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1. Introduction
In this contribution, we present proposals for RAN4 led Rel-19 FR1 OTA (TRP TRS) work item. FR1 UE OTA test method and requirements have collected interests from multiple operators from different regions, more importantly, certification bodies from different regions are expecting more outcome from 3GPP on FR1 OTA test methods and requirements. It is important to ensure that FR1 OTA work can be continued and further enhanced with a clear and manageable scope.
2. Motivation and Proposals on Rel-19 FR1 OTA scope
2.1. FR1 OTA (TRP TRS) Test method
As summarized in the work item summary [1], the basic AC and RC test method have been defined in Rel-18:
· UE type: Smartphone, wearable Redcap UE, Tablet;
· Test system, procedure and preliminary MU assessment for UE 1Tx;
· Common test procedure for 2Tx cases;
· Test procedure for CA with 2DL and 1UL band combination.
For now, the test method is mainly targeted to UE type of smartphone and wearable RedCap devices. Based on the interests from industry, it is much valuable to develop OTA test method for other NR UE types, e.g., XR device, NTN devices, to quantify the end-to-end radiated performance of these devices and define proper performance metric. For non-RedCap XR devices, RAN has concluded that the OTA performance impacts should be studied [2]. 
For NTN devices (IoT NTN and NR NTN), the antenna design (e.g., Circularly polarized antenna) and UE implementation (e.g., integrated or separate) might be different from smartphone type, a proper OTA test method and new performance metric (e.g., beam performance at specific directions/ranges or UHRP/UHRS (Upper Hemisphere total Radiated Power/Sensitivity)) to quantify NTN radiated performance is needed.
· UE type for Rel-19: XR device, NTN devices (IoT NTN and NR NTN) should be added for consideration.
· Study and define test method and proper performance metric for the above UE form factors
· New test phantoms may be required

Rel-18 2Tx test method has defined a common test procedure with single carrier up to 2Tx. However, after the completion of Rel-18 4Tx RF core requirements, UE may support 4Tx in the market, RAN4 should further study how to properly perform OTA UL performance measurements for UE with 4Tx (including TxD and UL-MIMO), which is anticipated to enhance the performance of NR networks overall. With more codebook supported by 4Tx UL-MIMO, RAN4 should have more studies to develop a proper test procedure and performance metric to better reflect the UE performance under this advanced feature.
The phase shifting and power fluctuation issue has been initially studied in Rel-18 for 2Tx case, it can be imagined that more comprehensive studies on antenna impacts are required when more Tx chains (e.g., 4Tx) is adopted by UE. Therefore, whether the antenna efficiency imbalance, isolation, UE antenna correlation (ECC) and other aspects, among these Tx antennas will impact the final UL radiated power should also be studied.
· Enhanced TxD and UL-MIMO test method to support 2Tx and 4Tx, proper performance metric for UE with multi-Tx antenna should also be defined.
· RAN4 should also study the phase and power fluctuation issue.
· Consider the antenna efficiency imbalance, isolation, UE antenna correlation (ECC) and other aspects
· Identify the performance gap of AC and RC on 2Tx test cases 

Rel-18 has defined the basic CA test method to cover 2DL/1UL CA band combinations, which can only cover very limited number of commercial UEs. To support CA combination with more DL/UL, the CA test method should be further enhanced with a larger scope. CA combinations with 3Tx case (1Tx + 2Tx) should also been considered. 
In RAN4, low MSD RF core requirements discussion has identified that the final MSD performance is impacted by antenna. Besides, reporting real radiated MSD performance of UE was also proposed by companies for better network configuration. Therefore, it should be beneficial to develop OTA test method to quantify antenna impacts on MSD issue.    
· Enhanced CA test method to support CA combination with more DL/UL, e.g., at least 2DL/2UL.
· CA combination with 3Tx can also be considered.
· Study test method for CA combination with radiated MSD issue 

Testing time reduction is always a key topic for OTA testing, RAN4 has defined coarse measurement grids for AC test method to reduce measurement time. However, several testing time reduction approaches were not studied in Rel-18, e.g., single point offset method, RSS method, and fast sensitivity search approach. Besides, testing time reduction techniques for RC test method is also very valuable for the whole industry which should be studied in Rel-19.    
· Study and specify testing time reduction solutions for AC and RC test method.

Last is the measurement uncertainty assessment, it is normal business in RAN4 to define preliminary MU assessment for above enhanced OTA test method. Considering very smooth cooperation and well-organized work between RAN4 and RAN5 on MU related discussions, it is valuable to maintain previous approach and set RAN5 as 2nd responsibility group for FR1 OTA MU assessment.     
· Develop the preliminary Measurement Uncertainty (MU) assessment of the above newly defined test methodologies and test configurations.

