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Introduction
In RAN5 #86-e, the list of representative RRM test cases was agreed in [1]. This contribution will analyze one of the test cases of the list, f) Test case 7.7.1.1 Intra-frequency SS-RSRP Accuracy.
7.7.1.1 is based on TS 38.133 Test Case A.7.7.1.1 [2], copied below for reference
[bookmark: _Toc535476790]A.7.7.1.1	SA intra-frequency case measurement accuracy with FR2 serving cell and FR2 target cell
[bookmark: _Toc535476791]A.7.7.1.1.1	Test Purpose and Environment
[bookmark: _Toc535476792]The purpose of this test is to verify that the SS-RSRP measurement accuracy is within the specified limits. This test will verify the requirements in clauses 10.1.3.1.1 and 10.1.3.1.2 for intra-frequency measurements.
A.7.7.1.1.2	Test parameters
In this set of test cases all cells are on the same carrier frequency. Supported test configurations are shown in Table A.7.7.1.1.2-1. Both absolute and relative accuracy of SS-RSRP intra-frequency measurements are tested by using the parameters in Table A.7.7.1.1.2-2 and A.7.7.1.1.2-3. In all test cases, Cell 1 is the PCell and Cell 2 the target cell. The TCI status for Cell 1 is defined in Table  A.3.16.2-1 and TRS configuration for Cell 1 is defined in Table A.3.17.2.1-1. The test consists of two time phases T1 and T2.
Table A.7.7.1.1.2-1: SS-RSRP Intra frequency SS-RSRP supported test configurations
	Configuration
	Description

	1
	120 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode



Table A.7.7.1.1.2-2: SS-RSRP  Intra frequency general test parameters
	Parameter
	Unit
	T1
	T2

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2

	Cell ID
	
	489
	0
	489
	0

	SSB ARFCN
	
	freq1
	freq1

	Duplex mode
	
	TDD
	TDD

	TDD configuration
	
	TDDConf.3.1
	TDDConf.3.1

	BWchannel
	MHz
	100: NRB,c = 24
	100: NRB,c = 24

	Downlink initial BWP configuration
	
	DLBWP.0.1
	-
	DLBWP.0.1
	-

	Downlink dedicated BWP configuration
	
	DLBWP.1.1
	-
	DLBWP.1.1
	-

	Uplink initial BWP configuration
	
	ULBWP.0.1
	-
	ULBWP.0.1
	-

	Uplink dedicated BWP configuration
	
	ULBWP.1.1
	-
	ULBWP.1.1
	-

	DRX cycle configuration
	
	Not applicable
	-
	Not applicable
	-

	TRS configuration
	
	TRS.2.1 TDD
	-
	TRS.2.1 TDD
	-

	TCI state
	
	TCI.State.0
	-
	TCI.State.0
	-

	PDSCH Reference measurement channel 
	
	SR.3.1 TDD 
	-
	SR.3.1 TDD  
	-

	RMSI CORESET Reference Channel
	
	CR.3.1 TDD 

	-
	CR.3.1 TDD  

	-

	Control channel RMC
	
	CCR.3.1 TDD 

	-
	CCR.3.1 TDD  

	-

	OCNG Patterns
	
	OP.3 
	OP.3 
	OP.3 
	OP.3 

	SSB configuration
	
	SSB.1 FR2
	SSB.1 FR2
	SSB.1 FR2
	SSB.1 FR2

	SMTC configuration
	
	SMTC.1 
	SMTC.1
	SMTC.1
	SMTC.1

	Time offset with Cell 1
	s
	-
	3
	-
	3

	PDSCH/PDCCH subcarrier spacing
	kHz
	120 
	120 
	120 
	120 

	EPRE ratio of PSS to SSS
	dB
	0
	0
	0
	0

	EPRE ratio of PBCH_DMRS to SSS
	
	
	
	
	

	EPRE ratio of PBCH to PBCH_DMRS
	
	
	
	
	

	EPRE ratio of PDCCH_DMRS to SSS
	
	
	
	
	

	EPRE ratio of PDCCH to PDCCH_DMRS
	
	
	
	
	

	EPRE ratio of PDSCH_DMRS to SSS
	
	
	
	
	

	EPRE ratio of PDSCH to PDSCH_DMRS
	
	
	
	
	

	EPRE ratio of OCNG DMRS to SSSNote 1
	
	
	
	
	

	EPRE ratio of OCNG to OCNG DMRS Note 1
	
	
	
	
	

	
	
	
	
	
	

	Propagation conditions
	
	AWGN
	AWGN
	AWGN
	AWGN

	Antenna configuration
	
	1x2
	1x2
	1x2
	1x2

	Note 1:	OCNG shall be used such that both cells are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.
Note 2:	Void
Note 3:	Void
Note 4:	Void
Note 5: 	Void



