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Introduction
This contribution discusses various aspects of the added objective/topic of the enhanced test methods SI [1].
Discussion
In RAN#92, the Enhanced Test SI [1] was granted an extension and an additional objective/topic was added, i.e., the testability aspects of the 52.6 – 71GHz range
	In RAN #87, a new Release 17 WI on the extension of the NR operation for the 52.6 – 71GHz frequency range was approved [UID 860041]. The work on this item requires definition of UE RF, RRM and demodulation requirements. Considering the impact test methods definition has on core requirements and conformance testing, additional studies are required to enable a test method extension to new frequency bands above 52.6GHz.


 Specific testability topics were defined as follows [1]:
	7. Study and define the over the air (OTA) test methods for UE RF, RRM, and demodulation requirements for the 52.6-71 GHz frequency range:
-	Extend 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
-	Identify any changes needed, including general testing and calibration, permitted test methods, multi-path fading propagation conditions, measurement applicability criteria, channel models considered, etc.
-	Consider possible test time reduction techniques
-	Consider practical upper frequency limit for spurious emission measurements
-	Establish applicable frequency range for system
-	Determine whether the test system need to test different frequency bands in the same test system
-	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]
-	Utilize free space testing configuration for test methods definition
-	Study the preliminary measurement uncertainty
	NOTE: unfinished UE testability aspects, if any, do not impact setting UE core requirements and completing the NR > 52.6 GHz WI [UID 860041]


Test System Considerations
Initial FR2 testability discussions focused on frequency operation up to 40GHz (40.8GHz) for in-band (out-of-band) testing [2] of FR2 bands n257, n258, n260, and n261. Commercial systems thus focused on a maximum in-band frequency of 40GHz. The first frequency extension for in-band coverage was for the n259 band and testability discussions focused on a maximum in-band frequency of 43.5GHz in RAN5 [3][4]. More recently, the n262 band was discussed as part of this SI [1], specifically Topic 6, with a maximum in-band frequency of 48.2GHz. These frequency extensions showed promise [5] from an OTA perspective mainly since FR2 was defined several years ago and since the frequency extension from 40GHz to 48.2GHz was not too significant. 
[bookmark: _Ref78204037]Observation 1: Test equipment vendors had time to prepare in terms of the test equipment, components, and chambers to support the initial demand for a maximum in-band frequency of 40GHz.
[bookmark: _Ref78204038]Observation 2: Extending the initial 40GHz maximum in-band frequency to 43.5GHz (n259) and 48.2GHz (n262) from an OTA perspective was manageable. 
The frequency range beyond 52.6GHz has been supported by most test systems for spurious emissions testing up to the 2nd harmonic of the upper frequency edge of the UL operating band. However, these test cases are limited to TX only and based on the TRP metric which allowed various system design relaxations. Extending the spurious emissions testing from 80GHz to 96.4GHz (n262) is also manageable since the extension is still part of the W band. 
[bookmark: _Ref78205031]Observation 3: Existing systems supported frequencies beyond 52.6GHz for spurious emissions testing which was limited to TX testing and the TRP metric only. 
The 52.6-71GHz range on the other hand is relatively new and various system related aspects are still undefined and under discussion [6]. Without a doubt, the system complexities for this 52.6-71GHz frequency are higher compared to the existing FR2 given the larger path losses (thus lower dynamic range) and the significant increase in operating frequency (thus overall much wider frequency coverage requirement). Consequently, this extension will require significant design efforts for optimized test systems supporting the whole frequency range from 24.25GHz to 71GHz (for in-band testing). It is clear that industry would ideally prefer existing systems to be upgradeable to support the new 52.6-71GHz range with no degradation in performance and increase in MU for the existing FR2 band; however, given the system complexities and the relatively short lead time, a potentially significant impact on MU must be considered. Various system options could therefore be considered as outlined and discussed at a high level in Table 1 with different pros and cons. 


[bookmark: _Ref78193684]Table 1: Options to support 52.6GHz-71GHz with test systems
	ID
	Description
	Pro
	Con

	1
	Separate test system just for 52.6GHz-71GHz
	· Test system for this frequency range can be optimized, e.g., optimized MU for operation beyond 52.6GHz
· Existing systems covering original FR2 (<52.6GHz) would not be affected from a performance/MU perspective
· Time to market can be reduced
	· Separate systems required (cost) to cover full frequency ranges
· Inter-band FR2/FR2 (24.25-52.6GHZ & 52.6-71GHz) not supported

	2
	Introduction of new systems supporting the full range 24.25GHz – 71GHz
	· Coverage for entire frequency range (≤71GHz) in one system
	· MU for original FR2 range (<52.6GHz) to be revised due to increased system complexity
· Risk that existing systems limited to original FR2 range cannot meet MTSU after upgrade 
· Longer lead time for system availability due to system optimizations required 

	3
	Extension of existing systems supporting original FR2 range (<52.6GHz) to support full range (<71GHz)
	· Coverage for entire frequency range (≤71GHz) in one system
· Existing systems can be re-used
	· MU for original FR2 range (<52.6GHz) to be revised due to increased system complexity (MU for #3 is higher than #2)
· Long lead time for system availability due to system integrations, re-design, and optimizations required 


