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1.	Introduction
A test tolerance process has been setup for NR FR1 RRM TT analysis which includes the requirement for .xls and .doc templates. When the NR FR1 RRM TT process was being developed many of the NR FR2 side conditions were absent in RAN4. With that being said, for NR FR2 RRM TT analysis, RAN5 still does not have a framework ready and also the test procedure for NR FR2 RRM tests along with MU is still pending. 
During the development of the NR FR1 RRM TT analysis it was decided that a criteria was needed for deciding special handling for RRM TT. The special handling was for when TT < MU. The special handling criteria is listed below:

1. MU is too big compared to the core requirement tolerance (for example MU +/- 1.6 dB and core requirement +/- 2 dB above).
2. The parameter where MU is too big compared to the core requirement tolerance is critical to the test purpose (e.g., in the example above, the UE max power is the test purpose, not just a side condition)
3. The parameter value is critical to network operation (e.g., UE power affects cell coverage)
Note: When identifying exceptions, the test purpose need to be considered. E.g., an RRM test case may have a test purpose to measure the time to report an Event. The important thing for the network is whether the test requirement for reporting time can be relaxed or not. The correct operation of the test would depend on the RSRP measurement which has side conditions. Another example would be a UE RSRP reporting accuracy test, where the test purpose is to measure the UE RSRP reporting accuracy. The test case may be designed with chosen side conditions to stress the UE. However, in this case the effect of test system uncertainty on the side condition [dB] values and reported RSRP [dB] values would need to be carefully considered.











To identify a test case that needed to follow the special handling when TT < MU required that all 3 criterions above needed be met (e.g., the criteria are for the FR1 UE max output power) [8].
In this contribution, we provide our understanding of some aspects of the framework needed for NR FR2 RRM tests.
2.	NR operating bands in FR2
The operating bands for NR FR2 are specified in TS 38.101-2 [1], section 5.2 Table 5.2-1: NR operating bands in FR2.
Table 5.2-1: NR operating bands in FR2
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –   FUL_high
	FDL_low   –   FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD



The NR frequency bands are put into groups for FR2 to increase the readability of the specification and specified in TS 38.133 [2], section 3.5.3 Table 3.5.3-1.
Table 3.5.3-1: NR frequency band groups for FR2
	Group
	Band group notation
	Operating bands

	A
	NR_TDD_FR2_A
	n2571, n2581, n2611

	B
	NR_TDD_FR2_B
	n2574, n2584, n2614

	C
	NR_TDD_FR2_C
	

	D
	NR_TDD_FR2_D
	

	E
	NR_TDD_FR2_E
	

	F
	NR_TDD_FR2_F
	n2604

	G
	NR_TDD_FR2_G
	n2601 

	H
	NR_TDD_FR2_H
	

	I
	NR_TDD_FR2_I
	

	J
	NR_TDD_FR2_J
	

	K
	NR_TDD_FR2_K
	

	L
	NR_TDD_FR2_L
	n2572, n2582, n2612

	M
	NR_TDD_FR2_M
	

	N
	NR_TDD_FR2_N
	

	O
	NR_TDD_FR2_O
	

	P
	NR_TDD_FR2_P
	

	Q
	NR_TDD_FR2_Q
	

	R
	NR_TDD_FR2_R
	

	S
	NR_TDD_FR2_S
	

	T
	NR_TDD_FR2_T
	n2573, n2583, n2613

	U
	NR_TDD_FR2_U
	

	V
	NR_TDD_FR2_V
	

	W
	NR_TDD_FR2_W
	

	X
	NR_TDD_FR2_X
	

	Y
	NR_TDD_FR2_Y
	n2603

	NOTE 1:	UE power class 1.
NOTE 2:	UE power class 2.
NOTE 3:	UE power class 3.
NOTE 4:	UE power class 4.



There are four different FR2 UE Power Classes defined in TS 38.101-2 [1], which are characterized by different UE antenna design assumptions and have different UE maximum output power and reference sensitivity requirements.
The test methods defined in TR 38.810 [7] are introduced for handheld UEs and applicable to FR2 UE Power Class 3 unless otherwise stated. The test methods can be applicable for other device types such as FWA, tablets, vehicle mounted UE etc. in case they comply with UE Power Class 3 requirements. With that being said, the baseline NR frequency band groups for FR2 should be the following:
· Group T: NR_TDD_FR2_T (n257, n258, n261)
· Group Y: NR_TDD_FR2_Y (n260)
Observation 1: For NR FR2 RRM test cases Group T and Group Y should be the baseline.
The maximum output power for Power Class 3 is defined in TS 38.101-2 [1].
The requirements define the maximum output power radiated by the UE for any transmission bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at least one sub frame (1ms). The requirement is verified with the test metric of total component of EIRP (Link=Beam peak search grids, Meas=Link angle). The requirement for the UE which supports a single FR2 band is specified in TS 38.101-2 [1] Table 6.2.1.3-1.
Table 6.2.1.3-1: UE minimum peak EIRP for power class 3
	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n260
	20.6

	n261
	22.4

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance
NOTE 2:	Void



The minimum EIRP at the 50th percentile of the distribution of radiated power measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in TS 38.1-1=2 [1] Table 6.2.1.3-3 below. The requirement is verified with the test metric of the total component of EIRP (Link=Beam peak search grids, Meas=Link angle). The requirement for the UE which supports a single FR2 band is specified in TS 38.1-1=2 [1] Table 6.2.1.3-3. 
Table 6.2.1.3-3: UE spherical coverage for power class 3
	Operating band
	Min EIRP at 50 %-tile CDF (dBm)

	n257
	11.5

	n258
	11.5

	n260
	8

	n261
	11.5

	NOTE 1:	Minimum EIRP at 50 %-tile CDF is defined as the lower limit without tolerance
NOTE 2:	Void
NOTE 3:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.



Nevertheless, the test methods could be further extended to other FR2 UE Power Classes (i.e., UE Power Class 1, 2, and 4). But it should be noted that at least the following test method components are specific to different FR2 UE Power Classes and would need to be adjusted for RRM test methodologies:
-	Noise power level (Noc) and feasible SNR range

3.	Antenna Configurations for FR2
The antenna configurations for FR2 is defined in TS 38.133 [2] and provided below.
Unless otherwise specified, Downlink Antenna Configuration 2x2 for NR RRM FR2 requirements implies the following for the test configuration:
-	The downlink signal is transmitted over the two polarizations (V and H) of the dual polarized antenna of the test equipment.
-	The downlink signal is received assuming 2 UE baseband receivers. As the UE is tested following the Blackbox Approach with regard to the UE Rx antennas, the exact UE Rx antenna configuration is not relevant for the test configuration and has no impact on the test implementation.
Observation 2: For NR FR2 RRM test cases Downlink Antenna Configuration 2x2 is used as the baseline.

3.	Angle of Arrival (AoA) for FR2
The AoA setups for FR2 RRM test cases are described in TS 38.133 [2] section A.5 and A.7. The applicable AoA setup is defined in each test case in TS 38.133 [2] section A.5 and A.7. Currently, there are three AoA setups defined in TS 38.133 [2] for RRM testing. They are listed below”
1. Setup 1: Single AoA in Rx beam peak direction
· There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, are aligned to the UE Rx beam peak direction (as defined in TS 38.101-2 [1]).
2. Setup 2: Single AoA in non Rx beam peak direction
a. Setup 2a: Single AoA in non Rx beam peak direction without change in direction
· There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [1] for each UE power class. The direction (AoA) of the signals shall not be changed between test iterations.
b. Setup 2b: Single AoA in non Rx beam peak direction with change in direction
· There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [1] for each UE power class. For UE power class 3, the direction (AoA) of the signals shall be changed for each test iteration (for UE power classes other than 3, this is FFS).
3. Setup 3: AoAs
· There are 2 active probes in the test. The DL signals, and noise if applicable, transmitted from the two active probes, align to directions (AoAs) which are from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [1] for each UE power class. The relative angular offset between the directions (AoAs) of the 2 active probes, shall be changed for each test iteration. The applicable set of relative angular offsets between the 2 active probes is given in Table 3-1 for each UE power class.
· Editor Note: If RAN5 finds the changing of angular offset between the directions (AoAs) of the 2 active probes per test iteration to be infeasible from the perspectives of EIS spherical coverage and other impacts, e.g.: testing time, then the test setup will be revised. 

