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1.	Introduction
OBW MUs have been discussed in [1-16] but no conclusion was reached as of now. In [9], action item for UE/Chip vendors for the spectrum assumption for deriving the OBW MUs are made, and the reference spectrum is provided in [10]. In RAN5#86e, OBW MU analyses based on the reference spectrum [10] are provided [11]-[16]. This paper provide the simulation result and proposes MU for FR2 OBW considering the discussions in RAN5#87-e.
2.	Discussion
2.1	MU Definition
As already mentioned in [14], the several possibilities of metrics are proposed. As the OBW MU is defined as a ratio to channel BW in FR1 NR, our preference is to adopt the MU definition based on Option A1 for consistency between FR1 and FR2.
[bookmark: p1]Proposal 1 : Define OBW Measurement Error based with (OBWmeas - OBWsignal) / CBW *100 [%CBW]
where OBWsignal is the OBW without any distortion (noise/ripple) from TE, and OBWmeas is the measured OBW with TE having some noise and ripple.

2.2 Simulation
In the RAN5#86e, Qualcomm indicated that the centre frequency of the spectrum is exactly 28GHz, which is different from the assumption in previous simulation [14]. Other conditions are same as previous simulation [14]. As setting the OBW measurement sapn to x1.5 of CBW is already agreed, we only provide simulation for x1.5 BW.
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Fig.1, 2, 3 and 4 show the simulation result when centre of OBW measurement span is aligned with 28GHz. Fig 1 and 2 show the measurement error [%CBW], while Fig 3 and 4 show the absolute measurement error in [MHz]. Due to the asymmetricity of reference spectrum against 28GHz, the OBW measurement result becomes worse than the previous simulation [14].
Page 8
	
[image: ]
Figure 1 BW=400MHz Error [%CBW]
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Figure 2 BW=100MHz Error [%CBW]
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Figure 3 BW=400MHz, Absolute Error[MHz]
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Figure 4 BW=100MHz, Absolute Error[MHz]




Table 1 shows the OBWsignal (w/o noise/ripple) for the reference spectrum and is used as a basis for the measurement error.
Table 1 OBWsiginal of the reference spectrum
	
	OBW meas span =
1.5 x CBW
	OBW meas span = 
2.0 x CBW

	100MHz
	96.3MHz
	96.3MHz

	400MHz
	397.8MHz
	398.6MHz



2.1.2 Updated simulation during RAN5#88-e with updated simulation assumption
During the RAN5#88-e meeting, it is shown that the center frequency can be 27998.4 MHz rather than 28000.0MHz. This section provides the updated simulation result for center frequency of 27998.4MHz.
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Figure 5 BW=400MHz Error [%CBW]
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Figure 6 BW=100MHz Error [%CBW]
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Figure 7 BW=400MHz, Absolute Error[MHz]
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Figure 8 BW=100MHz, Absolute Error[MHz]


Table 2 shows the OBWsignal (w/o noise/ripple) for the reference spectrum and is used as a basis for the measurement error.
Table 2 OBWsiginal of the reference spectrum with center frequency = 27998.4 MHz
	
	OBW meas span =
1.5 x CBW

	100MHz
	94.1MHz

	400MHz
	394.6MHz




Also, the result for other control points than 3 is simulated. Following figures shows the result for the maximum value(97.5%-tile) among various # of control points assumptions : flat, 2, 3, 4, …. 10, 20, 30, 40, 50. Full set of raw data is available in the Annex A. We observe that for low SNR region, the number of 4 or 3 control points gives the worst case value, while for better SNR region some more control points(e.g. 7) gives the worst case value.
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Figure 9 BW=400MHz Error [%CBW]
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Figure 10 BW=100MHz Error [%CBW]




2.1.3 Observations
From the simulation results above, we can make observations.
[bookmark: o1]Observation 1 : For 100MHz and below, 2.0[%CBW] error is reasonable choice. 
Note the corresponding SNR for 2.0[%CBW] in Fig2.( ~21dB) can be achieved with MPR=3.0dB and T(MPR)=2.0 dB according to the latest SNR estimation from each TEV.
Based on the analysis in 2.1.2, the reasonable MU limit can be 2.0%[CBW] for 100MHz and 1.35%[CBW](=error limit) for 400MHz.
Achievable SNR based on R5-200868 and required SNR for 2.0%[CBW] for 100Mhz and 1.35%[CBW] for 400Mhz and is given in the below table.

