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Information and Discussion
1 Introduction

During the RAN5#NR adhoc-1 (Jan-18), discussion about test point selection was kicked-off. By the end of the last meeting RAN5#78 (Feb-18) test point about some FR1 test cases were endorsed while test point about FR2 was not treated yet. The purpose of this document is to estimate whole FR2 RF test time and share the observations.
2 Discussion

2.1 Summary of the test point selection for RF

RAN5#NR adhoc-1 (Jan-18)

· First meeting to discuss test point selection
· [FR1] Test environment was endorsed in [1].
· [FR1] Test point selection was agreed without discussion paper (technical justification) for some TCs.

RAN5#79 (Feb-18)

· Defining Test point selection approach (necessity for discussion paper) was proposed.
· [FR1] Test point selection about following test cases in Table 2.1-1 were endorsed.

RAN5#NR adhoc-2 (Apr-18)
· [FR1] Test point selection about remaining test cases will be discussed.

· [FR2] First meeting to discuss FR2 test point selection

Table 2.1-1 Test point endorsed test cases about FR1
	Clause
	Title
	Tdoc

	6.3.4.2
	Absolute Power tolerance
	R5-181524 [2]

	6.3.4.4
	Aggregate Power tolerance
	R5-181525 [3]

	6.5.1
	Occupied bandwidth
	R5-180885 [4]

	6.5.2.1
	Spectrum emission mask
	R5-180886 [5]

	6.5.2.2
	Adjacent channel leakage ratio
	R5-180887 [6]


2.2 Differences between FR1 and FR2 RF tests
The main change from FR1 to FR2 is testing method: FR1 is conducted and FR2 is OTA testing. OTA testing requires test metrics (TRP, EIRP, and EIS) and testing time tends to get much longer than that of conducted testing. Other differences between FR1 and FR2 are listed as below.
· The number of supporting Bands
· UE can support only one NR FR2 band in the early period while UE can support some FR1 bands.

· The number of supporting channel bandwidths (ChBW)
· Maximum number of the supporting ChBW per FR2 band is four while that of FR1 is eight.

· In case testing ChBW is defined as like highest or lowest in FR1, the number of the test ChBW in FR2 doesn’t depend on the number of the supporting ChBW.
· The number of supporting subcarrier spacings (SCS)

· The number of supporting SCS in FR2 is two (60, 120 kHz) while that in FR1 is three (15, 30, 60 kHz).

· In case testing SCS is defined as like highest or lowest in FR1, the number of the test SCS in FR2 doesn’t depend on the number of the supporting SCS.
On the other hands, policy (technical justification) about test point selection for FR2 is almost same as policy for FR1. Same discussion for each FR1 test case can be also applied for each FR2 test case. This means the number of the test points for FR2 is almost same as that for FR1 in terms of test environment, frequency range, ChBW, SCS, Modulation scheme, RB allocation, and OFDM waveform except for test operating bands.
Observation 1: The number of the Test points for FR2 is almost same as the number of the test points for FR1 with the assumption that same test point selection approach (technical justification) is applied for both FR1 and FR2.
2.3 Testing time estimation about FR2 RF tests

First, the number of the test points (NTp) can be defined as below.
NTp = Ne · Nfr · NBW · NSCS · Ns
· Ne

: Number of the test environment

· Nfr

: Number of the test frequency range
· NBW
: Number of the test channel bandwidth

· NSCS
: Number of the test subcarrier spacing

· Ns

: Number of the test step (Modulation and RB)

Although of course number of the test points depends on the UE implementation, NTp for LTE and FR1 SEM is calculated as below in [5] (Maximum Number of Test Steps is NTp). Considering following calculations and Observation 1, number of the test point for FR2 SEM can be estimated about 112 points.
NR Spectrum Emission Mask for FR1 taking as guideline LTE philosophy:

Table 2.7-2 Maximum Number of Test Steps for NR Spectrum Emission Mask (same approach as LTE)
	Number SCS
	Maximum Number of ChBW
	Maximum Number of Frequencies
	Number of steps (mod and RB)
	Maximum Number of Test Steps

	2
	4
	3
	12
	288


NR Spectrum Emission Mask for FR1 using proposals presented in this paper:

Table 2.7-2 Maximum Number of Test Steps for NR Spectrum Emission Mask
	Number SCS
	Maximum Number of ChBW
	Maximum Number of Frequencies
	Number of steps (mod and RB)
	Maximum Number of Test Steps

	2
	2
	2
	14
	112


Considering discussion above and some agreements in RAN5, testing time for each FR2 test T is calculated as below.
T = NTp · MTC · Tmetric · XOp1 · XOp2
· NTp


: Number of the test points per test case
· MTC

: The length of the testing itself based on the each test case
· As an example this value for MOP or frequency error is small while value for Spurious or OOBB is large. 