Table 3-1: Set of relative angular offsets between active probes for each power class
	UE Power class
	Relative angular offset between active probes

	1
	FFS

	2
	FFS

	3
	30°, 60°, 90°, 120° and 150°

	4
	FFS



The NR FR2 RRM tests that uses AoA setup 3 are listed as such:
· RRC Re-establishment tests
· Radio link monitoring out-of-sync tests
· Radio link monitoring in-sync tests
· Radio link monitoring UE scheduling restrictions tests
· Active TCI state switch delay test
· Intra-frequency measurements tests
· Inter-frequency measurements tests
· Measurement Performance requirements (SS-SINR) tests
Observation 3: For NR FR2 RRM test cases the AoA setup 1 is used the most setup 3 is used often, and setup 2 is rarely used.

4.	Core Requirements Side Conditions for FR2
4.1	Measurement Procedure
4.1.1	NR intra-frequency measurements
The UE shall be able to identify new intra-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified intra-frequency cells if carrier frequency information is provided by PCell or the PSCell, even if no explicit neighbour list with physical layer cell identities is provided.
The UE can perform intra-frequency SSB based measurements without measurement gaps if
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP.
For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in TS 38.133 [2] clause 9.2.5.3.
SSB based measurements are configured along with one or two measurement timing configuration(s) (SMTC(s)) which provides periodicity, duration and offset information on a window of up to 5ms where the measurements are to be performed. For intra-frequency connected mode measurements, up to two measurement window periodicities may be configured. A single measurement window offset and measurement duration are configured per intra-frequency measurement object.
When measurement gaps are needed, the UE is not expected to detect SSB which start earlier than the gap starting time + switching time, nor detect SSB which end later than the gap end – switching time. Switching time is 0.25ms for frequency range FR2.
The requirements in this clause apply, provided:
-	The cell being identified or measured is detectable.
An intra-frequency cell shall be considered detectable when for each relevant SSB:
-	SS-RSRP related side conditions given in TS 38.133 [2] clause10.1.3 for FR2, respectively, for a corresponding Band,
-	SS-RSRQ related side conditions given in TS 38.133 [2] clause 10.1.8 for FR2, respectively, for a corresponding Band,
-	SS-SINR related side conditions given in TS 38.133 [2] clauses 10.1.13 for FR2, respectively, for a corresponding Band,
-	SSB_RP and SSB Ês/Iot according to TS 38.133 [2] Annex B.2.2 for a corresponding Band.
For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	6 identified cells, and
-	24 SSBs with different SSB index and/or PCI,
where the single serving carrier shall be:
-	PCC when UE is configured with SA NR operation mode with PCC in the band; or
-	PSCC when UE is configured with EN-DC with PSCC in the band; or
-	One of the SCCs on which UE is configured to report SSB based measurements when neither PCC nor PSCC is in the same band, so that the selected SCC shall be an SCC where the UE is configured with SS-RSRP measurement reporting if such SCC exists, otherwise the selected SCC is up to the UE
The UE shall also be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least 2 SSBs on serving cell for each of the other serving carrier(s) in the same band.
Reported RSRP, RSRQ, and RS-SINR measurements can be contained in periodically triggered measurement reports, in periodically triggered measurement reports, or in periodically triggered measurement reports.

4.1.2	NR inter-frequency measurements
The UE shall be able to identify new inter-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified inter-frequency cells if carrier frequency information is provided by PCell or PSCell, even if no explicit neighbour list with physical layer cell identities is provided.
SSB based measurements are configured along with a measurement timing configuration (SMTC) per carrier, which provides periodicity, duration and offset information on a window of up to 5ms where the measurements on the configured inter-frequency carrier are to be performed. For inter-frequency connected mode measurements, one measurement window periodicity may be configured per inter-frequency measurement object.
When measurement gaps are needed, the UE is not expected to detect SSB on an inter-frequency measurement object which start earlier than the gap starting time + switching time, nor detect SSB which end later than the gap end – switching time. When the inter-frequency cells are in FR2 and the per-FR gap is configured to the UE in EN-DC, SA NR, NE-DC and NR-DC, or the serving cells are in FR2, the inter-frequency cells are in FR2 and the per-UE gap is configured to the UE in SA NR and NR-DC, the switching time is 0.25ms. 
The requirements in this clause apply, provided:
-	The cell being identified or measured is detectable.
An inter-frequency cell shall be considered detectable when for each relevant SSB:
-	SS-RSRP related side conditions given in TS 38.133 [2] clause10.1.5 for FR2, respectively, for a corresponding Band,
-	SS-RSRQ related side conditions given in TS 38.133 [2] clause 10.1.10 for FR2, respectively, for a corresponding Band,
-	SS-SINR related side conditions given in TS 38.133 [2] clause 10.1.15 for FR2, respectively, for a corresponding Band,
-	SSB_RP and SSB Ês/Iot according to TS 38.133 [2] Annex B.2.3 for a corresponding Band.
For each inter-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	4 identified cells, and
-	10 SSBs with different SSB index and/or PCI on the inter-frequency layer, and 
-	one SSB per identified cell.
Reported SS-RSRP, SS-RSRQ, and SS-SINR measurements can be contained in periodically triggered measurement reports, in event triggered periodic measurement reports, or in event triggered measurement reports.

