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1.	Introduction
OBW MUs have been discussed in [1-19] but no conclusion was reached as of now. This paper provides proposal on FR2 OBW MU and test limit analysis for FR2a, FR2b and FR2c.

2.	Discussion
Based on the simulation model in Annex A, which was already assumed in the papers from us, and with the measured quantity of the actual system on the SNRs and flatness, we propose the MU value and relaxation for FR2 OBW test case as shown in Table 1. The assumed peak EIRP value including MBR, MPR and T(MPR) is shown in Table B.
With our view, for the case of 400MB(CA)(FR2b), 400BW(SC)(FR2c) and 400MHz(CA)(FR2c), there will be too much possibility of misjudgment  (i.e. GOOD UE can be judged to FAIL) due to the internal noise of the TE, hence it is proposed to apply the relaxation.
With our view, there will be 3 options for how to apply the relaxation.
Option 1 : Apply the relaxation for the OBW requirement (e.g. 100MHz for 100MHz BW)
Option 2 : Keep the OBW requirement but change the OBW definition (BW containing 99% of total power) in test procedure
Option 3 : Do not test in conformance test 
Table 1 shows the proposed MU and relaxation for Option 1 and Option 2
Table 1: Occupied bandwidth MU
	　Freq
	BW [MHz]
	Option 1
	Option 2

	
	
	MU
[%CBW]
	Relaxation for OBW req.
[%CBW]
	MU%[CBW]
	Relaxation for 
OBW definition (%)

	FR2a
	50, 100(SC)
	0.4
	0
	
	

	　
	200, 400(SC)
	0.8
	0
	
	

	　
	BWagg≤100(CA)
	0.4
	0
	
	

	　
	BWagg ≤400(CA)
	1.3
	0
	Same as Option 1
	Same as Option 1

	FR2b
	50, 100(SC)
	0.4
	0
	
	

	　
	200, 400(SC)
	1.3
	0
	
	

	　
	BWagg≤100(CA)
	0.8
	0
	
	

	　
	BWagg ≤400(CA)
	20.0
	20.0
	2.3
	1
(98% of Ptotal)

	FR2c
	50, 100(SC)
	0.8
	0
	Same as Option 1
	Same as Option 1

	
	200, 400(SC)
	20.0
	20.0
	2.3
	1
(98% of Ptotal)

	　
	BWagg≤100(CA)
	1.5
	0
	Same as Option 1
	Same as Option 1

	　
	BWagg ≤400(CA)
	40.0
	40.0
	3.7
	3
(96% of Ptotal)



Comparing the Option 1 and Option2, although Option 1 is straightforward approach, the required relaxation and MU becomes so big. For example, 40% CBW relaxation of OBW requirement for FR2c 400MHz aggregated BW case means relaxation of 160MHz (i.e. the test requirement becomes 560MHz). Also, as seen in the graph, SNR vs OBW error curves forms steep shape, which means the slight difference of SNR will result in big difference of measured OBW. It is in general not preferable from stability/reproducibility perspective of the measurement.  
For Option 2, even 1% relaxation for the OBW definition (i.e. 98% of Ptotal) reduces the required SNR for not to fail good UE by several dBs as shown in Fig. 1. The area of flat part of SNR vs OBW error curve is extended by several dB, which means sensitivity of SNR to measurement error is very low and we can keep the good stability/reproducibility of the measurement. Note that the Error limit becomes bigger if we relax the OBW definition as the measured OBW with reference spectrum (by Qualcomm) becomes smaller. For “98% of Ptotal” case, error limit is increased to 3.03% from 1.32% for “99% of Ptotal” case. Option 2, however, will need change of OBW definition, which would be not preferable if e.g. mismatch against regulatory is the problem. 

[image: ]
Figure 1 Impact of changing OBW definition (Just Example)
As the outcome of the discussion during RAN5#90-e considering the other proposal in [20] , it is proposed to adopt following MU values for FR2 OBW MU.

