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1	Introduction
[bookmark: _Hlk61608935]In RAN #92e, a new objective to study and define test methods in FR2-2 was added to the scope of the Study on enhanced test methods [1]. Discussions for this objective started in RAN4 #100e and included the applicable frequency range of the system and extending the applicability of the current FR2 OTA test methods to FR2-2 [2]. Additionally, a work plan update for the objective was approved [3]. The details are found below. 
RAN4 #100e (August 2021)
· Objective 7 discussions start
· Discuss applicable frequency range to be covered by test system
· Determine whether the test system need to test different frequency bands in the same test system
· Identify upper frequency limit
· Start discussing extending the applicability of the FR2 OTA UE RF/RRM/demodulation test methods defined in TR 38.810, TR 38.884, and TS 38.508-1 whenever possible
· Extension of applicability of permitted methods in TR 38.810 to FR2-2 frequency range (use per test case approach)
· Identify aspects impacting MU
· Start identifying any changes needed (including general testing and calibration, permitted test methods, multi-path fading propagation conditions, measurement applicability criteria, channel models considered, etc.)

RAN4 #101e (November 2021)
· Further progress on Objective 7
· Finalize applicable frequency range to be covered by test system
· Continue discussing extending the applicability of the FR2 OTA UE RF/RRM/demodulation test methods
· Continue identifying changes needed (including general testing and calibration, permitted test methods, multi-path fading propagation conditions, measurement applicability criteria, channel models considered, etc.)
· Start discussing applicability of Objectives 1 through 5 (enhancements) to FR2-2 frequency range
· Identify new aspects impacting MU

RAN4 #102e (February 2022)
· Conclude Objective 7 and capture outcome in TR 38.884
· Finalize discussion on extending the applicability of the FR2 OTA UE RF/RRM/demodulation test methods
· Finalize changes needed
· Finalize applicability of Objectives 1 through 5 (enhancements) to FR2-2 frequency range

RAN #95e (March 2022)
Conclude study and submit TR 38.884 for approval

In this contribution, we will continue the discussion on extending the applicability of current test methods to FR2-2 and focus on how to handle the target device types in the study item.
2	Discussion

UE types
Study on enhanced test methods – Objective 7 target UE types
-	Target device types
-	First priority: Handheld UE, laptop, tablet, vehicular UE, and FWA
-	Focus on devices prioritized in the NR > 52.6 GHz WI [UID 860041]

The target device types in Objective 7 include handheld UE, laptop, tablet, vehicular UE and FWA [2]. These are essentially the same device types in the scope of the original Rel-15 study (TR 38.810), which means the four FR2-1 power classes were within the scope of the study [4]. However, the current test methods in TR 38.810 only considered handheld UEs (power class 3). The TR does state that the test methods may be applied to other device types if they meet power class 3 requirements. Considering PC3 has the lowest performance requirements out of the power classes, from this perspective the methods can apply to all target devices.

Device types and UE power classes (TR 38.810, clause 4.1)
Four different FR2 UE Power Classes are defined in the Rel-15 scope in TS 38.101-2 [16]. Different UE power classes are characterized by different UE antenna design assumptions and have different UE maximum output power and reference sensitivity requirements.
The test methods defined in this document are introduced for handheld UEs and applicable to FR2 UE Power Class 3 unless otherwise stated. The test methods can be applicable for other device types such as FWA, tablets, vehicle mounted UE etc. in case they comply with UE power class 3 requirements.
The test methods can be further extended to other FR2 UE power classes (i.e. UE power classes 1, 2 and 4). At least the following test methods components are specific to different FR2 UE power classes and shall be adjusted:
-	Measurement grids used for the UE RF Tx and Rx measurements.
-     Noise power level (Noc) and feasible SNR range for UE demodulation and RRM test methodologies.


Observation 1: Current FR2-1 test methods were defined for handheld UEs (PC3), but they may be extended to other power classes with some adjustments.

Besides meeting performance requirements, extending the methods to other power classes will involve modifying the measurement grids used in UE RF measurements. Furthermore, several baseline characteristics were captured in [4] to help assess whether the test methods can be reused. These include:
· Maximum separation between antennas in the device and maximum device size, related to QZ size and chamber size
· Maximum DUT weight, related to the positioner loading capability
· UE array size, typically independent from the UE type but related to the Power Class, which determines the measurement grid 

In the upcoming section, we will discuss the UE array size in greater detail. 



UE antenna array size
Agreement: For testability and MU analyses, reasonable worst-case assumptions will be defined (antenna configuration, HPBW) for each power class in FR2-2
· Core requirement (power class) conclusions for array size will be considered
· Until now, core discussions have focused on handheld UE and array size options presented include: 4, 8 and 16 elements (Thread [138]: R4-2114738). No agreements have been made.

Defer decision on worst-case antenna assumptions (antenna configuration, HPBW) for PC1, PC2, PC3 to RAN4#101-e


Out of the target UE types in the study, handheld UEs (PC3) have the smallest form-factor and use the smallest antenna array assumption in core requirement discussions (4-elements). In testability and MU analyses, the worst-case antenna assumption for PC3 is an 8x2 array. For FR2-2, the antenna array size assumptions for core requirements of all power classes are still under discussion. Specifically for PC3, 4-elements, 8-elements and 16-elements have been discussed [6]. While the array size assumption in core requirements may increase, unless the array is larger than 8-elements, we may still be able to reuse an 8x2 array for testability/MU analysis of PC3. For other power classes in FR2-2, core requirement assumptions may also increase the array size, but discussions are more limited for these. Ultimately, to better assess which sizes are reasonable worst-case assumptions for testability, it is best to wait until RF core discussions have a clear direction. Meantime, while RF session reaches final decision, we suggest using 16-elements assumptions for further testability analysis for handheld UEs.

Observation 2: For handheld UE in FR2-1, core requirements assumed a baseline 4x1 array, while the testability/MU analyses used an 8x2 array. For FR2-2, array size discussions for core requirements are currently ongoing.

Observation 3: For FWA and vehicular UE in FR2-2, the core requirements assumption for array size may likely increase as well. However, discussions so far have mainly focused on handheld UEs.

Proposal 1: Use 16-elements antenna array assumptions for test methods definition for handheld UEs.

Test methods for all power classes
Since Rel-15, FR2 power classes include FWA and vehicular UE types. While RF and RRM requirements have been defined for these power classes, their testing methodology has not been addressed. Given the timeline of this study item, and how power class-related requirements have been treated in the past, we may consider a release-independent approach for topics related to defining or extending the applicability of test methods to all power classes. This way we can focus on the core requirements as they are being defined and ensure the remaining power classes are also addressed. 

Observation 4: To ensure test methods for all power classes are addressed, consider adopting a release-independent approach.

3	Conclusions
In this contribution we discussed our views on the UE antenna array sizes and test methods for the target devices of the SI. The following proposals and observations were made: 

Observation 1: Current FR2-1 test methods were defined for handheld UEs (PC3), but they may be extended to other power classes with some adjustments.

Observation 2: For handheld UE in FR2-1, core requirements assumed a baseline 4x1 array, while the testability/MU analyses used an 8x2 array. For FR2-2, array size discussions for core requirements are currently ongoing.

Observation 3: For FWA and vehicular UE in FR2-2, the core requirements assumption for array size may increase as well. However, discussions so far have mainly focused on handheld UEs.

Proposal 1: Use 16-elements antenna array assumptions for test methods definition for handheld UEs.
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