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1.	Introduction
RAN4 has been working on a study item whose objectives were to enhance the FR2 RF testing methodology and to quantify the impact of the enhancements on the UE performance among others. The outcome of this study item is being documented in [1]. 
One of the investigations carried out was around how to overcome the testability issues of a set of FR2 RF test cases requiring either high DL power or low UL power. As part of this investigation, improvements on existing test methodologies were analysed and documented in section 5.1.6 in [1].
This document reviews the progress done by RAN4 in terms of achievable improvements on existing testing methodologies and provides justification on why a revision of this work is needed in RAN5 in order to evaluate whether near field methodologies defined by RAN4 in [1] should be considered in conformance testing to overcome some of the FR2 testability issues found.
2.	Discussion
Improvement of permitted methods were documented as shown below:

	[bookmark: _Toc98389428]5.1.6	Improvement of permitted methods
Tables 5.1.6-1 and 5.1.6-2 below provide a preliminary list of potential improvement of permitted methods based on the analysis provided by one company and are applicable to the frequency range of 24.25 – 43.5 GHz.
Table 5.1.6-1: Summary of potential improvement of permitted methods by Tx test case (24.25 – 43.5 GHz)
	Clause
	Requirement
	Testability issue
	Test Metric
	Regulatory related
	TS 38.521-2 Test Requirements
	Potential improvement

	6.3.1
	Minimum output power
	Low UL power
	EIRP (Link=TX beam peak direction, Meas=Link angle).
	No
	No relaxation for PC1. For other power classes, relaxation varies from 0dB to 13.5dB depending on the operating band and channel bandwidth.
	Improvements remove required relaxations from TC

	6.3.2
	Transmit OFF power
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid)
	Yes
	Relaxations for n257: 21.4dB @ 50MHz, 24.4dB @ 100MHz, 27.4dB @ 200MHz and 30.4dB @ 400MHz.

Relaxations for n258 and n261: [21.4]dB @ 50MHz, [24.4]dB @ 100MHz, [27.4]dB @ 200MHz and [30.4]dB @ 400MHz.

Relaxations for n260: [24.1]dB @ 50MHz, [27.1]dB @ 100MHz, [30.1]dB @ 200MHz and [33.1]dB @ 400MHz.
	~ 10dB for FR2a and FR2b


	6.5.1
	Occupied bandwidth
	Low UL power
	OBW (Link=TX beam peak direction, Meas=Link angle)
	Yes
	No relaxations for FR2a and FR2b
	N/A for FR2a and FR2b

	6.5.2.3
	Adjacent channel leakage ratio
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Relaxation for n257, n258 and n261: 0dB, except for 200MHz (1.5dB in two test IDs) and 400MHz (between 0 and 5.5dB)
	Improvements remove required relaxations from TC

TC coverage is extended for FR2b

	6.5.3.2
	Additional spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Between 0.3dB and 13dB relaxation depending on the combination of NR Band and Protected band.
	TBD



Table 5.1.6-2: Summary of potential improvement of permitted methods by Rx test case (24.25 – 43.5 GHz)
	Clause
	Requirement
	Testability issue
	Test Metric
	Regulatory related
	TS 38.521-2 Test Requirements
	Potential improvement

	7.4
	Maximum input power
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle).
	No
	26dB relaxation for 24.25 ~ 29.5 GHz and 34 dB relaxation for 37 ~ 40 GHz with respect to minimun requirements.
	~ 12dB for FR2a
~16dB for FR2b

	7.5
	Adjacent channel selectivity (case 1)
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	Yes
	50MHz: 1.8dB relaxation for power in transmission BW and interferer for band n260.

100MHz: 4.8dB relaxation for power in transmission BW and interferer for band n260.

200MHz and 400MHz are deemed not testable.
	Similar improvements as for TC 7.4

Improvements remove required relaxations from TC

	7.5
	Adjacent channel selectivity (case 2)
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	No
	Decision not test ACS case 2.
	Interferer need ~ 15-22dB relaxation

	7.6.2
	In-band blocking
	High DL power
	EIS (Link=RX beam peak direction, Meas=Link angle)
	Yes
	50MHz: 1.8dB relaxation for power in transmission BW and interferer for band n260.

100MHz: 4.8dB relaxation for power in transmission BW and interferer for band n260.

200MHz and 400MHz are deemed not testable.
	Similar improvements as for TC 7.4

Improvements remove required relaxations from TC

	7.9
	Receiver spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Relaxations for n257, n258, n260, and n261: 10.2dB between 6-20GHz, 17.2dB between 20-40GHz and 33.1dB between 40GHz and the 2nd harmonic.