4.1.3	L1-RSRP measurements
When configured by the network, the UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP. The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements within the active BWP.
The UE shall be able to measure all CSI-RS resources and/or SSB resources of the nzp-CSI-RS-ResourceSet and/or csi-SSB-ResourceSet within the CSI-ResourceConfig settings configured for L1-RSRP for the active BWP, provided that the number of resources does not exceed the UE capability indicated by beamManagementSSB-CSI-RS.
The UE shall report the measurement quantity (reportQuantity) and send periodic, semi-persistent or aperiodic reports, according to the reportConfigType according to the CSI reporting configuration(s) (CSI-ReportConfig) for the active BWP.
The requirements in this clause apply, provided:
-	The CSI-RS or SSB or CSI-RS and SSB resources configured for L1-RSRP measurements are measurable.
An SSB resource configured for L1-RSRP shall be considered measurable when for each relevant SSB the following conditions are met:
-	L1-RSRP related side conditions given in clauses TS 38.133 [2] clause 10.1.20.1 for FR2, respectively, for a corresponding band,
-	SSB_RP and SSB Ês/Iot according to TS 38.133 [2] Annex B.2.4.1 for a corresponding band.
A CSI-RS resource configured for L1-RSRP shall be considered measurable when for each relevant CSI-RS the following conditions are met:
-	L1-RSRP related side conditions given in clauses TS 38.133 [2] 10.1.20.2 for FR2, respectively, for a corresponding band,
-	CSI-RS_RP and CSI-RS Ês/Iot according to TS 38.133 [2] Annex B.2.4.2 for a corresponding band.
A CSI-RS and SSB resource configured for L1-RSRP shall be considered measurable when the measurable resource conditions are met for both CSI-RS resource and SSB resource.
Observation 4: The UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP.
Requirements are defined for periodic, semi-persistent and aperiodic resources. These measurement reports are characterized as the following:
· Periodic Reporting
· Reported L1-RSRP measurements can be contained in periodic L1-RSRP measurement reports.
· The UE shall only send periodic L1-RSRP measurement reports for an active BWP.
· The UE shall transmit the periodic L1-RSRP reporting on PUCCH over the air interface according to the periodicity.
· Semi-Persistent Reporting
· Reported L1-RSRP measurements can be contained in a Semi-Persistent L1-RSRP measurement report.
· It applies for semi-persistent L1-RSRP reports sent on PUSCH or PUCCH.
· The UE shall only send semi-persistent L1-RSRP measurement reports on PUSCH, if a DCI request has been received.
· The UE shall only send semi-persistent L1-RSRP measurement reports on PUCCH, if an activation command has been received.
· The UE shall transmit the semi-persistent L1-RSRP reporting on PUSCH or PUCCH over the air interface according to the periodicity.
· Aperiodic Reporting
· Reported L1-RSRP measurements can be contained in aperiodic triggered, aperiodic triggered periodic and aperiodic triggered semi-persistent L1-RSRP reports.
· The UE shall only send aperiodic L1-RSRP measurement reports, if a DCI trigger has been received.
· After the UE receives CSI request in DCI, the UE shall transmit the aperiodic L1-RSRP reporting on PUSCH over the air interface at the time specified.
The UE shall send L1-RSRP reports only for report configurations configured for the active BWP.
Observation 5: Reported L1-RSRP measurements can be contained in periodic L1-RSRP measurement reports, a Semi-Persistent L1-RSRP measurement report, or in aperiodic triggered, aperiodic triggered periodic and aperiodic triggered semi-persistent L1-RSRP reports.
The UE shall report the L1-RSRP value as a 7-bit value in the range [-140, -44] dBm with 1dB step size according to TS 38.133 [2] clause 10.1.20 for FR2 if nrofReportedRS is configured to one. If nrofReportedRS is configured to be larger than one, or if groupBasedBeamReporting is enabled, the UE shall use differential L1-RSRP based reporting as defined in TS 38.133 [2] clause 10.1.20 for FR2. The differential L1-RSRP is quantized to a 4-bit value with 2dB step size. The mapping between the reported L1-RSRP value and the measured quantity is described in TS 38.133 [2] 10.1.6.
Observation 6: The UE shall report the L1-RSRP value as a 7-bit value in the range [-140, -44] dBm with 1dB step size for NR FR2 if nrofReportedRS is configured to one.
The UE is required to be capable of measuring SSB and CSI-RS for L1-RSRP without measurement gaps. The UE is required to perform the SSB and CSI-RS measurements with measurement restrictions as described in TS 38.133 [2] are the following:
· Measurement restriction for SSB based on L1-RSRP
· For FR2, when the SSB for L1-RSRP measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
· Measurement restriction for CSI-RS based on L1-RSRP
· For FR2, when the CSI-RS for L1-RSRP measurement is in the same OFDM symbol as SSB for RLM, BFD or L1-RSRP measurement, or in the same symbol as SSB for CBD when beam failure is detected, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and SSB. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.
· For FR2, when the CSI-RS for L1-RSRP measurement is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement,
· In the following cases, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and the other CSI-RS. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.
· The CSI-RS for L1-RSRP measurement or the other CSI-RS in a resource set configured with repetition ON, or 
· The other CSI-RS is configured in q1 and beam failure is detected, or
· The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE,
· Otherwise, UE shall be able to measure the CSI-RS for L1-RSRP measurement without any restriction.
Observation 7: The UE is required to perform the SSB and CSI-RS measurements with measurement restrictions.

4.2 	Measurement Performance 
4.2.1	Intra-frequency RSRP accuracy requirements for FR2
4.2.1.1	Absolute Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SS-RSRP in this clause apply to a cell on the same frequency as that of the serving cell in FR2.
The accuracy requirements in TS 38.133 [2] Table 10.1.3.1.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for intra-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.2 for a corresponding Band for each relevant SSB.
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.3.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	
	

	[6]
	[9]
	≥-6
	Same value as SSB_RP in Table TS 38.133 [2] B.2.2-2, according to UE Power class, operating band and angle of arrival
	N/A
	-70

	[8]
	[11]
	
	N/A
	-70
	-50

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.



Observation 8: Some of the SS-RSRP intra-frequency absolute accuracy in FR2 parameters are still in brackets.

4.2.1.2	Relative Accuracy
The relative accuracy of SS-RSRP is defined as the SS-RSRP measured from one cell compared to the SS-RSRP measured from another cell on the same frequency, or between any two SS-RSRP levels measured on the same cell in FR2.
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for intra-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.2 for a corresponding Band for each relevant SSB.
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.3.1.2-1: SS-RSRP Intra frequency relative accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	6
	9
	≥-6
	Same value as SSB_RP in TS 38.133 [2] Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	-50

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.
Note 4:	The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.



4.2.2	Inter-frequency RSRP accuracy requirements for FR2
4.2.2.1	Absolute Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SS-RSRP in this clause apply to a cell on a frequency in FR2 that is on a different frequency than the serving cell.
The accuracy requirements in TS 38.133 [2] Table 10.1.5.1.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for inter-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.3 for a corresponding Band for each relevant SSB.
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.5.1.1-1: SS-RSRP Inter frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	
	

	[6]
	[9]
	≥-4
	Same value as SSB_RP in TS 38.133 [2] Table B.2.3-2, according to UE Power class, operating band and angle of arrival
	N/A
	-70

	[8]
	[11]
	
	N/A
	-70
	-50

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.



Observation 9: Some of the SS-RSRP inter-frequency absolute accuracy in FR2 parameters are still in brackets.
4.2.2.2	Relative Accuracy
The relative accuracy of SS-RSRP is defined as the SS-RSRP measured from one cell on a frequency in FR2 compared to the SS-RSRP measured from another cell on another frequency in FR2.
The accuracy requirements in TS 38.133 [2] Table 10.1.5.1.2-1 are valid under the following conditions:
-	Conditions defined in 38.101-2 [1] Clause 7.3 for reference sensitivity are fulfilled.
-	Conditions for inter-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.3 for a corresponding Band for each relevant SSB.
-	|SSB_RP1dBm - SSB_RP2dBm| ≤ 27dB
-	| Channel 1_Io ‑Channel 2_Io |  20 dB
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.5.1.2-1: SS-RSRP Inter frequency relative accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	6
	9
	≥-4
	Same value as SSB_RP in TS 38.133 [2] Table B.2.3-2, according to UE Power class, operating band and angle of arrival
	-50

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.
Note 4:	The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.



4.2.3	Intra-frequency RSRQ accuracy requirements for FR2
4.2.3.1	Absolute Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SS-RSRQ in this clause apply to a cell on the same frequency as that of the serving cell in FR2.
The accuracy requirements in TS 38.133 [2] Table 10.1.8.1.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for intra-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.2 for a corresponding Band for each relevant SSB. 
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.8.1.1-1: SS-RSRQ Intra frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	2.5
	4
	≥-3
	Same value as SSB_RP in TS 38.133 [2] Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	-50

	3.5
	4
	≥-6
	
	

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.



4.2.4	Inter-frequency RSRQ accuracy requirements for FR2
4.2.4.1	Absolute Accuracy
The requirements for absolute accuracy of SS-RSRQ in this clause apply to a cell on a frequency in FR2 that has different carrier frequency from the serving cell.
The accuracy requirements in TS 38.133 [2] Table 10.1.10.1.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for inter-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.3 for a corresponding Band for each relevant SSB.
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.10.1.1-1: SS-RSRQ Inter frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	2.5
	4
	≥-3
	Same value as SSB_RP in TS 38.133 [2] Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	-50

	3.5
	4
	≥-4
	
	

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.



