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1 Introduction

5G service is just about to be launched around the world in 2018 to 19, and therefore it is required to define 3GPP requirement immediately especially about regulatory items. Regarding Priority 1 and 2 TCs in FR2, this meeting RAN5#81 (Nov-2018) is the completion target to define test requirement including Test Tolerance (TT).  The purpose of this contribution is to provide test requirements for Priority 1 and 2 TCs.
2 Summary
Proposals in this document are summarized as below.
	#
	Pro.
	Metric
	TC
	Proposed TT
	Band 

	3.1
	1
	IFF, DFF, NFTF
	Frequency error
	0.002 ppm (0.2 x MU)
	n257, 258, 260, 261

	3.2
	2
	IFF
	SEM
	2.5 dB (0.35 ~ 038 x MU)
	n257, 258, 261

	3.3
	3
	IFF
	ACLR
	< 2 dB (0.42 ~ 049 x MU)
(+ relaxation due to Low PSD)
	n257, 258, 261

	3.4
	4
	IFF
	OFF power
	0 dB
(+ relaxation due to Low PSD)
	n257, 258, 260, 261

	3.5
	5
	IFF
	MOP
	TRP
2.1 dB (0.44 x MU) |DUT 15cm
2.6 dB (0.43 x MU) |DUT 30cm
EIRP

2.1 dB (0.47 x MU) |DUT 15cm
2.6 dB (0.44 x MU) |DUT 30cm
	n257, 258, 261

	3.5
	6
	IFF
	REFSENS
	2.0 dB (0.39 x MU) |DUT 15cm
2.5 dB (0.46 x MU) |DUT 30cm
	n257, 258, 261

	3.6
	7
	IFF
	Rx Spurious
	0 dB

(+ relaxation due to Low PSD)
	n257, 258, 260, 261


3 Discussion

3.1 Frequency error
3.1.1 Summary of the requirements

Regarding LTE, NR FR1, and NR FR2 operation, Minimum requirement and Test requirement including MU and TT are summarized as below. MUFR2 value, which was endorsed in [1], is defined by using linear scaling of MULTE.
Table 3.1.1-1 Summary of Frequency error requirements
	
	Min req.
	Test req.
	MU
	TT

	LTE
	± 0.1 PPM
	|Δf| ≤ (0.1 PPM + 15 Hz)
	±15 Hz
	15 Hz

	FR1
	± 0.1 PPM
	|Δf| ≤ (0.1 PPM + 15 Hz)
	±15 Hz, f ≤ 3.0GHz
±36 Hz, f > 3.0GHz
	15 Hz

	FR2
	± 0.1 PPM
	|Δf| ≤ (0.1 PPM + TT Hz)
	±0.01 PPM
	[TBD]

	FR2 example
(Band n257, 28GHz)
	± 2800 Hz
	|Δf| ≤ (2800 + TT) Hz
	± 280 Hz
	[TBD]


Observation 1.1
: In terms of Minimum requirement and MU analysis, there is no difference among LTE, NR FR1 and NR FR2.
Observation 1.2
: On FR1, ratio of TT to MU is 0.41 (= 15/36).

Observation 1.3
: On FR2, absolute value of MU (0.01 PPM) is 10% of that of Minimum requirement (0.1 PPM) and can be negligible compared with Minimum requirement.
3.1.2 Measurement results of LTE UEs
Measurement results of LTE UEs are summarized in Table 3.1.2-2. Similar parameters as NR FR2 are selected in this analysis and test condition is also captured in Table 3.1.2-1.

Table 3.1.2-1 Test condition (Frequency error)
	Items
	Value
	Comments

	TC
	TS 36.521-1
6.5.1 Frequency error
	

	Operating Band
	Band 42 (TDD)
	Same duplex mode (TDD) as FR2

	Test frequency
	Mid (3500 MHz)
	Same test point as FR2

	Test Channel BW
	Highest (20 MHz)
	Same test point as FR2

	Number of sample UEs
	10
	

	Number of sample TEs
	2
	

	Total number of NTp
	200
	10 UEs x 20 times


Table 3.1.2-2 Summary of measurement (test req.: |Δf| ≤ 350|min req. + 15|TT Hz)  
	#
	UE
	|Δf|Max
	ΔfMax
	ΔfMin
	ΔfMax - ΔfMin
	Margin to test req.