Table A.7.7.1.1.2-3: SS-RSRP Intra frequency OTA related test parameters
	Parameter
	Unit
	T1
	T2

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2

	Angle of arrival configuration
	
	According to clause A.3.15.1
	According to clause A.3.15.1

	
Note1
	dBm/15kHzNote4
	-91.6
	N/A

	
Note1
	dBm/SCSNote4
	-82.6
	 N/A

	

	dB
	6.0
	1.0
	N/A
	N/A

	Es
	dBm/SCSNote4
	
	
	(Table B.2.2-2 Rx Beam Peak +3.1dB)
	(Table B.2.2-2 Rx Beam Peak +3.1dB)

	SSB_RPNote2
	dBm/SCS
	-76.6
	-81.6
	(Table B.2.2-2 Rx Beam Peak +3.1dB)
	(Table B.2.2-2 Rx Beam Peak +3.1dB)

	
BB Note6
	dB
	2.44
	-5.98
	-5.98
	-5.98

	IoNote2
	dBm/95.04 MHz Note4
	-50.05
	(Table B.2.2-2 Rx Beam Peak +30.70dB)

	
Note 1:	Where used, interference from other cells and noise sources not specified in the test is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for  to be fulfilled.
Note 2:	SSB_RP, Es/Iot and Io levels have been derived from other parameters for information purposes. They are not settable parameters themselves.
Note 3:	Void
Note 4:	Equivalent power received by an antenna with 0 dBi gain at the centre of the quiet zone
Note 5:	Void
Note 6:	Calculation of Es/IotBB includes the effect of UE internal noise up to the value assumed for the associated Refsens requirement in clause 7.3.2 of TS 36.101-2 [19], and an allowance of 2dB for UE multi-band relaxation factor ∑MBP from TS 38.101-2 [19] Table 6.2.1.3-4.



[bookmark: _Toc535476793]A.7.7.1.1.3	Test Requirements
The SS-RSRP measurement accuracy shall fulfil the absolute accuracy requirements in clauses 10.1.3.1.1 and relative accuracy requirements in clause 10.1.3.1.2. The following requirements are to be verified:
During T1:
Absolute accuracy of Cell 1 and absolute accuracy of Cell 2. The UE is deemed to meet the requirement if the reported SS-RSRP is in the range shown in table A.7.7.1.1.3-1.
Relative accuracy of Cell 2 compared with Cell 1. The UE is deemed to meet the requirement if the difference in reported SS-RSRP meets the requirements in Table 10.1.3.1.2-1. 
During T2:
Absolute accuracy of Cell 1 and absolute accuracy of Cell 2. The UE is deemed to meet the requirement if the reported SS-RSRP is in the range shown in table A.7.7.1.1.3-1.
Relative accuracy of Cell 2 compared with Cell 1. The UE is deemed to meet the requirement if the difference in reported SS-RSRP meets the requirements in Table 10.1.3.1.2-1. 
During T1 and T2:
Relative accuracy of Cell 1 during T2 compared with Cell 1 during T1. The UE is deemed to meet the requirement if the difference in reported SS-RSRP meets the requirements in Table 10.1.3.1.2-1
Relative accuracy of Cell 2 during T2 compared with Cell 2 during T1. The UE is deemed to meet the requirement if the difference in reported SS-RSRP meets the requirements in Table 10.1.3.1.2-1.
Table A.7.7.1.1.3-1: SS-RSRP absolute accuracy test requirement
	
	Test requirement Notes1,2,3

	Cell 1
	SSB_RP1 -δ +Gmin ≤ Reported RSRP(dBm) ≤ SSB_RP1 +δ +Gmax

	Cell 2
	SSB_RP2 -δ +Gmin ≤ Reported RSRP(dBm) ≤ SSB_RP2 +δ +Gmax

	Note 1: 	SSB_RPn is the  equivalent power received by an antenna with 0dBi gain at the centre of the quiet zone configured in the test for the cell n under consideration
Note 2: 	δ is the RSRP absolute accuracy requirement from Table 10.1.3.1.1-1, selected according to the Io used in the test
Note 3: 	Gmin and Gmax are the minimum and maximum UE gain values from Table B.2.1.5.1-1, selected according to the UE power class



The core requirements, in Section 10.1.3.1 of [2], are also copied here:
10.1.3.1	Intra-frequency SS-RSRP accuracy requirements
10.1.3.1.1	Absolute SS-RSRP 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 Table 10.1.3.1.1-1 are valid under the following conditions:
-	Conditions defined in clause 7.3 of TS 38.101-2 [19] for reference sensitivity are fulfilled.
-	Conditions for intra-frequency measurements are fulfilled according to 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 [19].
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 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.