4.2.4.2	Relative Accuracy
The relative accuracy of SS-RSRQ in inter frequency case is defined as the RSRQ measured from one cell on a frequency in FR2 compared to the RSRP measured from another cell on a different frequency in FR2.
The accuracy requirements in TS 38.133 [2] Table 10.1.10.1.2-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for inter-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.3 for a corresponding Band for each relevant SSB.
-	|SSB_RP1dBm - SSB_RP2dBm|  27 dB
-	| Channel 1_Io ‑Channel 2_Io |  20 dB
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.10.1.2-1: SS-RSRQ Inter frequency relative accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	3
	4
	≥-3
	Same value as SSB_RP in TS 38.133 [2] Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	-50

	4
	4
	≥-4
	
	

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.
Note 4:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.



4.2.5	Intra-frequency SINR accuracy requirements for FR2
4.2.5.1	Absolute Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SS-SINR in this clause apply to a cell on the same frequency as that of the serving cell in FR2.
The accuracy requirements in TS 38.133 [2] Table 10.1.13.1.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for intra-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.2 for a corresponding Band.
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.13.1.1-1: SS-SINR Intra frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	3
	4
	≥-3
	Same value as SSB_RP in TS 38.133 [2] Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	-50

	3.5
	4
	≥-6
	
	

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.
Note 4:	The requirements apply for SSB Ês/Iot ≤ 25 dB.



4.2.6	Inter-frequency SINR accuracy requirements for FR2
4.2.6.1	Absolute Accuracy
The requirements for absolute accuracy of SS-SINR in this clause apply to a cell on a frequency in FR2 that has different carrier frequency from the serving cell.
The accuracy requirements in TS 38.133 [2] Table 10.1.15.1.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for inter-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.3 for a corresponding Band.
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.15.1.1-1: SS-SINR Inter frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	3
	4
	≥-3
	Same value as SSB_RP in TS 38.133 [2] Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	-50

	3.5
	4
	≥-4
	
	

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.
Note 4:	The requirements apply for SSB Ês/Iot ≤ 25 dB.



4.2.6.2	Relative Accuracy
The relative accuracy of SS-SINR in inter frequency case is defined as the SS-SINR measured from one cell on a frequency in FR2 compared to the SS-SINR measured from another cell on a different frequency in FR2.
The accuracy requirements in TS 38.133 [2] Table 10.1.15.1.2-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [1] for reference sensitivity are fulfilled.
-	Conditions for inter-frequency measurements are fulfilled according to TS 38.133 [2] Annex B.2.3 for a corresponding Band.
-	|SSB_RP1dBm - SSB_RP2dBm|  27 dB
-	| Channel 1_Io ‑Channel 2_Io |  20 dB
-	The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [1].
Table 10.1.15.1.2-1: SS-SINR Inter frequency relative accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	

	3.5
	4
	≥-3
	Same value as SSB_RP in TS 38.133 [2] Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	-50

	4
	4
	≥-6
	
	

	Note 1:	Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.
Note 2:	Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.
Note 3:	The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.
Note 4:	In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.
Note 5:	The requirements apply for SSB Ês/Iot ≤ 25 dB.



5.	Common Uncertainties for FR2
The common uncertainties, such as that for measurement uncertainty values for the test system for FR1 is defined in TS 38.533 [5] Table F.1.1.2-1 based on TS 38.521-1 [3], but such table is not defined for FR2 based on TS 38.521-2 [4]. So, we propose to use FR1strucdture as the baseline for FR2.
5.1	Measurement uncertainties and test tolerances for FR2
[bookmark: _Toc21621930]5.1.1	Acceptable uncertainty of test system (normative)
See TS 38.521-2 [18] annex F.1.
[bookmark: _Toc21621931]5.1.1.1	Measurement of test environments
See TS 38.521-2 [18] Annex F1.1.
[bookmark: _Toc21621932]5.1.1.2	Measurement of RRM requirements
This clause defines the maximum test system uncertainty for the RRM requirements. The maximum uncertainty values allowed for the typical RRM measurement uncertainty contributors are defined in Table [TBD]. Unless explicitly stated for a particular test case, these maximum uncertainty values should be used as starting point to perform the test tolerance analysis in TR 38.903 [6] for each of the test cases. Specific test cases might require a tigher measurement uncertainty value for some of the contributors. Exceptions to the general values in Table 5.1.1.2-1 shall be handled case by case.
Table 5.1.1.2-1: Maximum allowed measurement uncertainty values for the test system for FR2
	MU contributor
	Unit
	Value
	Comment

	AWGN absolute power, Noc
	dB
	[TBD]
	

	Ratio of cell X signal / AWGN, Êsx / Noc
	dB
	[TBD]
	

	Fading profile uncertainty*
	dB
	[TBD]
	

	AWGN and signal flatness*
	dB
	[TBD]
	

	Uplink absolute power measurement
	dB
	[TBD]
	

	Uplink relative power measurement
	dB
	[TBD]
	

	Uplink signal transmit timing relative to downlink
	Tc
	[TBD]
	

	Relative transmit timing accuracy during UE timing adjustment
	Tc
	[TBD]
	

	Timing Advance Adjustment accuracy
	Tc
	[TBD]
	

	Note 1: The values in this table are specified per cell. Multi-cell test cases need to combined these values in the TT analysis in TR 38.903 [22].





[bookmark: _Toc21621933]5.1.2	Interpretation of measurement results (normative)
See TS 38.521-3 [18] Annex F.2.
[bookmark: _Toc21621934]5.1.3	Test Tolerance and Derivation of Test Requirements (informative)
See TS 38.521-2 [18] Annex F.3.
[bookmark: _Toc21621935]5.1.3.1	Measurement of test environments
See TS 38.521-2 [18] Annex F.3.1.
[bookmark: _Toc21621936]5.1.3.2	Measurement of RRM requirements
Because the relationships between the test system uncertainties and the test tolerances are often complex, it is not always possible to give a simple derivation of the test requirement in this document. The analysis is recorded in 3GPP TR 38.903 [22].
Proposal 1: Introduce Annex F.2 in TS 38.533 for measurement uncertainties and test tolerances for FR2 as the baseline.
------------------------------------ Start Text Proposal ---------------------------------------
F.2	Measurement uncertainties and test tolerances for FR2
F.2.1	Acceptable uncertainty of test system (normative)
See TS 38.521-2 [18] annex F.1.
F.2.1.1	Measurement of test environments
See TS 38.521-2 [18] Annex F1.1.
F.2.1.2	Measurement of RRM requirements
This clause defines the maximum test system uncertainty for the RRM requirements. The maximum uncertainty values allowed for the typical RRM measurement uncertainty contributors are defined in Table F.2.1.2-1. Unless explicitly stated for a particular test case, these maximum uncertainty values should be used as starting point to perform the test tolerance analysis in TR 38.903 [22] for each of the test cases. Specific test cases might require a tighter measurement uncertainty value for some of the contributors. Exceptions to the general values in Table F.2.1.2-1 shall be handled case by case.
Table F.2.1.2-1 Maximum allowed measurement uncertainty values for the test system for FR2
	MU contributor
	Unit
	Value
	Comment

	AWGN absolute power, Noc
	dB
	[TBD]
	

	Ratio of cell X signal / AWGN, Êsx / Noc
	dB
	[TBD]
	 

	Fading profile uncertainty*
	dB
	[TBD]
	 

	AWGN and signal flatness*
	dB
	[TBD]
	 

	Uplink absolute power measurement
	dB
	[TBD]
	 

	Uplink relative power measurement
	dB
	[TBD]
	 

	Uplink signal transmit timing relative to downlink
	Tc
	[TBD]
	

	Relative transmit timing accuracy during UE timing adjustment
	Tc
	[TBD]
	

	Timing Advance Adjustment accuracy
	Tc
	[TBD]
	

	Note 1: The values in this table are specified per cell. Multi-cell test cases need to combined these values in the TT analysis in TR 38.903 [22].