Relaxations for other bands are still TBD.
	TBD



For a given test case, NF based solutions should only be considered if the improvement for current methods is not enough to remove the relaxations determined by RAN5.



2.1 RF FR2 set of test cases with testability issues
As shown, the analysis has been performed separately for a set of RF FR2 Tx and Rx test cases.
Observation 1: The set of RF FR2 test cases with testability issues considered by RAN4 were the ones listed in [2]. 
Observation 2: Additional RF FR2 test cases will suffer from testability issues according to the RAN5 progress (EVM, UL CA, etc.) and will require similar analysis.
Proposal 1: RAN5 to update the list of RF FR2 test cases with testability issues as part of the analysis required in AP#94e.21.
2.2 Number of companies providing analysis results to TR 38.884 [1] section 5.1.6
Observation 3: The analysis in section 5.1.6 in [1] was provided by a single company:
	[image: ]



Proposal 2: Other TE vendors to confirm achievable improvements in existing permitted methods. 

2.3 Assumptions used to conclude achievable improvements in existing test methodologies in TR 38.884 [1] section 5.16
As described in table titles included in section 5.1.6 in [1], current analysis did not include frequencies beyond 43.5 GHz.
	Table 5.1.6-1: Summary of potential improvement of permitted methods by Tx test case (24.25 – 43.5 GHz)
…
Table 5.1.6-2: Summary of potential improvement of permitted methods by Rx test case (24.25 – 43.5 GHz)



This implies that frequency band n262 has not been considered and partial coverage of band n259 could have also been missed (for example ACLR test run at high range test frequency going one channel bandwidth beyond the channel bandwidth edge in terms of spectrum).
Observation 4: Frequency range considered in the analysis of achievable improvements with existing test methodologies might require extension for in-band test cases.
Additionally, additional spurious emissions test and receiver spurious emissions were added to the achievable improvements of permitted methodologies although achievable improvement is still TBD. Existing relaxations affect frequencies beyond 43.5 GHz. Hence, it is not clear the scope of the analysis performed in TR 38.884.
	
	6.5.3.2
	Additional spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Between 0.3dB and 13dB relaxation depending on the combination of NR Band and Protected band.
	TBD


…
	7.9
	Receiver spurious emissions
	Low UL power
	TRP (Link=TX beam peak direction, Meas=TRP grid).
	Yes
	Relaxations for n257, n258, n260, and n261: 10.2dB between 6-20GHz, 17.2dB between 20-40GHz and 33.1dB between 40GHz and the 2nd harmonic.

Relaxations for other bands are still TBD.
	TBD






Observation 5: Frequency range considered in the analysis might require extension for out-of-band test cases including spurious.
Proposal 3: RAN5 to clarify the frequency range to be considered in the analysis of achievable improvements with existing test methodologies excluding spurious emission test cases at this stage.
The source of achievable improvements in existing test methodologies, despite not documented in [1], can be found in [3] as the evolution of the signal conditioning unit to a highly integrated circuits version of it:
	3. Enhancement of current permitted methods
Test systems defined according to current permitted methods, and more precisely using the IFF methodology as the de-facto standard for RF conformance, are based on a high level block diagram like the following:
Radio Communication Tester
Remote Radio Head(s)
Signal Conditioning
OTA Chamber

Figure 3-1: High level system diagram for FR2 conformance testing
Functional blocks on the left (i.e. radio communication tester and RRH) have physical limitations on the potential improvements that can be achieved since the design requirements are fixed based on other needs (control signals, cooling, etc.). On the chamber side, physics are the limiting factor considering the test volume size and required minimum footprint, although system with shorter focal length have an advantage in terms of path loss. 
Therefore, the intermediate step (i.e. signal conditioning) becomes the critical piece defining most of the dynamic range / SNR limitations driving the testability issues shown in previous section. This “signal conditioning” may comprise elements like switches, combiners, power amplifiers / LNAs, etc., and thus they become an expensive and complex piece of equipment, having many drawbacks (RF noise, heat, etc.) in case discrete RF components are used and connected by cables.
The natural evolution of such “signal conditioning” boxes is the usage of highly integrated circuits. With this approach and based on state of the art components, the overall test system dynamic range / SNR could be improved and several relaxations could be either improved or removed completely.


