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1.	Introduction
OBW MUs have been discussed in [1-5] but no conclusion was reached as the discussion about discrepancy of OBW and ACLR core requirement were held in RAN4. That discussion is closed in RAN4 with the conclusion that we additionally apply MPR for some combination of waveform and RB allocations, while keeping OBW requirement of 99% ChBW. By applying the MPRs, the actual ACLR will be improved from those specified in ACLR core requirement, then OBW core requirement could be met. In this paper, we propose impact of noise MU for FR2 OBW measurement based on the updated information.
2.	Discussion
Impact from noise is analyzed in [5] for some assumed values. We provide analysis of measured OBW depending on ACLR of the DUT and SNR of test equipment based on more realistic assumptions.
Assumptions
i) OBW is calculated as the frequency width containing the power of 1% of total power in 2*BW. 
ii) Shape of the spectrum as depicted in Figure 1.
· In adjacent channel(AC), adjacent channel power(ACP) in half of AC closer to channel (ACP1) is R dB higher than the other half(ACP2) 
 [image: ]
Figure 1 Assumed spectrum
Fig 2. shows the impact for measured OBW for various SNR and ACLR assumptions for BW=400MHz and R=6.0dB (TxBW=380.16MHz). 
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Figure 2 Measured OBW for various SNR and ALCR assumptions (R=6.0dB)
We observe :
Observation 1 : UE ACLR and TE noise jointly affect the measured OBW
There are 2 ways to define measurement uncertainty, i.e to include impact from DUT ACLR to measurement uncertainty, or not to include impact from DUT ACLR for measurement uncertainty.
Observation 2 : There are 2 ways to define OBW measurement uncertainty, i.e to include impact from DUT ACLR, or not to include impact from DUT ACLR for measurement uncertainty 
Fig 3. shows the impact from noise (as Error [%ChBW]) which is derived assuming OBW with SNR=+inf  is the true value, hence impact from DUT ACLR is not included. Fig 4. shows the impact from noise (as Error [%ChBW]) which is derived assuming OBW with ACLR=+inf and SNR=+inf  is the true value, hence impact from DUT ACLR is included in the error. Note we confirmed that we obtain almost the same result regardless of ChBW then Fig 3 and Fig 4 are applicable regardless of ChBW.
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Figure 3 Impact from noise [%ChBW] for various SNR and ALCR assumptions 
(R=6.0dB, Impact of DUT ACLR not included as error)
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Figure 4 Impact from noise [%ChBW] for various SNR and ALCR assumptions 
(R=6.0dB, Impact of DUT ACLR included as error)
From Fig 3 and Fig.4, we can say SNR 40dB would achieve ignorable impact from noise. However, considering the SNR estimations ever provided by TE vendors, it is unreachable in mmWave OTA test environment, then is not ignorable.
Observation 3 : In FR2 OBW OTA test environment, impact from noise is not ignorable.
According to the some offline discussion, there was information from some UE/chip vendors that the actual ACLR will be 24dBc. From Fig2, if we still leave ~7MHz margin from test requirement for ACLR = 24dBc, SNR of 26dB will be required. 
According to the latest core specification, For PC3, BW=400MHz, MPR of 5.0dB is the worst case value. 
Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz
	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16 QAM
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0


Hence, the worst case assumed power for FR2a and FR2b channel powers are calculated with min peak EIRP – multi-band-relaxation – MPR as below : 
· FR2a : 22.4-1.7-5=15.7dBm/400MHz
· FR2b : 20.6-0.4-5=15.2dBm/400MHz
TE needs to achieve SNR >= 26dB for these levels. In the some already provided SNRs in[6] and [7], the SNR is estimated as 18dB for FR2a and 13dB for FR2b ( if simply subtract 5dB from SNR for MOP peak EIRP ).
With our latest view, 26dB SNR is borderline in FR2a for ChBW <= 400MHz, but not likely to be achievable in FR2b. Roughly says, FR2b SNR will be -5 ~ -8dB of FR2a, then we get SNR < ~ 20dB which is obviously not applicable for OBW measurement according to Fig 2 ,Fig 3 and Fig 4.
 