F.2.2	Interpretation of measurement results (normative)
See TS 38.521-3 [18] Annex F.2.
F.2.3	Test Tolerance and Derivation of Test Requirements (informative)
See TS 38.521-2 [18] Annex F.3.
F.2.3.1	Measurement of test environments
See TS 38.521-2 [18] Annex F.3.1.
F.2.3.2	Measurement of RRM requirements
Because the relationships between the test system uncertainties and the test tolerances are often complex, it is not always possible to give a simple derivation of the test requirement in this document. The analysis is recorded in 3GPP TR 38.903 [22].
------------------------------------ End Text Proposal ----------------------------------------

6.	Measurement uncertainty tolerance  
6.1	Uncertainty budget calculation principle for FR2
Three permitted test methodologies, DFF, IFF and NFTF, have been identified for UE RF FR2 test cases defined in TS 38.521-2.
This is taken from TR 38.903, Annex B.1.1 which is deriving Total expanded Measurement Uncertainties per test case for each test methodology.
Threshold MU is equivalent to Total expanded uncertainty of the reference methodology which has been defined as IFF.
If the Total expanded Measurement Uncertainty per test case of a permitted test method is lower than or equal to the threshold MU, then that test method is applicable to the respective test cases defined in TS 38.521-2.
NOTE: The reference methodology for spurious emission test cases has not been defined yet.
6.1.1	Uncertainty budget calculation principle for DFF
The uncertainty tables should be presented with two stages:
-	Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain is known at the frequencies of measurement
-	Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.
The MU budget should comprise the following headings:
1)	The uncertainty source. Compile a complete list of the individual measurement uncertainty elements that contribute to a measurementDetermine the maximum value of each uncertainty
2)	Determine the distribution of each uncertainty (rectangular, U-shaped, etc.),
3)	Calculate (if necessary) the standard deviation of each uncertainty, ui, for each uncertainty element,
4)	Convert the units (if necessary) of each uncertainty element into the chosen unit, i.e., dB,,
5)	
6)	Combine ALL the standard uncertainties by the root-sum-squares method to derive the 'combined standard uncertainty',
7)	Multiply the resulting combined standard uncertainty by an expansion factor 'k' to derive the 'expanded uncertainty' for a given confidence level. All expanded uncertainties are quoted to 95% confidence level, so k is taken as 1.96. This gives 95% confidence that the true value is within 1.96 times the combined standard uncertainty of the measured value to derive the ‘expanded uncertainty’.
8)	Any systematic errors are added to the expanded uncertainty to derive the ‘total expanded uncertainty’, i.e., 


6.1.2	Uncertainty budget calculation principle for IFF
The same as defined in TR 38.903 Annex B.1.1.
6.1.3	Uncertainty budget calculation principle for NFTF
The same as defined in TR 38.903 Annex B.1.1 with the exception of Stage 2, only the measurement of the DUT transmitter is performed.

7.	UE RRM test methods for NR FR2
The UE RRM test methods and methodology for NR FR2 is defined in TS 38.810 [7].
7.1	Test Interface
A Test Interface (TI) is needed for certain control and measurement functions. Detailed functions and implementation of the TI are as follows:
-	All UEs supporting NR and operating in frequency range 2 (FR2) shall support the following:
-	A mandatory UE beam lock function (UBF) to simplify the test method complexity, such that
-	The UBF can disable changes to the UE beamforming configuration when in NR_RRC_CONNECTED state
-	The measurement and reporting of synchronization signals reference signal received power per branch (SS-RSRPB) [14], such that
-	These reporting requirements apply to all FR2 UEs in the context of a test loop
-	The signalling associated with reporting SS-RSRPB is in a format which allows the UE to report a vector of values, where the number of the reported values equals to the number of receiver branches on the UE
-	Additional TI functionality is not precluded
7.2	RRM testing methodology
Testability aspects of the UE have been considered. Unless otherwise indicated below, device under test (DUT) refers to UE nodes. The exact list of RRM tests for UE can only be determined once the core requirements are settled.
For frequency bands in FR2 (e.g. mm-wave), conducted antenna connectors are assumed not to be available at DUT and the OTA testing is considered as the baseline approach for NR UE RRM testing methodology. 
The possibility of performing conducted tests using an intermediate frequency (IF) were evaluated. It was decided that this approach would be challenging to standardise for various reasons since IF is an internal interface in the DUT and using a standardised IF (signal level, number of IF ports, IF frequency etc.) would preclude many different DUT implementations including direct conversion receivers. In addition, IF testing excludes all components which operate at the radio frequency such as RF filters, duplexers, transmit receive switch, low noise amplifier (LNA), power amplifier (PA), analogue beamforming phase shifting elements etc., and the algorithms which control such components from the test.
Observation 10: OTA testing is considered as the baseline approach for NR RF2 RRM testing methodology.
7.2.1	Measurement Setup
7.2.1.1	General Description
The baseline measurement setup of UE RRM characteristics for frequency bands in FR2 is capable of establishing an OTA link between the DUT and a number of emulated gNB sources as shown in Figure 7.2.1.1-1.
[image: ]
Figure 7.2.1.1-1: Baseline measurement setup of RRM characteristics
The absolute position of the probes is left up to implementation. The relative angular relationship between two AoAs can be achieved using any combination of probes. The relative orientation of the coordinate system is defined with respect to one probe, referred to as the reference probe P0 along which the z-axis is defined. The test conditions in TR 38.810 [7] Annex C.2 and the positioning guidelines in C.3 apply to the RRM baseline setup. The quality of quiet zone validation defined in TR 38.810 [7] Annex D only needs to be performed with the reference probe P0.
The UE RRM baseline measurement setup shall fulfil the following capabilities:
-	The following permitted test setups are considered for OTA RRM testing:
-	DFF test setup as described in TR 38.810 [7] Clause 5.
-	Simplified DFF test setup as described in TR 38.810 [7] Clause 5.
-	IFF test setup as described in TR 38.810 [7] Clause 5.
-	TRxPs and Cells:
-	Up to 2 NR transmission reception points TRxPs are emulated.
-	Support of interworking scenarios
-	For test scenarios involving both, LTE and NR FR2 carriers, the test setup shall be capable to provide LTE link to the DUT. The emulated LTE cell provides a stable LTE signal without precise propagation modelling or path loss control between it and the DUT. No performance verification for and relative to LTE carriers is supported.
-	For test scenarios involving both, NR FR1 and NR FR2 carriers, the test setup shall be capable to provide NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control. No performance verification for and relative to NR FR1 carriers is supported.
-	Antennas, polarization, simultaneously active AoAs:
-	N dual-polarized antennas transmitting the signals from the emulated gNB sources to the DUT.
-	The antennas transmit into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level.
-	N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of simultaneously active (emulating signal) angles of arrival AoAs.
-	For the scope of Rel-15 testing NMAX_AoAs = 2. 
-	For UE RRM baseline measurement setup based on DFF, the supported NMAX_AoAs = 2.
-	For UE RRM baseline measurement setup based on simplified DFF, the supported NMAX_AoAs = 1.
-	For UE RRM baseline measurement setup based on IFF, the supported NMAX_AoAs = 1.
-	Angular Relationship:
-	A positioning system such that an angular relationship with two axes of freedom is provided between the DUT and the test system antennas (or the setup should provide equivalent functionality).
-	For NMAX_AoAs = 2 the setup shall enable following relative angular relationships between the NMAX_AoAs simultaneously active AoAs: 30°, 60°, 90°, 120° and 150°. 
-	For single active probe scenarios, in case that step change of AoA is required, the setup shall enable following relative angular change between initial and target AoA: 30°, 60°, 90°, 120° and 150°.
-	Wanted and noise (AWGN) signals can be transmitted from one or both active probes. Test description will define the exact signal/noise/SNR/SINR level per TRxP at the reference point. 
-	Multiple DL transmission antenna ports: 
-	In case of multiple DL transmission antenna ports are required for RRM testing, the different antenna ports are mapped to different polarizations.
-	Propagation Conditions
-	Test method shall allow modelling of the following propagation conditions between the DUT and the emulated gNB sources
-	Multi-path fading propagation conditions
-	Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Single probe channel models as described in TR 38.810 [7] subclause 8.2.
-	The Single probe channel models for RRM testing adopts the same framework of Demodulation. Detailed channel parameterization should be defined in the NR WI performance part.
-	Static propagation conditions
-	Measurement Uncertainty: 
-	For UE RRM baseline measurement setup based on DFF, it is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in TR 38.810 [7] subclause 5.2.1. These have been defined in TS 38.810 [2] Annex B.2.1.
-	Applicability Criteria:
-	For UE RRM baseline measurement setup based on DFF, the applicability criteria defined for the DFF UE RF test method described in TR 38.810 [7] subclause 5.2.1 can be applied.
- 	For UE RRM baseline measurement setup based on simplified DFF, the applicability criteria defined for the DFF UE RF test method described in TR 38.810 [7] subclause 5.2.2 can be applied.
-	For UE RRM baseline measurement setup based on IFF, the applicability criteria defined for the IFF UE RF test method described in TR 38.810 [7] subclause 5.2.3 can be applied.
Note: Using UE Demodulation baseline setup in TR 38.810 [7] subclause 7.2 to perform selected RRM metrics testing is not precluded. Feasibility and applicability of this condition should be investigated in the NR WI performance part.
7.2.1.2	Far-field criteria and Quiet Zone
For RRM baseline measurement setup based on DFF:
-	The Far-field criteria defined for the DFF UE RF test method described in TR 38.810 [7] subclause 5.2.1 can be applied.
-	A DFF measurement setup has the centre of the Quiet Zone (QZ) located at the centre of the rotational axes (of DUT and measurement antenna). For the RRM measurement baseline setup based on DFF, the vertices of the N probes have to be aligned to the resulting centre of the QZ. The centre of the QZ is taken as the reference point for MU definition for each probe. The same QZ size as for DFF UE RF test method described in TR 38.810 [7] subclause 5.2.1 applies.
For RRM baseline measurement setup based on simplified DFF:
-	The Far-field criteria defined for the simplified DFF UE RF test method described in TR 38.810 [7] subclause 5.2.2 can be applied.
-	The same QZ size and definition as for simplified DFF UE RF test method described in TR 38.810 [7] subclause 5.2.2 applies.
For RRM baseline measurement setup based on IFF:
-	The Far-field criteria defined for the IFF UE RF test method described in TR 38.810 [7] subclause 5.2.3 can be applied.
-	The Quiet Zone definition for the IFF UE RF test method described in TR 38.810 [7] subclause 5.2.3 can be applied.
7.2.1.3	Testing and calibration aspects
The calibration method defined for the DFF UE RF test method described in TR 38.810 [7] subclause 5.2.1 can be applied for UE RRM testing based on DFF [for each probe/AoA]. The calibration method defined for the IFF test method described in TR 38.810 [7] subclause 5.2.3 can be applied for the UE RRM testing based on IFF. The calibration method defined for the simplified DFF UE RF test method described in TR 38.810 [7] subclause 5.2.2 can be applied for UE RRM testing based on simplified DFF.
7.2.1.4	Test parameters and metrics
The following test parameters and metrics need to be supported for UE RRM testing. 
Test parameters for RRM testing to be controlled at the reference point:
-	SNR of DL signal
-	DL power level (e.g. EPRE) (from AoA)
-	Relative DL power level of 2 signals
-	From intra-frequency or inter-frequency cells
-	From the same AoA or different AoAs.
-	Relative DL timing of 2 signals
-	Faded DL channel for each signal
-	AoA for arriving signals