Table 3 Achievable SNR by TEV
	　
	SNR with R5-200868
(w/o MBR,MPR,T(MPR))
	MBR
	MPR
	T(MPR)
	SNR
	Required SNR for 2.0%[CBW]
for 100MHz BW
	Required SNR for 1.35%[CBW]
for 400MHz BW

	FR2a
	30
	1.7
	3
	2
	23.3
	21
	24

	　
	30
	0.75
	3
	2
	24.25
	21
	24

	FR2b
	26.1
	1.7
	3
	2
	19.4
	21
	24

	　
	26.1
	0.75
	3
	2
	20.35
	21
	24


Observation 1 : For FR2a 100MHz, required SNR for measurement error of 2.0% [CBW] can be achieved with the test equipment  
Observation 2 : For FR2a 400MHz, required SNR for measurement error of 1.35% [CBW] can be achieved with the test equipment if MBR=0.75 applies
Observation 3 : For FR2b 100MHz, required SNR for measurement error of 2.0% [CBW] cannot be achieved with the test equipment  
Observation 4 : For FR2a 400MHz, required SNR for measurement error of 1.35% [CBW] cannot be achieved with the test equipment


[bookmark: o2]Observation 2 : For 400MHz BW, by setting OBW measurement span to 28GHz, the OBWsignal (w/o noise/ripple) is now 397.8MHz(1.5x BW) or 398.6MHz(2.0x BW), then there is only 2.2MHz or 1.4MHz margin from core requirement.
[bookmark: o3]Observation 3 : For 400MHz BW, even  though SNR is enough good(40dB), 97.5% tile value excess the upper limit of measurement error. 
Despite the observation 2 and 3, with our actual measurement of FR2 OBW, we’ve observed a PASS result with more margin than 2.2MHz or 1.4MHz against core requirement with actual test system for 400MHz aggregated BW for FR2a though the number of samples is not yet enough. The problem is that the MU evaluation for OBW in RAN5, we stack worst case assumptions for UE performance and TE performance (ripple), then there may be a gap from real situation.  
[bookmark: o4]Observation 4 : The current MU evaluation assumption may have a gap from typical situation(UE performance, TE performance) 
As OBW is a regulatory test case and not easy to say to introduce TT(especially for FR2a where TT=0 is agreed), it will be still worth to study how much and what kind of gap is likely to exist. Some ideas are : 
· To see the real measurement data samples and figure out what is the gap from the current assumption, feedback to the MU/testability discussion
· To call for additional reference spectrum from chip/UE vendors.
·  
2.2 Proposals
Summarizing the observations in section 2.1 we propose following 
Table 42 Proposal of MTSU and OBW measurement span for FR2(CBW<=400MHz)
	CBW
	Item
	FR2a
	FR2b

	50Mhz, 100MHz
	MTSU
	2% of CBW

	2% of CBW FFS

	
	OBW measurement span
	>= 1.5 x CBW
	>= 1.5 x CBWFFS

	200MHz, 400MHz
	MTSU
	1.35% of CBW (If only MBR=0.75dB applies)FFS. 
Encouraged to 
correct real measurement data 
provide further input for the reference spectrum
	FFS. 
Encouraged to
· correct real measurement data
provide further input for the reference spectrumx

	
	OBW measurement span
	>= 1.5 x CBWFFS
	FFS



[bookmark: p2]Proposal 2 : Agree on the Table 2 4 for FR2 OBW MTSU/measurement span
Note that for FR2a 100MHz case, MU = 1.35% [CBW] can be also feasible. Hence, applying 1.35%[CBW] for FR2a 100MHz will also possible acceptable.

