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1
Introduction

In RAN5#79, the signalling test setup based on DFF ( 5.2.2 of [1] ) was proposed by reference [3], in which SS-RSRPB reporting was proposed to be used for the signal level calibration. Although the document does not mention explicitly the criteria of measurement distance, it seems that the intension of the document was to permit using the test setup in radiative near-field as well, particularly in DUT category 3. On the other hand, the demodulation test setup has been approved in RAN4 so that it allows the measurement distance of radiative near-field as well as far-field (refer to clause 7 of [1]).
This paper proposes to reuse the demodulation measurement setup as a permitted measurement setup for signalling testing, which can be used in radiative near-field as well as far-field, and proposes how to deal with the uncertainties in signalling tests. This paper also raises a concern that the dynamic range required for OTA signalling test systems would be practically tight irrespective of the types of test setup.
2
Discussion
2.1
Feasibility in signalling tests
In signalling testing, the following points determines whether test cases can be carried out or not.

· Whether it is possible to cause intentionally the NR-measurement-reporting events (A1-A6, B1-B2)  by changing signal power or signal quality over the air
· The measurement results which can cause the NR-measurement-reporting events (A1-A6, B1-B2) are RSRP, RSRQ and RS-SINR.  So it would be necessary to consider how to secure distinguishable RSRP-level differences.  Here, RSRP-level means SS-RSRP or CSI-RSRP. (As RSRQ and RS-SINR are signal-and-noise/interferer ratio, those values would be able to be detected within OTA dynamic range, which should be easier than to secure RSRP-level differences.)
· The test setup needs to provide a DUT with more than or equal to [image: image2.png]


 different RSRP-levels which can be firmly distinguished by the DUT, where [image: image4.png]


 is the minimum number of distinguishable RSRP-levels required to perform all the NR signalling test cases.

Proposal1 : It should be necessary to clarify the minimum number of distinguishable levels [image: image6.png]


 required to perform all the NR signalling test cases to confirm feasibility in OTA signalling tests.

2.2
Measurement setup
This paper proposes the measurement setup for signalling tests as the following, which means that we would reuse the demodulation test setup (clause 7 of [1][2]) for signalling tests, although the propagation emulator is not necessary. It is assumed here that RSRP reporting (SS-RSRP or CSI-RSRP reporting) from the DUT shall be used for the signal level calibration in order to secure distinguishable RSRP levels to intentionally cause NR-measurement-reporting event, so it would not be necessary to use a reference antenna for the signal-level calibration in the replacement method.
===== Measurement setup for signalling tests (starts here) =====
[image: image7.png]Dual polanised antenna





The key aspects of the baseline setup are:

-
Test is conducted in an anechoic chamber

-
The test shall be performed in the radiative near field or in the far field
-
The minimum measurement distance R is defined according to the following formula, where D is the DUT radiating aperture, and λ is the wavelength : 
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-
Single dual-polarized measurement antenna or multiple dual-polarized measurement antennas directed at the DUT
-
A positioning system such that the angle between the dual-polarized measurement antenna(s) and the DUT has at least two axes of freedom
-
Together with the DUT, a capability to achieve a specific isolation between two nominally orthogonal paths from the dual-polarized antenna(s) to the DUT, enabling Rank 2 transmission.
-
For setups intended for measurements in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT

-
The LTE link antenna provides a stable LTE signal without precise path loss or polarization control

Applicability Criteria:
When both of D size and dynamic range criteria are met, the system is applicable.

-
Regarding D size (radiating aperture or device size):
-
In case a radiative near field testing methodology is used:
-
The system applies at least to DUTs with a device size of D ≤ 15cm with no manufacturer declaration.
-
In case a test system is used that leverages the permitted methods for UE RF, i.e. DFF and IFF: 
-
The same applicability criteria as in Clause 5.2 of TR38.810 apply.

-
Regarding dynamic range :
The number of distinguishable levels M is more than or equal to the minimum required value [image: image10.png]


.