	1
	A
	31.6
	2.9
	-31.6
	34.5
	333.4

	2
	B
	14.3
	-3.4
	-14.3
	10.9
	350.7

	3
	C
	36.4
	16.5
	-36.4
	52.9
	328.6

	4
	D
	21.3
	21.3
	-18.6
	39.9
	343.7

	5
	E
	10.9
	4.3
	-10.9
	15.2
	354.1

	6
	F
	11.0
	1.7
	-11.0
	12.7
	354.0

	7
	G
	8.2
	0.1
	-8.2
	8.3
	356.8

	8
	H
	32.2
	1.9
	-32.2
	34.1
	332.8

	9
	I
	5.2
	1.7
	-5.2
	6.9
	359.8

	10
	J
	16.2
	16.2
	-14.3
	30.5
	348.8


As described in Table 3.1.2-2, all the UEs can satisfy the criteria even without TT.
Observation 1.4
: Regarding Frequency error, current LTE UEs have much margin to test requirement, and it seems that difficulties are not so high in terms of UE manufacturing.
Considering Observation 1.1, 1.3, 1.4, and the fact that frequency error is regulatory item in some organizations, the following observation can be provided.
Observation 1.5
: On FR2 Frequency error test, it seems TT can be set as zero.
However, since difficulties in manufacturing with high frequency should be also taken into account, some relaxation is necessary. In this case, we can adopt averaged value of zero and 0.41 (from Observation 1.2).

Proposal 1
: Set Test Tolerance of FR2 Frequency error as 0.002 PPM (= 0.2 x MU).
3.2 Spectrum Emission Mask
Regarding Band n257, n258, and n261 (below 30.3 GHz), this TC is not categorized as Low PSD case (SNR is more than 10 dB), and additional relaxation to minimum requirement is no need according to [2].
Minimum requirement and MU/TT in each operation are summarized in next Table 3.2-1. MUFR2, which is proposed in [3], is not finalized yet, however we can know scale of MUFR2 about 6 to 7dB.
Table 3.2-1 Summary of SEM requirements
	
	Min req.
	MU
	TT

	LTE
	Limit is from -25 to -10 dBm
	±1.5 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
	1.5 dB, f ≤ 3.0GHz

1.8 dB, 3.0GHz < f ≤ 4.2GHz

	FR1
	Limit is from -25 to -10 dBm
	±1.5 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz

±2.0 dB, 4.2GHz < f ≤ 6.0GHz
	1.5 dB, f ≤ 3.0GHz

1.8 dB, 3.0GHz < f ≤ 6.0GHz

	FR2
	Limit is from -13 to -10 dBm
	DUT (30cm)

7.29 (23.45 GHz), 7.36 (30.3 GHz) dB
DUT (15cm)
6.59 (23.45 GHz), 6.66 (30.3 GHz) dB
	[TBD]


Observation 2.1
: On FR2, minimum requirement is little relaxed compared with LTE and FR1.
Measurement results of LTE UEs are summarized in Table 3.2-3. Similar parameters as NR FR2 are selected in this analysis and test condition is also captured in Table 3.2-2.

Table 3.2-2 Test condition (SEM)
	Items
	Value
	Comments

	TC
	TS 36.521-1

6.6.2.1 Spectrum emission mask
	

	Operating Band
	Band 42 (TDD)
	Same duplex mode (TDD) as FR2

	Test frequency
	Low, Mid, High
	

	Test Channel BW
	Lowest, Mid, Highest
	

	Number of sample UEs
	8
	

	Number of sample TEs
	2
	

	Total number of NTp
	3456
	8 UEs x 432 test points


Table 3.2-3 Summary of measurement
	#
	UE
	Min Margin

to test requirement [dB]
	Max Margin

to test requirement [dB]

	1
	A
	15.29
	35.16

	2
	B
	13.21
	43.26

	3
	C
	7.96
	41.72

	4
	D
	8.79
	42.58

	5
	E
	9.59
	41.58

	6
	F
	10.80
	40.63

	7
	G
	10.30
	41.58

	8
	H
	9.96
	41.99


As described in Table 3.2-3, all the UEs can satisfy the criteria without TT (= MU). Even in worst case, UE has margin to criteria by 8 dB (> MUFR2).
Observation 2.2
: Regarding SEM, current LTE UEs have much margin to test requirement, and it seems that difficulties are not so high in terms of manufacturing.
Additionally, following observations can be considered.
Observation 2.3
: The number of test points is optimized in FR2 compared with LTE and FR1. In this situation, accuracy to detect UE’s issues will be reduced with large value of TT.

Observation 2.4
: From perspective of interference to other UEs/systems, SEM test is critical and large value of relaxation cannot be accepted.
Considering Observation 2.1 to 2.4, following proposal can be provided.
Proposal 2
: Set Test Tolerance of FR2 (Band n257, 258, 261) SEM as 2.5dB (= 0.33~0.38 x MU).
3.3 ACLR

Since TT of absolute requirement (adjacent channel power is lower than –35 dBm) was already endorsed as zero to align with LTE and FR1 approach in [4], this section will discuss only TT of relative requirement.

