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Introduction
According to the SID [3] the first objective is to improve the test methodology for high DL and low UL power test cases based on the feedback RAN5 provided in [7] declaring testability issues on some of the core requirements in TS 38.101-2 [9].
In this contribution we present our views and proposal for this first objective.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Test status in RAN5
As shown in [1], RAN5 has made progress on the test case and MU analysis, coming up with relaxations for some of the test cases as detailed in [10]:
	Test Case
	Test Metric
	Regulatory related
	Testability Issue
	TS 38.521-2 Test Requirements

	7.4 Maximum input level
	EIS
	No
	High DL Power
	26dB relaxation for 24.25 ~ 29.5 GHz and 34 dB relaxation for 37 ~ 40 GHz with respect to minimun requirements.

	7.5 Adjacent channel selectivity
	EIS
	Yes, for case 1.
	
	Added relaxations for ACS Case 1:
· 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.

Decision not test ACS case 2.

	6.3.2 Transmit OFF power
	TRP
	Yes
	Low UL Power
	Relaxations for n257: 21.4dB @ 50MHz, 24.4dB @ 100MHz, 27.4dB @ 200MHz and 30.4dB @ 400MHz.

Relaxations for other bands are still TBD.

	7.9 (Receiver) Spurious emissions
	TRP
	Yes
	
	Relaxations for n257: 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.

	6.5.3.2 Spurious emission band UE co-existence
	TRP
	Yes
	
	Between 3.3dB and 6dB relaxation depending on the combination of NR Band and Protected band.

	6.5.2.3 Adjacent channel leakage ratio
	EIRP
	Yes
	
	Relaxation for n257, n258 and n261: 0dB, except for 200Mhz (0.5dB in one test ID) and 400MHz (between 1.5 and 3.5dB)

	6.3.1 Minimum output power
	EIRP
	No
	
	No relaxation for PC1. For other power classes, relaxation varies from 0dB to 13.5dB depending on the operating band and channel bandwidth.




Table 2-1: Summary of relaxations in TS 38.521-2

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. In the table below, we show estimated potential improvements for the in-band TC shown in section 2.
	Test Case
	Test Metric
	Regulatory related
	TS 38.521-2 Test Requirements
	Potential improvement

	7.4 Maximum input level
	EIS
	No
	26dB relaxation for 24.25 ~ 29.5 GHz and 34 dB relaxation for 37 ~ 40 GHz with respect to minimun requirements.
	~ 6dB for FR2a
~10dB for FR2b

	7.5 Adjacent channel selectivity
	EIS
	Yes, for case 1.
	Added relaxations for ACS Case 1:
· 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.

Decision not test ACS case 2.
	Similar improvements as for TC 7.4
All single carrier bandwidth could be testable 400 MHz, without relaxations up to 200 MHz


	6.3.2 Transmit OFF power
	TRP
	Yes
	Relaxations for n257: 21.4dB @ 50MHz, 24.4dB @ 100MHz, 27.4dB @ 200MHz and 30.4dB @ 400MHz.

Relaxations for other bands are still TBD.
	~ 10dB for FR2a and FR2b


	6.5.2.3 Adjacent channel leakage ratio
	EIRP
	Yes
	Relaxation for n257, n258 and n261: 0dB, except for 200Mhz (0.5dB in one test ID) and 400MHz (between 1.5 and 3.5dB)
	Improvements remove required relaxations from TC

	6.3.1 Minimum output power
	EIRP
	No
	No relaxation for PC1. For other power classes, relaxation varies from 0dB to 13.5dB depending on the operating band and channel bandwidth.

	~ 10dB for FR2a and FR2b
FR2a requirements testable without relaxations



Table 3-1: Potential improvements of current permitted methods
The numbers and results shown in the table may change and improve after further investigations and would need to be confirmed by RAN5. However this already shows that significant improvements to the current methodology can be made, reducing the need for adding new methods and complexities to the test system architecture.
This solution also has the additional benefit that in fact there is no effect on the test time of the several TCs, as well as the measurement uncertainty, since effects like amplifier uncertainties or mismatch are already considered by RAN5.
Observation 1: Current permitted methods can be enhanced without any impact on test time or measurement uncertainty.
Proposal 1: Non-permitted methods should be only considered if the improvement is better than the performance shown in table 3-1. 
Feasibility of DNF methods
The analysis on [2] on NF systems without a transform is based on the potential error of NF test systems on EIRP/EIS measurements and assuming very close distances. Nevertheless measurement distances between Fraunhofer distance and Reactive Near Field boundary can be also be used as described in [11]. In this paper, it is shown how Total Radiated Power (TRP) measurements can be performed at a closer distance to the radiating element but still showing the same accuracy as the measurements performed at Fraunhofer distance. This range length distance is defined as Derat Distance ():

Observation 2: TRP measurements can be performed at Derat distance without impact on the MU.
Assuming a fixed radiating aperture of 5cm for PC3 devices, Derat Distance can be added to the comparison of minimum range length and Free Space Path Loss (FSPL) as the limit for DNF measurements.
	