Table 7.2.1.4-1: Test controlled parameters for FR2 RRM testing
	Controlled Parameters
	Value

	SNR of DL signal
	[TBD]

	DL power level
	[TBD]

	Relative DL power level of 2 signals
	[TBD]

	· From Intra- frequency cells
	[TBD]

	· From Inter- frequency cells
	[TBD]

	· Same AoA
	[TBD]

	· Different AoA
	[TBD]

	Relative DL timing of 2 signals
	[TBD]

	Faded DL channel for each signal
	[TBD]

	AoA for arriving signals
	[TBD]


 
Observation 11: There are six test parameters for FR2 RRM testing to be controlled at the reference point.

Metrics for RRM testing at the reference point:
-	UL PRACH level transmitted by the UE 
-	Relative UL PRACH level transmitted by the UE
-	Timing of UE UL transmission relative to DL signal
-	Relative timing change of UE UL transmission relative to DL signal
-	Timing measurement of UL events caused by events on the DL

7.2.1.4.1	Radiated requirements reference point and testing directions
For RRM baseline measurement setup based on DFF and IFF, the reference point is located at the centre of the QZ. From the UE perspective the reference point is the input of UE antenna array.
Calibration of power level and relative power level test parameters and RRM metrics (at the required AoAs) is required and shall be provided by the test system.
Appropriate timing and relative timing test parameters and RRM metrics (at the required AoAs) shall be provided by the test system within declared uncertainties.
The following Modes for useful signals (S) and noise signals (N) configuration have been identified and can be supported by the NR RRM Test Methods:
-	Mode 1 (SNR emulation): Test system transmits useful signals (S) and noise signals (N) to emulate target SNR condition.
-	Mode 2 (noise-free transmission): Test system transmits only useful signals (S).
The test cases in core specification TS 38.133 [2] will be specified at the reference point, according to the following principles:
-	Mode 1
-	Specify absolute Noc level at the Reference point per angle of arrival (AoA)
-	Noc level may have different value according to operating band and UE power class 
-	Specify SNR at the Reference point per angle of arrival (AoA)
-	SNR is a test-specific value
-	The angle(s) of arrival (AoA(s)) will be specified in each test case.
[image: ]
Figure 7.2.1.4.1-1: DL SNR reference point for RRM testing methodology
The following Scenarios for RRM requirements have been identified and can be supported by the NR RRM test methods:
-	Scenario 1: RRM requirement with single Angle of Arrival (1 AoA) with signal coming from RX beam peak direction.
	-	Scenario 2: RRM requirement with single Angle of Arrival (1 AoA) with signal coming from RX non-beam peak direction.
-	The test can be performed in any single direction which is covered by Nth percentile EIS spherical coverage of the DUT
-	Value of N is according to FR2 UE power class, as defined in TS 38.101-2 [1] clause 7.3.4.
-	Scenario 3: RRM requirement with two Angle of Arrivals (2 AoAs).
-	Test directions:
-	Both signals come from the directions covered by the N% percentile EIS spherical coverage of the DUT
-	The angle between two probes should match the relative probe spacing of 30, 60, 90, 120, 150 deg and UE is in the directions in which the UE RRM test cases can be performed. 
-	Value of N is according to FR2 UE power class, as defined in TS 38.101-2 [1] clause 7.3.4.
-	The following sub-cases are considered
-	Case 1: TDM transmissions from 2 probes (i.e. each probe transmits both signal and/or artificial noise in TDM manner).
-	Case 2: Simultaneous transmission of signals from 2 probes
-	The details on how to control the SINR for Case 1 and Case 2 are provided in Annex H.
	Note: No conclusions on the feasibility of generating the testable side conditions made for Case 2. The feasibility of generating the testable side conditions for Case 2 can be further studied in the future releases.
The following Types of RRM requirements have been identified and can be supported by the NR RRM test methods:
-	Type 1: 
-	RRM requirements defined under the assumption that the UE is using “Fine” UE RX beams.
-	“Fine” UE RX beams are the beams used by the UE to perform PDSCH reception and used to define UE RF requirements (e.g. EIS, EIS spherical coverage)
-	Type 2: 
-	Requirements defined under the assumption that the UE is using “Rough” UE RX beams.
-	“Rough” UE RX beams are the beams which the UE is using for RRM measurements (e.g. for SSB measurements)
For selecting the testing direction (AoA to test the requirement) fulfilling certain preconditions, two methods are feasible from the perspective of RRM baseline measurement setup, as follows:
-	Method 1: Run a pretest in the RRM baseline measurement system to identify all the directions (with a given spatial granularity) at which the UE fulfils a given precondition (e.g. spherical coverage EIS). The testing directions are then chosen out of the valid directions, following a given rule. The precondition to be fulfilled, and the rule how to select the testing direction out of the valid directions, are specified in the test description.
-	Method 2: For each given potential direction, test first a given precondition (e.g. minimum TP for a given power), which validates the direction as valid for testing or not. If the direction is valid, test the requirement, if not, jump to the next potential direction following a given rule. The rule how to select the potential directions and the precondition to validate them as testing direction, are specified in the test description.

