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Introduction
In this paper we present our analysis on the improvement of existing permitted methods for FR2 to remove the test requirement relaxations that are currently present in the FR2 test specification TS 38.521-2 [3].
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
As shown in [1], a standard test system may look like this:Radio Communication Tester
Remote Radio Head(s)
Signal Conditioning
OTA Chamber

Figure 1: High level system diagram for FR2 conformance testing
The intermediate step (i.e. signal conditioning) becomes the critical piece defining most of the dynamic range / SNR limitations driving the testability issues documented so far [reference to LS]. 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.

As shown in [1], 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. 
RAN4 thus has identified the following improvements for existing permitted methods from TS 38.810 in TS 38.884 [2] as follows:
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



In this contribution, we analyse and provide updates on the achievable improvements for the yellow highlighted in‑band TCs, with a special focus on FR2a and FR2b since RAN5 has not yet discussed testability issues for frequencies larger than 40 GHz (i.e. band n259) yet.
The results presented in the following sections are based on simulations and measurements of a test system supporting single carrier, as well as CA configurations (inter- and intra-band) currently defined up to Rel-17. The analysis is valid for the SA TCs above as well as the corresponding EN-DC where an LTE carrier is needed, since the presence of the LTE anchor does not affect the FR2 performance.
Minimum Output Power
For the minimum Output power TC TS 38.521-2 [3] currently has the following Test Requirements:
[image: ]
As can be seen from the table, an influence of noise value of 1.0 dB is currently required, which is used in the MTSU calculation for the TC. Based on this assumption, it is feasible to remove completely the relaxations mentioned in the table above and make this TC testable without any relaxations.
[bookmark: _Ref110350984][bookmark: _Toc117849213][bookmark: _Toc117865543][bookmark: _Toc117865784][bookmark: _Toc117865828]Observation 1: The relaxations for the Minimum Output Power TC can be removed up to 400MHz BW with the improvements to permitted methods.
Off Power
For the Off Power TC TS 38.521-2 [3] currently defines the following test requirements:
Table 6.3.2.5-1: Transmit OFF power
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n2572
	-35+21.4
	-35+24.4
	-35+27.4
	-35+30.4

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	n258, n261
	-35+[21.4]
	-35+[24.4]
	-35+[27.4]
	-35+[30.4]

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	n260
	-35+[24.1]
	-35+[27.1]
	-35+[30.1]
	-35+[33.1]

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	NOTE 1:	Core requirement cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement result = 1.0 dB (Minimum requirement + relaxation).
NOTE 2: 	Relaxed n257 test requirement is testable for PC3 and PC1.


Since for this TC a very low power needs to be measured similar to the Minimum Output Power TC, the Noise Floor of the test system will also be very similar, thus a reduction of relaxations is possible in a similar way as for the Minimum Output Power TC.
Improved Table 6.3.2.5-1: Transmit OFF power
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n2572
	-35+13
	-35+16.4
	-35+19.4
	-35+22

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	n258, n261
	-35+[13]
	-35+[16.4]
	-35+[19.4]
	-35+[22]

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	n260
	-35+[10.6]
	-35+[13.6]
	-35+[16.6]
	-35+[19.6]

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz

	NOTE 1:	Core requirement cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement result = 1.0 dB (Minimum requirement + relaxation).
NOTE 2: 	Relaxed n257 test requirement is testable for PC3 and PC1.


Further improvements of the relaxations need to be investigated during the course of the work in RAN.5
[bookmark: _Toc117849214][bookmark: _Toc117865544][bookmark: _Toc117865785][bookmark: _Toc117865829]Observation 2: The relaxations for the Off Power TC can be reduced by at least 8.4 dB in FR2a and 13.5 dB in FR2b with the improvements to permitted methods.
Occupied Bandwidth
Since no relaxations are defined in the specification for this TC, it should be removed list of TCs to be investigated for testability improvements.
[bookmark: _Toc117849215][bookmark: _Toc117865545][bookmark: _Toc117865786][bookmark: _Toc117865830]Observation 3: No relaxations are required for the occupied bandwidth TC.
 Adjacent channel leakage ratio
ACLR currently requires relaxations due to the high MPR applied in some test points. From the table below, the required relaxations can be seen and it should be noted that according to the test configuration table, the highlighted test points are not tested in FR2b, since they were deemed not feasible there.
Table 6.5.2.3.5-1b: Relaxation due to testability limit (Adjacent channel leakage ratio)
	
