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In RAN5#101, the following AP was created after the discussion based on [1]:
	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#101.21
	RF
	TE/TS vendors to study the minimum conditions and applicability of the reference measurements of the alternate EIS search linearization, which determine the coefficients of the linearization curves
	KEYS, R&S, ETS-L
	R5-237839
	RAN5#102
	Open



We provide feedback in this contribution as requested in AP#101.21.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Current status
TRS measurement procedure is measured as described in clause 7.2.1.1.1.4.2 from 3GPP TS 38.561 [2], and it is based on individual EIS measurements for each sampling point (i.e. grid point and polarization). Step 5 in the procedure provide the concrete definition for the sensitivity threshold and the power step close to the threshold:
5.	The TRS of the DUT is measured by sampling effective isotropic sensitivity (EIS) of the DUT with three-dimensional scan at various locations surrounding the device. Determine each EIS by adjusting the downlink signal level until the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the NR sensitivity level.

Obviously, there is a Measurement Uncertainty (MU) contributor related to the power step resolution as described in clause A.4.2.6 from 3GPP TS 38.561 [2]:
[bookmark: _Toc155186551][bookmark: _Toc155192833]A.4.2.6	Sensitivity measurement: output level step resolution
Editor’s Note: An alternate EIS search procedure with interpolation is not precluded.
When output power of the communication tester is swept to reach the throughput target that defines the sensitivity threshold, the final power step resolution represents an asymmetric uncertainty contribution that can be corrected since this uncertainty is device and test system independent. The lab shall correct the TRS results by  of the final power step search and note the correction in the test report.

As captured in the editor’s note, the requested correction of the final TRS result by  is not the preferred approach for some companies and interpolation techniques have to be analysed. 
Beside the option to reduce the downlink power step size, which would have a large impact in test time, in the following sections we analyse the most common and promising EIS interpolation options to achieve both targets:
· Reduce Measurement Uncertainty.
· Avoid the need to correct the final value.

Please note that, even though the analysis focuses on NR FR1 TRS, the observations and conclusions can be applied in the same way to other technologies where different metrics (e.g. BER, BLER, etc.) are used to determine the sensitivity threshold.
EIS linear interpolation
The simplest approach to approximate the real sensitivity threshold would be to calculate the linear interpolation between the two power level steps, separated by 0.5dB, providing the closest result to the 95% throughput:

Considering the DL power as variable and thus:
x = DL power in dBm, 
	x1 = last DL power providing a throughput ≥95%, 
	x0 = first DL power providing a throughput <95%;
y = Throughput in %, 
	y1 = last throughput ≥95%, 
	y0 = first throughput <95%.

In Figure 1, a detailed view within 0.5dB of the throughput measurement results for DUT4 in [1] is presented:
[image: ]
[bookmark: _Ref148550648]Figure 1: Detailed view TP for DUT4 in [1] with linear interpolation
[bookmark: _Toc127446876][bookmark: _Toc127535098][bookmark: _Toc127536396][bookmark: _Toc127543787][bookmark: _Toc127544304][bookmark: _Toc127557564][bookmark: _Toc127585342][bookmark: _Toc127586303][bookmark: _Toc127586368][bookmark: _Toc127586785][bookmark: _Toc134777506][bookmark: _Toc134777508][bookmark: _Toc134784127][bookmark: _Toc134785451][bookmark: _Toc134785489][bookmark: _Toc134785499][bookmark: _Toc134789175][bookmark: _Toc149929736][bookmark: _Toc149929745][bookmark: _Toc158816932]As it can be seen in the graph, the estimated sensitivity threshold for the 0.5dB step improves the result almost by almost 0.2dB from the last DL power level providing a throughput ≥95%, but it is still away from the actual sensitivity level, better approximated in the graph by the 0.1dB step linear interpolation. 
[bookmark: _Toc158823100][bookmark: _Toc158823108][bookmark: _Toc158826418][bookmark: _Toc158826428]Observation 1: EIS linear interpolation does not remove completely the error due to the output level step resolution.
Considering this and other DUTs, it is clear that the residual error for the linear interpolation is single sided, it has normal distribution and it is expected to be bounded approximately by . Given the little impact in the combined uncertainty, it is recommended to simplify the definition of the MU term as double sided with normal distribution, to be RRS’ed.
[bookmark: _Toc158831185][bookmark: _Toc158831425][bookmark: _Toc158831485][bookmark: _Toc158826415][bookmark: _Toc158823101][bookmark: _Toc158823109]Proposal 1: capture the EIS linear interpolation in TS 38.561 as alternative to the TRS correction.
[bookmark: _Toc158831186][bookmark: _Toc158831426][bookmark: _Toc158831486]Proposal 2: define the output level step resolution MU contributor for TS 38.561 in case the EIS linear interpolation is used as  with normal distribution.
Polynomial interpolation
As presented in [1], the UE sensitivity response (i.e. DL power vs. throughput curve) depends on the baseband receiver response, which has a rather consistent shape among different devices, and it can be approximated by a n degree polynomial in the form of:

The results in the same contribution suggested that a 2nd and 3rd degree polynomials are sufficient to achieve good accuracy. This can be seen in Figure 2 with the same detailed view within 0.5dB of the throughput measurement results for DUT4 in [1]. The improvement compared to the linear interpolation is obvious:
[image: ]
[bookmark: _Ref158990003]Figure 2: Detailed view TP for DUT4 in [1] with polynomial interpolation
[bookmark: _Toc158826419][bookmark: _Toc158826429]Observation 2: EIS polynomial interpolation provide a better accuracy compared to the linear interpolation.
In [1][3], it was proposed to find the coefficients for this n degree polynomial based on the average of initial measurements on a number of reference UEs, then stored an used for every single measurement afterwards. There are a number of concerns related to this approach:
· How a lab would select the reference UEs.
· What is the minimum number of reference UEs to ensure the coefficients are applicable to all other UEs in the future.
· What is the time validity for the calculated coefficients (e.g. evolution in baseband receiver architecture).
· How can the residual error be determined for one UEs based on the coefficients calculated different reference UEs.
· What is the validity in terms of frequency range.
[bookmark: _Toc158826420][bookmark: _Toc158826430]Observation 3: determining the coefficients for the EIS polynomial interpolation based on reference devices present several issues.

Instead of the approach presented in [1][3] with the reference UEs, it is recommended to determine the coefficients for the EIS polynomial interpolation based on the same UE under test, therefore solving the issues mentioned above. 
In order to do so, the following step by step procedure is proposed:
1. [bookmark: _Hlk158887234]Fine threshold search
At the first grid point, or at a reference initial position, an EIS search is performed with a very fine power step size (e.g. 0.1dB) capturing the DL power vs. Throughput for a sufficient DL power range (e.g. 1dB) around the sensitivity threshold. 
1. Polynomial Coefficients calculation 
[bookmark: _Hlk158887309][bookmark: _Hlk158816744][bookmark: _Hlk158816765]Based on the results in step 1, curve fitting techniques are used to obtain the best fit n degree polynomial characterizing the DUT sensitivity response in the form of:
[bookmark: _Hlk158816773][bookmark: _Hlk158887358]
Option 2a, considering the DL power as variable and thus:
[bookmark: _Hlk158887426]y = Throughput in %
x = DL power in dBm
ci = polynomial coefficients
n = polynomial degree

Option 2b considers the Throughput as variable, and thus:
[bookmark: _Hlk158887486]y = DL power in dBm
x = Throughput in %
ci = polynomial coefficients
n = polynomial degree

1. [bookmark: _Hlk158887527]EIS per grid point
[bookmark: _Hlk158887546]The measurement is performed as described in TS 38.561 [2] using the maximum power step size allowed (i.e. 0.5dB), but the final EIS value per grid point is interpolated using the polynomial coefficients calculated in step 2.
[bookmark: _Hlk158887559]In case of Option 2a, i.e. using the DL power as variable for the polynomial, the EIS estimation at a grid point  is based on the first DL Power providing a TP lower than 100%, and calculated with respect to the polynomial obtained at the reference position using the following equation:
[bookmark: _Hlk158887671]
Where:
 = DL power providing a TP lower than 100% at grid point 
 = TP (lower than 100%) corresponding to  at grid point 
 = polynomial solved to obtain the  corresponding to 
 = polynomial solved to obtain the  corresponding to 95% Throughput threshold.

