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1 Introduction

In NR (FR1, FR2) RF conformance test, test points are defined for each test case with test point analysis in [1]. These analysis are based on the some assumptions (e.g. RF design, frequency characteristics, and alignment with LTE). They are discussed and defined from beginning of 2018 (RAN5#NR1, Jan-2018), when NR commercial devices (both UEs and TEs) are not launched yet around the world.
The purpose of this contribution is to review existing test point analysis and to discuss the necessity of optimization.
2 Discussion
Considering discussions and observations in this contribution, following proposal can be provided.

Proposal 1
: To set following action point to review the current test point analysis.

	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#87.xx
	RF
	Review the existing test point analysis of NR (FR1, FR2) RF tests for optimization.
	RAN5
	R5-20xxxx
	RAN5#88
	Open


2.1 Number of test points
Following table summarizes number of the test points of some FR1 RF TCs from [1]. There are more than 300 test points for some transmit test cases while there are less than 50 points for the other test cases. Total test point (including testing time) can be dramatically reduced if we can optimize test points for these large test cases.

Observation 1
: Number of test point of some specific TCs is much larger than that of the other TCs.

Table 2.1-1 Number of test points for FR1
	Sub-clause
	Number of test points

	6.2.1 UE maximum output power
	540

	6.2.2 Maximum Power Reduction (MPR)
	920

	6.2.4 Configured Transmitted Power
	320

	6.3.1 Minimum output power
	45

	6.3.4.2 Absolute power tolerance
	6

	6.4.1 Frequency error
	5

	6.4.2.1 EVM
	324

	6.5.1 OBW
	10

	6.5.2.4.1 ACLR
	920

	6.5.3.1 General spurious emissions
	27

	6.5.4
Transmit intermodulation
	8

	7.3 Reference sensitivity power level
	45

	7.4 Maximum input level
	6

	7.5 Adjacent Channel Selectivity
	3

	7.6.2 In Band Blocking
	3

	7.6.3 Out-of-band blocking
	3


2.2 EC (Extreme Condition)
3GPP compliant UEs shall fulfil all RF core requirements not only in NC (Normal Condition) but also in EC (Extreme Temperature, Voltage) according to the Annex E of core specification [2]. Regarding temperature/voltage depended test cases, in RAN5, combinations of the condition (NC, TL/VL, TL/VH, TH/VL and TH/VH) are tested for each test ID. This makes some test cases much larger in terms of number of the test points.
Total test point (including testing time) can be reduced if we can optimize these EC test points. Following figures describe some options for optimization. RAN5 can adopt these options if we prove applicability or reasonability to skip specific EC test points (purple highlighted) with technical justification.
· (b) Option 1
: Test EC with some test ID (e.g. #01, 05), and test only NC with the other test IDs
· (c) Option 2
: Test only corner cases (TL/VL, TH/VH) and skip TL/VH and TH/VL
Observation 2
: EC is fully tested in the current approach and there is a chance to optimize EC test points.
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Figure 2.2-1 Options to optimize EC test points
2.3 Testing time per test case
Testing time for each test case should be considered for test point optimization. Actual measured value (testing time / test ID) with commercial UE and TE are summarized in following table. Testing time per test ID (test environment, frequency, ChBW, SCS, RB) are extremely different among test cases. We can effectively reduce total test time by focusing on these time-consuming test cases.
Moreover, OOBB, which requires 16 hours per test ID is the critical case since this TC has NSA exceptional requirements and LTE anchor agnostic approach can’t be applied. It means that UEs shall be conducted for all supporting EN-DC configurations regardless of LTE anchor bands. Optimization for OOBB is highly required in terms of test method, test EN-DC configurations, and test points.
Observation 3
: It is effective to optimize time-consuming test cases (e.g. OOBB) to reduce total test time.
Table 2.3-1 Measured testing time for FR1 RF tests
	Sub-clause
	Test case
	 Measured testing time

[min / test ID]
	Number of

test points
	Estimated testing time

[h / TC]

