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1 Introduction

At the RAN5#1-IoT in June 2016, Way Forward about test frequency selection for NB1 was approved (R5-164125 [1]). This WF says test frequency can be reduced in the NB1 TRx test cases. This paper describes applicability of this WF for some test cases. 
2 Discussion

2.1 Test frequency selection approach
Figure 2.1-1 describes WF about test frequency selection (R5-164125) especially about TRx case. As described in the figure, lowest and highest range for each frequency band (e.g. low range of Band A) will be tested and some inside bands (e.g. Band B, C, F, and G) can not be tested. This approach is based on design architecture for NB1. In the NB1 use of wide-band filter is assumed and some bands are filtered by only one wide-band filter (there are two wide-band filter, low-band (729 MHz – 1 GHz) and high-band (1805 MHz – 2200 MHz))[2]. Based on this, [1] mentioned that use of one same filter for some bands makes filter characteristics equivalent and thus we can consider TRx test cases as band independent with in the filtered frequency band. This WF is not applied to some band-dependent TCs (e.g. UE to co-existence).
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Figure 2.1-1 Test frequency selection for NB1 TRx test case
Moreover at the last meeting RAN5#72, WF [3] was approved and following proposal was approved.
For most important cases such as Max Output Power and Reference Sensitivity test all the mid freq of each supported mid bands (method 1).
2.2 Applicability of this approach for TRx test cases
In this clause whether WF [1] can be applied for below two test cases, in other words whether testing only lowest and highest edge can guarantee other inside-band’s performance is discussed.
a) 6.6.2.3F Adjacent Channel Leakage power Ratio for UE category NB1
b) 6.6.2.1F Spectrum Emission Mask for UE category NB1
a) 6.6.2.3F Adjacent Channel Leakage power Ratio for UE category NB1
Proposal of [1] is based on the assumption that there is no difference in tested value amang the frequency bands which are using same wide-band filter. In other words [1] is based on the assumption that filter frequency characteristics is only factor to affect test results. 
First in the legacy ACLR test, ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency at nominal channel spacing is calculated. ACLR is a relative requirement and doesn’t depend on the absolute value of power level (i.e. Insertion Loss of the filter). Thus in the legacy ACLR test, it is assumed that difference of the filter doesn’t affect test result.
Following Table 2.2-1 describes test results of TC 6.6.2.3 ACLR (band 1 and 3) for some UEs. The reason for selection band 1 and 3 is these bands use MMMB (Multimode Multiband) power amplifire, which can be adopted for NB1 devices. As described in the table, there is a difference of Max 7.79 dB between results of band 1 and band 3, and this value exceeds TT = 0.8 [dB]. This table shows there are some factors (such as PA) to affect test result other than filter characteristics. Therefore with the assumption that filter characteistics is same, only testing lowest and highest bands is not enough to ensure other in-side band performance and testing all bands is necessary in ACLR for NB1.
Table 2.2-1 Test result of TC 6.6.2.3 ACLR (Range: Mid / BW: 5MHz / Mod.: QPSK)
	UE
	RB
allocation
	Band
	E-UTRA
	UTRA

	
	
	
	ACLR1
(Lower) [dB]
	ACLR1
(Upper) [dB]
	ACLR1
(Lower) [dB]
	ACLR1
(Upper) [dB]
	ACLR2
(Lower) [dB]
	ACLR2
(Upper) [dB]

	
	
	
	value
	dif.
	value
	dif.
	value
	dif.
	value
	dif.
	value
	dif.
	value
	dif.

	A
	8@0
	1
	42.40
	0.70
	55.97
	1.53
	44.73
	1.49
	57.27
	1.42
	60.69
	1.67
	64.70
	7.79

	
	
	3
	41.70
	
	54.44
	
	43.24
	
	55.85
	
	59.02
	
	56.91
	

	
	25@0
	1
	42.62
	2.44
	41.67
	0.28
	43.48
	2.75
	41.94
	0.11
	54.88
	1.52
	50.44
	0.31

	
	
	3
	40.18
	
	41.39
	
	40.73
	
	41.83
	
	53.36
	
	50.13
	

	
	8@17
	1
	55.77
	-0.41
	47.20
	4.95
	57.09
	-0.33
	49.24
	5.22
	65.34
	6.35
	60.74
	4.10

	
	
	3
	56.18
	
	42.25
	
	57.42
	
	44.02
	
	58.99
	
	56.64
	

	B
	8@0
	1
	44.82
	1.49
	58.14
	1.31
	46.72
	1.16
	59.13
	1.05
	65.42
	-0.47
	67.92
	-1.23

	
	
