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1
Introduction

In RAN5#3-5G-NR Adhoc in October 2018, we had basically reached a consensus that the RSRP-based calibration method should be better than the UE-RF calibration method, where a calibration antenna is used, in the point of having a smaller dynamic range requirement to firmly trigger the measurement reporting event A1 to A6 [4]. However, there remained an issue that we didn’t have an RSRP-relative accuracy between different signal levels in a cell so that we could not estimate with the guaranteed RAN4 spec the uncertainty in using RSRP-based calibration. So RAN WG5 asked RAN WG4 with the LS[5] to clarify the RSRP linearity uncertainty.
In response to the LS, RAN WG4 approved the reply-LS[3] and endorsed the CR[2], which clearly specifies the relative SS RSRP accuracy between any two SS RSRP levels measured on the same cell, as a result of the  discussion with [1].
This paper estimates the uncertainty in RSRP-based calibration to clarify the required dynamic range for multiple-cell signalling testing, and also proposes a procedure to find a suitable UE orientation for multiple-cell signalling testing.
2
Discussion
2.1
What has been clarified in RAN4
In RAN WG4#89, they have endorsed the CR to TS38.133[2] as below. In short, the relative SS RSRP accuracy between any two levels of the same cell can be taken as ≤[6]dB.
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.
The accuracy requirements in Table 10.1.3.1.2-1 are valid under the following conditions:
-
Conditions for intra-frequency measurements are fulfilled according to Annex B.2.2 for a corresponding Band for each relevant SSB,
-
Other conditions are TBD.
Table 10.1.3.1.2-1: SS RSRP Intra frequency relative accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups 
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/120kHz SSB SCS 
	dBm/240kHz SSB SCS
	dBm/BWChannel
	dBm/BWChannel

	([6]
	([9]
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

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

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


The reply-LS[3] clarifies that UE antenna gain can be assumed constant for a fixed Angle of Arrival and frequency.
2.2
Uncertainty in RSRP-based calibration
The RSRP-based calibration can be explained in Figure 2.2-1. [4]

[image: image1]
Figure 2.2-1.  Basic concept of RSRP-based calibration
The EIRP values at the DUT antenna and the SS RSRP reported values in the calibration procedure and a calibrated signal transmission can be written as the following equations.

· Levels in Calibration procedure
EIRPset0 = Xset0 + EgNB0 + GMeasAnt – Lpathloss + Estable_OTA + Evar_OTA0




(2.2-2)
Xref = EIRPset0 + GUEAnt + ERSRP0








(2.2-3)
· Levels in a calibrated signal transmission
EIRPset_t = Xset_t + EgNB1 + GMeasAnt – Lpathloss + Estable_OTA + Evar_OTA1



(2.2-4)
RSRPt = EIRPset_t + GUEAnt + ERSRP1







(2.2-5)
Here, the meanings of the notations are defined as:
EIRPset0, EIRPset_t 

: EIRP at the DUT antenna
Xset0, Xset_t 


: gNB-emulator power setting

EgNB0, EgNG1 

: Uncertainty of gNB-emulator output signal level
GMeasAnt 


: Measurement-antenna gain
Lpathloss 


: Pass-loss between gNB emulator and DUT
Estable_OTA 


: Stable uncertainty in OTA test system
Evar_OTA0, Evar_OTA1 

: Unstable uncertainty in OTA test system
Xref, RSRPt 

: RSRP reported value in calibration procedure and a calibrated signal transmission respectively
GUEAnt 


: UE-antenna gain
ERSRP0, ERSRP1 

: Uncertainty in RSRP reporting
The following equations are derived by subtracting (2.2-2), (2.2-3) from (2.2-4), (2.2-5) respectively.
EIRPset_t – EIRPset0 = Xset_t – Xset0 + (EgNB1 – EgNB0) + (Evar_OTA1 – Evar_OTA0)



(2.2-6)
RSRPt – Xref = EIRPset_t – EIRPset0 + (ERSRP1 – ERSRP0)





(2.2-7)

By substituting (2.2-6) into (2.2-7), we get the following equation.
RSRPt – Xref = Xset_t – Xset0 + (EgNB1 – EgNB0) + (Evar_OTA1 – Evar_OTA0) + (ERSRP1 – ERSRP0)

(2.2-8)
(2.2-1) and (2.2-8) make the following equation.
RSRPt = Xt + (EgNB1 – EgNB0) + (Evar_OTA1 – Evar_OTA0) + (ERSRP1 – ERSRP0)



(2.2-9)
In short, the uncertainty in RSRP level in a calibrated signal transmission can be estimated +/-[9.1]dB as shown in Table 2.2-1. (The total uncertainty is calculated by simple summation for SS RSRP relative uncertainty, while other uncertainties are summed up by RSS as per the calculation in RRM.)
Observation 1 : The SS RSRP-level uncertainty in using RSRP-based calibration method for multi-cell signalling testing shall be about [9.1]dB as shown in Table 2.2-1.
Proposal 1 : Considering that it should be better to perform RSRP-based calibration under a good SNR condition, RSRP-based calibration shall be performed with the maximum power setting to the gNB emulator.
Table 2.2-1  Uncertainty in SS RSRP-reporting values in using RSRP-based CAL