===== Measurement setup for signalling tests (ends here) =====
Proposal2 : The measurement setup for signalling tests shall be specified not only in the far-field but also in the radiative near-field, which is common to the demodulation test setup (clause 7 of [1][2]). Using the setup, the signal level calibration shall be performed by SS-RSRP or CSI-RSRP reporting, so the signal level calibration using the reference antenna should not be necessary.
As written in the measurement-setup description above, we can think of two types of measurement setups; one has a single dual-polarized measurement antenna and the other has multiple dual-polarized measurement antennas. The image of the two types of measurement setups are shown in Figure 2.1-1 and Figure 2.1-2, both of which include multiple RF Tx/Rx ports for multiple bands and polarizations.  Each of the measurement-setup types has pros and cons as written in Table 2.1-1.  So the selection of measurement-setup types should be regarded as an implementation issue to be decided by each of TE vendors.
It should also be pointed out that testing with the single dual-polarized measurement-antenna or multiple dual-polarized measurement-antenna could be different, since the DUT can observe all the cells at once in the single-measurement-antenna case, whereas the DUT needs to sweep its Rx-beam to find all the cells in the multiple-measurement-antenna case.  However, as NR-UEs would control their Rx-beam directions by themselves without any commands from the network, there should be no difference in the two types of measurement setups from the view point of signalling testing.
Proposal3 : It should be regarded as an implementation issue to be decided by each of TE vendors to select one of the two measurement-setup types; one setup type has single dual-polarized measurement antenna and the other setup type has multiple dual-polarized measurement antennas.


[image: image11]
Figure 2.1-1  Signalling-test setup with single dual-polarized measurement antenna

[image: image12]
Figure 2.1-2  Signalling-test setup with multiple dual-polarized measurement antennas
Table 2.1-1  Pros and Cons for each signalling test setup

	
	Pros
	Cons

	Single dual-polarized measurement antenna
	The test setup is simple using just one measurement antenna.
Optimal positioner angle is likely to be found commonly for various signal frequencies.. (If the optimal angle corresponds to the bore sight direction of a DUT array antenna, the direction shall be common to all the frequencies.)
	The signal dynamic range should be decreased at each of the combiners /splitters/diplexers by more than 3dB depending on an actual connection due to hardware loss, which connect multiple RF-unit outputs with the single measurement antenna. (As for the importance of signal dynamic range, refer to 2.3.)

	Multiple dual-polarized measurement antenna
	The signal dynamic range could be used at maximum without being lost by using combiners/splitters/diplexers. (As for the importance of signal dynamic range, refer to 2.3.)
	The optimal angle between DUT and measurement antennas would likely to be different depending on each of the measurement antenna direction.


2.3
Realistically attainable number of distinguishable RSRP levels
This section shows an estimation of realistically attainable number of distinguishable RSRP levels to raise the concern that the dynamic range required for OTA signalling test systems could be practically tight. 
2.3.1
Theoretical framework
The number of distinguishable RSRP-levels M shall be determined, referring to Figure 2.3.1-1.  Figure 2.3.1-1 shows the relationship between “gNB-emulator Tx-signal setting level”, which is the target signal level to be set onto the gNB emulator, and “RSRP level (true)”, which is the power to be measured and reported by RSRP reporting excluding the measurement uncertainty by a DUT.
Here, the notations in Figure 2.3.1-1 are defined as the following.
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: Absolute level uncertainty (standard deviation) caused between gNB emulator and the RSRP measurement point
[image: image16.png]



: Relative level uncertainty (standard deviation) caused between gNB emulator and the RSRP measurement point; the relativity is between one power compared to another on a single NR cell for event A1, A2, A4, A5 and B2, and on different NR cells for event A3 and A6.
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: Noise floor level in a DUT
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: Minimum required SNR to perform signalling testing
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: Dynamic range(typical) at the RSRP measurement point
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: Dynamic range(minimum) at the RSRP measurement point([image: image26.png]


)
We can estimate the number of distinguishable levels M as the following; by dividing the secured dynamic range ([image: image28.png]Zeyp — Y Oaps — RSRP_range_loss



) by the smallest distinguishable level difference ([image: image30.png]


). 
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 (constant to be multiplied with a standard deviation to make  95%-confidence uncertainty)
The notations used here are defined as :
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: The smallest distinguishable level difference corresponding with [image: image38.png]


-times standard deviation
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 : Dynamic range reduction caused when RSRP reporting range does not cover all the dynamic range; RSRP reporting range is the range where the RSRP-reporting is available. ( If Method#1 in 2.4.1 is adopted, the RSRP reporting range may need to be limited to the range where the RPRP-reporting accuracy is defined. )
It should be necessary to make the measurement setup to fulfil [image: image42.png]


in order to make it feasible to perform all the signalling test cases.  For example, the number of M could be increased by employing a power amplifier at the gNB emulator output.

