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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].
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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.
Also, following parameters are changed.
· Resampling of original reference data with 50kHz uniform interval.
· TxBW assumption to derive noise level is as per the following table	

Table 2 Tx BW assumption in the simulation
	100MHz
	400MHz (1)
	400MHz (2)

	
	Tx BW Assumption = Single Carrier
	Tx BW Assumption = Intra-band CA class I

	95.04MHz (66*120*12/1000)
	380.16MHz(264*120*12/1000)
	394.92(95.04 + 99.96*3)

	
	
	* 99.96MHz is channel spacing defined in 38.508-1
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Figure 5 BW=400MHz(SC) Error [%CBW]
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Figure 5 BW=400MHz(CA) 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 7 BW=400MHz, Absolute Error[MHz]
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Figure 8 BW=100MHz, Absolute Error[MHz]


Table 2 3 shows the OBWsignal (w/o noise/ripple)  and error limit for the reference spectrum and is used as a basis for the measurement error. Error limit is defined as the OBW measurement error above which measured OBW of reference spectrum is judged as FAIL.i.e. Error Limit = 
Table  OBWsiginal and Error Limit of the reference spectrum with center frequency = 27998.4 MHz
	
	OBW meas span =
1.5 x CBW
	Error Limit %CBW

	100MHz
	94.15 1MHz
	5.85 %CBW

	400MHz Single Carrier
	394.71 6MHz
	1.32 %CBW

	400MHz CA class I
	394.71 MHz
	1.32 %CBW




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.
 


2.1.3 Observations

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.the required SNR for error limit is shown in the below table. 
Table 4 OBWsiginal of the reference spectrum with center frequency = 27998.4 MHz
	
	Required SNR for error limit

	100MHz
	21 dB

	400MHz
(Single Carrier Assumption)
	25 dB
(24.3dB with 0.1 granuality analysis)

	400MHz
(Intra-band CA Assumption)
	25 dB
(24.1dB with 0.1 granuality analysis)



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  Achievable SNR by TEV
	　
	BW
	SNR with R5-200868
(w/o MBR,MPR,T(MPR))
	MBR
	MPR
	T(MPR)
	SNR

	FR2a
	100
	3036
	1.7
	32
	21.5
	2303.83

	　
	
	360
	0.75
	23
	1.52
	3124.725

	
	400
	30
	1.7
	3
	2
	23.3

	
	
	30
	0.75
	3
	2
	24.25

	FR2b
	100
	2632.1
	1.7
	23
	1.52
	2619.94

	　
	
	3226.1
	0.75
	23
	1.52
	270.835

	
	400
	26.1
	1.7
	3
	2
	19.4

	
	
	26.1
	0.75
	3
	2
	20.35


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


· 
2.2 Proposals
[bookmark: _GoBack]Summarizing the observations in section 2.1 we propose following . 
Table  Proposal of MTSU and OBW measurement span for FR2(CBW<=400MHz)
	CBW
	Item
	FR2a
	FR2b

	50Mhz, 100MHz
	MTSU
	21% of CBW

	1% of CBW
FFS

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

	200MHz, 400MHz
	MTSU
	1.3532% of CBW (If only MBR=0.75dB applies)
	FFS. x

	
	OBW measurement span
	>= 1.5 x CBW
	FFS



[bookmark: p2]Proposal 2 : Agree on the Table 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. 
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
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Annex A : OBW evaluation algorithm

1 f, Ptheta, Pphi = Raw data from reference spectrum, N:Number of samples
2 P = 10log10( 10^( Ptheta /10) + 10^( Pphi /10))
3 M = M =  # latter : Fixed 50kHz interval resampling. M=N*2 was used in original simulation 
4 f’ = linspace(Fcenter -1.5*CWB/2, Fcenter + 1.5*CBW/2,  M) 
5 P ‘ = lininterp(f’, f, P) # Make a uniformly sampled data within OBW measurement window by linear interpolation (up sampling by 2*N)
6 Pnoise = Average Power per sample of P’ within TxBW centered on Fcenter – SNR. 
7 For each realization 1…10000
7.1 flatness_d = 3 independent random variables of normal distribution (sigma =2.19) 
7.2 flatness_f = linspace(Fcenter -1.5* CBW/2, Fcenter + 1.5*CBW/2, 3)
7.3 flatness = lininterp(f’, flatness_f, flatness_d) # linear interpolate flatness over OBW measurement window
7.4 S = 10log10(10^(P’/10) + 10^(Pnoise/10)) + flatness
7.5 OBWmeas = Frequency width(centered on Fcenter) where the power within it (in W) equals to 0.99 * total power(in W) of S
8 Obtain 2.5%-tile and 97.5%-tile value from CDF of 10000 OBWmeas 

linspace(x0, x1, N) : N evenly spaced samples, calculated over the interval [x0, x1]. 
lininterp(x’, x, y) : Linearly interpolated data of (x,y) sampled at x’
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