Regarding Band n257, n258, and n261 (below 30.3 GHz), this TC is not categorized as Low PSD case (SNR is more than 10 dB) with test channel bandwidth = 50, 100 MHz, and additional relaxation to minimum requirement is no need according to [2]. On the other hands, additional relaxation to achieve SNR 10 dB is required with 200 and 400MHz.
Minimum requirement and MU/TT in each operation are summarized in Table 3.3-1. MUFR2, which is proposed in [3], is not finalized yet, however we can know scale of MUFR2 about 6 to 7dB.

Table 3.3-1 Summary of ACLR requirements
	
	Min req.
	MU
	TT

	LTE
	30 dB
	±0.8 dB
	0.8 dB

	FR1
	30 dB
	±0.8 dB, f ≤ 4.0GHz

±1.0 dB, 4.0GHz < f ≤ 6.0GHz
	0.8 dB

	FR2
	17 dB
	DUT (30cm)

6.75 (23.45 GHz), 7.07 (30.3 GHz) dB

DUT (15cm)
6.05 (23.45 GHz), 6.37 (30.3 GHz) dB
	[TBD]


Observation 3.1
: On FR2, minimum requirement is relaxed compared with LTE and FR1.
Measurement results of LTE UEs are summarized in Table 3.3-3. Similar parameters as NR FR2 are selected in this analysis and test condition is also captured in Table 3.3-2.

Table 3.2-2 Test condition (ACLR)
	Items
	Value
	Comments

	TC
	TS 36.521-1

6.6.2.3 ACLR
	

	Operating Band
	Band 42 (TDD)
	Same duplex mode (TDD) as FR2

	Test frequency
	Low, Mid, High
	

	Test Channel BW
	Lowest, Mid, Highest
	

	Number of sample UEs
	8
	

	Number of sample TEs
	2
	

	Total number of NTp
	2592
	8 UEs x 324 test points


Table 3.3-3 Summary of measurement
	#
	UE
	Min Margin to

test requirement [dB]
	Max Margin to

test requirement [dB]

	1
	A
	9.95
	31.37

	2
	B
	5.84
	38.07

	3
	C
	4.90
	38.05

	4
	D
	7.69
	38.92

	5
	E
	11.39
	38.23

	6
	F
	11.42
	37.22

	7
	G
	10.04
	37.51

	8
	H
	12.36
	38.52


As described in Table 3.3-3, all the UEs can satisfy the criteria without TT (= MU). In worst case, UE has margin to criteria by 4.9 dB (< MUFR2). Considering MULTE = +/- 0.8 dB, there is a possibility that real performance of this UE (#C) is 4.10 dB (4.90 - 0.80). In order not to false FAIL these UE, 2.97 dB (7.07|MU_FR2 – 4.10) is required for TT.
Observation 3.2
: Regarding ACLR, it seems that TT = 3.0 dB can completely eliminate false FAIL even in worst case (MU = 7.07 dB).
Additionally, following observations can be considered.
Observation 3.3
: The number of test points is optimized in FR2 compared with LTE or FR1. In this situation, accuracy to detect UE’s issues will be reduced with large value of TT.

Observation 3.4
: From perspective of interference to other UEs/systems, ACLR test is critical and large value of relaxation cannot be accepted.

Observation 3.5
: MU of ACLR is discussed in [5], and there is a possibility that MUACLR_FR2 will be reduced.

Considering Observation 3.1 to 3.5, following proposal can be provided.
Proposal 3
: Set Test requirement of FR2 (Band n257, 258, 261) ACLR as below (Relaxation is captured in [2].).
- “Test req. < Minimum req. + relaxation to achieve SNR 10 dB + 2.0 dB”.
3.4 Off power

This TC is Low PSD case (SNR is less than 10 dB) and some relaxation is needed. This section discusses what kind of TT value will be adopted to the relaxed requirement. Relaxation value is not finalized yet while [2] proposes 20 to 30 dB relaxation for off power test.
In addition, measurement results of LTE UEs are summarized in Table 3.4-2. Similar parameters as NR FR2 are selected in this analysis and test condition is also captured in Table 3.4-1.
Table 3.4-1 Test condition (off power)
	Items
	Value
	Comments