Observation1 : The secured dynamic range of the measurement system could be diminished by the absolute level uncertainty caused between the gNB emulator and the RSRP measurement point.

Observation2 : The number of distinguishable levels M shall be estimated by dividing the secured dynamic range by the smallest distinguishable level difference, which shall be determined by the relative level uncertainties w.r.t different levels on an identical NR cell (for event A1, A2, A4, A5 and B2) or different NR cells (for event A3 and A6).

Observation3 : Taking account of the examples of distinguishable-level allocation in Table 2.3.1-1, the number of distinguishable levels M needs to be at least three.

[image: image43]
Figure 2.3.1-1   Dynamic range in signalling testing
Table 2.3.1-1  Examples of distinguishable-level allocation
	Event Type
	Event meaning
	Level allocation at T1
	Level allocation at T2
	Note


	Event A1
	Serving cell becomes better than threshold
	#1: Serving cell level
#2: threshold
#3: N/A
	#1: N/A
#2: threshold
#3: Serving cell level
	

	Event A2
	Serving cell becomes worse than threshold
	#1: N/A
#2: threshold
#3: Serving cell level
	#1: Serving cell level
#2: threshold
#3: N/A
	

	Event A3
	Neighbour cell becomes offset better than serving
	#1: Neighbour cell level
#2: Serving cell level
	#1: Serving cell level
#2: Neighbour cell level
	Offset = 0

	Event A4
	Neighbour cell becomes better than threshold
	#1: Neighbour cell level
#2: threshold
#3: N/A
	#1: N/A
#2: threshold
#3: Neighbour cell level
	


Note) Here, the level relationship is assumed to be : Level#3 > Level#2 > Level#1.
2.3.2
An example of attainable number of distinguishable RSRP levels
In this section, following three items are estimated in order to see the feasibility of the signalling testing setup.
· An example of signal level
· Absolute level uncertainty
· Relative level uncertainty in a single cell or among multiple cells
2.3.2.1
An example of signal level
Assuming the setup parameters in Table 2.3.2-1, Table 2.3.2-2 and Table 2.3.2-3, which have been copied from [1], the signal levels are calculated as in Table 2.3.2-4 and Table 2.3.2-5 as an example. As the signal allocation on the resource-element grid tend to be sparse in signalling tests, it may be possible to increase the signal-power density assuming a condition of maximum allocated RE ratio as shown in Table 2.3.2-5, which would help increase the dynamic range. Taking also account of the fact that the measurement targets of the NR-measurement-reporting events (A1-A6, B1-B2) are SS(secondary synchronization signal) or CSI-RS, whose number of REs is limited, it would be possible to restrict the maximum allocated RE ratio as a test condition.
Here, it should be noted that the power from test antenna in Table 2.3.2-2 can be understood as almost the maximum power which is realistically attainable, so the estimated dynamic range or the number of distinguishable levels M by using these parameters should be understood as almost the maximum.
Table 2.3.2-1: Assumed UE parameters (copied from Table B.3.1.1-1 in [1])
	
	24GHz
	43GHz
	

	UE Antenna Gain
	7
	8
	dBi

	NF(F_UE) 
	10
	12
	dB

	Implementation loss
	-10
	-11
	dB

	Nktb
	-174
	-174
	dBm/Hz


Table 2.3.2-2: Assumed Test system parameters (copied from Table B.3.1.1-2 in [1])
	
	24GHz
	43GHz
	

	P1dB amplifier power
	+23
	+23
	dBm

	Backoff from P1dB 
	-13
	-13
	dB

	Cable loss
	-4
	-7
	dB

	Probe antenna gain
	12
	12
	dB

	Power from Test antenna
	+18
	+15
	dBm

	Transmission bandwidth
	100M, 200M, 400M, 800M, 1G
	Hz


Table 2.3.2-3: Free Space path loss (copied from Table B.3.1.1-3 in [1])
	
	24GHz
	43GHz
	

	@0.5m separation
	-54.0
	-59.1
	dB

	@0.7m separation
	-57.0
	-62.0
	dB

	@1.0m separation
	-60.1
	-65.1
	dB


Table 2.3.2-4: Example signal level calculation for 400MHz BW, 43GHz, 0.7m, allocation not-limited
	