10.1.3.1.2	Relative SS-RSRP 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 [19] for reference sensitivity are fulfilled.
-	Conditions for intra-frequency measurements are fulfilled according to 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 [19].
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 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.



The side conditions are captured in Annex B.2.2 of [2]:

Table B.2.2-2: Conditions for intra-frequency measurements in FR2
	Parameter
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2, Note 3
	SSB Ês/Iot

	
	
	
	dBm / SCSSSB
	dB

	
	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	
	
	
	UE power class
	UE power class
	

	
	
	
	1
	2
	3
	4
	1, 2, 3, 4
	

	Conditions
	Rx Beam Peak
	n257
	-128.3+Y1
	-113.8
	-112.1
	-127.8+Y4
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-6

	
	
	n258
	-128.3+Y1
	-113.8
	-112.1
	-127.8+Y4
	
	

	
	
	n260
	-125.3+Y1
	
	-109.5
	-125.8+Y4
	
	

	
	
	n261
	-128.3+Y1
	-113.8
	-112.1
	-127.8+Y4
	
	

	
	Spherical coverage Note 1
	n257
	-120.3+Z1
	-102.8
	-101.2
	-118.8+Z4
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-6

	
	
	n258
	-120.3+Z1
	-102.8
	-101.2
	-118.8+Z4
	
	

	
	
	n260
	-117.3+Z1
	
	-96.9
	-113.8+Z4
	
	

	
	
	n261
	-120.3+Z1
	-102.8
	-101.2
	-118.8+Z4
	
	

	Note 1:	Values based on EIS spherical coverage as defined in clause 7.3.4 of TS 38.101-2 [19]. Side condition applies for directions in which EIS spherical coverage requirement is met.
Note 2:	Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.
Note 3:	For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ΣMBP and spherical coverage values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in clause 6.2.1 of TS 38.101-2 [19].



Please note that this analysis also applies to the NSA test case 5.7.1.1, based on A.5.7.1.1 in [2].
Discussion
From an initial analysis of the RAN4 requirements, a few initial observations can be done: 
· Metric is single-directional EIS
· It is a multi-cell scenario with 2 intra-frequency NR cells
· The test is 1 AoA.
· The test is performed in the RX Beam Peak of the DUT.
· The test has two sub-tests. 
· Subtest 1 has average DL signal powers and AWGN. 
· Subtest 2 has DL signal powers close to the minimum SSB_RP limit and no AWGN.
[1] identifies the following MU quantities, that are relevant for 7.7.1.1:
•	DL AWGN absolute power and wanted DL signal absolute power
· DL applied SNR

The RRM baseline setup is defined in TS 38.508-1 [3] Section 7.1.3.2, as follows:
[bookmark: _Toc27749913]7.1.3.2	RRM baseline setup
The RRM baseline setup shall fulfil the capabilities detailed in this section.
The following permitted test setups are considered for OTA RRM testing:
-	DFF test setup as described in Clause B.2.2.
-	Simplified DFF test setup as described in Clause B.2.3.
-	IFF test setup as described in Clause B.2.4.
-	Enhanced IFF test setup based in the IFF test setup described in Clause B.2.4, with the enhancements described in this clause.
-	IFF+DFF Hybrid teset setup as described in Clause B.2.2 for DFF TRxP(s) and B2.4 for IFF TRxP(s), with the enhancements described in this clause.
Annex B.2 captures the permitted test methods for RF Tx and Rx, Performance, RRM and Signalling Conformance test.
Observation 1: The RRM baseline test setup is based in the RF test setups as defined in B.2 of TS 38.508-1 [3].
Observation 2: The RRM baseline test setups based on DFF, Enhanced IFF and IFF+DFF Hybrid are an extension of the RF test setup in B.2 of TS 38.508-1 [3].

Several MU analyses have already been conducted for RF test cases in TS 38.521-2 [4]. RRM MU analysis can take advantage of some of the parameters. Given the observations above, the test case 7.3 Reference Sensitivity [4], is identified as the closest RF test case match for RRM 7.7.1.1, due to the following reasons:
· The test case has EIS metric and is performed in the RX Beam Peak
· The power levels are close to the required power levels for the RRM test.
Proposal 1: use the MU analysis of RF test case “7.3 Reference Sensitivity” as starting point for the MU analysis for RRM TC 7.7.1.1.
There are still some important differences that will need to be addressed for the RRM test case:
· Additional MU as result of the multi-cell scenario (e.g. effects of combining both intra-frequency cells and transmitting them from the same antenna).
· Impact of AWGN
· Lower DL powers for Subtest 2.

