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1.
Introduction

At RAN5#4-5G-NR Adhoc in Singapore, R5-190790 [1] was agreed, and included the RSRP based procedure for finding the UE orientation and providing a wide enough dynamic range for performing the test scenarios with multiple cells. However, the default power settings for NR cells in TS 38.508-1 [2] were not agreed. 
The RSRP level difference required for the UE to reliably distinguish FR2 cells was addressed in R5-190304 [3]. The method of calculation for both intra-frequency and inter-frequency was discussed at RAN5#4-5G-NR Adhoc in Singapore, but not agreed.  

This document re-evaluates the RSRP level difference required for the UE to reliably distinguish FR2 cells, for intra-frequency and inter-frequency scenarios. It also considers the likely FR2 RSRP side conditions in TS 38.133 [4], and proposes default cell levels for TS 38.508-1 [2].
2.
RSRP level difference required for the UE to reliably distinguish FR2 cells
2.1: Status of RAN4 FR2 RSRP reporting accuracy values in TS 38.133
When RSRP-based calibration is used, the applicable UE performance metric is the relative RSRP reporting accuracy. In the current version of TS 38.133 [4], relative accuracy values in [ ] are specified, but no side conditions for SSB-RP or Io are available.
The following extracts from TS 38.133 [4] show the current status, with turquoise highlight showing the tentative values in [ ], and red text showing the missing side conditions:
Table 10.1.3.1.2-1: SS-RSRP Intra frequency relative accuracy in FR2

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot Note 2
	Io Note 1 range

	
	
	
	NR operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	
	

	([6]
	([9]
	TBD
	NR_TDD_FR2_A
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_B
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_F
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_G
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_T
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_Y
	TBD
	TBD
	N/A
	TBD

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
NR operating band groups in FR2 are as defined in Section 3.5.3.


<< sections skipped >>
Table 10.1.5.1.2-1: SS-RSRP Inter frequency relative accuracy in FR2

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot Note 2
	Io Note 1 range

	
	
	
	NR operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	
	

	([6]
	([9]
	TBD
	NR_TDD_FR2_A
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_B
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_F
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_G
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_T
	TBD
	TBD
	N/A
	TBD

	
	
	
	NR_TDD_FR2_Y
	TBD
	TBD
	N/A
	TBD

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter SSB Ês/Iot is the minimum SSB Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
NR operating band groups in FR2 are as defined in Section 3.5.3.


<< sections skipped >>
Table B.2.2-2: Conditions for intra-frequency measurements in FR2

	Parameter
	NR operating band groups Note1
	Minimum SSB_RP
	SSB Ês/Iot

	
	
	dBm / SCSSSB
	dB

	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	Conditions
	NR_TDD_FR2_A
	TBD
	TBD
	TBD

	
	NR_TDD_FR2_B
	TBD
	TBD
	

	
	NR_TDD_FR2_F
	TBD
	TBD
	

	
	NR_TDD_FR2_G
	TBD
	TBD
	

	
	NR_TDD_FR2_T
	TBD
	TBD
	

	
	NR_TDD_FR2_Y
	TBD
	TBD
	

	NOTE 1:
NR operating band groups are defined in Section 3.5.3.


<< sections skipped >>
Table B.2.3-2: Conditions for inter-frequency measurements in FR2

	Parameter
	NR operating band groups Note1
	Minimum SSB_RP
	SSB Ês/Iot

	
	
	dBm / SCSSSB
	dB

	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	Conditions
	NR_TDD_FR2_A
	TBD
	TBD
	TBD

	
	NR_TDD_FR2_B
	TBD
	TBD
	

	
	NR_TDD_FR2_F
	TBD
	TBD
	

	
	NR_TDD_FR2_G
	TBD
	TBD
	

	
	NR_TDD_FR2_T
	TBD
	TBD
	

	
	NR_TDD_FR2_Y
	TBD
	TBD
	

	NOTE 1:
NR operating band groups are defined in Section 3.5.3.


2.2: Calculation of “delt1” for intra-frequency and “delt2” for inter-frequency

It can be seen from section 2.1 above that the TS 38.133 tentative accuracy values in [ ] can be used to estimate “delt1” and “delt2”. If these values are finalised at RAN4#90, and if the test system residual relative uncertainties after RSRP calibration are agreed at RAN5#82, then “delt1” and “delt2” can be agreed.