	Signal
	Noise
	

	Power from Test antenna
	+15
	
	dBm/400MHz

	Free space path loss @0.7m, 43GHz
	-62.0
	
	dB

	Scale power 400MHz to 1Hz
	-86
	
	dB

	Maximum allocated RE ratio (100%)
	0
	
	dB

	UE Antenna Gain
	+8
	
	dB

	UE Implementation loss
	-11
	
	dB

	Wanted powers
	-136
	
	dBm/1Hz

	Thermal Noise
	
	-174
	dBm/1Hz

	UE Noise figure
	
	+12
	dB

	UE Noise
	
	-162
	dBm/1Hz


Table 2.3.2-5: Example signal level calculation for 400MHz BW, 43GHz, 0.7m, maximum allocation 20%
	
	Signal
	Noise
	

	Power from Test antenna
	+15
	
	dBm/400MHz

	Free space path loss @0.7m, 43GHz
	-62.0
	
	dB

	Scale power 400MHz to 1Hz
	-86
	
	dB

	Maximum allocated RE ratio (20%)
	+7
	
	dB

	UE Antenna Gain
	+8
	
	dB

	UE Implementation loss
	-11
	
	dB

	Wanted powers
	-129
	
	dBm/1Hz

	Thermal Noise
	
	-174
	dBm/1Hz

	UE Noise figure
	
	+12
	dB

	UE Noise
	
	-162
	dBm/1Hz


If the value of the minimum required SNR to perform signalling testing is assumed tentatively to be “[image: image45.png]Nmin



[dB]”, the typical dynamic range ([image: image47.png]


) can be calculated as below. Here, “typical” means the value derived without taking account of uncertainties.
· Allocation not-limited

[image: image49.png]Zeyp = —136 — (—162) — 6.0 = 20.0



[dB]
· Maximum allocation 20%

[image: image51.png]Zeyp = —129 — (—162) — 6.0 = 27.0



[dB]

Proposal4 : It should be necessary to determine the minimum required SNR to perform signalling testing.
2.3.2.2
Absolute level uncertainty
The absolute level uncertainty [image: image53.png]8 g



 is estimated in Table 2.3.2.2-1. The first half of the table is extracted from the EIS MU-assessment table in [1]. But it does not include the MU-elements for calibration measurement, because the signal-level calibration using a reference antenna would not be carried out.  In addition to the MU-elements extracted from the EIS MU-assessment table, which are the MU-elements caused by the test setup, the MU-elements caused by the DUT should be necessary to complete the absolute uncertainty assessment, so the absolute uncertainty RSRP reporting has been added in Table 2.3.2.2-1.
Table 2.3.2.2-1: Absolute uncertainty assessment for signalling testing
	UID
	Uncertainty source
	Uncertainty value


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

	Uncertainties caused by Test Setup

	1
	Pointing misalignment 
	0.50
	Rectangular
	1.73
	[0.29]

	2
	Measure distance uncertainty
	1.00
	Rectangular
	1.73
	[0.58]

	3
	Quality of quiet zone
	1.50
	Actual
	1.00
	[1.50]

	4
	Mismatch (NOTE 2)
	1.30
	Actual
	1.00
	[1.30]

	5
	gNB emulator uncertainties
	3.34
	Normal
	2.00
	[1.67]

	6
	Absolute antenna gain uncertainty of the measurement antenna
	0.00
	Normal
	2.00
	0.00

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	8
	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48

	9
	Amplifier uncertainties
	2.00
	Normal
	2.00
	1.00

	10
	Random uncertainty
	0.40
	Rectangular
	1.73
	[0.23]

	Uncertainties caused by DUT

	
	Absolute uncertainty of RSRP reporting. (NOTE 3)
(DUT receiver uncertainty including beam-pointing error and implementation loss uncertainty)
	[6.00]
	[Rectangular]
	[1.73]
	[3.47]

	

	DUT received power total uncertainty [dB]
	[4.52]

	DUT received power expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[8.87]

	NOTE 1:
For MU elements of UID 1 to 10, the MU elements of DFF in [1] are extracted.
NOTE 2: 
The only conducted part may need to be calibrated to make the mismatch uncertainty small enough.
NOTE 3:
Absolute uncertainty of RSRP reporting is assumed to be 6.00dB. (Absolute accuracy of SS RSRP has been agreed to be +/-[6]dB in normal condition under a certain signal level condition. [5])


2.3.2.3
Relative level uncertainty
Once the signal level received by a DUT is calibrated by RSRP reporting, the uncertainty of the signal level recognized by the DUT is determined by the relative level uncertainty caused by the test setup and RSRP reporting ([image: image55.png]Oyel



).
The relative level uncertainties of the test setup and RSRP measurement are assumed in Table 2.3.2.3-1 and smallest distinguishable level difference([image: image57.png]


) is tentatively estimated as an total expanded uncertainty in Table 2.3.2.3-1 and Table 2.3.2.3-2 for single-NR-cell cases and multiple-NR-cell cases respectively.
The relative RSRP measurement uncertainty, which is an uncertainty between one RSRP level compared to another on the same cell, has not been specified yet, but needs to be determined by RAN WG4. 

