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Introduction
In the last meeting RAN4 received an LS from RAN5 [1] concerning testability issues for several FR2 requirements. In this paper we discuss the items from the RAN5 LS and share our view on the topics.
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In the LS [1] from RAN4 #90 RAN5 asked for further input from RAN4 on whether it is meaningful to test the several TCs with the needed relaxations or whether the relaxations required make the tests meaningless and can be skipped. Table 1 below is taken from the LS and shows the TCs in question and the current conclusions from RAN5.
Table 1  Status of RAN5 decision for FR2 TRx test cases with testability issue
	Test Case
	Test Specification
	Testability Issue
	RAN5 Decision
	Related documents

	Maximum input level
	38.521-2
38.521-3(EN-DC with FR2)
	High DL Power (Note1)
	Required relaxation is 26dB for  n257/n258/n261 and 34dB for n260. RAN5 decided not to test on all FR2 bands.
	R5-185805

	Adjacent channel selectivity
	
	
	Required relaxation for the interferer of Case 2 is 26dB for  n257/n258/n261 and 34dB for n260.
Not to test or test with relaxation is TBD.
	R5-185805

	Transmit OFF power
	
	Low UL Power(Note 2)
	Required relaxation is tentatively agreed as 23.9dB for n257/n258/n261, 33.1dB for n260 for 400MHz BW. 
Not to test or test with relaxation is TBD.
	R5-187273
R5-187274
R5-188063
R5-188065

	(Receiver) Spurious emissions
	
	
	Required relaxation in the range 3.7dB to 26.6dB depending on the frequency is tentatively agreed. 
Not to test or test with relaxation is TBD.
	

	Spurious emission band UE co-existence
	
	
	Required relaxation in the range 4.3dB to 29.3dB depending on the frequency is tentatively agreed for some cases. 
Not to test or test with relaxation is TBD.
	

	Spectrum emission mask
	
	
	Whether relaxation is required depends on further analysis of achievable SNR and assesment of MU for n260.
	

	Adjacent channel leakage ratio
	
	
	Whether relaxation is required depends on further analysis of achievable SNR and assesment of MU for n260.
	

	Note 1 : Testability issue due to the upper limit of downlink power achievable from the test system. 
Note 2 : Testability issue due to the lower limit of measurable power level by the test system.



In the past for LTE and as well for the FR1 requirements RAN5 has always tested the UEs against the test requirements, which were derived as minimum requirements + test tolerance. For FR2 however it is not feasible to test some of the minimum requirements because of the high OTA losses in the chamber and the in general higher cabling losses and worse performance of equipment and the FR2 frequencies. 
Thus some input from RAN4 is required on whether it makes sense to relax some of the requirements for testing purposes only and to achieve some form of test coverage this way. 
In this paper we share our views on this topic.
 Adjacent channel selectivity / In-band blocking
In [1] and [2] RAN5 discussed an analysis of the feasible maximum power levels that are possible to emulate in the center of the quiet zone for receiver tests. Although the values are not finalized, the maximum feasible levels are in the region of -51 dBm for bands n257/n258/n261 and -59 dBm for band n260. 
TS 38.101-2 table 7.5-2: Test parameters for adjacent channel selectivity, Case 1
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	50 MHz 
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer for band n257, n258, n261
	dBm
	REFSENS 
+ 35.5 dB
	REFSENS +35.5dB
	REFSENS 
+35.5dB
	REFSENS 
+35.5dB

	PInterferer for band n260
	dBm
	REFSENS 
+ 34.5 dB
	REFSENS +34.5dB
	REFSENS 
+34.5dB
	REFSENS 
+34.5dB

	BWInterferer 
	MHz
	50
	100
	200
	400

	FInterferer (offset)
	MHz
	50
/
-50
NOTE 3
	100
/
-100
NOTE 3
	200
/
-200
NOTE 3
	400
/
-400
NOTE 3

	NOTE 1:	The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern as described in Annex A.3.2 and set-up according to Annex C.
NOTE 2:	The REFSENS power level is specified in Section 7.3.2, which are applicable to different UE power classes.
NOTE 3:	The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to ([│FInterferer│/SCS] + 0.5)SCS MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.



