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1	Introduction
[bookmark: _Hlk61608935]A new objective to study and define test methods for the 52.6 to 71 GHz frequency range was added to the scope of the Study on enhanced test methods for FR2 during RAN #92e [1]. Details are found below:

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 needs 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]

In this contribution we begin discussions for this objective by addressing the applicable frequency range, identifying updates to current test methods and potential changes needed.
2	Discussion
To assess the impact this frequency increase will have, we first need to determine the upper frequency limit. FR2-2 extends from 52.6 to 71 GHz. Until we define OOB emissions, 71 GHz can serve as the upper frequency limit. 

Proposal 1: Until OOB emissions are agreed/defined for FR2-2, use 71 GHz as upper frequency limit.

Applicable frequency range
Besides the upper frequency limit, the applicable frequency range covered by the test system should be addressed. Three options are summarized below for further discussion:
· Option 1: Frequency range covers FR2-1 and FR2-2
· 24-71GHz performance is verified by test system
· Option 2: Frequency range covers FR2-2 only
· Only 52.6-71 GHz performance is verified by test system
· Option 3: Frequency range covers FR2-2 with FR2-1 anchor
· 52.6-71 GHz performance is verified by test system
· FR2-1 used as anchor for functionality purposes only (e.g., control signals)
· Option 4: Frequency range covers FR2-2 with FR2-1/FR1/LTE anchors
· 52.6-71 GHz performance is verified by test system
· LTE/FR1/FR2-1 used as anchor for functionality purposes only (e.g., control signals)

Option 1 is convenient in the sense that only one system is needed for the entire FR2 range. However, extending the frequency range well beyond 50 GHz will certainly impact the QoQZ and MU. These are impacted by the significant range covered. Also, the test setup components and equipment may be rated up to a lower frequency (e.g., 50 GHz), and may require a mostly new setup, or modules to extend range.

Option 2 focuses on a test system for FR2-2 only and is the most straightforward. This means the system can be tailored and optimized for this frequency range alone. For this option, a separate system is needed to measure FR2-1 performance.

Option 3 allows the test system to be optimized for FR2-2, while leveraging FR2-1 as anchor to provide a link for UE configuration. FR2-1 performance is not verified by the test system.

Option 4 is similar to Option 3 but uses FR2-1/FR1/LTE as anchors.
 
Proposal 2: Further discuss the options below for the applicable frequency range covered by the test system.
· Option 1: Frequency range covers FR2-1 and FR2-2
· Option 2: Frequency range covers FR2-2 only (52.6 to 71 GHz)
· Option 3: Frequency range covers FR2-2 with FR2-1 anchor
· Option 4: Frequency range covers FR2-2 with FR2-1/FR1/LTE anchors

Multi-band support
Considering multi-band relaxations were heavily discussed in FR2-1, it is likely that multi-band support will also be introduced for FR2-2. In fact, a UE may support bands in FR2-1 and FR2-2, and therefore it makes sense for the system to have the capability of testing different FR2 bands. To address this, the system may have the ability to measure both FR2-1 and FR2-2, but not simultaneously. This way, the test setup and QoQZ can be set for the desired frequency range. Further discussion can take place once bands are defined in FR2-2 and multi-band relaxations are discussed. 

Observation 1: Multi-band support may be introduced in FR2-2 and may include bands in FR2-1; therefore, it makes sense for the system to be able to test different frequency bands within FR2. The test system may support this by measuring either FR2-1 or FR2-2 individually (not simultaneously).

Extending applicability of current test methods
To determine whether we can extend applicability of FR2 test methods to FR2-2, and assess the impact on the test system, we first need to agree on the applicable frequency range and upper frequency limit. Until these are finalized, we will focus on identifying specific clauses and parameters from the current FR2 test methods [2] that may need revising.

UE RF testing methodology
· Far-field criteria for the DFF system (Clause 5.2.1.2)
· Table 5.2.1.2-1 captures the near field/far field boundary and path loss at 28 GHz and 100 GHz. This table may be captured as is in TR 38.884 or replace the 28 GHz frequency for 71 GHz (or another frequency within FR2-2).
· Table 5.2.1.2-2 - a column for the minimum range length at 71 GHz should be added to the table
· IFF near-field/far-field boundary and path loss (Clause 5.2.3.2)
· Table 5.2.3.2-1 - near field/far field boundary and path loss should be evaluated at 71 GHz (or another frequency within FR2-2)
· Table 5.2.3.2-2 - path loss should be determined at 71 GHz (or another frequency within FR2-2)
· Test method applicability can be reused
· Reassess D value
· Verify whether DUT antenna configurations need updating (Table 5.3-1)
· Review Table 5.3-2

UE RRM testing methodology
· Reference point SNR and Noc derivation (TR 38.810 - Clause 6.2.1.4.3)
· Further adjustment of Noc level is required to consider higher propagation loss, measurement distance, different UE antenna array characteristics and potentially different TE RF characteristics
· Testable SNR range for RRM test setup (TR 38.810 - Annex B.2)
· Further adjustment/assessment of the testable SNR range is required to account for higher propagation loss and potentially different TE RF characteristics
· Update test system parameters for 71 GHz (Table B.2.1.5.1-1)

UE demodulation testing methodology
· Testable SNR range for demodulation test setup (TR 38.810 - Annex B.3)
· Further adjustment/assessment of the testable SNR range is required to consider higher propagation loss and potentially different TE RF characteristics