	3
	43.33
	
	56.83
	
	45.56
	
	58.08
	
	65.89
	
	69.15
	

	
	25@0
	1
	40.66
	-1.14
	46.17
	-0.50
	41.68
	-1.10
	47.20
	-0.63
	56.50
	2.36
	52.64
	1.37

	
	
	3
	41.80
	
	46.67
	
	42.78
	
	47.83
	
	54.14
	
	51.27
	

	
	8@17
	1
	57.11
	0.80
	46.99
	-0.87
	58.18
	0.65
	48.23
	-0.84
	68.12
	-1.16
	65.64
	-0.12

	
	
	3
	56.31
	
	47.86
	
	57.53
	
	49.07
	
	69.28
	
	65.76
	

	C
	8@0
	1
	37.17
	-0.26
	55.85
	3.45
	38.99
	0.06
	56.81
	3.07
	63.92
	0.27
	67.19
	-0.29

	
	
	3
	37.43
	
	52.40
	
	38.93
	
	53.74
	
	63.65
	
	67.48
	

	
	25@0
	1
	38.80
	-0.31
	37.65
	0.74
	39.38
	-0.22
	38.17
	0.75
	51.25
	3.66
	48.77
	3.77

	
	
	3
	39.11
	
	36.91
	
	39.60
	
	37.42
	
	47.59
	
	45.00
	

	
	8@17
	1
	56.17
	2.81
	37.23
	0.32
	57.23
	2.35
	38.98
	0.66
	67.72
	-0.30
	64.28
	0.59

	
	
	3
	53.36
	
	36.91
	
	54.88
	
	38.32
	
	68.02
	
	63.69
	

	D
	8@0
	1
	42.45
	3.36
	55.41
	2.40
	43.30
	4.08
	56.13
	2.36
	59.91
	2.03
	63.72
	0.85

	
	
	3
	39.09
	
	53.01
	
	39.22
	
	53.77
	
	57.88
	
	62.87
	

	
	25@0
	1
	40.60
	-3.67
	44.60
	-1.63
	41.64
	-3.41
	45.45
	-1.82
	54.71
	-0.42
	50.50
	-3.49

	
	
	3
	44.27
	
	46.23
	
	45.05
	
	47.27
	
	55.13
	
	53.99
	

	
	8@17
	1
	55.15
	3.58
	43.10
	5.02
	55.95
	2.97
	43.67
	4.93
	64.27
	1.07
	61.17
	3.19

	
	
	3
	51.57
	
	38.08
	
	52.98
	
	38.74
	
	63.20
	
	57.98
	


b) 6.6.2.1F Spectrum Emission Mask for UE category NB1
First in the legacy SEM test (in case of Bandwidht is 5 MHz), transmission power is tested in the range ±10MHz and this range is in-band of the filter. Unlike ACLR case, difference of the filter characteristics amang each band can affect test results. However difference of the tested value must be within the difference of the IL (Insertion Loss) value. In this case, there is about 1.5~2.0 dB difference of IL value between band 1 and 3.
Following Table 2.2-2 describes test results of TC 6.6.2.1 SEM (band 1 and 3). As described in the table, there is a difference of Max 10.79 dB between band 1 and band 3, and this value exceeds 3.5 dB (total value of IL = 2.0 [dB] and TT = 1.5 [dB]). This result shows there are some factors to affect test result other than difference of the filter. Therefore only testing lowest and highest bands is not enough to ensure other in-side band performance and testing all bands is necessary in SEM for NB1.
Table 2.2-1 Test result of TC 6.6.2.1 SEM (Range: Mid / BW: 5MHz / Mod.: QPSK)
	UE
	RB
allocation
	Band
	Lower [dB]
	Upper [dB]

	
	
	
	0.00-
1.00MHz
	1.00-
5.00MHz
	5.00-
6.00MHz
	6.00-
10.00MHz
	0.00-
1.00MHz
	1.00-
5.00MHz
	5.00-
6.00MHz
	6.00-
10.00MHz

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	value
	diff.
	value
	diff.
	value
	diff.
	value
	diff.
	value
	diff.
	value
	diff.
	value
	diff.
	value
	diff.

	A
	8@0
	1
	-27.83
	2.39
	-24.38
	-2.50
	-39.88
	0.60
	-42.12
	-3.25
	-45.37
	-1.45
	-38.73
	-1.75
	-45.19
	-7.36
	-47.41
	-10.79

	
	
	3
	-30.22
	
	-21.88
	
	-40.48
	
	-38.87
	
	-43.92
	
	-36.98
	
	-37.83
	
	-36.62
	

	
	25@0
	1
	-33.57
	0.61
	-25.96
	-2.92
	-35.69
	-0.61
	-37.27
	-1.26
	-32.22
	1.72
	-24.10
	1.07
	-31.54
	2.46
	-32.13
	1.52

	
	