[bookmark: _Ref78204040]Proposal 1: Feedback from industry is requested on options to support 52.6GHz-71GHz with test systems


Vehicular UE Testability
The revised SID has added a device type never before considered in any OTA testability discussions, i.e., the vehicular UE [1].
	Target device types
-	First priority: Handheld UE, laptop, tablet, vehicular UE, and FWA


This device type is commonly referred to as UE Power Class 2 device 
	Table 6.2.1.0-1: Assumption of UE Types
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE





for which UE RF requirements have been defined already [7]. Unfortunately, this device type has not been defined sufficiently for testability considerations, i.e., the only definition of Vehicular UE for FR2 can be found in [7]
	Vehicular UE: A UE embedded in a vehicle


[bookmark: _Ref78204039]Observation 4: The revised SID added a new device type as first priority, i.e., vehicular UE, which has never been defined sufficiently from a testability perspective. 
In order to properly define test systems for vehicular UEs, various aspects have to be defined, e.g., whether a full vehicle must be tested or just the UE embedded inside the vehicle. Various organizations currently interpret/consider automotive OTA testing differently for LTE/NR FR1, e.g., CTIA is working on testing automotive antennas/modules with circular ground planes while 5GAA is working on a full vehicle OTA test methodology. A full vehicle test system for FR2 will require significant research and development efforts given the large device size, the need to be in the far field/guarantee plane wave behaviour, the potentially large antenna separation distances, weight, etc. For a more limited test scope with just the UE embedded inside the vehicle considered, various testability aspects need to be clarified, e.g., whether a ground plane phantom needs to be considered, the size and weight requirements of the UE with/without the ground plane, maximum antenna separation, etc. As the largest QZ currently considered for PC3 and PC1 devices is 55cm, it is not clear whether existing test systems for larger devices would be applicable for PC2 devices or not.
[bookmark: _Ref78204041]Proposal 2: Industry to provide feedback on testability aspects of vehicular UEs, e.g., full device testing vs embedded UE only testing (with or without ground plane), device sizes/weights, antenna separations, etc.


Antenna Array Assumptions for 52.6-71GHz Range
The measurement grids defined in RAN4 and RAN5 were all initially based on the single-element antenna assumptions defined in [2], e.g., with a HPBW of the single-element pattern of 260o/130o. However, when the PC1 measurement grids were defined in RAN5, concerns about the single-element pattern assumptions were raised in [8]. 
	The 260/130 shows an unrealistically optimistic 3 dB drop at the the 50th %ile point. Following a similar process of corrections for non-idealities, the ‘realistic’ spherical coverage CDF will only show 5 or 6 dB of gain drop – much different from the standard.
We therefore believe that the change to 90/90 element better describes practical implementations.
We understand the burden of revisiting PC3 MU effort. From a pragmatic perspective, we are ok to persist with existing values for PC3, but we would like to consider the more realistic element assumption for on going and future work, and hence proposing to adopt HPBW of 90/90 for PC1. In terms of future work on MU improvement, we can adopt HPBW of 90/90 for PC3 devices as well.


The single-element assumptions based on [8] were subsequently adopted for the PC1 measurements grids while the assumptions for the existing PC3 measurement grids based on the 8x2 worst case were left unchanged since MTSU and TT were previously defined already. The single-element assumptions from [8] were also adopted in RAN5 for the optional PC3 4x2 measurement grid based on the (optional) vendor declaration. Feedback from industry is therefore requested to clarify the single-element assumptions for antenna arrays supporting the 52.6-71GHz range.
Additionally, feedback is requested which worst-case antenna array configurations, i.e., MxN, are supported by the first priority device types (PC1, PC2, and PC3) for the 52.6-71GHz range.
[bookmark: _Ref78276664]Proposal 3: Feedback from industry is requested to clarify the single-element antenna assumptions and the worst-case antenna array configuration (MxN) for the first priority device types (PC1, PC2, PC3) and the 52.6-71GHz range. 


Conclusion
The following observations and proposals were made in this contribution
Observation 1: Test equipment vendors had time to prepare in terms of the test equipment, components, and chambers to support the initial demand for a maximum in-band frequency of 40GHz.
Observation 2: Extending the initial 40GHz maximum in-band frequency to 43.5GHz (n259) and 48.2GHz (n262) from an OTA perspective was manageable.
Observation 3: Existing systems supported frequencies beyond 52.6GHz for spurious emissions testing which was limited to TX testing and the TRP metric only.
Observation 4: The revised SID added a new device type as first priority, i.e., vehicular UE, which has never been defined sufficiently from a testability perspective.
Proposal 1: Feedback from industry is requested on options to support 52.6GHz-71GHz with test systems
Proposal 2: Industry to provide feedback on testability aspects of vehicular UEs, e.g., full device testing vs embedded UE only testing (with or without ground plane), device sizes/weights, antenna separations, etc.
Proposal 3: Feedback from industry is requested to clarify the single-element antenna assumptions and the worst-case antenna array configuration (MxN) for the first priority device types (PC1, PC2, PC3) and the 52.6-71GHz range.
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