Table 2 Proposed MU for FR2 OBW
	Frequency range
	Single Carrier OBW MU for 50MHz and 100MHz CHBW
	Single Carrier OBW MU for 200 MHz and 400MHz BW

	FR2a
	±0.4%
	±1.2%

	FR2b
	±0.4%
	±1.3%



Proposal 1 : Adopt values in Table 2 for FR2 OBW MU

3.	Conclusion
RAN5 is asked to endorse following proposals.
 
Proposal 1 : Adopt values in Table 2 for FR2 OBW MU


4.	References
[1] R5-188189, “On the FR2 MU for occupied BW and ACLR”, Anritsu, RAN5#81
[2] R5-190390, “On QoQZ MU Impact on OBW”, Keysight, RAN5 NR#4 AdHoc	
[3] R5-192660, “On the FR2 OBW MU”, Anritsu, RAN5#82
[4] R5-191617, “On OBW measurement uncertainty”, Keysight, RAN5#82
[5] R5-194353, “On the noise impact to FR2 OBW”, Anritsu, RAN5#83
[6] R5-192984, “On the SNR for FR2 TRx test cases”, R&S, Rohde & Schwarz, RAN5 NR#5 AdHoc
[7] R5-193187, “On noise impact”, Keysight, RAN5 NR#5 AdHoc
[8] ITU-R SM 443-4, “SM.443 : Bandwidth measurement at monitoring stations”, https://www.itu.int/rec/R-REC-SM.443-4-200702-I/en
[9] R5-197626, “Impact of noise for FR2 OBW”, Anritsu, RAN5#83
[10] R5-198175, “Discussion on AP#84.22 Tx Spectrum Shape for FR2 OBW MU”, Qualcomm, RAN5#85
[11] R5-200874, “On FR2 OBW MU”, Kesight, RAN5#86e
[12] R5-200869, “On the MU of FR2 OBW”, Rohde&Shwarltz, RAN5#86e
[13] R5-200739, “On FR2 OBW MU “, Anritsu, RAN5#86e
[14] R5-202318, “On FR2 OBW MU”, Anritsu, RAN5#87e
[15] R5-202458, “On the MU of FR2 OBW”, ROHDE & SCHWARZ, RAN5#87e
[16] R5-202460, “On FR2 OBW MU”, Keysight Technologies UK Ltd, RAN5#87e
[17] R5-204849, “On FR2 OBW MU”, Anritsu, RAN5#88e
[18] R5-206175, “On FR2 OBW MU”, Anritsu, RAN5#89e
[19] R5-206617, “On the MU of FR2 OBW”, ROHDE & SCHWARZ, RAN5#89e
[20] R5-211266, “On the MU of FR2 OBW”, Rohde & Schwarz, RAN5#90e



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 =  # Fixed 50kHz interval resampling. 
4 f’ = linspace(Fcenter -1.5*CBW/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 
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 
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’

Annex B :  Min Peak EIRP with MBR, MPR and T(MPR)

Table B : Min Peak EIRP with MBR, MPR and T(MPR)
	　
	BW
	Min Peak EIRP
	MBR
	MPR
	T(MPR)
	Min Peak EIRP
(w/ MBR,MPR)

	FR2a
	100
	22.4
	0.75
	2
	1.5
	18.15

	
	400
	22.4
	0.75
	3
	2.0
	16.65

	
	100(CA)
	22.4
	0.75
	5
	4.0
	12.65

	
	400(CA)
	22.4
	0.75
	5
	4.0
	12.65

	FR2b
	100
	20.6
	0.75
	2
	1.5
	16.35

	
	400
	20.6
	0.75
	3
	2.0
	14.85

	
	100(CA)
	20.6
	0.75
	5
	4.0
	10.85

	
	400(CA)
	20.6
	0.75
	5
	4.0
	10.85

	FR2c
	100
	18.7
	0.75
	2
	1.5
	14.45

	
	400
	18.7
	0.75
	3
	2.0
	12.95

	
	100(CA)
	18.7
	0.75
	5
	4.0
	8.95

	
	400(CA)
	18.7
	0.75
	5
	4.0
	8.95

	NOTE1 : MPR values are those corresponding to full RB allocation with DFT-s-OFDM QPSK.
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