		Commercial		2021 - Q3

		TCL		TCL 10 5G UW (T790S)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, LAA, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q4

		TCL		TCL 30 V 5G		Phone		b4, b5, b46, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, HSPA, 3G/WCDMA, 2G		5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial		2022 - Q1

		LG		V50 ThinQ (Verizon)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, mmWave, b13, b2, 3500 CBRS b48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, Enhanced Voice Services (EVS), CBRS		5G		Commercial		2019 - Q2

		LG		V50S ThinQ 5G		Phone		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		5G NSA		5G		Commercial		2019 - Q4

		LG		V60 ThinQ 5G UW		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, mmWave, b13, b2, b12, 3500 CBRS b48		LTE, 3G/WCDMA		VoLTE, LAA, 3GPP Release 15, 5G NSA, CBRS		5G		Commercial		2020 - Q1

		LG		V60 ThinQ LG-51A (Japan)		Phone		b40, b3, b28, b1, b7, b38, b4, b41, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, ViLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, 3GPP Release 15, 5G NSA		5G		Commercial		2020 - Q2

		LG		Velvet 5G UW for Verizon		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n78, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		Ruggedised, LAA, 3GPP Release 15, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q3

		LG		WING (Global)		Phone		b3, b8, b28, b1, b7, b4, b20, b5, b46, b66, mmWave, b13, b2, b12, 3500 CBRS b48, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA, 2G		LAA, CBRS, Dual SIM 4G+5G, Certified by GCF		5G		Commercial		2020 - Q4

		LG		WING (NA for Verizon)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, LAA, CBRS		5G		Commercial		2020 - Q4

		Sony Mobile		Xperia 1 IV		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b48, b71, b39, b66, b19, b32, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b26, b29, b34, n2, n8		HSPA, LTE, 2G		5G SA, 5G NSA, 5G mmWave, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		Sony Mobile		Xperia PRO		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b39, b66, b18, b19, b11, b21, n260, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		Dual SIM 4G+5G		5G		Commercial		2021 - Q1

		Sony Mobile		Xperia PRO (XQ-AQ52) for Japan		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b39, b66, b18, b19, b11, b21, n78, n257, n79, n77, mmWave, b13, b17, b2, b25, b12, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		LAA, CBRS, Dual SIM 4G+5G		5G		Commercial		2021 - Q2
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		Vendor		Model		Form Factor		Frequencies		Fallbacks		Support		Technology		Status		Availability

		TCL		30 V 5G		Phone		b4, b5, b46, b48, b66, n260, n261, n77, n38, n66, n5, mmWave, b13, b2, b12, n2, n48		HSPA, LTE, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Sharp		Aquos R5G SH-51A for NTT DoCoMo		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b17, b2, b12, Sub-6 GHz		LTE		VoLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, 3GPP Release 15, 5G NSA, UL UE Cat-13		5G		Commercial		2020 - Q1

		Sharp		Aquos Zero6 for Softbank		Phone		b3, b8, b1, b7, b38, b4, b41, b42, b5, b18, n78, n3, n257, n28, n77, mmWave, b17, b2, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, DL UE-Cat 15		5G		Commercial		2021 - Q4

		FCNT (Fujitsu)		Arrows 5G F-51A for NTT DoCoMo		Phone		b40, b3, b28, b1, b7, b38, b4, b41, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, UL UE Cat-13, Certified by GCF, GCF certified		5G		Commercial		2020 - Q3

		Rakuten		BIG s 5G		Phone		b3, b1, b7, b38, b4, b41, b42, b5, b18, b19, n257, n77, b17, b12, b26		LTE, 2G, 3G		5G sub 6 GHz, 5G mmWave		5G		Commercial

		Kyocera		DuraForce Ultra 5G UW for Verizon		Phone		b3, b1, b7, b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		DL UE-Cat 11, PTT, Ruggedised, MCPTT over LTE, 3GPP Release 15, CBRS, Certified by GCF		5G		Commercial		2021 - Q1

		Kyocera		DuraSport 5G UW		Phone		b3, b1, b7, b4, b5, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		PTT, Ruggedised, CBRS, GCF certified		5G		Commercial		2021 - Q4