Table 2.3.2.3-1: Relative uncertainty assessment for signalling testing in a single NR cell
	UID
	Uncertainty source
	Uncertainty value


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

	Uncertainties caused by Test Setup

	
	gNB emulator linearity uncertainty
(NOTE 2)
	[3.00]
	Rectangular
	1.73
	[1.73]

	Uncertainties caused by DUT

	
	relative RSRP measurement uncertainty (NOTE1)
	[4.50]
	Rectangular
	1.73
	[2.60]

	

	DUT received power total uncertainty [dB]
	[3.12]

	DUT received power expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.12]

	NOTE 1:
RSRP relative uncertainty between one RSRP level compared to another on the same cell is assumed to be 4.50dB. ( Relative uncertainty of +/-4.50dB is the value raised in RAN4 discussion [6].)
NOTE 2:   gNB emulator linearity uncertainty  3dB is based on “Relative signal level uncertainty between multiple cells” in Table 8.3.2.2.1-2 of [7]. When we only consider linearity within a single cell, we may agree on reducing the value.




Table 2.3.2.3-2: Relative uncertainty assessment for signalling testing in multiple NR cells
	UID
	Uncertainty source
	Uncertainty value


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

	Uncertainties caused by Test Setup

	
	gNB emulator#1 linearity uncertainty (NOTE 2)
	[3.00]
	Rectangular
	1.73
	[1.73]

	
	gNB emulator#2 linearity uncertainty (NOTE 2)
	[3.00]
	Rectangular
	1.73
	[1.73]

	Uncertainties caused by DUT

	
	relative RSRP measurement uncertainty (NOTE 1)
	[6.00]
	Rectangular
	1.73
	[3.47]

	

	DUT received power total uncertainty [dB]
	[4.25]

	DUT received power expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[8.33]

	NOTE 1:
RSRP relative uncertainty between one RSRP level compared to another on different cells is assumed to be 6.0dB based on [5].

NOTE 2:   gNB emulator linearity uncertainty  3dB is based on “Relative signal level uncertainty between multiple cells” in Table 8.3.2.2.1-2 of [7]. When we only consider linearity within a single cell, we may agree on reducing the value.




2.3.2.4
Estimation of attainable M
The following values have been estimated in 2.3.2.1, Table 2.3.2.2-1 and Table 2.3.2.3-1.
· Allocation not-limited
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 dB

· Maximum allocation 20% (400MHz CBW)

[image: image63.png]



: [image: image65.png]27.0



 dB
[image: image66.png]8.87




[image: image67.png].12(for single cell cases), 8.33(for multiple cell cases)





We estimate the attainable number of distinguishable levels M as the following.

· Allocation not-limited
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 (for single cell cases)
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 (for multiple cell cases)
· Maximum allocation 20% (400MHz CBW)
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 (for single cell cases)
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 (for multiple cell cases)
According to the estimation above, the number of distinguishable RSRP levels (M) would be only two, which is less than required as shown in observation3, without restricting the maximum RE allocation to 20% in 400MHz CBW. If combiners/splitters/diplexers are used in a connection like Figure 2.1-1, the dynamic range could be even tighter due to the loss of the combiners/splitters/diplexers.
In this estimation, the assumed parameters are for the generally used DFF setup. Even though we assume another test setup, such as IFF, we would also have the same issue of tight dynamic range. 
Observation4 : It seems that the signalling testing requires wide dynamic range in order to secure enough distinguishable levels.