TS 38.101-2 table 7.5-3: Test parameters for adjacent channel selectivity, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	50 MHz 
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration for band n257, n258, n261
	dBm
	-46.5
	-46.5
	-46.5
	-46.5

	Power in Transmission Bandwidth Configuration for band n260
	dBm
	-45.5
	-45.5
	-45.5
	-45.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	50
	100
	200
	400

	FInterferer (offset)
	MHz
	50
/
-50
NOTE 2
	 100
/
-100
NOTE 2
	200
/
-200
NOTE 2
	400
/
-400
NOTE 2

	NOTE 1:	The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern TDD as described in Annex A and set-up according to Annex C.
NOTE 2:	The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to  ([│FInterferer│/SCS] + 0.5)SCS  MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.



As can be seen from the requirements above and the analysis of the testability by RAN5 the interferer power level of -25 dBm is not achievable by state of the art test system design. This level is the same as the maximum input level, where RAN5 has already concluded not to test this requirement.
Therefor we propose to recommend to RAN5 to not test the case 2 for ACS.
Proposal 1: For ACS the case 2 requirement does not need to be tested. 
Furthermore we have also checked the power levels required for the case 1 requirements in ACS and IBB (the levels are identical only the frequencies differ). From the requirements we have derived the following required power levels for case 1 wanted signal and interferer level.
Table 2 ACS/IBB wanted signal level
	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-77.3
	-74.3
	-71.3
	-68.3

	n258
	-77.3
	-74.3
	-71.3
	-68.3

	n260
	-74.7
	-71.7
	-68.7
	-65.7

	n261
	-77.3
	-74.3
	-71.3
	-68.3



Table 3 ACS/IBB interferer power level
	Operating band
	Interferer (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-55.8
	-52.8
	-49.8
	-46.8

	n258
	-55.8
	-52.8
	-49.8
	-46.8

	n260
	-54.2
	-51.2
	-48.2
	-45.2

	n261
	-55.8
	-52.8
	-49.8
	-46.8



As can be seen when comparing the maximum feasible levels with the required interferer levels, even these required interferer levels do not seem feasible to be emulated.
Observation 1: For ACS and IBB even the case 1 requirement is not testable in all bandwidths.
However the issue could be solved by reducing the wanted level and interferer level by the same amount to get some form of meaningful test. Current requirements require a wanted signal level of Refsens + 14 dB. By reducing this reference level, the same difference between wanted signal and interferer level could be maintained and a meaningful test could be achieved. This decision to lower the reference level of the wanted signal could be made by RAN5 after a final analysis of the feasible power levels.
Another option for RAN5 can be to focus on testing only the smaller bandwidth, however this choice can be made by RAN5 as a part of the usual test point selection process.
Proposal 2: For ACS and IBB RAN4 recommends to RAN5 to focus on making case 1 testable by reducing the wanted signal level, while maintaining the difference in power between wanted signal and interferer.
Transmit Off Power
For the transmit off power there have already been many discussions back in 2017 and analysis of the issues testing this requirement have been shown by several companies [3], [4]. Nevertheless RAN4 decided that this requirement is important on a system level, thus the transmit off power requirement was kept in the specification.
Further refinement and analysis of the possibility to test this requirement in RAN5 showed that the requirement would need to be relaxed by at least 24 dB to make it testable. As can be seen from the tables below for Minimum Output power and transmit off power, this would mean that the Off power requirement would be less stringent than the minimum output power requirement.
TS 38.101-2 table 6.3.1.2-1: Minimum output power for power class 2, 3, and 4
	Operating band
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(MHz)

	n257, n258, n260, n261
	50
	-13
	47.52

	
	100
	-13
	95.04

	
	200
	-13
	190.08

	
	400
	-13
	380.16

	NOTE 1:	n260 is not applied for power class 2.