3.	Conclusion
In this paper FR2 OBW MU and testability limit is studied based on the previous discussions. 
Following observations are made.
Observation 1 : For 100MHz and below, 2.0[%CBW] error is reasonable choice. 
Observation 2 : For 400MHz BW, by setting OBW measurement span to 28GHz, the OBWsignal (w/o noise/ripple) is now 397.8MHz(1.5x BW) or 398.6MHz(2.0x BW), then there is only 2.2MHz or 1.4MHz margin from core requirement.
Observation 3 : For 400MHz BW, even  though SNR is enough good(40dB), 97.5% tile value excess the upper limit of measurement error. 
Observation 4 : The current MU evaluation assumption may have a gap from typical situation(UE performance, TE performance) 
RAN5 is asked to endorse following proposals.
Proposal 1 : Define OBW Measurement Error based with (OBWmeas - OBWsignal) / CBW *100 [%CBW] 
Proposal 2 : Agree on the Table 4 for FR2 OBW MTSU/measurement span
[bookmark: _GoBack]
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Table 5 100MHz measurement error
	SNR[dB]
	Error limit
	100MHz, 1.5, flat
	100MHz, 1.5, 2p
	100MHz, 1.5, 3p
	100MHz, 1.5, 4p
	100MHz, 1.5, 5p
	100MHz, 1.5, 6p
	100MHz, 1.5, 7p
	100MHz, 1.5, 8p
	100MHz, 1.5, 9p
	100MHz, 1.5, 10p
	100MHz, 1.5, 20p
	100MHz, 1.5, 30p
	100MHz, 1.5, 40p
	100MHz, 1.5, 50p
	Max
	Arg Max p

	15.00
	5.88
	24.43
	30.11
	41.45
	42.21
	41.60
	41.00
	40.68
	40.64
	40.29
	39.74
	37.82
	36.40
	35.36
	34.50
	42.21
	4

	16.00
	5.88
	16.85
	23.67
	37.73
	38.67
	38.15
	36.90
	37.17
	36.32
	35.69
	35.13
	33.61
	30.92
	29.77
	28.69
	38.67
	4

	17.00
	5.88
	7.47
	15.31
	32.79
	33.61
	33.24
	32.22
	31.22
	31.01
	30.71
	30.26
	26.94
	24.36
	22.51
	21.05
	33.61
	4

	18.00
	5.88
	1.57
	5.28
	26.73
	27.10
	26.64
	25.36
	25.09
	24.34
	23.46
	23.73
	18.86
	15.53
	13.49
	11.77
	27.10
	4

	19.00
	5.88
	0.98
	1.39
	18.52
	19.41
	17.82
	16.02
	14.64
	15.36
	15.69
	15.45
	9.06
	5.04
	2.67
	2.22
	19.41
	4

	20.00
	5.88
	0.70
	0.95
	8.09
	7.86
	5.85
	5.38
	5.10
	5.46
	4.98
	4.30
	1.81
	1.50
	1.38
	1.26
	8.09
	3

	21.00
	5.88
	0.53
	0.70
	1.71
	1.75
	1.54
	1.51
	1.62
	1.63
	1.52
	1.49
	1.17
	1.09
	1.11
	1.01
	1.75
	4

	22.00
	5.88
	0.40
	0.56
	1.17
	1.16
	1.09
	1.12
	1.22
	1.18
	1.12
	1.06
	0.94
	0.92
	0.92
	0.88
	1.22
	7

	23.00
	5.88
	0.31
	0.45
	0.96
	0.90
	0.88
	0.92
	1.01
	0.98
	0.93
	0.89
	0.80
	0.79
	0.82
	0.80
	1.01
	7

	24.00
	5.88
	0.24
	0.37
	0.79
	0.77
	0.75
	0.82
	0.89
	0.85
	0.80
	0.76
	0.70
	0.70
	0.75
	0.74
	0.89
	7

	25.00
	5.88
	0.19
	0.31
	0.69
	0.66
	0.66
	0.74
	0.80
	0.75
	0.70
	0.67
	0.62
	0.64
	0.70
	0.69
	0.80
	7

	26.00
	5.88
	0.15
	0.26
	0.62
	0.58
	0.58
	0.68
	0.74
	0.70
	0.64
	0.60
	0.57
	0.60
	0.65
	0.66
	0.74
	7

	27.00
	5.88
	0.12
	0.22
	0.56
	0.53
	0.55
	0.63
	0.69
	0.65
	0.57
	0.56
	0.54
	0.58
	0.62
	0.63
	0.69
	7

	28.00
	5.88
	0.09
	0.19
	0.51
	0.48
	0.50
	0.60
	0.66
	0.59
	0.54
	0.52
	0.51
	0.54
	0.60
	0.61
	0.66
	7

	29.00
	5.88
	0.07
	0.17
	0.48
	0.44
	0.46
	0.57
	0.63
	0.57
	0.52
	0.51
	0.49
	0.53
	0.60
	0.59
	0.63
	7