7.3	Summary of initial uncertainty assessment
The detailed analysis of MU factors affecting DL SNR and power level accuracy/range is provided in TR 38.810 [7] Annex B.2. There measurement uncertainty budget for 1) direct far field (DFF) setup, 2) indirect far field (IFF) setup, and 3) simplified direct far field (DFF) setup.
7.3.1	Direct far field (DFF) setup
The uncertainty tables cover the actual measurement using the DUT. In some cases, uncertainty may also arise from a calibration or alignment process before the measurements.
When a calibration process is used before the measurements, the uncertainty tables should be presented with two stages:
-	Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain is known at the frequencies of measurement
-	Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.
The MU budget should comprise of a minimum 5 headings:
1)	The uncertainty source,
2)	Uncertainty value,
3)	Distribution of the probability,
4)	Divisor based on distribution shape,
5)	Calculated standard uncertainty (based on uncertainty value and divisor).
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table 7.3.1-1: Uncertainty contributions for test with defined DL SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	gNB emulator SNR uncertainty
	TS 38.810 [7] Annex B.2.1.4.1

	2
	gNB emulator DL EVM
	TS 38.810 [7] Annex B.2.1.4.2

	3
	gNB emulator Fading model impairments
	TS 38.810 [7] Annex

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined



Table 7.3.1-2: Uncertainty contributions for DL absolute power level at reference point (D = 5 cm)
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	Currently assumed to be the same as EIS measurement in TS 38.810 [7] Table B.1.1.2-2
	TS 38.810 [7] Annex B.1.1.4

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



The uncertainty assessment tables are organized as follows:
-	For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 5 cm
Observation 12: The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table 7.3.1-3: Uncertainty assessment for test with defined DL SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]


	During measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator Fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



Table 7.3.1-4: Uncertainty assessment for DL absolute power level at reference point (D = 5 cm)
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]


	During measurement

	Currently assumed to be +/-6 dB
	

	DL absolute power level Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.0]

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



The uncertainty contributions depend on the parameter being controlled and/or the measurement being made
7.3.1.1	Assessment of testable SNR range for D=5cm
The signal and the noise provided by the test system are both attenuated by the over-the-air link loss. The UE noise then adds to the noise provided by the test system, hence degrading the SNR seen by the UE and potentially limiting the testable SNR range.
For conducted tests, the noise provided by the test system can be set much higher than the UE noise and the SNR degradation is negligible. However, for over-the-air test systems, the power that can realistically be delivered into the test system probe antenna is limited, so the test point is likely to be closer to the UE noise and a small SNR degradation is allowable.
The initial rational in this section is elaborated for Scenario 1 (1 Angle of Arrival with signal coming from the RX beam peak direction) for Type 1 Requirements (“Fine” RX beam) and Mode 1 Configuration (TE generating S and N).
For RRM tests, DL SNR is given as a test parameter. Such SNR environment is generated by the test system by injecting both desired signal and artificial AWGN noise. To fulfil the purpose of the test, the configured SNR should be accurate enough at the UE receiver. If the absolute power level of the signal and noise from the test system is too low, then the SNR would be degraded due to the UE’s internal noise.
The calculation of Noc level is shown in TR 38.810 [7] clause 6.2.1.4.
The possible transmitted signal and noise strengths from the test antenna depend on the capability of the test system. The feasible transmit power depends on the conducted cable losses, the Test system transmit antenna gain and the final amplifier characteristic, especially the P1dB compression point. Considering the cable losses, probe antenna gain of 12dB and commercially available mmWave Amplifiers, and the crest factor of the downlink signal (not to cause additional EVM error from test system side), the feasible transmit power from the probe antenna is calculated below, which in turn sets the SNR range.
Table 7.3.1.1-1: Assumed Test system parameters
	
	43GHz
	

	P1dB amplifier power
	+23
	dBm

	Backoff from P1dB 
	-13
	dB

	Cable loss
	-8
	dB

	Probe antenna gain
	12
	dB

	Transmission bandwidth
	100M
	Hz



The third part to consider is the free space path loss between the probe antenna and the UE antenna, shown below:
Table 7.3.1.1-2: Free Space path loss
	
	43GHz
	

	@0.725m separation
	-62.3
	dB



7.3.1.2	SNR range for SNRRP – SNRBB ≤ 1 dB
The initial rational is elaborated for Scenario 1 (1 Angle of Arrival with signal coming from the RX beam peak direction) for Type 1 Requirements (“Fine” RX beam) and Mode 1 Configuration (TE generating S and N).
Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.
The SNR upper bound depends on the type of test system. For the Direct far field (DFF) setup the diagram below illustrates the principle, and is based on the “DFF 100MHz” tab of the accompanying spreadsheet.
The process works back through the signal chain, from left to right in the diagram.

 
Figure 7.3.1.2-1: Estimation of multi band UE SNR range for Direct far field (DFF), fine beam, Rx Beam peak direction
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.
The accuracy of setting the signal and noise levels has been taken as +/-[6.0]dB. It is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
An allowance of 2 dB has been made for UE multi-band relaxation factor ∑MBp from Table 6.2.1.3-4 of TS 38.101-2 [1].
Inclusion of these three contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table 5.3.1.2-1.
Table 7.3.1.2-1: Predicted SNR upper bound values for Direct far field (DFF), multi band UE
	Angle of Arrival
	Beam type
	Allocated RBs
	Maximum SNR

	Rx Beam peak
	Fine
	24
	[22.2 dB]

	
	
	66
	[17.8 dB]

	
	Rough
	24
	[15.1 dB]

	
	
	66
	[10.5 dB]

	Spherical coverage
	Fine
	24
	[9.8 dB]

	
	
	66
	[4.7 dB]

	
	Rough
	24
	[1.0 dB]

	
	
	66
	Not usable



Note that these are UE baseband SNR values, so the Reference point figures used in RRM test cases may be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.
An example of SNR calculation for DFF method is provided in “Spreadsheet 1 - RRM SNR range calculator.xls” file attached to the TR.