	6.2B.1.3
	MOP
	3
	600
	30

	6.5B.2.3.1
	SEM
	3
	144
	7.2

	6.5B.3.3.1
	Tx Spur
	20
	24
	8

	7.3B.2.3
	REFSENS
	6
	45
	4.5

	7.5B.3
	ACS
	10
	3
	0.5

	7.6B.2.3
	IBB
	10
	3
	0.5

	7.6B.3.3
	OOBB
	960
	3
	48


2.4 Frequency bandwidth
Frequency bandwidth for each operating band can be considered for test point optimization. For example, OBW, whose default test frequency is “Mid-range” defines additional test frequency (Low, High-range) for Band n77, n78, and n79 according to TS 38.521-1 [3]. That’s because frequency bandwidth of these bands are very wide (>= 500 MHz) and frequency characteristics is considered.
Table 6.5.1.4.1-1: Test Configuration Table

	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Mid range by default, exceptions listed in Table 6.5.1.4.1-2

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	All

	Test SCS as specified in Table 5.3.5-1 
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A for occupied bandwidth test case
	Modulation
	RB allocation (NOTE 1)

	1
	
	CP-OFDM QPSK
	Outer_full


Table 6.5.1.4.1-2: Test frequency exceptions for Occupied Bandwidth

	5G NR Band
	Test Frequency

	n77
	Low Range, Mid Range, High Range

	n78
	Low Range, Mid Range, High Range

	n79
	Low Range, Mid Range, High Range


On the other hand, narrow band cases are not discussed yet. For example, test frequencies (Low, Mid, High range) of Band n12 (17 MHz of frequency bandwidth) is almost same, and it seems that frequency characteristics is not different among the ranges. In this case, there is possibility that some test frequencies can be skipped.
Observation 4
: Test frequency for narrow operating bands may be optimized.
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high


	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high
	Frequency

bandwidth

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	25 MHz

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	25 MHz

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	17 MHz

	n14
	788 MHz – 798 MHz
	758 MHz – 768 MHz
	10 MHz

	n18
	815 MHz – 830 MHz
	860 MHz – 875 MHz
	15 MHz


4.3.1.1.1.12
Reference test frequencies for NR operating band n12

Table 4.3.1.1.1.12-1: Test frequencies for NR operating band n12 and SCS 15 kHz

	Bandwidth [MHz]
	carrierBandwidth

[PRBs]
	Range
	Carrier centre

[MHz]
	Carrier centre

[ARFCN]
	point A
[MHz]

	15
	79
	Downlink
	Low
	736.5
	147300
	728.49

	
	
	
	Mid
	737.5
	147500
	712.03

	
	
	
	High
	738.5
	147700
	640.67

	
	
	Uplink
	Low
	706.5
	141300
	699.39

	
	
	
	Mid
	707.5
	141500
	609.67

	
	
	
	High
	708.5
	141700
	700.31


2.5 Other aspects
Utilization of actual measured data
Test point analysis in the TR 38.905 [1] are based on the assumptions before developing NR devices. Now, after launch of the NR service around the world, we can review applicability of existing test point by using measured data with commercial UEs and TEs.
Necessity for conducting similar tests repeatedly
It is also important to discuss which test cases can be skipped by conducting similar test cases. For example, there are some similar transmit test cases (legacy, UL-MIMO, UL CA, UL-MIMO with UL CA etc.), and it is helpful we know which one can be skipped by testing the other one.

Impact on the TE implementation or validation
Most of the test cases (especially for FR1) is already validated in GCF CAG or PTCRB. It is also considered whether to update test point has critical impact on TE implementation or validation process (e.g. Re-validation).
Optimization of LTE test points
Approaches described in this document can also apply to LTE. LTE is mature development and there is also chance to review existing test points.
3 Proposal
Proposal 1
: To set following action point to review the current test point analysis.

	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#87.xx
	RF
	Review the existing test point analysis of NR (FR1, FR2) RF tests for optimization.
	RAN5
	R5-20xxxx
	RAN5#88
	Open
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