	30.00
	5.88
	0.06
	0.15
	0.46
	0.43
	0.44
	0.56
	0.61
	0.55
	0.49
	0.47
	0.47
	0.52
	0.58
	0.58
	0.61
	7

	31.00
	5.88
	0.05
	0.14
	0.44
	0.40
	0.43
	0.53
	0.60
	0.53
	0.48
	0.46
	0.45
	0.50
	0.57
	0.58
	0.60
	7

	32.00
	5.88
	0.04
	0.13
	0.43
	0.39
	0.42
	0.53
	0.58
	0.52
	0.45
	0.44
	0.44
	0.47
	0.56
	0.56
	0.58
	7

	33.00
	5.88
	0.03
	0.12
	0.41
	0.37
	0.40
	0.53
	0.57
	0.50
	0.45
	0.43
	0.44
	0.47
	0.54
	0.56
	0.57
	7

	34.00
	5.88
	0.02
	0.11
	0.40
	0.36
	0.39
	0.51
	0.57
	0.49
	0.43
	0.43
	0.43
	0.47
	0.53
	0.56
	0.57
	7

	35.00
	5.88
	0.02
	0.11
	0.39
	0.36
	0.39
	0.51
	0.55
	0.48
	0.43
	0.42
	0.43
	0.46
	0.53
	0.55
	0.55
	7

	36.00
	5.88
	0.01
	0.11
	0.38
	0.35
	0.39
	0.50
	0.55
	0.48
	0.44
	0.42
	0.42
	0.46
	0.54
	0.56
	0.56
	50

	37.00
	5.88
	0.01
	0.10
	0.38
	0.35
	0.38
	0.50
	0.55
	0.48
	0.42
	0.42
	0.43
	0.47
	0.53
	0.55
	0.55
	7

	38.00
	5.88
	0.01
	0.10
	0.37
	0.34
	0.37
	0.49
	0.56
	0.48
	0.43
	0.42
	0.42
	0.46
	0.54
	0.56
	0.56
	7

	39.00
	5.88
	0.01
	0.10
	0.37
	0.34
	0.37
	0.50
	0.55
	0.48
	0.42
	0.41
	0.42
	0.46
	0.54
	0.54
	0.55
	7

	40.00
	5.88
	0.01
	0.09
	0.37
	0.33
	0.37
	0.48
	0.53
	0.47
	0.42
	0.40
	0.41
	0.45
	0.52
	0.54
	0.54
	50





Table 6 400MHz measurement error
	SNR[dB]
	Error limit
	400Mhz, 1.5, flat
	400Mhz, 1.5, 2p
	400Mhz, 1.5, 3p
	400Mhz, 1.5, 4p
	400Mhz, 1.5, 5p
	400Mhz, 1.5, 6p
	400Mhz, 1.5, 7p
	400Mhz, 1.5, 8p
	400Mhz, 1.5, 9p
	400Mhz, 1.5, 10p
	400Mhz, 1.5, 20p
	400Mhz, 1.5, 30p
	400Mhz, 1.5, 40p
	400Mhz, 1.5, 50p
	Max
	Arg Max p

	15.00
	1.35
	20.58
	25.99
	36.80
	37.57
	37.05
	36.47
	36.17
	36.04
	35.84
	35.28
	33.39
	32.09
	31.10
	30.30
	37.57
	4

	16.00
	1.35
	14.59
	20.94
	33.70
	34.62
	34.29
	33.24
	33.30
	32.47
	31.99
	31.47
	30.20
	27.80
	26.80
	25.80
	34.62
	4

	17.00
	1.35
	7.83
	14.84
	30.02
	30.90
	30.56
	29.86
	28.89
	28.67
	28.42
	27.96
	25.40
	23.11
	21.52
	20.22
	30.90
	4

	18.00
	1.35
	1.64
	8.19
	26.19
	26.69
	26.41
	25.62
	24.94
	24.37
	23.56
	23.57
	20.02
	17.26
	15.87
	14.14
	26.69
	4

	19.00
	1.35
	1.11
	1.71
	21.62
	22.43
	21.67
	20.04
	18.55
	18.40
	18.59
	18.41
	14.58
	10.91
	8.73
	7.48
	22.43
	4

	20.00
	1.35
	0.83
	1.27
	16.71
	17.05
	15.54
	14.81
	13.59
	13.32
	13.29
	13.55
	8.13
	4.60
	2.04
	1.66
	17.05
	4