Observation 2: Due to the large span in FR2-2 range, further discussion is needed to determine what frequency will be used in the max SNR derivation. Three potential options are captured below:
· Option 1: Derive max SNR for low frequency sub-range (~57GHz)
· Option 2: Derive max SNR for maximum frequency (~71GHz)
· Option 3: Derive max SNR at different portions of FR2-2 range (e.g., 57GHz, 71GHz)

Proposal 3: Review the content below and discuss the modifications needed for FR2-2.
· UE RF testing methodology
· Far-field criteria for the DFF system (TR 38.810 - Clause 5.2.1.2)
· IFF near-field/far-field boundary and path loss (TR 38.810 - Clause 5.2.3.2)
· UE RRM testing methodology
· Reference point SNR and Noc derivation (TR 38.810 - Clause 6.2.1.4.3)
· Testable SNR range for RRM test setup (TR 38.810 - Annex B.2)
· UE demodulation testing methodology
· Testable SNR range for demodulation test setup (TR 38.810 - Annex B.3)
· UE RF, RRM and demodulation
· Identify uncertainty elements impacted by FR2-2 

Potential changes
General testing and calibration
· Setup changes expected given the above 50 GHz frequency extension
· Includes cables, connectors, equipment, cal-kit, reference calibration antenna
· Calibration measurement procedure can be reused
· Changes depend on frequency range supported by test system

Propagation conditions
· For UE RRM testing methodology and UE Demodulation and CSI testing methodology, FR2 test methods support the following propagation conditions [2]
· Multi-path fading propagation conditions
· Static propagation conditions
· Same general propagation conditions will be required for FR2-2 OTA testing
· Static propagation conditions
· No modifications are needed; models defined in TR 38.810 can be reused
· Multi-path fading propagation conditions
· Additional channel models in terms of delay and Doppler spread may be required and subject to the discussion in RRM and Demodulation sessions (e.g., reduce Delay spread comparing to FR2-2).
· Single probe channel modelling methodology 
· Option 1 can be used as defined in TR 38.810
· Path Delay grid for channel models
· General methodology can be reused. Further discussion is needed on the modification of fixed quantization grid for the tap delay modelling. For FR2-1 Fsample = 200MHz and ∆T ≤ 5 ns. For FR2-2 the max BW is substantially increased compared to FR2-1 and Fsample parameter may need to be adjusted up to [2000] MHz. Further feedback from TE vendors on the max feasible Fsample is needed.

Observation 3: While general methodology can be reused for Path Delay grid for channel models, further discussion is needed on the modification of fixed quantization grid for the tap delay modeling
· For FR2-1 Fsample = 200MHz and ∆T ≤ 5 ns
· For FR2-2 the max BW is substantially increased compared to FR2-1 and Fsample parameter may need to be adjusted up to [2000] MHz. Further feedback from TE vendors on the max feasible Fsample is needed.

3	Conclusions
In this contribution we shared our initial views on the OTA test methods for FR2-2, including the applicable frequency range of the system and potential changes needed. The following proposals and observations were made: 

Proposal 1: Until OOB emissions are agreed/defined for FR2-2, use 71 GHz as upper frequency limit.

Proposal 2: Further discuss the options below for the applicable frequency range covered by the test system.
· Option 1: Frequency range covers FR2-1 and FR2-2
· Option 2: Frequency range covers FR2-2 only (52.6 to 71 GHz)
· Option 3: Frequency range covers FR2-2 with FR2-1 anchor
· Option 4: Frequency range covers FR2-2 with FR2-1/FR1/LTE anchors

Observation 1: Multi-band support may be introduced in FR2-2 and may include bands in FR2-1; therefore, it makes sense for the system to be able to test different frequency bands within FR2. The test system may support this by measuring either FR2-1 or FR2-2 individually (not simultaneously).

Observation 2: Due to the large span in FR2-2 range, further discussion is needed to determine what frequency will be used in the max SNR derivation. Three potential options are captured below:
· Option 1: Derive max SNR for low frequency sub-range (~57GHz)
· Option 2: Derive max SNR for maximum frequency (~71GHz)
· Option 3: Derive max SNR at different portions of FR2-2 range (e.g., 57GHz, 71GHz)

Proposal 3: Review the content below and discuss the modifications needed for FR2-2.
· UE RF testing methodology
· Far-field criteria for the DFF system (TR 38.810 - Clause 5.2.1.2)
· IFF near-field/far-field boundary and path loss (TR 38.810 - Clause 5.2.3.2)
· UE RRM testing methodology
· Reference point SNR and Noc derivation (TR 38.810 - Clause 6.2.1.4.3)
· Testable SNR range for RRM test setup (TR 38.810 - Annex B.2)
· UE demodulation testing methodology
· Testable SNR range for demodulation test setup (TR 38.810 - Annex B.3)
· UE RF, RRM and demodulation
· Identify uncertainty elements impacted by FR2-2 

Observation 3: While general methodology can be reused for Path Delay grid for channel models, further discussion is needed on the modification of fixed quantization grid for the tap delay modeling
· For FR2-1 Fsample = 200MHz and ∆T ≤ 5 ns
· For FR2-2 the max BW is substantially increased compared to FR2-1 and Fsample parameter may need to be adjusted up to [2000] MHz. Further feedback from TE vendors on the max feasible Fsample is needed.
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