		Samsung		Galaxy A51 5G UW (Verizon)		Phone		b4, b5, b66, n260, n261, mmWave, b13, b2		LTE, 3G/WCDMA, 2G		VoLTE		5G		Commercial		2020 - Q3

		Samsung		Galaxy A71 5G UW for Verizon		Phone		b3, b28, b7, b4, b20, b5, b66, n260, n261, mmWave, b13, b2, b12		LTE, 3G/WCDMA, 2G		Certified by GCF		5G		Commercial		2020 - Q3

		Samsung		Galaxy S10 5G (Variant 1)		Phone		b46, n78, n260, n257, mmWave, L band b32, L band b24, 3500 CBRS b48, Sub-6 GHz		LTE, DC-HSPA+, 2G, VoLTE		MIMO 4x4, LAA, Enhanced Voice Services (EVS), DL UE-Cat 20, 7CA, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2019 - Q2

		Samsung		Galaxy S10 5G (Variant 2)		Phone		n260, n257, mmWave, 3500 CBRS b48, Sub-6 GHz		LTE, 3G/WCDMA, 2G		5G NSA, CBRS, Certified by GCF		5G		Commercial		2019 - Q2

		Samsung		Galaxy S20 5G (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n71, mmWave, b13, b2, b25, b12, b26, 3500 CBRS b48, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, CBRS, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy S20 Plus (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n260, n71, n261, mmWave, b13, b2, b25, b12, b26, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy S20 Ultra (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n260, n71, n261, mmWave, b13, b2, b25, b12, b26, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Foxconn		Google Pixel 4a 5G G6QU3 (Verizon)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n260, n71, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n12, n25, Sub-6 GHz		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, CBRS, eSIM		5G		Commercial		2020

		Foxconn		Google Pixel 5 GD1YQ (US/FI)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n1, n71, n261, n28, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, Sub-6 GHz		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, CBRS, eSIM		5G		Commercial		2020

		Foxconn		Google Pixel 6 (G9S9B)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q4

		Foxconn		Google Pixel 6 Pro (G8VOU)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q4

		Apple		iPhone 12 A2172 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Mini A2176 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Pro A2341 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Pro Max A2342 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 13 A2482 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Mini A2481 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Pro A2483 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Pro Max A2484 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b44, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 14 A2649		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n29, n53, n66		HSPA, LTE, EV-DO, 2G, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Plus A2632		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n29, n53, n66		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Plus A2885		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b21, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b34, n2, n8, n12, n25, n30, n48, n26, n29, n53, n66		EV-DO, 2G, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz)		5G		Commercial

		Apple		iPhone 14 Pro A2650		Phone		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n13, n29, n53, n66		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Pro Max A2651		Phone		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b43, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n8, n12, n25, n14, n30, n48, n26, n29, n53		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Motorola Mobility		Motorola Edge 30 Pro		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b48, b71, b39, b66, n78, n260, n41, n71, n261, n77, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n12, n25, n30, n48, n26				5G SA, 5G NSA, 5G mmWave, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Lenovo		Motorola Edge Plus		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, n78, n260, n41, n71, n261, n77, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, b29, 3500 CBRS b48, b34, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		LAA, DL UE-Cat 22, CBRS, UL UE Cat-18, Certified by GCF		5G		Commercial		2020

		Lenovo		Motorola Moto Z 2nd Gen Force with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola Moto Z 3rd Gen with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola Moto Z 4th Gen with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola One 5G UW		Phone		b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		5G NSA		5G		Commercial		2020 - Q4

		Lenovo		Motorola One 5G UW Ace		Phone		b3, b8, b1, b7, b4, b20, b5, b66, n260, n261, n77, n66, n5, mmWave, b13, b17, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE		CBRS		5G		Commercial		2021

		KonnectONE		Moxee Bedrock		Phone		b4, b41, b5, b46, b71, b66, n260, n41, n261, n66, n7, mmWave, b2, b25, b12, b26, n2, n25, Sub-6 GHz		LTE, 3G/WCDMA		DL UE-Cat 18, 3GPP Release 15, 5G NSA		5G		Pre-commercial