If either the TS 38.133 accuracy values in [ ] are not finalised at RAN4#90, or if the test system residual relative uncertainties after RSRP calibration are not agreed at RAN5#82, then “delt1” and “delt2” also remain tentative and in [ ]. 
Table 2.2-1: Required RSRP level difference when using RSRP-based CAL (“RSS for test system, with simple summation for UE” approach), intra frequency
	Uncertainty element
	Uncertainty value [dB]
	Equation

	
	gNB-emulator relative signal level uncertainty (Note 1)
	+/-[3]
	EgNB1 – EgNB0

	
	OTA unstable uncertainty
(Note 2)
	+/-[0.7]
	Evar_OTA1 – Evar_OTA0

	RSS of items above
	[3.1]
	SQRT(32+0.72)

	SS RSRP relative uncertainty 

(Note 3)
	+/-[6]
	ERSRP1 – ERSRP0

	Total Uncertainty
	+/-[9.1], “Delt1”
	

	· Note 1: The residual relative uncertainty after RSRP calibration.
· Note 2: In UE-RF OTA measurement discussion, the standard deviation for OTA random uncertainty is assumed to be 0.25dB [7]. As the random uncertainty in relative level (Evar_OTA1 – Evar_OTA0) should be sqrt(2)-times the original standard deviation, the 95%-confidence-level of the OTA unstable uncertainty is 1.96*0.25*sqrt(2) = 0.7dB.

· Note 3: The relative SS RSRP accuracy is +/-[6]dB in TS 38.133 [4] Table 10.1.3.1.2-1.


Table 2.2-2: Required RSRP level difference when using RSRP-based CAL (“RSS for test system, with simple summation for UE” approach), inter frequency
	Uncertainty element
	Uncertainty value [dB]
	Equation

	
	Freq 1 gNB-emulator relative signal level uncertainty (Note 1)
	+/-[3]
	EgNB1 – EgNB0

	
	Freq 1 OTA unstable uncertainty
(Note 2)
	+/-[0.7]
	Evar_OTA1 – Evar_OTA0

	
	Freq 2 gNB-emulator relative signal level uncertainty (Note 1)
	+/-[3]
	EgNB1 – EgNB0

	
	Freq 2 OTA unstable uncertainty
(Note 2)
	+/-[0.7]
	Evar_OTA1 – Evar_OTA0

	RSS of items above
	[4.4]
	SQRT(32+0.72+32+0.72)

	SS RSRP relative uncertainty 

(Note 3)
	+/-[6]
	ERSRP1 – ERSRP0

	Total Uncertainty
	+/-[10.4], “Delt2”
	

	· Note 1: For each cell, the residual relative uncertainty after RSRP calibration.
· Note 2: In UE-RF OTA measurement discussion, the standard deviation for OTA random uncertainty is assumed to be 0.25dB [7]. As the random uncertainty in relative level (Evar_OTA1 – Evar_OTA0) should be sqrt(2)-times the original standard deviation, the 95%-confidence-level of the OTA unstable uncertainty is 1.96*0.25*sqrt(2) = 0.7dB.

· Note 3: The relative SS RSRP accuracy is +/-[6]dB in TS 38.133 [4] Table 10.1.5.1.2-1.


3.
TS 38.133 side conditions proposal
As shown in section 2.1 of this document, the Io and SSB-RP side conditions for SS-RSRP relative accuracy are not currently defined in TS 38.133 [4]. Anritsu is making a proposal for these at RAN4#90 in Athens, R4-1900081 [5]. To illustrate the principle, the side condition proposal is copied here, although it has not yet been discussed or agreed.
Table B.2.3-2: Conditions for inter-frequency measurements in FR2

	Parameter
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2
	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
	-126.3
	-123.3
	-117.1
	-125.8
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-4

	
	
	n258
	-126.3
	-123.3
	-117.1
	-125.8 
	
	

	
	
	n260
	-123.3
	
	-114.5
	-123.8
	
	

	
	
	n261
	-126.3
	-123.3
	-117.1
	-125.8
	
	

	
	Spherical coverage Note 1
	n257
	-118.3
	-112.3
	-106.2
	-116.8
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-4

	
	
	n258
	-118.3
	-112.3
	-106.2
	-116.8 
	
	

	
	
	n260
	-115.3
	
	-101.9
	-111.8
	
	

	
	
	n261
	-118.3
	-112.3
	-106.2
	-116.8
	
	

	Note 1:
Values based on EIS spherical coverage as defined in TS 38.101-2 [TBD] clause 7.3.4. 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.


For the minimum SSB-RP side condition, we assume beam peak direction and take the highest value, which occurs for Power class 3, band n260 and is shown in turquoise highlight above. The value -114.5dBm/SCS is used in section 4, although it has not yet been agreed.
The maximum Io side condition is expected to be -50dB/Ch BW, aligned to other measurement side conditions, but again has not been agreed in RAN4. The value -50dBm/Ch BW is used in section 4.
4.
Default signal levels proposal