	
	Channel bandwidth / NRACLR / Measurement bandwidth

	
	Test ID
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	NRACLR for band n257, n258, n261
	1-6
	0
	0
	0
	0

	
	7
	0
	0
	0
	2.5

	
	8
	0
	0
	0
	2.5

	
	9
	0
	0
	0
	2.5

	
	10
	0
	0
	1.5
	5.5

	
	11
	0
	0
	1.5
	5.5

	
	12
	0
	0
	1.5
	5.5

	
	13
	0
	0
	0
	3

	
	14
	0
	0
	0
	3

	
	15
	0
	0
	0
	3

	NOTE 1:	Relaxation value is derived by Table 6.5.2.3.5-1c for FR2a.
NOTE 2:	Relaxation value is 0 for FR2b.



According to TS 38.903 the following influence of Noise has been assumed in deriving the measurement uncertainty for the TC:
Table B.17.2-4: Influence of noise measurement (f=23.45GHz, 32.125GHz, 40.8GHz, Quiet Zone size ≤ 30 cm) for PC3 UEs
	
	FR2a
	FR2b

	ChBW (50MHz)
	0.54
	1.0 (NOTE 6)

	ChBW (100MHz)
	1.0
	1.0 (NOTE 5)

	ChBW (200MHz)
	1.0 (NOTE 4)
	1.0 (NOTE 2)

	ChBW (400MHz)
	1.0 (NOTE 1)
	1.0 (NOTE 3)

	NOTE 1: This value is based on the relaxation of (MPR – 3.0) dB for MPR > 3.0dB.
NOTE 2: Not applicable for MPR > 3.5dB
NOTE 3: Not applicable for MPR > 2.0dB
NOTE 4: This value is based on the relaxation of (MPR – 5.0) dB for MPR > 5.0dB.
NOTE 5: Not applicable for MPR > 5.0dB
NOTE 6: Not applicable for MPR >7. 5 dB



Following our analysis, it is possible to achieve these influence of noise levels for all test points and MPR levels specified, for all channel bandwidths and both FR2a and FR2b without requiring any relaxations by means of evolved signal conditioning. Therefore, this TC can be removed from the list of TC with low PSD issues without impacting the existing MU for the TC.
[bookmark: _Toc117849216][bookmark: _Toc117865546][bookmark: _Toc117865787][bookmark: _Toc117865831]Observation 4: The relaxations for the ACLR TC can be removed up to 400MHz BW with the improvements to permitted methods.
Adjacent channel selectivity (case 1)
Based on the current version of TS 38.521-2 [3] the requirements for FR2b are relaxed by 1.8 and 4.8 dB for 50 and 100 MHz bandwidth respectively, which are the tested bandwidths in the TC.
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The table above then results in the following level requirements for the interferer (without the relaxations above).
	Operating band
	Interferer Level in dBm

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-53.32
	-50.32
	-47.32
	-44.32