	TC
	TS 36.521-1

6.3.4.1 General ON/OFF time mask
	

	Operating Band
	Band 42 (TDD)
	Same duplex mode (TDD) as FR2

	Test frequency
	Low, Mid, High
	

	Test Channel BW
	5MHz, Highest
	

	Number of sample UEs
	8
	

	Number of sample TEs
	2
	

	Total number of NTp
	96
	8 UEs x 12 test points


Table 3.4-2 Summary of measurement
	#
	UE
	Min Margin to
test requirement [dB]
	Ave Margin to

test requirement [dB]

	1
	A
	10.29
	14.62

	2
	B
	9.85
	14.00

	3
	C
	12.45
	17.61

	4
	D
	11.79
	16.94

	5
	E
	9.78
	14.07

	6
	F
	11.69
	16.86

	7
	G
	9.37
	13.94

	8
	H
	10.27
	14.81


Observation 4.1
: Relaxation due to Low PSD issue is very large (20 to 30 dB) and therefore additional relaxation by TT doesn’t make sense no longer.
Observation 4.2
: Regarding off power, current LTE UEs have much margin to test requirement, and it seems that difficulties are not so high in terms of manufacturing.

Considering Observations, following proposal can be provided.
Proposal 4
: Set Test requirement of FR2 off power as below (Relaxation value is captured in [2].).
- “Test req. = Minimum req. + relaxation to achieve SNR 10 dB”.
3.5 MOP, REFSENS

MU for MOP and REFSENS in [6] can be summarized as below. 

Table 3.5-1 MU (MOP, REFSENS in [4])

	Items
	MU (DUT 15cm)
	MU (DUT 30cm)

	TRP (MOP)
	4.72 [dB]
	5.95 [dB]

	EIRP (MOP)
	4.46 [dB]
	5.86 [dB]

	EIS
	5.07 [dB]
	5.37 [dB]


Maximum output power (MOP) and Reference sensitivity level (REFSENS) are the most critical TC in RF tests, and large value of TT cannot be acceptable. Even in 1dB reduction of transmission power, coverage will become much smaller especially in FR2 operation. Considering this criticalness of these TCs, TT value in Table 3.5-2 can be provided.


- DUT 15 cm case) TTFR2 = TTFR1 + 0.5 [dB]

- DUT 30 cm case) TTFR2 = TTFR1 + 1.0 [dB]
Table 3.5-2 Proposed TT (MOP, REFSENS)

	Items
	TT (DUT 15cm)
	TT (DUT 30cm)

	TRP (MOP)
	2.1 [dB] (0.44 x MU)
	2.6 [dB] (0.43 x MU)

	EIRP (MOP)
	2.1 [dB] (0.47 x MU)
	2.6 [dB] (0.44 x MU)

	EIS
	2.0 [dB] (0.39 x MU)
	2.5 [dB] (0.46 x MU)


Proposal 5
: Set Test Tolerance of FR2 MOP (Max TRP, EIRP) as described in Table 3.5-2.
Proposal 6
: Set Test Tolerance of FR2 REFSENS (EIS) as described in Table 3.5-2.
3.6 Rx Spurious
Regarding Spurious emissions (Rx Spurious), minimum requirements are same among LTE, FR1, and FR2 except for frequency range to be measured. On the other hands, in FR2 operation, this TC is categorized as Low PSD case (SNR is less than 10 dB) and some relaxation will be adopted to minimum requirement. Even in this meeting, [2] are proposing relaxation (from 3.7 to 26.6 dB) for Rx Spurious test. Since TT of Rx Spurious was already endorsed as zero in [4], following proposal can be provided.

Proposal 7
: Set test requirement of FR2 Rx Spurious as below (Relaxation value is captured in [2].).
- “Minimum requirement + relaxation to achieve SNR 10 dB”
4 Proposals
Proposal 1
: Set Test Tolerance of FR2 Frequency error as 0.002 PPM (= 0.2 x MU).
Proposal 2
: Set Test Tolerance of FR2 (Band n257, 258, 261) SEM as 2.5dB (= 0.33~0.38 x MU).
Proposal 3
: Set Test requirement of FR2 (Band n257, 258, 261) ACLR as below (Relaxation is captured in [2].).
- “Test req. < Minimum req. + relaxation to achieve SNR 10 dB + 2.0 dB”.
Proposal 4
: Set Test requirement of FR2 off power as below (Relaxation value is captured in [2].).
- “Test req. = Minimum req. + relaxation to achieve SNR 10 dB”.
Proposal 5
: Set Test Tolerance of FR2 MOP (Max TRP, EIRP) as described in Table 3.5-2.
Proposal 6
: Set Test Tolerance of FR2 REFSENS (EIS) as described in Table 3.5-2.
Proposal 7
: Set test requirement of FR2 Rx Spurious as below (Relaxation value is captured in [2].).
- “Minimum requirement + relaxation to achieve SNR 10 dB”
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