	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]
	

	· Note 1 : The same value as the intra-frequency case of “Relative signal level uncertainty between multiple cells” in Table 8.3.2.2.1-2 of [6]. (See Annex A)
· 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 of the original standard deviation, the 95%-confidence-level of the OTA unstable uncertainty can be assumed : “1.96*0.25*sqrt(2) = 0.7dB”.
· Note 3 : The relative SS RSRP accuracy is +/-[6]dB as per the RAN4 agreement shown in 2.1.


2.3
Required signal-level difference
As shown in section 5 of [4], in order to firmly trigger event A1 to A6, it should be necessary to compare two levels with a threshold and to compare two levels each other with high confidence.
· Compare two levels with a threshold (Intra-frequency)

: A1, A2, A4, A5
· Compare two levels each other (Intra-frequency or Inter-frequency)
: A3, A6
Referring to the uncertainty calculation in Table 2.2-1, the required signal-level difference would be as shown in Figure 2.3-1. 
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Figure 2.3-1   Required signal-level difference in comparison to firmly trigger event A1 to A6
2.4
Signal-level definition and testability
Following the requirement in signal-level difference shown in Figure 2.3-1, the cell power settings shall be as written in Table 2.4-1 and Table 2.4-2.
Considering the practically available maximum output power from a gNB-emulator and the OTA path-loss, the available dynamic range would be at most around 20dB. So the serving cell level needs to be adjusted before working with an inter-frequency cell according to Table 2.4-2.
Proposal 2 : It needs to be discussed whether the serving cell level can be adjusted before working with a inter-frequency cell depending on whether the inter-frequency cell is suitable or non-suitable.

Table 2.4-1  Default settings of suitable / non-suitable FR2 NR cells in intra-frequency conditions
	Power level type
	NR cell power setting

	
	Unit
	Power level

	Serving cell
	dBm/SCS
	P0
	[-95.0]

	Suitable neighbour intra-frequency cell
	dBm/SCS
	P0 + [9.1]
	[-85.9]

	Non-suitable intra-frequency cell
	dBm/SCS
	P0 - [9.1]
	[-104.1]


Table 2.4-2  Settings of suitable / non-suitable FR2 NR cells in inter-frequency conditions

	Power level type
	NR cell power setting

	
	Unit
	Power level

	Serving cell to work with a suitable inter-frequency cell
	dBm/SCS
	P0 – [9.1]
	[-104.1]

	Suitable neighbour inter-frequency cell
	dBm/SCS
	P0 + [9.1]
	[-85.9]

	Serving cell to work with a non-suitable inter-frequency cell
	dBm/SCS
	P0 + [9.1]
	[-85.9]

	Non-suitable inter-frequency cell
	dBm/SCS
	P0 - [9.1]
	[-104.1]


Referring to Table 6.2.2.2-2 of TS38.508-1[10], the default setting of serving cell level is already defined as -95 dBm/SCS. If we reuse the same default level setting for the case of using RSRP-based calibration, the value of “P0” in Table 2.4-1 and 2.4-2 shall be -95 dBm/SCS. ( The signal levels for this case are also written in Table 2.4-1 and Table 2.4-2.)
From the testability view point, we need to define the signal level range, which shall be determined by the maximum and the minimum settable-signal levels. The maximum and the minimum settable-signal-level limits need to fulfil the following conditions.
· (maximum settable-signal-level limit) <= (EIRP power per SCS at the DUT position provided by the test system with the Tx-power set as the maximum) – (RSRP-absolute-uncertainty)
· (minimum settable-signal-level limit) >= (The minimum level at which the RSRP-relative uncertainty is guaranteed)

· (maximum settable-signal-level limit) - (minimum settable-signal-level limit) >= [18.2] dB

Proposal 3: It shall be necessary to define the maximum and the minimum settable-signal-level limits for RF2 OTA signalling testing from the testability view point.
2.5
Procedure to find a suitable UE orientation for Multi-Cell SIG testing
In multiple-cell signalling test cases, the DUT would be connected with multiple cells with multiple carrier frequencies.
If the DUT uses a single array-antenna commonly for the multiple carrier frequencies and the beam peak is found at the boresight direction of the array-antenna, the beam peak direction could be the same for all the carrier frequencies. However, some UE could use different array-antennas for different frequency bands so that the beam peak direction would be different depending on the carrier frequencies.
Observation 2 : Tx/Rx beam peak direction could be different for different frequency bands depending on NR-UE implementation.
Proposal 4 : The DUT orientation for multi-cell signalling testing shall be determined so that the attainable maximum SS RSRP levels are to be more than the maximum settable-signal-level limit at all the carrier frequencies to be used for the tests.
For a concrete procedure to find a suitable UE orientation for Multi-Cell SIG testing, refer to [9].