		HMD		Nokia 8 V 5G UW		Phone		b3, b28, b1, b7, b4, b20, b5, b46, b66, n78, n260, n261, n66, n5, mmWave, b13, b17, b2, b12, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, 5G NSA, Dual SIM 4G+5G, Certified by GCF		5G		Commercial		2020 - Q4

		OnePlus		OnePlus 8 5G UW		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b71, b39, b66, b18, b19, n260, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, 3500 CBRS b48, n2, Sub-6 GHz				VoLTE, LAA, 3GPP Release 15, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q2

		OnePlus		OnePlus 9 Pro 5G (NA)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b26, L band b32, L band b24, 3500 CBRS b48, n2, n8, n25, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz)		5G		Commercial		2021 - Q3

		Reliance Communications		Orbic Myra UW (R678L5)		Phone		b4, b5, b46, b66, n260, n261, mmWave, b13, b2, b12		LTE, 3G/WCDMA		LAA, Certified by GCF, GCF certified		5G		Commercial

		Google		Pixel 6a		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b30, b48, b71, b39, b66, b18, b19, b32, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n8, n12, n25, n30, n48		HSPA, EV-DO, LTE, 3G/WCDMA, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		Asus		Qualcomm EXP21		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, Awaiting confirmation, n14, n30, n18, n48, n46, n26		LTE, DC-HSPA+, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 6CA, 5G NSA, CBRS, UL UE Cat-13, Dual SIM 5G+5G, 5G SA (Sub-6 GHz), GCF certified		5G		Commercial		2021 - Q3

		TCL		TCL 10 5G UW (T790S)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, LAA, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q4

		TCL		TCL 30 V 5G		Phone		b4, b5, b46, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, HSPA, 3G/WCDMA, 2G		5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial		2022 - Q1

		LG		V50 ThinQ (Verizon)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, mmWave, b13, b2, 3500 CBRS b48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, Enhanced Voice Services (EVS), CBRS		5G		Commercial		2019 - Q2

		LG		V50S ThinQ 5G		Phone		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		5G NSA		5G		Commercial		2019 - Q4

		LG		V60 ThinQ 5G UW		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, mmWave, b13, b2, b12, 3500 CBRS b48		LTE, 3G/WCDMA		VoLTE, LAA, 3GPP Release 15, 5G NSA, CBRS		5G		Commercial		2020 - Q1

		LG		V60 ThinQ LG-51A (Japan)		Phone		b40, b3, b28, b1, b7, b38, b4, b41, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, ViLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, 3GPP Release 15, 5G NSA		5G		Commercial		2020 - Q2

		LG		Velvet 5G UW for Verizon		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n78, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		Ruggedised, LAA, 3GPP Release 15, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q3

		LG		WING (Global)		Phone		b3, b8, b28, b1, b7, b4, b20, b5, b46, b66, mmWave, b13, b2, b12, 3500 CBRS b48, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA, 2G		LAA, CBRS, Dual SIM 4G+5G, Certified by GCF		5G		Commercial		2020 - Q4

		LG		WING (NA for Verizon)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, LAA, CBRS		5G		Commercial		2020 - Q4

		Sony Mobile		Xperia 1 IV		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b48, b71, b39, b66, b19, b32, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b26, b29, b34, n2, n8		HSPA, LTE, 2G		5G SA, 5G NSA, 5G mmWave, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		Sony Mobile		Xperia PRO		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b39, b66, b18, b19, b11, b21, n260, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		Dual SIM 4G+5G		5G		Commercial		2021 - Q1

		Sony Mobile		Xperia PRO (XQ-AQ52) for Japan		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b39, b66, b18, b19, b11, b21, n78, n257, n79, n77, mmWave, b13, b17, b2, b25, b12, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		LAA, CBRS, Dual SIM 4G+5G		5G		Commercial		2021 - Q2





n261 (46)

		Vendor		Model		Form Factor		Frequencies		Fallbacks		Support		Technology		Status		Availability

		TCL		30 V 5G		Phone		b4, b5, b46, b48, b66, n260, n261, n77, n38, n66, n5, mmWave, b13, b2, b12, n2, n48		HSPA, LTE, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Sharp		Aquos R5G SH-51A for NTT DoCoMo		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b17, b2, b12, Sub-6 GHz		LTE		VoLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, 3GPP Release 15, 5G NSA, UL UE Cat-13		5G		Commercial		2020 - Q1