Even when it could be thought that the source of the achievable improvements in existing test methodologies is the conducted part of the test system, this has a dependency with the characteristics of the OTA part of the test system.
For example, the achievable improvement at system level depending on an amplifier in the signal condition unit will depend on its 1dB compression point whose requirement depend on total OTA losses.
Hence it is not clear which OTA characteristics assumptions were used to determine the achievable improvements of permitted test methods in section 5.1.6 in [1]. 
Observation 6: It is not clear which OTA characteristics assumptions were used to determine the achievable improvements of permitted test methods in section 5.1.6 in [1].
Proposal 4: RAN5 to discuss and agree assumptions on OTA characteristics and on capabilities of the test system (quiet zone size, UE size, inter-band CA, ETC, …) for improvements of existing test methods and new testing methodologies in order to carry out the analysis of achievable improvements of existing test methodologies and assessment whether new methodologies should be considered.
Considering that the source of achievable improvements is the signal conditioning unit, it is not clear whether results in section 5.1.6 in [1] took into account the support of FR2 Inter-band CA or whether the signal conditioning unit already considered additional paths for the near field antenna based on the new methodologies proposed in [1] which could be combined with achievable improvements in the existing permitted methods.
Observation 7: It is not clear whether results in section 5.16 in [1] considered the support of FR2 inter-band CA or additional paths for near field antenna(e) for combining achievable improvements in signal conditioning unit with new near field methodologies described in [1].
Proposal 5: RAN5 to clarify whether the support of FR2 inter-band CA or additional paths for near field antenna(e) for combining achievable improvements in signal conditioning unit with new near field methodologies described in [1] were considered in results shown in section 5.1.6 in [1].

2.4 Concerns on achievable improvements in existing test methodologies in TR 38.884 [1] section 5.16
Potential improvements for Adjacent channel selectivity test (7.5 - case 1) and In-band blocking test (7.6.2) according to Table 5.1.6-2 indicates that similar improvements as for TC 7.4 can be achieved, concluding that improvement remove required relaxations from TC. However, according to [4], the limitation in these test cases is related to the interferer power level. Hence it is not clear how this is compared with Maximum Input level test (7.4) where only a high wanted signal is transmitted. 
Observation 8: it is not clear how potential improvements for Adjacent channel selectivity test (7.5 - case 1) and In-band blocking test (7.6.2) can be compared with Maximum Input level test potential improvements. 

3. 	Conclusion
This document reviews the progress done by RAN4 in terms of achievable improvements on existing testing methodologies and provides justification on why a revision of this work is needed in RAN5 in order to evaluate whether near field methodologies defined by RAN4 in [1] should be considered in conformance testing to overcome some of the FR2 testability issues found.
The following observations and proposals were made:
Observation 1: The set of RF FR2 test cases with testability issues considered by RAN4 were the ones listed in [2]. 
Observation 2: Additional RF FR2 test cases will suffer from testability issues according to the RAN5 progress (EVM, UL CA, etc.) and will require similar analysis.
Proposal 1: RAN5 to update the list of RF FR2 test cases with testability issues as part of the analysis required in AP#94e.21.
Observation 3: The analysis in section 5.1.6 in [1] was provided by a single company.
Proposal 2: Other TE vendors to confirm achievable improvements in existing permitted methods. 
Observation 4: Frequency range considered in the analysis of achievable improvements with existing test methodologies might require extension for in-band test cases.
Observation 5: Frequency range considered in the analysis might require extension for out-of-band test cases including spurious.
Proposal 3: RAN5 to clarify the frequency range to be considered in the analysis of achievable improvements with existing test methodologies excluding spurious emission test cases at this stage.
Observation 6: It is not clear which OTA characteristics assumptions were used to determine the achievable improvements of permitted test methods in section 5.1.6 in [1].
Proposal 4: RAN5 to discuss and agree assumptions on OTA characteristics and on capabilities of the test system (quiet zone size, UE size, inter-band CA, ETC, …) for improvements of existing test methods and new testing methodologies in order to carry out the analysis of achievable improvements of existing test methodologies and assessment whether new methodologies should be considered.
Observation 7: It is not clear whether results in section 5.16 in [1] considered the support of FR2 inter-band CA or additional paths for near field antenna(e) for combining achievable improvements in signal conditioning unit with new near field methodologies described in [1].
Proposal 5: RAN5 to clarify whether the support of FR2 inter-band CA or additional paths for near field antenna(e) for combining achievable improvements in signal conditioning unit with new near field methodologies described in [1] were considered in results shown in section 5.1.6 in [1].
Observation 8: it is not clear how potential improvements for Adjacent channel selectivity test (7.5 - case 1) and In-band blocking test (7.6.2) can be compared with Maximum Input level test potential improvements. 
Proposal 6: Any future technical contributions improvements which are FR2 MU related and provided as justification and/or to confirm achievable improvements shall be declared by the agreed RAN5 FR2 MU pre-meeting deadlines so that the documents can be tagged appropriately for any future meeting handling documents.
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Tables 5.1.6-1 and 5.1.6-2 below provide a preliminary list of potential improvement of permitted methods based on the
analysis provided and are applicable to the frequency range of 24.25 — 43.5 GHz.