2.4
Determination of distinguishable RSRP levels
This section proposes two methods to estimate the number of distinguishable RSRP-levels M as below.
· Method#1:
In this method, the number of distinguishable RSRP-levels M shall be estimated by a dynamic-range analysis and relative uncertainty calculations, which is almost the same method as shown in 2.3.
· Method#2:
In this method, the number of distinguishable RSRP-levels M shall be estimated by experimental measurements, which would make it possible to establish a signalling test system without RAN4 definition of relative RSRP measurement accuracy on one cell.
Table 2.4-1  Pros and Cons for each of the methods to estimate the number of distinguishable RSRP levels
	
	Pros
	Cons

	Method#1
	All the RSRP-levels are to be constants, so scenarios can be written with absolute signal levels as in the same way as the conventional signalling tests.
	If relative uncertainty of RSRP is only defined as the RSRP measured from one cell compared to RSRP measured from another cell, i.e. big uncertainty value as defined in [5], the required number of distinguishable levels [image: image77.png]


 would not be available.

	Method#2
	Applicable without RAN4-definition of relative uncertainties of RSRP reporting on a cell
	All the RSRP-levels are to be variables depending on each measurements, so scenarios need to be written with defined level notations like [RSRP_LEVEL1].


Proposal5 : Considering pros and cons in Table 2.4-1, we need to select one of the methods to determine the number of distinguishable levels M. If we select Method#1, we need to push RAN4 to specify relative RSRP accuracies which are defined between different RSRP levels on an identical cell.
2.4.1
Method#1
If the relative uncertainties of RSRP reporting, which are defined between one power compared to another on the same cell and different cells, would be specified by RAN WG4, we can estimate the number of distinguishable RSRP levels (M) as the following, referring to Figure 2.4.1-1.
The concept of this method is similar to the one in 2.3, but the maximum RSRP reporting value is based on actual measurements, so the absolute uncertainty and signal-level estimation would not be used here.
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The notations used here are defined as :
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: RSRP reported level which is lower than or equal to [image: image84.png]RSRP_rep,



 (the upper edge of the RSRP reporting range) and the highest RSRP level available with the test system. (This level shall be used as a reference level in RSRP-reporting calibration.)
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 : Lower edge of the RSRP reporting range
The following notations are commonly defined as in 2.3.1.
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: The smallest distinguishable level difference corresponding with [image: image90.png]


-times standard deviation
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: Noise floor level in a DUT
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: Minimum required SNR to perform signalling testing

In Method#1, all the signalling test cases are applicable with [image: image96.png]


 as long as the following condition is fulfilled.
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If the relative uncertainties of “[image: image99.png]


” for a single cell and multiple cells are specified to make “[image: image101.png]


” a constant, all the [image: image103.png]


 levels can be constants as below, so absolute signal levels would be used in actual scenario descriptions.
Level#1(lowest) 
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Level#2            
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Proposal8: It would be necessary to select one of the following options, if Method#1 is adopted.

A) We are to define two sets of absolute signal levels, which are for single cell and multiple cell cases respectively.

B) We are to define only one set of absolute signal levels based on the relative uncertainty for multiple-cell cases, i.e. inter-cell relative uncertainty, where the relative uncertainty would be worse than single-cell cases.

[image: image114]
Figure 2.4.1-1  Dynamic range in Method#1
2.4.2
Method#2
If the relative uncertainties of RSRP reporting, which is defined between one power compared to another on the same cell and different cells, would not be specified by RAN WG4 as accurate enough values, we can estimate the number of distinguishable levels (M) experimentally as the following, performing statistical measurements at k-th level; k={0,1,2,…,[image: image116.png]
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Assuming that the RSRP-reporting uncertainty has normally distributed population in dB domain, the [image: image118.png](100 — @)%



-confidence interval of its variance ([image: image120.png]2
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) can be calculated with its sample variance ([image: image122.png]2
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) as the following according to the theory of “Confidence interval estimation”. (Although an actual distribution of RSRP-reporting levels may not follow the normal distribution, assuming the normal distribution would be a worst case estimation. That is because the normal distribution is rather a long tail distribution and an actual distribution would tend to be a shorter tail distribution. And also, even if the original distribution has some mean-level offset, it should not be a problem because the deviations from the mean values are to be analysed as below.)
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Here, the notations are defined as the following.

n 

: Number of samples used to derive sample variance ([image: image128.png]2
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)
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: Value of Chi-squared-distribution with (n-1) degree of freedom at which CDF is [image: image132.png]a/2
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: Value of Chi-squared-distribution with (n-1) degree of freedom at which CDF is [image: image136.png]1—(a/2)
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: Sample variance at k-th level
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: Mean value at k-th level
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: i-th RSRP reporting value at k-th level
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The upper and lower limits of this inequality is shown in Table 2.4.2-1.
So the maximum standard uncertainty of RSRP-reporting with the confidence level of [image: image145.png](100 — @)%



 can be written as below :
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The maximum standard deviation of the mean value ([image: image148.png]Oy k<max>



) would be as below. (The standard deviation of the n-sample mean value should be [image: image150.png]1/vn



-times of the standard deviation of the original distribution.)
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The maximum standard uncertainty of the mean level difference ([image: image153.png]iy,
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) can be calculated as below.