		Sharp		Aquos Zero6 for Softbank		Phone		b3, b8, b1, b7, b38, b4, b41, b42, b5, b18, n78, n3, n257, n28, n77, mmWave, b17, b2, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, DL UE-Cat 15		5G		Commercial		2021 - Q4

		FCNT (Fujitsu)		Arrows 5G F-51A for NTT DoCoMo		Phone		b40, b3, b28, b1, b7, b38, b4, b41, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, UL UE Cat-13, Certified by GCF, GCF certified		5G		Commercial		2020 - Q3

		Rakuten		BIG s 5G		Phone		b3, b1, b7, b38, b4, b41, b42, b5, b18, b19, n257, n77, b17, b12, b26		LTE, 2G, 3G		5G sub 6 GHz, 5G mmWave		5G		Commercial

		Kyocera		DuraForce Ultra 5G UW for Verizon		Phone		b3, b1, b7, b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		DL UE-Cat 11, PTT, Ruggedised, MCPTT over LTE, 3GPP Release 15, CBRS, Certified by GCF		5G		Commercial		2021 - Q1

		Kyocera		DuraSport 5G UW		Phone		b3, b1, b7, b4, b5, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		PTT, Ruggedised, CBRS, GCF certified		5G		Commercial		2021 - Q4

		Samsung		Galaxy A51 5G UW (Verizon)		Phone		b4, b5, b66, n260, n261, mmWave, b13, b2		LTE, 3G/WCDMA, 2G		VoLTE		5G		Commercial		2020 - Q3

		Samsung		Galaxy A71 5G UW for Verizon		Phone		b3, b28, b7, b4, b20, b5, b66, n260, n261, mmWave, b13, b2, b12		LTE, 3G/WCDMA, 2G		Certified by GCF		5G		Commercial		2020 - Q3

		Samsung		Galaxy S10 5G (Variant 1)		Phone		b46, n78, n260, n257, mmWave, L band b32, L band b24, 3500 CBRS b48, Sub-6 GHz		LTE, DC-HSPA+, 2G, VoLTE		MIMO 4x4, LAA, Enhanced Voice Services (EVS), DL UE-Cat 20, 7CA, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2019 - Q2

		Samsung		Galaxy S10 5G (Variant 2)		Phone		n260, n257, mmWave, 3500 CBRS b48, Sub-6 GHz		LTE, 3G/WCDMA, 2G		5G NSA, CBRS, Certified by GCF		5G		Commercial		2019 - Q2

		Samsung		Galaxy S20 5G (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n71, mmWave, b13, b2, b25, b12, b26, 3500 CBRS b48, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, CBRS, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy S20 Plus (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n260, n71, n261, mmWave, b13, b2, b25, b12, b26, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Samsung		Galaxy S20 Ultra (North America)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b71, b39, b66, b18, b19, n260, n71, n261, mmWave, b13, b2, b25, b12, b26, b34, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 7CA, 3GPP Release 15, 5G NSA, 5G SA (Sub-6 GHz), Certified by GCF		5G		Commercial		2020 - Q1

		Foxconn		Google Pixel 4a 5G G6QU3 (Verizon)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n260, n71, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n12, n25, Sub-6 GHz		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, CBRS, eSIM		5G		Commercial		2020

		Foxconn		Google Pixel 5 GD1YQ (US/FI)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n1, n71, n261, n28, n77, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, Sub-6 GHz		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, CBRS, eSIM		5G		Commercial		2020

		Foxconn		Google Pixel 6 (G9S9B)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q4

		Foxconn		Google Pixel 6 Pro (G8VOU)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, n2, n8, n12, n25, Sub-6 GHz, n14, n30, n48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, CBRS, eSIM		5G		Commercial		2021 - Q4

		Apple		iPhone 12 A2172 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Mini A2176 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Pro A2341 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 12 Pro Max A2342 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz		LTE, DC-HSPA+, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2020 - Q4