2.1. Impact from spectrum slope in adjacent channel
Following figure shows the measured OBW for R=0(flat), 2, 6 and 10dB while keeping ACLR=24dB.
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Figure 5 Impact from slope of spectrum in adjacent channel (R)
(Impact of DUT ACLR not included as error)
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Figure 6 Impact from slope of spectrum in adjacent channel (R)
(Impact of DUT ACLR included as error)

Observation 4 : Spectrum with steeper slope( R is bigger)in adjacent channel result in more measurement error

2.2. Ideas to deal with testability issue
In this section, we discuss several ideas to deal with this issue are listed below.
Option 1 : Narrower OBW measurement span
Historically, we applied 2 times or wider of channel bandwidth as OBW measurement span. If we narrower it e.g. 1.5 times of channel bandwidth, then we got less impact from noise. It can be noted that taking the OBW measurement span of 2 times or more is not specified in core specification. Some existing test methodology such as ITU-R SM 443-4[8] applies 1.5 times of channel BW. Fig 7, Fig 8 and Fig 9 show the measured OBW, measured OBW error(impact of DUT ACLR not included) and measured OBW error(impact of DUT ACLR included) for OBW measurement span = 1.5*ChBW, respectively. 
[image: ]Figure 6 Measured OBW(Span=1.5*ChBW, R=6.0dB)
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Figure 7 Impact from noise [%ChBW] for various SNR and ALCR assumptions
(Span=1.5*ChBW, R=6.0dB Impact of DUT ACLR not included as error)
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Figure 8 Impact from noise [%ChBW] for various SNR and ALCR assumptions 
(Span=1.5*ChBW, R=6.0dB, Impact of DUT ACLR included as error)

Option 2 : Limit the tested channel bandwidth
SNR will be improved (+3dB for 1/2 BW) then less impact from noise is expected.
Option 3 : Test with non-full RB allocation
This would reduce the effective ACLR, and then testability would be improved. 
 
2.2. Proposals
As the impact from noise depends on the DUT ACLR and slope of the spectrum in adjacent channel region(Observation 3), it is proposed to make an action for OEM/Chip vendors to provide typical ACLR and slope of spectrum in AC
Proposal 1 : Make an Action Point for OEM/Chip vendors to provide the information on the spectrum shape used for MU determination of OBW.
Information can be in the form of  e.g.
· Power level at A, ACLR and R in Figure 1
· Power level at A, B, C, D and E in Figure 1
· [bookmark: _GoBack]Frequency vs PSD sampling data
It is proposed to define OBW impact of noise including effect of DUT ACLR.
Proposal 2 : Define OBW impact of noise including the effect of DUT ACLR
Proposal 3 : RAN5 to study how to deal with testability issue of OBW considering Option 1 – 4 

3.	Conclusion
Observation 1 : UE ACLR and TE noise jointly affect the measured OBW	
Observation 2 : There are 2 ways to define OBW measurement uncertainty, i.e to include impact from DUT ACLR, or not to include impact from DUT ACLR for measurement uncertainty 
Observation 3 : In FR2 OBW OTA test environment, impact from noise is not ignorable.
Observation 4 : Spectrum with steeper slope( R is bigger)in adjacent channel result in more measurement error
Following options are discussed to cater for testability issue for OBW.
Option 1 : Narrower OBW measurement span
Option 2 : Limit the tested channel bandwidth
Option 3 : Test with non-full RB allocation
Option 4: Others not precluded
Proposal 1 : Make an Action Point for OEM/Chip vendors to provide the information on the spectrum shape used for MU determination of OBW.
Information can be in the form of e.g. :
· Power level at A, ACLR and R in Figure 1
· Power level at A, B, C, D and E in Figure 1
· Frequency vs PSD sampling data
Proposal 2 : Define OBW impact of noise including the effect of DUT ACLR
Proposal 3 : RAN5 to study how to deal with testability issue of OBW considering Option 1 – 4
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