[image: image154.png]2 2 2 2
Oudiffemax> J%mnkm + Oy kamars"+ Orsrpi+1<mar>" + Opir1<mar>’

(0% = 1) - (Sasmps® + Sasmpiss’)
- Xas2®





If the following criteria for k = {0,1,2,…,[image: image156.png]
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 different levels are to be distinguishable.
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Here, if we take confidence level of 95%, [image: image161.png]y = 1.96



.
In Method#2, all the [image: image163.png]


 levels are to be variables as below.
Level#1(lowest) 
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Level#2            
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(highest)
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The procedure above can be applied for single-cell cases.

In multiple-cell cases, the above procedure need to be applied to each cell, and the following conditions also need to be fulfilled between two cells whose levels need to be compared.
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}
Here, the parameters with suffix “c1” and “c2” correspond to cell1 and cell2 respectively.

In short, as we can’t determine concrete signal levels before starting measurements, scenarios need to be written with the level notations defined as the following.
RSRP_LEVEL1
RSRP_LEVEL2
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It would be better to get RSRP reported n-times while changing a measurement target NR cellto let the DUT adjust its Rx-beam direction every measurement, so that the condition of the uncertainty estimation becomes severe. For example, if three cells are involved in the scenarios to be performed, we should make the DUT report RSRP in an order like : { [Cell1, level-k, sample No=0], [Cell2, level-k, sample No=0], [Cell3, level-k, sample No=0], [Cell1, level-k, sample No=1], [Cell2, level-k, sample No=1], [Cell3, level-k, sample No=1],… , [Cell1, level-k, sample No=n-1], [Cell2, level-k, sample No=n-1], [Cell3, level-k, sample No=n-1] }. If the centre frequencies for the cells are different each other, every time the DUT changes a measurement target cell, the DUT Rx-beam would be adjusted so that the signal level uncertainty caused by beam-steering could be worse.
In the experimental method considered here, we would not know whether a combination of a test system and a DUT can secure a number of distinguishable levels required to perform the signalling test cases until performing actual measurements, however, the stance of designing test systems would be to provide a practically available and reasonable dynamic range.
Table 2.4.2-1  Lower and upper limit of 95%-confidence interval of [image: image189.png]IRSPR,
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	10
	0.69
	1.83

	30
	0.80
	1.34

	101
	0.88
	1.16
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Figure 2.4.2-1  RSRP-level statistical measurement at several levels
2.5
RF-connection procedure
As discussed above, the number of distinguishable RSRP-levels shall be increased as the dynamic range gets wider. So it would be meaningful to perform UE Rx-beam peak search before starting the signalling testing, where the UE Rx-beam peak shall be defined as the angle at which the maximum RSRP is reported. It would be necessary to define a measurement grid for UE Rx-beam peak search for signalling tests later.
Proposal6 : For signalling testing, UE Rx-beam peak search, where we find the angle at which the maximum RSRP is reported, should be required to secure an enough dynamic range and all the test scenarios shall be performed with the downlink signal injected at the DUT from the identified angle.
In signalling testing, the following procedure needs to be followed before starting scenarios. However, the detailed algorithm of how to control the positioner should be up to implementation of each TE vendor.
1. Get SS-RSRP or CSI-RSRP reported w.r.t each gNB while changing the angles with all the gNB signals to be used in scenarios transmitted, so that we find the angle where the smallest SS-RSRP or CSI-RSRP values among all the gNBs shall be the maximum. All the signalling testing shall be performed with the downlink signals injected at the DUT from the identified angle.
2. For each of the gNB signals, estimate the number of distinguishable RSRP-levels (M) following the procedure in 2.4.1 or 2.4.2. (If the estimated number of distinguishable RSRP-levels M is more than or equal to a specified value Mmin w.r.t all the gNB signals, all the test cases which uses gNB assumed here can be carried out by the measurement setup used.)
3. Start test scenario.
　
2.6
Dynamic range issue
As you can see in 2.3, the number of distinguishable levels M could be calculated as two as an example without any allocation limit, which would be smaller than required in the FR2 OTA signalling test setup. So it may be necessary to think of ways to perform signalling tests with a small number of distinguishable RSRP levels within a limited dynamic range.
Proposal7 : It may be necessary to think of a new concept to perform signalling tests with a small number of distinguishable RSRP levels within a limited dynamic range.
3
Conclusion
In this paper, the following proposals and observations are made.
· Proposals:
· Proposal1 : It should be necessary to clarify the minimum number of distinguishable levels [image: image196.png]