4.1: Inter-frequency
Inter-frequency is considered first, because the “Delt2” value is higher than for intra-frequency. The default signal levels proposal for inter-frequency is based on the following principles:
· The difference between Suitable neighbour cell and Serving cell is Delt2 = 11dB
· The difference between Suitable neighbour cell and Non-suitable neighbour cell is Delt2 = 11dB
· The Test system absolute uncertainty of applied DL level is ±6dB
· Signals are coming from Beam Peak direction
· The minimum SSB-RP side condition is Power class 3, band n260, -114.5dBm/SCS
· The maximum Io side condition is -50dBm/Ch BW
· The maximum channel bandwidth that can have all REs allocated is 100MHz
· Channel bandwidths of 200MHz and 400MHz use reduced RE allocation
Note that the values discussed here are power levels applied to the UE, to align with the side conditions in TS 38.133 [4]. The RSRP reported by the UE is separate, and is handled by the RSRP calibration method.
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Figure 1: Default cell levels as set by the SS, and values reported by the UE
As can be seen from the above diagram:
· The Non-suitable neighbour cell is set to -108dBm/SCS, just above the highest value of minimum SSB-RP side condition, taking into account the Test system DL level uncertainty.
· The Suitable neighbour cell is set Delt2 dB above the Non-suitable neighbour cell, giving -97dBm/SCS
· The Serving cell is set Delt2 dB above the Suitable neighbour cell, giving -86dBm/SCS
· Up to 100MHz Channel BW (66RBs) the power remains below the maximum Io side condition, taking into account the Test system DL level uncertainty. 
· For 200MHz and 400MHz Channel BW (up to 264RBs), the RE allocation must be reduced to ensure total power remains below the maximum Io side condition for SS-RSRP measurements.
· Any signalled absolute thresholds specified in a test case must be modified by the value ∆ so they relate correctly to the RSRP values measured by the UE 

Note that the "High quality PLMN" with RSRP > -110dBm referred to in TS 38.304 [8] clause 5.1.1.2 is not mandatory, and the text envisages measurements of cells with lower RSRP. The minimum SSB_RP requirement is specified by RAN4 in TS 38.133 [4].
4.2: Intra-frequency
Propose to use same values, as Delt1 (intra-frequency) < Delt2 (inter-frequency)
5.
Modification of absolute threshold values
The Serving cell, Suitable neighbour cell and Non-suitable neighbour cell default levels are specified in TS 38.508-1 [2]:
Table 6.2.2.2-2: Default settings of suitable / non-suitable FR2 NR cells

	Power level type
	NR
(Note 1-3)

	
	Unit
	Power level

	Serving cell
	dBm/SCS
	-95

	Suitable neighbour intra-frequency cell
	dBm/SCS
	TBD

	Suitable neighbour inter-frequency cell
	dBm/SCS
	TBD

	Non-suitable cell
	dBm/SCS
	TBD

	Non-suitable "Off" cell
	dBm/SCS
	TBD

	Note 1:
The power level is specified in terms of SS/PBCH SSS EPRE instead of RSRP as RSRP is a measured value and cannot be directly controlled by the SS.

Note 2:
The power level is specified at the centre of quiet zone.

Note 3:
DL level is applied for any of the Subcarrier Spacing configuration (µ) with the same power spectrum density of -95 dBm/SCS(SubCarrier Spacing).


This can also be illustrated by Figure 2 and Figure 3:
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Figure 2: Reference point for SSB-RP Cell levels       Figure 3: Reported SS-RSRP measurement point

Note 1 gives the reason why cell levels are specified on the left-hand axis in Figure 1, as SSB-RP. The levels are chosen to give 3 distinguishable levels, whilst remaining within the proposed side conditions. The SS-RSRP values reported by the UE map to the applied SSB-RP in a consistent way, and the mapping value ∆ is estimated by the RSRP-based calibration process.
Where signalled absolute thresholds are specified in a test case, the value in the test case is set in relation to applied cell levels (for example Cell 2 is x dB above a threshold, to trigger an event). However the actual threshold value signalled to the specific UE under test must be modified by the mapping value ∆, so it remains in the same relationship to the applied cell levels. For example:

Test case specifies Threshold of -97dBm, Cell 2 SSB-RP = -86dBm, which is 11dB above the threshold.

RSRP-based calibration gives ∆ of -7dB
Applied Cell 2 SSB-RP = -86dBm, UE will report -93dBm
Specified threshold of -97dBm is modified by adding ∆: (-97dBm -7dB) = -104dBm (this value is signalled) 

Cell 2 Reported SS-RSRP = -93dBm, which is 11dB above the threshold, as intended.
6.
Conclusion and Way Forward
Anritsu recommends the following:
· Default Serving cell SSB_RP is set to -86dBm/SCS in 38.508-1 Table 6.2.2.2-2   
· Default Suitable neighbour inter-freq cell SSB_RP is set to -97dBm/SCS in 38.508-1 Table 6.2.2.2-2   

· Default Non-suitable neighbour cell SSB_RP is set to -108dBm/SCS in 38.508-1 Table 6.2.2.2-2
· Specified absolute threshold values are signalled as (threshold + ∆), using ∆ for that frequency 

· The mapping value ∆ is estimated by the RSRP-based calibration process
· RE allocation is reduced for 200MHz and 400MHz Channel BW    

Note that further work is required on the use of ∆ where a relative threshold is applied for cells on different frequencies.
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