Figure 2.5-1  Different beam peak directions for different frequency bands
2.6
SIG-Test Applicability in DUT antenna configuration
When the same calibration method as the one used in UE-RF measurements is used, the DFF test system would not be applicable to DUT antenna configuration 3, as the far-field criteria would not be fulfilled with such a big antenna size. When the far-field criteria is not fulfilled, the radiation patter from the array-antenna could be changed from the one to be observed in the far-field.  However, as the radiation pattern deviation, i.e. signal level shift, at a certain position/condition should be constant (Estable_OTA), such deviation can be cancelled out by applying the RSRP-based calibration as explained in 2.2.
Proposal 5 : The DFF setup can be applied to DUT-antenna configuration 3, when the RSRP-based calibration method is used for FR2 OTA signalling testing.
With the same reason that the radiation pattern deviation would be constant in the near-field, the near-field measurement setup (NF) could also be applied to DUT antenna configuration 1 to 3.
Proposal 6 : The NF setup can be applied to DUT-antenna configuration 1 to 3, when the RSRP-based calibration method is used for FR2 OTA signalling testing.
Table 2.6-1  Test method applicability for FR2 OTA signalling testing with the RSRP-based calibration used
	DUT Antenna configuration
	Direct Far Field (DFF)
	Indirect Far Field (IFF)
	Near Field (NF)

	1
	Yes
	Yes
	[Yes]

	2
	Yes
	Yes
	[Yes]

	3
	Yes
	Yes
	[Yes]

	


2.7
Necessity of absolute level calibration
In the current version of TS38.508-1[10], it is assumed that the absolute signal level should be calibrated at the centre of QZ using a calibration antenna with a pre-known gain. However, it should be discussed whether the absolute signal level calibration is necessary or not, once we decide to use the RSRP-based calibration method for FR2 OTA signalling testing.
Without the absolute signal level calibration, we may have a question of how we determine the signal level to establish a connection between the DUT and the gNB emulator for the first connection. But by transmitting a series of PRACH with the ramping-up power, we should be able to find an appropriate signal power to be used for the connection.
Proposal 7 : The absolute signal level calibration at the centre of QZ shall be optional, once we decide to use the RSRP-based calibration method for RF2 OTA signalling testing.
3
Conclusion
The following observations and proposals are made in this paper.
Observation 1 : The SS RSRP-level uncertainty in using RSRP-based calibration method for multi-cell signalling testing shall be about [9.1]dB as shown in Table 2.2-1.

Observation 2 : Tx/Rx beam peak direction could be different for different frequency bands depending on NR-UE implementation.
Proposal 1 : Considering that it should be better to perform RSRP-based calibration under a good SNR condition, RSRP-based calibration shall be performed with the maximum power setting to the gNB emulator.

Proposal 2 : It needs to be discussed whether the serving cell level can be adjusted before working with a inter-frequency cell depending on whether the inter-frequency cell is suitable or non-suitable.
Proposal 3: It shall be necessary to define the maximum and the minimum settable-signal-level limits for RF2 OTA signalling testing from the testability view point.
Proposal 4 : The DUT orientation for multi-cell signalling testing shall be determined so that the attainable maximum SS RSRP levels are to be more than the maximum settable-signal-level limit at all the carrier frequencies to be used for the tests.
Proposal 5 : The DFF setup can be applied to DUT-antenna configuration 3, when the RSRP-based calibration method is used for FR2 OTA signalling testing.
Proposal 6 : The NF setup can be applied to DUT-antenna configuration 1 to 3, when the RSRP-based calibration method is used for FR2 OTA signalling testing.
Proposal 7 : The absolute signal level calibration at the centre of QZ shall be optional, once we decide to use the RSRP-based calibration method for RF2 OTA signalling testing.
4
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Appendix A:
gNB-emulator relative signal level uncertainty
Here, the meaning of “gNB-emulator relative signal level uncertainty” is clarified.
If the value of “gNB-emulator relative signal level uncertainty” is defined as +/-[3]dB, the value of “delta” in Figure A.1 would be [1.5]dB. That is because we need to take account of the possibility that the level corresponding to RSRP-based-calibration reference could be a point like B or C in Figure A.1.

Figure A.1  gNB-emulator setting vs output signal level
Calibration procedure :


Establish connection between gNB emulator and DUT.


Adjust angle between measurement antenna and DUT to have an enough SS RSRP level reported.


Get an SS RSRP measurement report from DUT, where the reported level is denoted as Xref [dBm], while transmitting DL-signal with the power setting Xset0 [dBm] from the gNB emulator.





Calibrated signal transmission :


When the target SS RSRP level is Xt [dBm], transmit DL-signal with the power setting Xset_t [dBm] from gNB emulator.


Xset_t = Xset0 + (Xt – Xref)	(2.2-1)
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