		Apple		iPhone 13 A2482 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, 5G NSA, CBRS, eSIM, Dual SIM 4G+5G, 5G SA (Sub-6 GHz)		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Mini A2481 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Pro A2483 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 13 Pro Max A2484 (US)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b44, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, n30, n48		LTE, EV-DO, HSPA+, 3G/WCDMA, 2G		VoLTE, MIMO 4x4, LAA, CBRS, eSIM, Dual SIM 4G+5G		5G		Commercial		2021 - Q4

		Apple		iPhone 14 A2649		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n29, n53, n66		HSPA, LTE, EV-DO, 2G, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Plus A2632		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n29, n53, n66		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Plus A2885		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b21, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b34, n2, n8, n12, n25, n30, n48, n26, n29, n53, n66		EV-DO, 2G, 3G		5G SA, 5G NSA, 5G SA (Sub-6 GHz)		5G		Commercial

		Apple		iPhone 14 Pro A2650		Phone		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n2, n8, n12, n25, n14, n30, n48, n26, n13, n29, n53, n66		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Apple		iPhone 14 Pro Max A2651		Phone		b40, b3, b8, b28, b1, b7, b38, b41, b20, b42, b43, b5, b46, b30, b48, b71, b39, b66, b18, b19, b32, b53, n78, n3, n260, n258, n41, n20, n1, n71, n261, n40, n28, n79, n77, n38, n70, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, b34, n8, n12, n25, n14, n30, n48, n26, n29, n53		HSPA, LTE, EV-DO, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Motorola Mobility		Motorola Edge 30 Pro		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b48, b71, b39, b66, n78, n260, n41, n71, n261, n77, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n12, n25, n30, n48, n26				5G SA, 5G NSA, 5G mmWave, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial

		Lenovo		Motorola Edge Plus		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b30, b71, b39, b66, n78, n260, n41, n71, n261, n77, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, b29, 3500 CBRS b48, b34, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		LAA, DL UE-Cat 22, CBRS, UL UE Cat-18, Certified by GCF		5G		Commercial		2020

		Lenovo		Motorola Moto Z 2nd Gen Force with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola Moto Z 3rd Gen with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola Moto Z 4th Gen with 5G moto mod		Phone		n260, n261, mmWave		LTE				5G		Commercial

		Lenovo		Motorola One 5G UW		Phone		b4, b5, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		5G NSA		5G		Commercial		2020 - Q4

		Lenovo		Motorola One 5G UW Ace		Phone		b3, b8, b1, b7, b4, b20, b5, b66, n260, n261, n77, n66, n5, mmWave, b13, b17, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE		CBRS		5G		Commercial		2021

		KonnectONE		Moxee Bedrock		Phone		b4, b41, b5, b46, b71, b66, n260, n41, n261, n66, n7, mmWave, b2, b25, b12, b26, n2, n25, Sub-6 GHz		LTE, 3G/WCDMA		DL UE-Cat 18, 3GPP Release 15, 5G NSA		5G		Pre-commercial

		HMD		Nokia 8 V 5G UW		Phone		b3, b28, b1, b7, b4, b20, b5, b46, b66, n78, n260, n261, n66, n5, mmWave, b13, b17, b2, b12, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, 5G NSA, Dual SIM 4G+5G, Certified by GCF		5G		Commercial		2020 - Q4

		OnePlus		OnePlus 8 5G UW		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b71, b39, b66, b18, b19, n260, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, 3500 CBRS b48, n2, Sub-6 GHz				VoLTE, LAA, 3GPP Release 15, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q2

		OnePlus		OnePlus 9 Pro 5G (NA)		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b30, b71, b39, b66, b18, b19, n78, n3, n260, n258, n41, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b26, L band b32, L band b24, 3500 CBRS b48, n2, n8, n25, Sub-6 GHz, n48		LTE, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 5G NSA, CBRS, UL UE Cat-18, 5G SA (Sub-6 GHz)		5G		Commercial		2021 - Q3

		Reliance Communications		Orbic Myra UW (R678L5)		Phone		b4, b5, b46, b66, n260, n261, mmWave, b13, b2, b12		LTE, 3G/WCDMA		LAA, Certified by GCF, GCF certified		5G		Commercial