	
	Minimum Range Length [m]

	f [GHz]
	Radiating Aperture [cm]
Deff
	FF

	DNF

	NF


	24.25
	5.00
	0.53
	0.31
	0.19

	30
	5.00
	0.63
	0.34
	0.19

	40
	5.00
	0.79
	0.38
	0.21

	43.5
	5.00
	0.85
	0.40
	0.21

	52.6
	5.00
	1.00
	0.43
	0.22



Table 4-1: Range length comparison, fixed PC3 device (8x2 array), QZ size = 30cm, Black box approach

	
	Free Space Path Loss [dB]

	f [GHz]
	IFF/DFF with 1m range length
	DNF with 0.43m range length

	NF with 0.22m range length

	24.25
	60.14
	52.81
	46.99

	30
	61.99
	54.66
	48.84

	40
	64.49
	57.16
	51.34

	43.5
	65.22
	57.89
	52.07

	52.6
	65.38
	58.05
	52.22



Table 4-2: FSPL comparison, fixed PC3 device (8x2 array), QZ size = 30cm, Black box approach

Observation 3: FSPL improves by ~7dB for Direct Near Field measurements at Derat distance compared to IFF/DFF.
As shown in [2], the actual range length distance can be further reduced estimating the effective radiating aperture based on a λ/2 inter-element spacing, and thus Derat distance can be added to the comparison of minimum range length:
	
	
	Minimum Range Length [m]

	f [GHz]
	Effective Aperture [cm]
Deff
	FF

	DNF

	NF


	24.25
	5.10
	0.54
	0.32
	0.19

	30
	4.12
	0.47
	0.28
	0.18

	40
	3.09
	0.39
	0.25
	0.17

	43.5
	2.84
	0.37
	0.24
	0.17

	52.6
	2.35
	0.33
	0.23
	0.17



Table 4-3: Range length comparison, PC3 device (8x2 array), QZ size = 30cm, Black box approach
In this case, the most sound approach to avoid any impact on the Beam Peak search and corresponding test direction defined for the requirement implies an IFF test system upgraded with a test antenna in the DNF so UE beam peak can be fixed under FF conditions, while the actual Tx Measurement is performed in the DNF. 
The advantage of DNF implementations is quite obvious compared to NF methods with transform since the later requires phase coherent measurements in addition to very fine scan grid what drives to complex test system implementations.
Further improvement in the accuracy of TRP measurements, valid for DFF or DNF methods, can be achieved by correcting for the displacement of the radiating source with respect to the centre of the coordinate system as described in [12]. This can be easily implemented by manufacturer declaration and will also solve the potential issue with QoQZ MU for DNF systems.
Observation 4: Displacement correction for TRP measurements based on manufacturer declaration will reduce MU for DNF systems.
Proposal 2: Focus on the definition of DNF methodology based on Derat distance and the displacement correction based on manufacturer declaration. 
Feasibility of NF methods with transform
The final option to further reduce the FSPL is to consider Near Field to Far Field transformation methods (NFTF) where a phase reference is required to retrieve the actual magnitude and phase response from the transmitter.
Similar to DNF, the easiest approach would be to combine a test antenna in the NF with an IFF system so the so UE beam peak can be fixed under FF conditions, but the main difference is the need for a phase reference between the NF antenna and another antenna with a fixed relation to the DUT so the phase difference can be retrieved. A simplified schematic of such system is presented in Figure 5-1: 
OTA Chamber
NF antenna
DUT

IFF feed
Dual coherent vector signal analyzer
IFF reflector

Figure 5-1: Simplified schematic for IFF system combined with NFTF
In addition to the complex setup required to retrieve the phase for modulated signals, these methods are typically very time consuming since the full pattern of the transmitted signal is required to apply wave expansion techniques and obtain the corresponding FF result, although they might be an option to further reduce the FSPL (~6dB compared to DNF according to Table 5-2). Of course, these methods are only applicable to Tx test cases since no transform can be applied in the Rx (DL) direction to provide the UE with a plane wavefront. 
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution we make the following observations and proposals:
Observation 1: Current permitted methods can be enhanced without any impact on test time or measurement uncertainty.
Observation 2: TRP measurements can be performed at Derat distance without impact on the MU.
Observation 3: FSPL improves by ~7dB for Direct Near Field measurements at Derat distance compared to IFF/DFF.
Observation 4: Displacement correction for TRP measurements based on manufacturer declaration will reduce MU for DNF systems.
Proposal 1: Non-permitted methods should be only considered if the improvement is better than the performance shown in table 3-1. 
Proposal 2: Focus on the definition of DNF methodology based on Derat distance and the displacement correction based on manufacturer declaration. 
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