Nonetheless, the RF test case can be used as basis to make some initial progress. The results of the MU analysis for 7.3. is captured in Annex B.19 in [5]. This analysis already includes the definition of several measurement uncertainty contributors. Given that both tests use the same metric and test directions, and that the RRM test setup is based on the RF test setup (see Observation 1), it is reasonable that (at least) the same MU contributors also apply for the RRM test case.
Proposal 2: the uncertainty contribution definitions for the EIS measurement for the RF reference sensitivity test in B.19 in [5] shall be reused for RRM test case 7.7.1.1. Additional MU contributors are not precluded.
Additionally to the RF MU contributors, there are already three RRM MU contributors defined in Annex E.2 of [5]: “gNB emulator SNR uncertainty”, “gNB emulator Downlink EVM” and “gNB emulator fading model impairments”. 7.7.1.1 does not require fading, so the third MU contributor has no influence in 7.7.1.1.
Proposal 3: in addition to Proposal 2, the “gNB emulator SNR uncertainty” and “gNB emulator Downlink EVM” need to be considered for TC 7.7.1.1. Additional MU contributors are not precluded.
Proposals 2 and 3 have been implemented in [6].

The RF MU analysis for reference sensitivity has been done based on IFF setup. The RRM setup based on IFF (i.e. the 1-AoA test setup) is the same as the RF IFF, so all individual values can be reused. For the RRM setup based on Enhanced IFF, considering Observations 1 and 2, some of these values are likely to change. On the other hand, some of the values, such as the gNB emulator uncertainty, are not affected by the number of antenna in the chamber and will remain the same. This needs to be analyzed case by case.
Proposal 4: The RRM setup based on IFF can reuse all available values from the RF IFF MU analysis.
Observation 3: The RRM setup based on Enhanced IFF can reuse some the uncertainty values defined for RF IFF. The analysis needs to be done in a case-by-case manner.
The following values have been identified as reusable from IFF to Enhanced IFF setup.
Proposal 5: The RRM setup based on enhanced IFF can reuse the following based from IFF:
· Positioning misalignment
· Measure distance uncertainty
· Standing wave between the DUT and measurement antenna
· gNB uncertainty on absolute level
· Phase curvature
· Amplifier uncertainties (Stage 1 and 2)
· Random uncertainty
· Insertion loss variation (Stage 1 and 2)
· RF leakage
· Misalignment of positioning system
· Uncertainty of the network analyzer
· Uncertainty of the absolute gain of the calibration antenna
· Positioning and pointing misalignment between the reference antenna and the measurement antenna
· Phase centre offset of the calibration antenna
· Standing wave between reference calibration antenna and measurement antenna.
· Influence of the calibration antenna feed cable
· Systematic error related to beam peak search.
Proposals 4 and 5 have been implemented in [6].
Conclusion
Based on the discussion on this paper, we propose the following:
Observation 1: The RRM baseline test setup is based in the RF test setups as defined in B.2 of TS 38.508-1 [3].
Observation 2: The RRM baseline test setups based on DFF, Enhanced IFF and IFF+DFF Hybrid are an extension of the RF test setup in B.2 of TS 38.508-1 [3].
Proposal 1: use the MU analysis of RF test case “7.3 Reference Sensitivity” as starting point for the MU analysis for RRM TC 7.7.1.1.
Proposal 2: the uncertainty contribution definitions for the EIS measurement for the RF reference sensitivity test in B.19 in [5] shall be reused for RRM test case 7.7.1.1. Additional MU contributors are not precluded.
Proposal 3: in addition to Proposal 2, the “gNB emulator SNR uncertainty” and “gNB emulator Downlink EVM” need to be considered for TC 7.7.1.1. Additional MU contributors are not precluded.
Proposal 4: The RRM setup based on IFF can reuse all available values from the RF IFF MU analysis.
Observation 3: The RRM setup based on Enhanced IFF can reuse some the uncertainty values defined for RF IFF. The analysis needs to be done in a case-by-case manner.
Proposal 5: The RRM setup based on enhanced IFF can reuse the following based from IFF:
· Positioning misalignment
· Measure distance uncertainty
· Standing wave between the DUT and measurement antenna
· gNB uncertainty on absolute level
· Phase curvature
· Amplifier uncertainties (Stage 1 and 2)
· Random uncertainty
· Insertion loss variation (Stage 1 and 2)
· RF leakage
· Misalignment of positioning system
· Uncertainty of the network analyzer
· Uncertainty of the absolute gain of the calibration antenna
· Positioning and pointing misalignment between the reference antenna and the measurement antenna
· Phase centre offset of the calibration antenna
· Standing wave between reference calibration antenna and measurement antenna.
· Influence of the calibration antenna feed cable
· Systematic error related to beam peak search.
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