 required to perform all the NR signalling test cases to confirm feasibility in OTA signalling tests.
· Proposal2 : The measurement setup for signalling tests shall be specified as the common setup to the demodulation test setup (clause 7 of [1][2]), although the propagation emulator is not necessary. Using the setup, the signal level calibration shall be performed by SS-RSRP or CSI-RSRP reporting, so the signal level calibration using the reference antenna should not be necessary.
· Proposal3 : It should be regarded as an implementation issue to be decided by each of TE vendors to select one of the two measurement-setup types; one setup type has single dual-polarized measurement antenna and the other setup type has multiple dual-polarized measurement antennas.
· Proposal4 : It should be necessary to determine the minimum required SNR to perform signalling testing.
· Proposal5 : Considering pros and cons in Table 2.4-1, we need to select one of the methods to determine the number of distinguishable levels M. If we select Method#1, we need to push RAN4 to specify relative RSRP accuracies which are defined between different RSRP levels on an identical cell.
· Proposal6 : For signalling testing, UE Rx-beam peak search should be required to secure an enough dynamic range and all the test scenarios shall be performed with the downlink signal injected at the DUT from the identified angle.
· Proposal7 : It may be necessary to think of a new concept to perform signalling tests with a small number of distinguishable RSRP levels within a limited dynamic range.
· Proposal8: It would be necessary to select one of the following options, if Method#1 is adopted.
A) We are to define two sets of absolute signal levels, which are for single cell and multiple cell cases respectively.
B) We are to define only one set of absolute signal levels based on the relative uncertainty for multiple-cell cases, i.e. inter-cell relative uncertainty, where the relative uncertainty would be worse than single-cell cases.
· Observations:
· Observation1 : The secured dynamic range of the measurement system could be diminished by the absolute level uncertainty caused between the gNB emulator and the RSRP measurement point.
· Observation2 : The number of distinguishable levels M shall be estimated by dividing the secured dynamic range by the smallest distinguishable level difference, which shall be determined by the relative level uncertainties w.r.t different levels on an identical NR cell (for event A1, A2, A4, A5 and B2) or different NR cells (for event A3 and A6).

· Observation3 : Taking account of the examples of distinguishable-level allocation in Table 2.3.1-1, the number of distinguishable levels M needs to be at least three.
· Observation4 : It seems that the signalling testing requires wide dynamic range in order to secure enough distinguishable levels.
4
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Appendix
A.1
An idea for relative uncertainty improvement
This appendix section shows an idea to improve the relative uncertainty. As explained in 2.2, RSRP reporting (SS-RSRP or CSI-RSRP reporting) from the DUT shall be used for the signal level calibration.  If the signal level calibration is performed with just one sample of RSRP reporting, the relative RSRP uncertainty would be as shown in (a) of Figure A.1-1. If we assume that the standard deviations of uncertainties at different levels are the same, the following equation holds.
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If the signal level calibration is performed with N-sample RSRP reporting averaged, the relative RSRP uncertainty would be improved as shown in (b) of Figure A.1-1. If we assume that the standard deviations of uncertainties at different levels are the same, the following equation holds.
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In short, the original relative uncertainty [image: image200.png]


, would be improved to [image: image202.png]


 in the equation below by using the calibration level averaged by N samples of RSRP reporting. 
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But it is necessary to note that the uncertainties at different levels are here assumed to be independent. 
If the number N is big enough, the above equation can be written as :
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Using this equation, the estimation in 2.3.2.4 would be improved as the following.
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We estimate the attainable number of distinguishable levels M as the following.

· Allocation not-limited
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· Maximum allocation 20% (400MHz CBW)
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As shown here, the number of distinguishable RSRP levels (M) could be increased by this idea, but the assumptions here may be optimistic. If the relative uncertainty comes from mainly some non-linearity, which causes non-random uncertainty, this method would not work well.
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Figure A.1-1  Relative level uncertainty improvement with a calibration level averaged
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