	n258
	-53.32
	-50.32
	-47.32
	-44.32

	n260
	-51.72
	-47.72
	-45.72
	-42.72

	n261
	-53.32
	-50.32
	-47.32
	-44.32



From our analysis, these levels are feasible with improvements to existing methods, thus the relaxations and corresponding Notes in the test requirement table can be removed.
[bookmark: _Toc117849218][bookmark: _Toc117865548][bookmark: _Toc117865788][bookmark: _Toc117865832]Observation 5: The relaxations for the ACS case 1 TC can be removed up to 400MHz BW with the improvements to permitted methods.
Adjacent channel selectivity (case 2)
For the ACS case 2 requirements the same maximum interferer level is achievable as for the case 1, since the maximum achievable interferer level of the system does not depend as much on the TC requirements, rather on the hardware of the test system.
Thus, there is no change in the testability of ACS case 2. However, it should be noted that further improvement, by e.g. NF methods described in TR 38.884 [2], will not be enough to reach the required input power to make this case feasible.
In our analysis, the required interferer power for ACS case 2 cannot be achieved with the improved signal conditioning as the interferer level is set to -25dB, which roughly 20 dB higher than the achievable interferer level for Case 1. The estimated maximum improvement of relaxation with NF based methods as reported in TR 38.884 is 14dB, which is still not enough to overcome the 20dB difference. 
Even more, the claimed 14dB improvement is defined for a very concrete theoretical implementation with a 20cm range length, applicable only PC3, NTC and QZ ≤ 30cm. Any practical implementation which will require additional flexibility to cover other PC, ETC or larger QZ, will require a larger range length and thus the improvement is effectively less than 14dB.
[bookmark: _Toc117849219][bookmark: _Toc117865549][bookmark: _Toc117865789][bookmark: _Toc117865833]Observation 6: ACS case 2 is still not feasible with improved permitted methods. 
[bookmark: _Toc117849220][bookmark: _Toc117865550][bookmark: _Toc117865790][bookmark: _Toc117865834]Observation 7: The usage of NF methods is not enough to solve the testability issue for ACS case 2.
In-band blocking
For in-band blocking, the same level parameters as for ACS case 1 apply as can be seen from the test requirement table below. Therefore, the relaxations and corresponding Notes in the test requirement table can be removed as well.
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[bookmark: _Toc117849221][bookmark: _Toc117865551][bookmark: _Toc117865791][bookmark: _Toc117865835]Observation 8: The relaxations for the In-band blocking TC can be removed up to 400MHz BW with the improvements to permitted methods.
Conclusion
As shown in the discussion section above, several TCs do no longer required relaxations and thus should be removed from the list of TCs with high/low PSD issues.
It should be noted that these findings not only have been confirmed by us, but also by a second TE vendor in their contribution [4] in the last meeting, where they have confirmed the findings by RAN4.
Therefore, we propose the following:
[bookmark: _Toc117849229]Proposal 1: The following TCs shall be removed from the list of TCs with high/low PSD issues: 6.3.1, 6.5.1, 6.5.3.2, 7.5 (case1), 7.6.2.
Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution, the following observations and proposals were made:
Observation 1: The relaxations for the Minimum Output Power TC can be removed up to 400MHz BW with the improvements to permitted methods.
Observation 2: The relaxations for the Off Power TC can be reduced by at least 8.4 dB in FR2a and 13.5 dB in FR2b with the improvements to permitted methods.
Observation 3: No relaxations are required for the occupied bandwidth TC.
Observation 4: The relaxations for the ACLR TC can be removed up to 400MHz BW with the improvements to permitted methods.
Observation 5: The relaxations for the ACS case 1 TC can be removed up to 400MHz BW with the improvements to permitted methods.
Observation 6: ACS case 2 is still not feasible with improved permitted methods.
Observation 7: The usage of NF methods is not enough to solve the testability issue for ACS case 2.
Observation 8: The relaxations for the In-band blocking TC can be removed up to 400MHz BW with the improvements to permitted methods.

Proposal 1: The following TCs shall be removed from the list of TCs with high/low PSD issues: 6.3.1, 6.5.1, 6.5.3.2, 7.5 (case1), 7.6.2.
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Table 7.6.2.5-1: In-band blocking test requirement
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Table 6.3.1.5-2: Minimum output power for power class 3

Operating band | _Channel Winimum output Test Tolerance TT | Measurement bandwidth
bandwidth power (dB) (MHz)
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NOTE 1:Core requirement cannot be tested due to testabilly issue and test requirement includes relaxation to
achieve impact from test system noise to measurement result = 1.0 dB (Minimum requirement +
relaxation)
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Table 7.5.5-2: Test parameters for adjacent channel selectivity, Case 1
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NOTE 1. The interferer consis's of the Reference measurement channel specified in Annex A.3.3 with one sided
dynamic OCNG Pattem as described in Annex A.5.2.1 and Set-up according to Annex C.
NOTE 2: The REFSENS power level is specified in subclause 7.3.2.5.
NOTE 3: The absolute value of the interferer offset Finre (0ffset) shall be further adjusted to
([ Figterferes! /SCS] + 0.5)SCS MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and
interferer signal have same SCS.
NOTE 4: Core requirement cannot be tested due to testabilty issue and test requirement for wanted signal and
interferer includes relaxation to achieve feasible interferer power level.
NOTE 5 Core requirement cannot be tested due to testabilty issue.
NOTE 6 The transmitter shall be set to 4 dB below the Puax< as defined in clause 6.2.4, with uplink configuration

specified in Table 7.3.2.3.1-2.





