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1.	Introduction
OBW MUs have been discussed in [1-9] 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]-[13]. It is observed that there were several mismatches on the definition of OBW MU among provided analysis from TEVs, and no conclusion was reached in RAN5#86-e.
2.	Discussion
2.1	MU Definition
During the discussion, difference of MU definition of OBW calculation method can be summarized as below.
	 
	MU definition
	OBW calculation

	R5-200874[11](KS)
	(OBWsignal+noise - OBWsignal) / OBWsignal *100
	OBW = Width of frequency span centering on carrier center frequency which contains 99% power of 2*CBW #(Newly introduced method in NR)

	R5-200869[12] (R&S)
	(OBWsignal+noise - OBWsignal) / CBW *100
	OBW  = (Higher frequency edge above which contains 0.5% of total power in 2.0*CBW(or 1.5*CBW) ) – (Lower frequency edge below which contains 0.5% of total power in 2*CBW(or 1.5*CBW) ) 
# (Conventionally adopted method in LTE)

	R5-200739[13] (Anritsu)
	(OBWsignal+noise+flatness – NRB*SCS*12*0.99) / CBW *100
	OBW = Width of frequency span centering on carrier center frequency which contains 99% power of 2*CBW(or 1.5*CBW)
#(Newly introduced method in NR)


Anritsu’s definition was based on the agreed proposal 2 in [9]. However there was some misunderstanding of the interpretation of the proposal. R&S’s MU definition in [12] is same as the originally adopted definition in [9](before the revision).  Keysight definition takes OBWsignal for its denominator.  Hence, overall, there are two options of MU definition.
[bookmark: O1]Observation 1 : 2 options of OBW MU definition
Option A1 : (OBWmeas - OBWsignal) / OBWsignal *100
Option A2 : (OBWmeas - OBWsignal) / CBW *100
where OBWmeas is the measured OBW which includes effect of any distortions in test system e.g. noise impact, flatness factors, etc.
For OBWmeas, R&S and KS proposal consider noise while Anritsu proposal includes noise and flatness factors.
[bookmark: O2]Observation 2:Two options for definition of OBWmeas for MTSU assessment.
Option B1 : For MTSU assessment, define OBWmeas = OBWsignal+noise
Option B2 : For MTSU assessment, define OBWmeas = OBWsignal+noise+flatness

2.1	Simulation 
Figure 1 - 4 shows the OBW MU based on the definition in Option A1(Fig 1, 2) and Option A2(Fig 3,4). The dotted line(flat assumption) corresponding to OBWmeas with Option B1, the solid lines corresponding to Option B2 using the same model in [13] (i.e. “3 point model” for modeling TS ripples).  No change for the simulation itself but just changing the definition of y-axis.
1) Result based on Option A1 : (OBWsignal+noise - OBWsignal) / OBWsignal *100
[image: ]
Figure 1 MU with Option 1 for400MHzBW
[image: ]
Figure 2 MU with Option 1 for 100MHz CBW
2) Result based on Option B1 : (OBWsignal+noise - OBWsignal) / CBW *100
[image: ]
Figure 3 MU with Option 2 for 400MHz BW
[image: ]
Figure 4 MU with Option 2 for 100MHz BW

Approx. SNR values corresponding to 1% OBW error (without considering flatness aspect) is summarized below.
Table 1 Approx. SNR values corresponding to 1% OBW error (without considering flatness aspect)
	
	CBW=100MHz
	CBW=400MHz

	SNR@ OBW Error Rate = 1% 
(Span=2.0 x CBW)
	Anritsu : ~22 dB (%OBWsignal)
Anritsu : ~22 dB (%CBW)
R&S : 21 ~ 22dB (%CBW)
KS : ~33.5dB (%OBWsignal)
	Anritsu : ~22 dB (%OBWsignal)
Anritsu : ~22 dB (%CBW)
R&S : ~22.5dB (%CBW)
KS : ~27.5dB (%OBWsignal)