· Tmetric

: Testing time per test point based on each metric
· This value may be different among metrics (TRP, EIRP, and EIS)

· This value is based on the measurement grid method (e.g. number of the grids, resolution)

· XOp1

: Optimization with “EIRP with TRP fall-back”
· XOp2

: Optimization with “Pre-scan”

· In case optimization approaches can reduce whole testing time by half, these values to be defined 0.5.

As an example, FR2 SEM test time per operating band can be estimated 1120 min with following assumptions.

TSEM = NTp · MTC · Tmetric = 112 · 10 · 1 = 1120 [min]
· NTp = 112

· MTC = 10

· Tmetric = 1 [min]

· XOp1, 2 cannot be applied for SEM
Moreover FR2 General Spurious test time can be estimated with following assumptions.

TSpurious = NTp · MTC · Tmetric · XOp1 · XOp2 = 81 · 1000 · 1 · 0.5 · 0.5 = 20250 [min] (= 14 days)
· NTp = 81 (1 x 3 x 3 x 3 x 3)

·  Using FR1 test point selection in [7]

· MTC = 1000

· Tmetric = 1 [min]

· XOp1 = 0.5

· XOp2 = 0.5
Table 6.5.3.1.4.1-1: Test Configuration Table

	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause [TBD]
	[Normal]

	Test Frequencies as specified in TS 38.508-1 [5] subclause [TBD]
	[Low range, Mid range, High range]

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause [TBD]
	[Lowest, Mid, Highest]

	Test SCS as specified in TS-508-1 [5] subclause [TBD]
	[Lowest/Lowest supported SCS per test channel BW, 

Mid/Lowest supported SCS per test channel BW, 

Highest/Lowest supported SCS per test channel BW]

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A for Spurious Emissions testing
	Modulation
	RB allocation (NOTE 1)

	1
	
	CP-OFDM QPSK 
	Outer_Full

	2
	
	CP-OFDM QPSK
	Outer_1RB_Left

	3
	
	CP-OFDM QPSK
	Outer_1RB_Right

	NOTE 1:
The specific configuration of each RB allocation is defined  in Table 6.1-1 Common UL configuration


Finally whole RF testing time becomes enormous and this situation has a critical impact on UE development or certification/validation process.

Observation 2: FR1 testing time is realistic with the following assumptions.

· FR1 (conducted) test time is same as legacy LTE (conducted) test time

· Number of the test point for FR1 is lower than that of LTE (e.g. 288 -> 112 in SEM)

· Test time of the some test case like Spurious will increase due to expansion of the frequency range

Observation 3: FR2 testing time is unrealistic and significant level of solution is necessary.

Observation 4: In order to optimize the FR2 RF testing time, following discussion points are listed.
4.1. Other companies’ view about this critical issue
4.2. Whether same test point selection approach as FR1 can be applied for FR2

4.3. More detailed estimation of the test time defining parameters (MTC, Tmetric, XOp1, and XOp2)
4.4. Detailed test procedure of the optimization approach (EIRP with TRP fall-back, Pre-scan)
4.5. Recommended measurement grid from perspective of the RAN5
4.6. Acceptable whole testing time
3 Observations
Observation 1: The number of the Test points for FR2 is almost same as the number of the test points for FR1 with the assumption that same test point selection approach (technical justification) is applied for both FR1 and FR2.

Observation 2: FR1 testing time is realistic with the following assumptions.

· FR1 (conducted) test time is same as legacy LTE (conducted) test time

· Number of the test point for FR1 is lower than that of LTE (e.g. 288 -> 112 in SEM)
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Observation 4: In order to optimize the FR2 RF testing time, following discussion points are listed.
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4.2. Whether same test point selection approach as FR1 can be applied for FR2

4.3. More detailed estimation of the test time defining parameters (MTC, Tmetric, XOp1, and XOp2)
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