	21.00
	1.35
	0.65
	1.07
	10.57
	11.70
	9.50
	8.02
	7.90
	7.64
	8.38
	8.41
	1.75
	1.45
	1.35
	1.31
	11.70
	4

	22.00
	1.35
	0.51
	0.92
	4.57
	4.92
	2.67
	1.99
	1.93
	2.13
	2.00
	1.82
	1.38
	1.23
	1.12
	1.15
	4.92
	4

	23.00
	1.35
	0.40
	0.84
	1.60
	1.60
	1.48
	1.41
	1.48
	1.52
	1.54
	1.48
	1.22
	1.08
	0.99
	1.04
	1.60
	4

	24.00
	1.35
	0.32
	0.75
	1.34
	1.33
	1.27
	1.25
	1.32
	1.31
	1.33
	1.26
	1.11
	0.99
	0.92
	0.96
	1.34
	3

	25.00
	1.35
	0.25
	0.70
	1.18
	1.19
	1.17
	1.14
	1.22
	1.21
	1.17
	1.12
	1.02
	0.92
	0.85
	0.91
	1.22
	7

	26.00
	1.35
	0.20
	0.65
	1.10
	1.12
	1.06
	1.03
	1.13
	1.11
	1.11
	1.05
	0.96
	0.89
	0.82
	0.86
	1.13
	7

	27.00
	1.35
	0.16
	0.62
	1.04
	1.04
	1.01
	1.00
	1.09
	1.10
	1.01
	0.97
	0.91
	0.86
	0.76
	0.83
	1.10
	8

	28.00
	1.35
	0.13
	0.59
	1.00
	0.98
	0.92
	0.95
	1.03
	1.02
	0.97
	0.92
	0.88
	0.83
	0.74
	0.80
	1.03
	7

	29.00
	1.35
	0.10
	0.56
	0.93
	0.94
	0.89
	0.92
	1.01
	0.98
	0.96
	0.89
	0.86
	0.81
	0.72
	0.79
	1.01
	7

	30.00
	1.35
	0.08
	0.56
	0.93
	0.91
	0.87
	0.88
	1.00
	0.97
	0.91
	0.86
	0.85
	0.80
	0.69
	0.77
	1.00
	7

	31.00
	1.35
	0.06
	0.54
	0.90
	0.87
	0.86
	0.88
	0.99
	0.95
	0.89
	0.84
	0.83
	0.79
	0.69
	0.78
	0.99
	7

	32.00
	1.35
	0.05
	0.53
	0.88
	0.86
	0.83
	0.85
	0.95
	0.92
	0.88
	0.83
	0.81
	0.77
	0.69
	0.76
	0.95
	7

	33.00
	1.35
	0.04
	0.51
	0.85
	0.83
	0.80
	0.85
	0.96
	0.93
	0.87
	0.82
	0.80
	0.76
	0.66
	0.75
	0.96
	7

	34.00
	1.35
	0.03
	0.53
	0.87
	0.84
	0.80
	0.84
	0.93
	0.90
	0.86
	0.82
	0.80
	0.76
	0.67
	0.74
	0.93
	7

	35.00
	1.35
	0.03
	0.51
	0.84
	0.81
	0.80
	0.84
	0.94
	0.91
	0.84
	0.80
	0.78
	0.75
	0.66
	0.73
	0.94
	7

	36.00
	1.35
	0.02
	0.50
	0.83
	0.82
	0.79
	0.82
	0.95
	0.90
	0.84
	0.79
	0.80
	0.75
	0.66
	0.72
	0.95
	7

	37.00
	1.35
	0.02
	0.51
	0.84
	0.82
	0.78
	0.82
	0.93
	0.90
	0.83
	0.80
	0.81
	0.76
	0.65
	0.73
	0.93
	7

	38.00
	1.35
	0.01
	0.51
	0.82
	0.81
	0.77
	0.80
	0.92
	0.89
	0.84
	0.78
	0.78
	0.75
	0.65
	0.72
	0.92
	7

	39.00
	1.35
	0.01
	0.51
	0.81
	0.80
	0.77
	0.82
	0.92
	0.90
	0.83
	0.79
	0.79
	0.76
	0.64
	0.72
	0.92
	7

	40.00
	1.35
	0.01
	0.50
	0.82
	0.80
	0.77
	0.80
	0.91
	0.88
	0.85
	0.79
	0.79
	0.74
	0.65
	0.73
	0.91
	7
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