[bookmark: _Hlk158887708]In case of Option 2b, i.e. using the Throughput as variable for the polynomial, the EIS estimation at a grid point  point is based on the first DL Power providing a TP lower than 100%, and calculated with respect to the polynomial obtained at the reference position using the following equation:

Where:
 = DL power providing a TP lower than 100% at grid point 
 = TP (lower than 100%) corresponding to  at grid point 
 = polynomial evaluated for 
 = polynomial evaluated for the fixed sensitivity threshold at 95% Throughput.
1. TRS calculation
[bookmark: _Hlk158887757]All of the resulting EIS values per grid point, calculated as described in step 3, are integrated to TRS as defined in Annex A.4.5.2 of TS 38.561 [2].
[bookmark: _Toc158831187][bookmark: _Toc158831427][bookmark: _Toc158831487]Proposal 3: capture the test procedure for EIS polynomial interpolation in TS 38.561 as alternative to the TRS correction.

Considering the results in [1] and other DUTs, it can be seen that the residual error for the polynomial interpolation is double sided, it has normal distribution and can be bounded approximately by .
[bookmark: _Toc158831188]
[bookmark: _Toc158831428][bookmark: _Toc158831488]Proposal 4: define the output level step resolution MU contributor for TS 38.561 in case the EIS polynomial interpolation is used as  with normal distribution.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution, the following observations and proposals were made:
Observation 1: EIS linear interpolation does not remove completely the error due to the output level step resolution.
Observation 2: EIS polynomial interpolation provide a better accuracy compared to the linear interpolation.
Observation 3: determining the coefficients for the EIS polynomial interpolation based on reference devices present several issues.

Proposal 1: capture the EIS linear interpolation in TS 38.561 as alternative to the TRS correction.
Proposal 2: define the output level step resolution MU contributor for TS 38.561 in case the EIS linear interpolation is used as  with normal distribution.
Proposal 3: capture the test procedure for EIS polynomial interpolation in TS 38.561 as alternative to the TRS correction.
Proposal 4: define the output level step resolution MU contributor for TS 38.561 in case the EIS polynomial interpolation is used as  with normal distribution.

The proposals in this contribution are implemented in the companion CR [4]. 
References
[1] [bookmark: _Ref158989893][bookmark: _Ref78876470][bookmark: _Ref118389279][bookmark: _Ref71296959][bookmark: _Ref63094190][bookmark: _Ref54371581][bookmark: _Ref47464599]R5-237839, “On Alternate EIS Search Procedure with Interpolation”, Keysight Technologies, 3GPP TSG RAN5 Meeting #101, November 2023
[2] [bookmark: _Ref127586758]3GPP TR 38.561, v17.0.0 (2023-12)
[3] [bookmark: _Ref158990042]R5-237136, “pCR on Alternate TRS Linearization”, Keysight Technologies, 3GPP TSG RAN5 Meeting #101, November 2023
[4] [bookmark: _Ref158991058]R5-241206, “CR on EIS search interpolation”, Rohde & Schwarz, 3GPP TSG RAN5 Meeting #102, February 2024















Page | 2

image1.png
DUT4 from [1]

101
99
97
95
g
5 93
2
£
E4
2 91
=
=
89
87
85
-95.2 -95.1 -95 -94.9 -94.8 -94.7
DL Power (dBm)

= Measured 0.1dB

Measured 0.5dB step

® 95%linear interpolation for 0.1dB step ®  95% linear interpolation for 0.5dB step




image2.png
Throughput (%)

DUT4 from [1]

-95.2

-95.1 -95 -94.9 -94.8
DL Power (dBm)

— — — Polynomial x2 based on 0.1dB Polynomial x3 based on 0.1dB

Measured 0.1dB Measured 0.5dB step

®  95%linear interpolation for0.1dB step  ®  95% linear interpolation for 0.5dB step

@ 95% interpolation for x2 ®  95% interpolation for x3

-94.7