	3
	-34.18
	
	-23.04
	
	-35.08
	
	-36.01
	
	-33.94
	
	-25.17
	
	-34.00
	
	-33.65
	

	
	8@17
	1
	-44.76
	2.59
	-38.52
	0.22
	-46.17
	-6.14
	-48.14
	-9.36
	-31.48
	-3.85
	-28.94
	-4.80
	-41.22
	-1.73
	-42.83
	-6.36

	
	
	3
	-47.35
	
	-38.74
	
	-40.03
	
	-38.78
	
	-27.63
	
	-24.14
	
	-39.49
	
	-36.47
	

	B
	8@0
	1
	-29.91
	-0.70
	-26.82
	0.16
	-44.82
	-0.82
	-46.43
	0.09
	-43.49
	-1.59
	-39.93
	-1.05
	-47.37
	1.32
	-48.83
	1.48

	
	
	3
	-29.21
	
	-26.98
	
	-44.00
	
	-46.52
	
	-41.90
	
	-38.88
	
	-48.69
	
	-50.31
	

	
	25@0
	1
	-29.92
	1.24
	-22.66
	0.72
	-37.82
	0.02
	-37.54
	-1.59
	-31.53
	-0.67
	-28.74
	1.85
	-31.88
	0.05
	-33.51
	-0.88

	
	
	3
	-31.16
	
	-23.38
	
	-37.84
	
	-35.95
	
	-30.86
	
	-30.59
	
	-31.93
	
	-32.63
	

	
	8@17
	1
	-42.73
	-0.87
	-38.91
	-0.81
	-47.60
	1.41
	-49.02
	1.50
	-29.07
	-1.01
	-26.89
	0.83
	-44.30
	-0.87
	-46.09
	0.14

	
	
	3
	-41.86
	
	-38.10
	
	-49.01
	
	-50.52
	
	-28.06
	
	-27.72
	
	-43.43
	
	-46.23
	

	C
	8@0
	1
	-29.35
	-1.87
	-23.05
	-4.07
	-38.36
	0.23
	-40.86
	-2.23
	-45.58
	-3.06
	-36.89
	-2.33
	-44.14
	-3.44
	-45.41
	-1.21

	
	
	3
	-27.48
	
	-18.98
	
	-38.59
	
	-38.63
	
	-42.52
	
	-34.56
	
	-40.70
	
	-44.20
	

	
	25@0
	1
	-34.01
	0.04
	-25.40
	3.09
	-37.69
	0.53
	-38.35
	0.40
	-34.88
	-0.51
	-29.66
	0.93
	-34.02
	5.30
	-34.74
	2.88

	
	
	3
	-34.05
	
	-28.49
	
	-38.22
	
	-38.75
	
	-34.37
	
	-30.59
	
	-39.32
	
	-37.62
	

	
	8@17
	1
	-46.28
	-4.34
	-37.47
	-3.63
	-44.51
	-4.53
	-46.30
	-2.15
	-30.64
	-5.02
	-24.10
	-5.23
	-40.64
	-3.03
	-42.80
	-3.47

	
	
	3
	-41.94
	
	-33.84
	
	-39.98
	
	-44.15
	
	-25.62
	
	-18.87
	
	-37.61
	
	-39.33
	

	D
	8@0
	1
	-29.35
	-1.87
	-23.05
	-4.07
	-38.36
	0.23
	-40.86
	-2.23
	-45.58
	-3.06
	-36.89
	-2.33
	-44.14
	-3.44
	-45.51
	-1.31

	
	
	3
	-27.48
	
	-18.98
	
	-38.59
	
	-38.63
	
	-42.52
	
	-34.56
	
	-40.70
	
	-44.20
	

	
	25@0
	1
	-34.01
	0.04
	-25.04
	3.45
	-37.69
	0.53
	-38.35
	0.40
	-34.88
	-0.51
	-29.66
	0.93
	-34.02
	5.30
	-34.74
	2.88

	
	
	3
	-34.05
	
	-28.49
	
	-38.22
	
	-38.75
	
	-34.37
	
	-30.59
	
	-39.32
	
	-37.62
	

	
	8@17
	1
	-46.28
	-4.34
	-37.47
	-3.63
	-44.51
	-4.53
	-46.30
	-2.15
	-30.64
	-5.02
	-24.10
	-5.23
	-40.64
	-3.03
	-42.80
	-3.47

	
	
	3
	-41.94
	
	-33.84
	
	-39.98
	
	-44.15
	
	-25.62
	
	-18.87
	
	-37.61
	
	-39.33
	


3 Proposal
Proposal 1: 
All the bands which UE supports shall be tested in the TC 6.6.2.3F ACLR for NB1.
Proposal 2: 
All the bands which UE supports shall be tested in the TC 6.6.2.1F SEM for NB1.
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