	SNR@ OBW Error Rate = 1% 
(Span=1.5 x CBW)
	Anritsu : ~19 dB(%OBWsignal)
Anritsu : ~19 dB(%CBW)
R&S : 18 ~ 19 dB(%CBW)
KS : No analysis
	Anritsu : ~18.5 dB (%OBWsignal)
Anritsu : ~18.5 dB (%CBW)
R&S : ~18dB (%CBW)
KS : No analysis 


From the Table 1, we observe that whether to take OBWsignal or CBW as denominator does not give much difference.  However, 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 Rate based on Option A1: (OBWmeas - OBWsignal) / CBW *100 [%CBW]

2.2	Treatment of the flatness factors
As seen in Fig 3 and Fig 4, flatness can have non-ignorable impact for the OBW measurement result. Hence our view is to define MTSU based on Option B2.
[bookmark: P2]Proposal 2 : Define OBWmeas with Option B2: (i.e. consider noise and flatness impact) for MTSU assessment.
Some analysis regarding impact from flatness factor is already provided in [9] and some questions are raised in RAN5#86-e on the choice of “3 points model” to model the test system ripples in [9].
Here are some reasons why “3 points model” is used in [9].
1. Assuming too many points(too many ripples) will result in underestimation of the MU because each ripple would cancel out each other. 
1. The other extreme assumption is the ripple interval is very large and all the OBW measurement span is contained in the single ripple. However, with some experimental result of actual system, we observed several ripples within 100MHz then we think such assumption does not match the real situation.
1. It is expected that the scenario where the lower and upper side in the OBW measurement span has bigger power than the center would lead to worse measured OBW result than flat assumption(including both case where no consideration of flatness and all the span has minus X dB). Minimum number of points which can model such scenario is 3.
With above reasons, our view is that taking “3 points” model can be a reasonable method to assess the MTSU. 
Also, there was a comment about the possibility to use deterministic worst case value rather than using random value approach(a.k.a Monte-Carlo method). The motivation can be understood but the difficulty is how we define deterministic worst case scenario i.e. shape of ripple, and its height etc…
Therefore, our preference is to keep 3 points model and to use monte-carlo for the purpose of determine MTSU and solution for testability issue, and hence the data in Fig 3 and Fig 4 can be used.
One comment in the previous meeting was the possibility to adopt narrower measurement span for all the frequency ranges rather than applying it to FR2b only. Our basic stance is to keep 2.0xCBW as much as possible, but, we are open for that approach if it is preferred from groups.
Overall, considering the data in Fig 3 and Fig4, Table 2 shows our proposals for MTSU and OBW measurement span.
Table 2Proposal of MTSU and OBW measurement span for FR2(CBW<=400MHz)
	
	Option C1
	Option C2

	
	FR2a
	FR2b
	FR2a
	FR2b

	MTSU
	2% of CBW
	2% of CBW 
	2% of CBW
	2% of CBW

	OBW measurement span
	2.0 x CBW
	1.5 x CBW
	1.5 x CBW
	1.5 x CBW



[bookmark: P3]Proposal 3 : Adopt either Option C1 or Option C2 for MTSU and  measurement span forFR2 OBW test

3.	Conclusion
Observation 1 : 2 options of OBW MU definition
Option A1 : (OBWmeas - OBWsignal) / OBWsignal *100
Option A2 : (OBWmeas - OBWsignal) / CBW *100
Observation 2:Two options for definition of OBWmeas for MTSU assessment.
Option B1 : For MTSU assessment, define OBWmeas = OBWsignal+noise
Option B2 : For MTSU assessment, define OBWmeas = OBWsignal+noise+flatness
Proposal 1 : Define OBW Measurement Error Rate based on Option A1: (OBWmeas - OBWsignal) / CBW *100 [%CBW]
Proposal 2 : Define OBWmeas with Option B2: (i.e. consider noise and flatness impact) for MTSU assessment.
Proposal 3 : Adopt either Option C1 or Option C2 for MTSU and  measurement span forFR2 OBW test
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5.	Appendix
Result from R&S [12].
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Results from KS[11].
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Figure 5. Occupied bandwidth relative error for CBW=100 MHz reference signal
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Figure 6. Occupied bandwidth relative error for CBW=400 MHz reference signal
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