Proposal 1: consider the following core part objectives for Rel-19 FR1 OTA (TRP TRS) work Item: 
· UE type for Rel-19: XR device, NTN devices (IoT NTN and NR NTN) should be added for consideration.
· Study and define test method and proper performance metric for the above UE form factors
· New test phantoms may be required
· Enhanced TxD and UL-MIMO test method to support 2Tx and 4Tx, proper performance metric for UE with multi-Tx antenna should also be defined.
· RAN4 should also study the phase and power fluctuation issue.
· Consider the antenna efficiency imbalance, isolation, UE antenna correlation (ECC) and other aspects
· Identify the performance gap of AC and RC on 2Tx test cases 
· Enhanced CA test method to support CA combination with more DL/UL, e.g., at least 2DL/2UL.
· CA combination with 3Tx can also be considered.
· Study test method for CA combination with radiated MSD issue 
· Study and specify testing time reduction solutions for AC and RC test method.
· Develop the preliminary Measurement Uncertainty (MU) assessment of the above newly defined test methodologies and test configurations.

2.2. FR1 OTA (TRP TRS) Requirement work
Rel-18 lab alignment activity is focused on 1Tx UE configuration, it is very important to verify test labs’ performance variation based on UE 2Tx configurations in Rel-19, especially considering 2Tx requirement is one of key objective in Rel-19. 
· Lab alignment activity and performance campaign based on UE with NR 2Tx configurations 
· Rel-18 working procedure can be a baseline

Currently, SDOs and certification bodies (e.g., ETSI, CCSA, GCF) are waiting for the more outcome of RAN4 on OTA requirements. It is RAN4 responsibility to develop requirements for more NR bands, including UE support 1Tx and 2Tx at single carrier. Besides, given FR1 OTA requirements will be specified with commercially available UE, in our understanding, RedCap UE measurements might be possible in Rel-18.
· Specify TRP TRS requirements and recommended tolerance for UE with NR 1Tx and 2Tx for UE based on enhanced reference test method and defined performance part framework
· SA with 1 CC is the first priority
· Consider different power classes, e.g. PC3, PC2, PC1.5, based on operators and certification bodies request
· RedCap UE requirements can also be considered
· Address non-RedCap XR OTA requirements impacts

Proposal 2: consider the following performance part objectives for Rel-19 FR1 OTA (TRP TRS) work Item: 
· Lab alignment activity and performance campaign based on UE with NR 2Tx configurations 
· Rel-18 working procedure can be a baseline
· Specify TRP TRS requirements and recommended tolerance for UE with NR 1Tx and 2Tx for UE based on enhanced reference test method and defined performance part framework
· SA with 1 CC is the first priority
· Consider different power classes, e.g. PC3, PC2, PC1, based on operators and certification bodies request
· RedCap UE requirements can also be considered
· Address non-RedCap XR OTA requirements impacts

3. Conclusion
In this contribution, we share our views on Rel-19 FR1 OTA (TRP TRS) work item scope:
Proposal 1: Consider the following core part objectives for Rel-19 FR1 OTA (TRP TRS) work Item: 
· UE type for Rel-19: XR device, NTN devices (IoT NTN and NR NTN) should be added for consideration.
· Study and define test method and proper performance metric for the above UE form factors
· New test phantoms may be required
· Enhanced TxD and UL-MIMO test method to support 2Tx and 4Tx, proper performance metric for UE with multi-Tx antenna should also be defined.
· RAN4 should also study the phase and power fluctuation issue
· Consider the antenna efficiency imbalance, isolation, UE antenna correlation (ECC) and other aspects
· Identify the performance gap of AC and RC on 2Tx test cases 
· Enhanced CA test method to support CA combination with more DL/UL, e.g., at least 2DL/2UL.
· CA combination with 3Tx can also be considered
· Study test method for CA combination with radiated MSD issue 
· Study and specify testing time reduction solutions for AC and RC test method.
· Develop the preliminary Measurement Uncertainty (MU) assessment of the above newly defined test methodologies and test configurations.

Proposal 2: Consider the following performance part objectives for Rel-19 FR1 OTA (TRP TRS) work Item: 
· Lab alignment activity and performance campaign based on UE with NR 2Tx configurations 
· Rel-18 working procedure can be a baseline
· Specify TRP TRS requirements and recommended tolerance for UE with NR 1Tx and 2Tx for UE based on enhanced reference test method and defined performance part framework
· SA with 1 CC is the first priority
· Consider different power classes, e.g. PC3, PC2, PC1.5, based on operators and certification bodies request
· RedCap UE requirements can also be considered
· Address non-RedCap XR OTA requirements impacts
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