7.3.2	Indirect far field (IFF) setup
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table 7.3.2-1: Uncertainty contributions for test with defined DL SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	gNB emulator SNR uncertainty
	TS 38.810 [7] Annex B.2.2.4.1

	2
	gNB emulator DL EVM
	TS 38.810 [7] Annex B.2.2.4.2

	3
	gNB emulator Fading model impairments
	TS 38.810 [7] Annex B.2.2.4.3

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS
Note 2:	Handling of effects related to Quality of Quiet zone is FFS



Table 7.3.2-2: Uncertainty contributions for DL absolute power level at reference point (D = 15 cm)
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	Currently assumed to be the same as EIS measurement in TS 38.810 [7] Table B.1.3.2-2
	TS 38.810 [7] Annex B.2.1.4

	Note 1: Additional uncertainty contributions may apply for faded signals
Note 2: Contribution from Quality of Quiet zone may be different from EIS measurement



The uncertainty assessment tables are organized as follows:
-	For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 15 cm
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table 7.3.2-3: Uncertainty assessment for test with defined DL SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	During measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator Fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



Table 7.3.2-5: Uncertainty assessment for DL absolute power level at reference point (D = 15 cm)
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	During measurement

	Currently assumed to be +/-6 dB
	

	DL absolute power level Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.0]

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



7.3.2.1	SNR range for SNRRP - SNRBB ≤ 1dB
The initial rational in this section is elaborated for Scenario 1 (1 Angle of Arrival with signal coming from the RX beam peak direction) for Type 1 Requirements (“Fine” RX beam) and Mode 1 Configuration (TE generating S and N).
Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.
The SNR upper bound depends on the type of test system. For the Indirect Far field (IFF) setup the diagram below illustrates the principle, and is based on the “IFF 100MHz” tab of the accompanying spreadsheet.
The process works back through the signal chain, from left to right in the diagram.


Figure 7.3.2.1-1: Estimation of multi band UE SNR range for Indirect far field (IFF), fine beam, Rx Beam peak direction
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.
The accuracy of setting the signal and noise levels has been taken as +/-[6.0]dB. The uncertainty is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
An allowance of 2 dB has been made for UE multi-band relaxation factor ∑MBp from Table 6.2.1.3-4 of TS 38.101-2 [16].
Inclusion of these three contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.2.2.5.4-1.
Table 7.3.2.1-1: Predicted SNR upper bound values for Indirect far field (IFF) multi band UE
	Angle of Arrival
	Beam type
	Allocated RBs
	Maximum SNR

	Rx Beam peak
	Fine
	24
	[22.5dB]

	
	
	66
	[18.1dB]

	
	Rough
	24
	[15.4dB]

	
	
	66
	[10.9dB]

	Spherical coverage
	Fine
	24
	[10.1dB]

	
	
	66
	[5.1dB]

	
	Rough
	24
	[1.5dB]

	
	
	66
	Not usable



Note that these are UE baseband SNR values, so the Reference point figures used in RRM test cases may be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.

7.3.3	Simplified direct far field (DFF) setup
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table 7.3.3-1: Uncertainty contributions for test with defined DL SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	gNB emulator SNR uncertainty
	TS 38.810 [7] Annex B.2.3.4.1

	2
	gNB emulator DL EVM
	TS 38.810 [7] Annex B.2.3.4.2

	3
	gNB emulator Fading model impairments
	TS 38.810 [7] Annex B.2.3.4.3

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined



Table 7.3.3-2: Uncertainty contributions for DL absolute power level at reference point (D = 5 cm)
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	Currently assumed to be the same as EIS measurement in TS 38.810 [7] Table B.1.1.2-2
	TS 38.810 [7] Annex B.1.1.4

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



The uncertainty assessment tables are organized as follows:
-	For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 5 cm
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table 57.3.3-3: Uncertainty assessment for test with defined DL SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]


	During measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator Fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



Table 7.3.3-4: Uncertainty assessment for DL absolute power level at reference point (D = 5 cm)
	UID
	Uncertainty source
	Uncertainty value

	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]


	During measurement

	Currently assumed to be +/-6 dB
	

	DL absolute power level Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.0]

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



7.3.3.1	SNR range for SNRRP - SNRBB ≤ 1dB
The initial rational in this section is elaborated for Scenario 1 (1 Angle of Arrival with signal coming from the RX beam peak direction) for Type 1 Requirements (“Fine” RX beam) and Mode 1 Configuration (TE generating S and N).
Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.
The SNR upper bound depends on the type of test system. For the Direct far field (DFF) setup the diagram below illustrates the principle, and is based on the “DFF 100MHz” tab of the accompanying spreadsheet.
The process works back through the signal chain, from left to right in the diagram.

 
Figure 7.3.3.1-1: Estimation of multi band UE SNR range for Direct far field (DFF), fine beam, Rx Beam peak direction
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.
The accuracy of setting the signal and noise levels has been taken as +/-[6.0]dB. It is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
An allowance of 2 dB has been made for UE multi-band relaxation factor ∑MBp from Table 6.2.1.3-4 of TS 38.101-2 [16].
Inclusion of these three contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.2.1.5.4-1.
Table 7.3.3.1-1: Predicted SNR upper bound values for Direct far field (DFF), multi band UE
	Angle of Arrival
	Beam type
	Allocated RBs
	Maximum SNR

	Rx Beam peak
	Fine
	24
	[22.2 dB]

	
	
	66
	[17.8 dB]

	
	Rough
	24
	[15.1 dB]

	
	
	66
	[10.5 dB]

	Spherical coverage
	Fine
	24
	[9.8 dB]

	
	
	66
	[4.7 dB]

	
	Rough
	24
	[1.0 dB]

	
	
	66
	Not usable



Note that these are UE baseband SNR values, so the Reference point figures used in RRM test cases may be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.
An example of SNR calculation for DFF method is provided in “Spreadsheet 1 - RRM SNR range calculator.xls” file attached to the TR.
7.4	SINR control for Scenario 3 RRM Test with 2 AoAs
This is not defined yet.

8.	Recommendations for NR FR2 RRM testing
RAN5 can start the test tolerance process for NR FR2 RRM TT analysis as most of the NR FR2 side conditions are now present in RAN4. Even though there are still some open issues, e.g., SINR control for scenario 3 RRM test with 2 AoAs have not been defined yet, we thing the work can start in RAN5. Therefore, we recommend that the measurement uncertainties and test tolerances for FR2 structure is added this meeting and have a change request in document [9]. 

9.	Conclusion
In this contribution, we discussed our understanding of aspects of the framework needed for NR FR2 RRM tests. Based on the discussion, our observations and proposal are summarized as follows:
Observation 1: For NR FR2 RRM test cases Group T and Group Y should be the baseline.
Observation 2: For NR FR2 RRM test cases Downlink Antenna Configuration 2x2 is used as the baseline.
Observation 3: For NR FR2 RRM test cases the AoA setup 1 is used the most setup 3 is used often, and setup 2 is rarely used.
Observation 4: The UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP.
Observation 5: Reported L1-RSRP measurements can be contained in periodic L1-RSRP measurement reports, a Semi-Persistent L1-RSRP measurement report, or in aperiodic triggered, aperiodic triggered periodic and aperiodic triggered semi-persistent L1-RSRP reports.
Observation 6: The UE shall report the L1-RSRP value as a 7-bit value in the range [-140, -44] dBm with 1dB step size for NR FR2 if nrofReportedRS is configured to one.
Observation 7: The UE is required to perform the SSB and CSI-RS measurements with measurement restrictions.
Observation 8: Some of the SS-RSRP intra-frequency absolute accuracy in FR2 parameters are still in brackets.
Observation 9: Some of the SS-RSRP inter-frequency absolute accuracy in FR2 parameters are still in brackets.
Observation 10: OTA testing is considered as the baseline approach for NR RF2 RRM testing methodology.
Observation 11: There are six test parameters for FR2 RRM testing to be controlled at the reference point.
Observation 12: The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Proposal 1: Introduce Annex F.2 in TS 38.533 for measurement uncertainties and test tolerances for FR2 as the baseline.
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