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1
Introduction
In RAN4#104bis-e meeting, good progress has been made on Reverberation Chamber rationale and test methodology. 
In this paper, we share our further views on RC test method.   

2
Discussion

2.1 RC test method

For the Rationale of RC, RAN4 decided to study the following aspects to confirm the feasibility of RC method for NR FR1 TRP and TRS testing [1]:
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 In this paper, we would like to share comments on each aspect. 

· the minimum number of samples to achieve the statistically isotropic environment of RC system for NR FR1 testing

Comments: For LTE SISO OTA testing, the minimum number of samples is 100 to ensure <0.5dB MU. It is reasonable to reuse this value for <3GHz bands, but for >3GHz, RAN4 may need further checking the proper values. Given this number is related to frequency, size of chamber, mode-stirrers type, and absorbers. In general, the samples number should be 100, 200 or 400. 
Proposal 1: Reuse 100 samples for below 3GHz bands, for higher frequency, FFS. 
· the minimum distance for device placement in the RC where the fields are indeed statistically uniform, for NR FR1 frequency bands

Comments: In RC system, there is also Test Volume concept similar to AC Quiet Zone, but the difference is the characteristic and validation procedure. For RC, the valid test volume boundaries shall be located a minimum of 0.5 λ at the frequency of operation from any walls, mode-stirrers, antennas, or other object [2]. So, the minimum distance for device placement in the RC should be defined as 0.5 λ.
Proposal 2: The minimum distance for device placement in the RC where the fields are indeed statistically uniform should be >0.5 λ.
· a unique “loading” approach to broaden the coherence bandwidth of the chamber

Comments: The reverberation chamber can typically be loaded with RF absorber [3] to generate an approximating a flat-fading channel and the RF absorbing properties of the DUT may affect the performance of the reverberation chamber. The loading in RC system should be determined by a given coherence bandwidth. RAN4 needs to decide the required minimum coherence bandwidth for NR FR1 bands. 
Proposal 3: RF absorber-based loading approach can be used in the RC system to ensure the required coherence bandwidth. RAN4 should decide the minimum coherence bandwidth for FR1 bands.
Proposal 4: RAN4 should define detailed procedure for measurement and calculation of chamber Coherence Bandwidth.

· how to verify UE TAS OFF in a RC based test system.

Comments: Given RC system is an isotropic multipath environment, which can not present the directivity of the antenna, so it is difficult to verify UE TAS OFF configuration in the chamber. On the other hand, the TAS OFF verification procedure in AC is also just for information but not mandated, so it would be unnecessary to study the verification procedure in RC.
Proposal 5: UE TAS OFF configuration should not be verified in RC based test system. RAN4 do not need to take further efforts on this topic.
· the impact induced by increased channel bandwidth (100MHz) on NR FR1 TRP TRS testing

Comments: The operation channel bandwidth may impact the required coherence bandwidth, and then impact the TRP/TRS measurement results. Some analysis and/or measurements would be helpful to further study the wide CBW impacts.

· the study of different human phantoms (e.g. forearm for wearables)

Comments: The Head phantom, PDA hand phantom, Wide Grip hand phantom, and forearm phantoms those adopted in AC test method can also apply to RC system. Besides, the MU of each phantom is the same.
Last, for the chamber size of the system, the RC should be large enough to ensure that the lowest FR1 operation frequency can meet the required accuracy, measurement uncertainty and other essential aspects.

2.2 RC lab alignment and harmonization 
Regarding the framework on RC lab alignment and harmonization with Reference test methodology (Anechoic Chamber), RAN4 reached some high-level agreements in last meeting:
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From our understanding, the lab alignment and harmonization should only start after the RC test method and preliminary MU value are clear. Therefore, the group should gather the efforts on developing test method and afterwards focus on RC lab alignment and harmonization activity. 
3 Conclusion

We share our views on RC enhancement, and propose the following proposals:

Proposal 1: Reuse 100 samples for below 3GHz bands, for higher frequency, FFS. 
Proposal 2: The minimum distance for device placement in the RC where the fields are indeed statistically uniform should be >0.5 λ.
Proposal 3: RF absorber-based loading approach can be used in the RC system to ensure the required coherence bandwidth. RAN4 should decide the minimum coherence bandwidth for FR1 bands.

Proposal 4: RAN4 should define detailed procedure for measurement and calculation of chamber Coherence Bandwidth.

Proposal 5: UE TAS OFF configuration should not be verified in RC based test system. RAN4 do not need to take further efforts on this topic.
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Issue 3-1-1: Rationale study of RC method for NR


Agreements:


Proposal 1: Continue the study of below aspects to ensure that Reverb-chamber system can be applicable to NR FR1 TRP TRS testing. 


the minimum number of samples to achieve the statistically isotropic environment of RC system for NR FR1 testing


the minimum distance for device placement in the RC where the fields are indeed statistically uniform, for NR FR1 frequency bands


a unique “loading” approach to broaden the coherence bandwidth of the chamber


how to verify UE TAS OFF in a RC based test system.


the impact induced by increased channel bandwidth (100MHz) on NR FR1 TRP TRS testing


the study of different human phantoms (e.g. forearm for wearables)


other aspects are not precluded


Issue 3-1-2: Test samples of RC method for NR


Agreements:


Reuse 100 samples as starting point for NR, RAN4 need further study whether larger value is needed or not to fullfill RC isotropy.








Issue 3-2-1: RC work management


Agreements:


To ensure the smooth progress for harmonization activity of RC with reference method, the test method development for RC in RAN4 and RAN5 should be a stepwise approach, the full package of RC system to support 1Tx configuration under browsing mode should be finalized first. 


Issue 3-2-2: Test procedure for RC system


Agreements:


To adopt RC method for NR testing, many aspects of the text content should be supplemented and improved, with the understanding that defined Reverberation based test method (including test system and test procedure) in TS 37.544 can be a starting point for discussion.


Issue 3-3-1: Whether a dedicated lab alignment activity for RC method is needed before RC harmonization with AC


Agreements:


Proposal 1: For saving time and devices delivery, alignment among labs for RC method, and harmonization between RC and AC can be performed in a single activity 


Further discuss the detailed framework for lab alignment of RC method and harmonization between RC and AC


Issue 3-3-2: Framework for RC harmonization with AC


Agreement: 


RAN4 should further discuss harmonization framework for RC with AC. Encourage companies to finalize RC test method first.


Issue 3-3-3: Pass/fail limits for RC harmonization


Agreements:


Proposal 1: Adopt the same pass/fail criteria of Rel-17 AC lab alignment of 1.2dB for TRP and 1.5dB for TRS for Rel-18 harmonization activity between RC and AC as starting point. 


Proposal 2: Further study whether RAN4 should define a new pass/fail limits based on test samples and MU of each test method for Rel-18 inter-method harmonization.