		Google		Pixel 6a		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b30, b48, b71, b39, b66, b18, b19, b32, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b14, b26, b29, n2, n8, n12, n25, n30, n48		HSPA, EV-DO, LTE, 3G/WCDMA, 2G		5G SA, 5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		Asus		Qualcomm EXP21		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b43, b5, b46, b30, b71, b39, b66, b18, b19, b11, b21, n78, n3, n260, n258, n41, n257, n20, n1, n71, n261, n40, n28, n79, n77, n38, n66, n7, n5, mmWave, b13, b17, b2, b25, b12, b14, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, n8, n12, n25, Sub-6 GHz, Awaiting confirmation, n14, n30, n18, n48, n46, n26		LTE, DC-HSPA+, HSPA+, 3G/WCDMA, 2G		MIMO 4x4, LAA, DL UE-Cat 20, 6CA, 5G NSA, CBRS, UL UE Cat-13, Dual SIM 5G+5G, 5G SA (Sub-6 GHz), GCF certified		5G		Commercial		2021 - Q3

		TCL		TCL 10 5G UW (T790S)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, LAA, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q4

		TCL		TCL 30 V 5G		Phone		b4, b5, b46, b66, n260, n261, n77, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz, n48		LTE, HSPA, 3G/WCDMA, 2G		5G NSA, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Commercial		2022 - Q1

		LG		V50 ThinQ (Verizon)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, mmWave, b13, b2, 3500 CBRS b48		LTE, HSPA, HSPA+, 3G/WCDMA, 2G		LAA, Enhanced Voice Services (EVS), CBRS		5G		Commercial		2019 - Q2

		LG		V50S ThinQ 5G		Phone		mmWave, Not declared, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA		5G NSA		5G		Commercial		2019 - Q4

		LG		V60 ThinQ 5G UW		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, mmWave, b13, b2, b12, 3500 CBRS b48		LTE, 3G/WCDMA		VoLTE, LAA, 3GPP Release 15, 5G NSA, CBRS		5G		Commercial		2020 - Q1

		LG		V60 ThinQ LG-51A (Japan)		Phone		b40, b3, b28, b1, b7, b38, b4, b41, b42, b5, b39, b19, b21, n78, n257, n79, mmWave, b13, b12, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, ViLTE, Enhanced Voice Services (EVS), DL UE-Cat 20, 3GPP Release 15, 5G NSA		5G		Commercial		2020 - Q2

		LG		Velvet 5G UW for Verizon		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n78, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		Ruggedised, LAA, 3GPP Release 15, 5G NSA, CBRS, Certified by GCF		5G		Commercial		2020 - Q3

		LG		WING (Global)		Phone		b3, b8, b28, b1, b7, b4, b20, b5, b46, b66, mmWave, b13, b2, b12, 3500 CBRS b48, Sub-6 GHz, Awaiting confirmation		LTE, 3G/WCDMA, 2G		LAA, CBRS, Dual SIM 4G+5G, Certified by GCF		5G		Commercial		2020 - Q4

		LG		WING (NA for Verizon)		Phone		b3, b28, b7, b4, b20, b5, b46, b66, n260, n261, n66, n5, mmWave, b13, b2, b12, 3500 CBRS b48, n2, Sub-6 GHz		LTE, 3G/WCDMA, 2G		VoLTE, LAA, CBRS		5G		Commercial		2020 - Q4

		Sony Mobile		Xperia 1 IV		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b5, b46, b48, b71, b39, b66, b19, b32, n78, n3, n260, n41, n20, n1, n71, n261, n40, n28, n77, n38, n66, n7, n5, b13, b17, b2, b25, b12, b26, b29, b34, n2, n8		HSPA, LTE, 2G		5G SA, 5G NSA, 5G mmWave, 5G SA (Sub-6 GHz), 5G SA (mmWave)		5G		Pre-commercial

		Sony Mobile		Xperia PRO		Phone		b40, b3, b8, b28, b1, b7, b38, b4, b41, b20, b42, b5, b46, b39, b66, b18, b19, b11, b21, n260, n261, n66, n5, mmWave, b13, b17, b2, b25, b12, b26, b29, L band b32, L band b24, 3500 CBRS b48, b34, n2, Sub-6 GHz		LTE, HSPA+, 3G/WCDMA, 2G		Dual SIM 4G+5G		5G		Commercial		2021 - Q1
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