TS 38.101-2 table 6.3.2-1: Transmit OFF power
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257, n258, n260, n261
	-35
	-35
	-35
	-35

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz



In our understanding, there is no benefit in testing an off power requirement that is the same or less strict than the minimum output power requirement, because the purpose of the test is no longer fulfilled and even if the DUT passes the test no indication is given whether DUT really fulfills the requirement.
Proposal 3: For transmit off power, RAN4 recommends to not test this requirement, since no meaningful results can be obtained from the test.
2.3  Receiver spurious emissions
For the case of the receiver spurious emissions, RAN5 has determined that it is not possible to test this requirements without any relaxation of the limits. The magnitude of the relaxation is still under debate in RAN5, as is the whole procedure, calibration, etc. for spurious emission tests in general. 
TS 38.101-2 table 7.9-1: General receiver spurious emission requirements
	Frequency range
	Measurement
bandwidth
	Maximum level
	NOTE

	30MHz  f < 1GHz
	100 kHz
	-57 dBm
	1

	1GHz  f  2nd harmonic of the upper frequency edge of the DL operating band in GHz
	1 MHz
	-47 dBm
	

	NOTE 1:	Unused PDCCH resources are padded with resource element groups with power level given by PDCCH_RA/RB as defined in Annex C.3.1.



In [5] we have analyzed different test setups for testing the receiver spurious emissions. To see whether it is at all possible to perform the test, we have assumed a highly optimized and specialized set, that will very likely not work as a part of the usual 3GPP automated setup. By connecting the spectrum analyzer directly to the measurement antenna with only a short cable and optional amplifier we conclude that we can in the best case achieve a SNR of roughly -15 dB for the emissions at 80 GHz.
It should be noted that this is an absolute best case analysis and real life values will likely be (much) worse, since not all uncertainties have been taken into account yet.
Further analysis may be required in RAN5 to determine the exact relaxations necessary, however it is clear that it will not be possible to test this requirement unless some form of large relaxation of the limits is applied during testing. 
Given the numbers derived and that regulatory bodies already use radiated spurious emission testing to determine whether a device fulfills their requirements, it is in our view not necessary and beneficial to test these requirements with the required relaxations since no conclusion about the device compliance to regulatory requirements could be made from the 3GPP defined test. 
Therefor we propose to not test these requirements as a part of 3GPP conformance testing.
Proposal 4: Do not test Rx spurious emissions as a part of 3GPP conformance testing.
2.4  Spurious emission band UE co-existence
For spurious emission band UE co-existence has concluded that at least some form of relaxation is required to test the requirements. There will be further analysis necessary to determine the exact values, since similar as to the Rx spurious emissions case, there are still some open questions on the spurious emissions test procedure as a whole.
However RAN4 could give some general guidance to RAN5 on whether it seems beneficial to test these requirements in case some relaxations of the limits are required.
Proposal 5: RAN4 to decide whether spurious emission band UE co-existence requirements shall be tested in case relaxations to the test limits are required.
2.5  ACLR and SEM
For ACLR and SEM further analysis by RAN5 is required before a final conclusion can be achieved whether the test requirements need to be relaxed to be able to test these requirements. 
However RAN4 could give some general guidance to RAN5 on whether it seems beneficial to test these requirements in case some relaxations of the limits are required.
Proposal 6: RAN4 to decide whether the ACLR and SEM requirements shall be tested in case relaxations to the test limits are required.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution we discussed the LS from RAN5 on the testability of FR2 transmitter and reception tests. We have shown the limitation analysed by RAN5 and provided our input on these issues.

RAN4 should decide on the proposals in this paper and provide feedback to RAN5, so that RAN5 can progress in their test case development and set the proper priorities on the test cases. It is therefore recommended that RAN4 sends a response LS to RAN5. A draft version of the response LS is provided in [6].

In this paper we made the following observations and proposals.

Proposal 1: For ACS the case 2 requirement does not need to be tested. 
Observation 1: For ACS and IBB even the case 1 requirement requires some relaxations during testing to be testable. 
Proposal 2: For ACS and IBB RAN4 recommends to RAN5 to focus on making case 1 testable by reducing the wanted signal level, while maintaining the difference in power between wanted signal and interferer.
Proposal 3: For transmit off power, RAN4 recommends to not test this requirement, since no meaningful results can be obtained from the test.
Proposal 4: Do not test Rx spurious emissions as a part of 3GPP conformance testing.
Proposal 5: RAN4 to decide whether spurious emission band UE co-existence requirements shall be tested in case relaxations to the test limits are required.
Proposal 6: RAN4 to decide whether the ACLR and SEM requirements shall be tested in case relaxations to the test limits are required.
Proposal 7: RAN4 shall send a response LS to RAN5.
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