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1.
Introduction
According to [1] and [2], in either FR1 and FR2, OBW test procedure is defined based on:

· FR1: the measurement window whose center is aligned on the center of the channel for which the sum of the power measured is 99% of the “Total power”
· FR2: the measurement window whose center is aligned on the center of the channel for which the sum of the power measured in theta and phi polarization is 99% of the “Total EIRP”.
Similar procedure was used in LTE although in that case the power integration was done from the edges to the center and was looking for 0.5% of the power in each edge. Another difference with LTE OBW test is that in LTE the OBW window didn’t have to be centred on the carrier frequency.
Additionally, the measurement in either FR1 and FR2 requires to capture at least 2 times the channel bandwidth to perform the analysis:

· FR1: Measure the power spectrum distribution within two times or more range over the requirement for Occupied Bandwidth specification centring on the current carrier frequency. 
· FR2: Measure the EIRP spectrum distribution within two times or more frequency range over the requirement for Occupied Bandwidth specification centring on the current carrier frequency 

This contribution performs an analysis on OBW for ideal signals (in either FR1 and FR2), expected results and their dependencies.

2.
Discussion
2.1
Generation of ideal signals
Ideal signals spectrums have been generated with the following assumptions:

· For Maximum transmission bandwidth configuration frequencies: power spectral density equals lowest maximum output power allowed (in case of FR2 assuming transmit beam peak EIRP and multi-band relaxation, in case of FR1 MOP lower tolerance has been used).

· Outside Maximum transmission bandwidth configuration frequencies:

· ACLR either in first and all adjacent channels (even when for second adjacent channel onwards this is not accurate)

Maximum transmission bandwidth configuration values used are shown in table 1 (FR1) and 2 (FR2).
Table 1: FR1 Maximum transmission bandwidth configuration [MHz]

	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	4.5
	9.36
	14.22
	19.08
	23.94
	28.8
	38.88
	48.6
	N/A
	N/A
	N/A
	N/A

	30
	3.96
	8.64
	13.68
	18.36
	23.4
	28.08
	38.16
	47.88
	58.32
	78.12
	88.2
	98.28

	60
	N/A
	7.92
	12.96
	17.28
	22.32
	27.36
	36.72
	46.8
	56.88
	77.04
	87.12
	97.2


Table 2: FR2 Maximum transmission bandwidth configuration [MHz]
	SCS (kHz)
	50
	100
	200
	400

	60
	47.52
	95.04
	190.08
	N/A

	120
	46.08
	95.04
	190.08
	380.16


Figure 1: FR1 Ideal signal for CBW=100MHz, SCS=30 kHz, Tx_BW=98.28 MHz, Span=200MHz
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Figure 2: FR2 Ideal signal for CBW=200 MHz, SCS=120 kHz, Tx_BW=190.08 MHz, Span=400 MHz [image: image2.png]Transmitted Spectrum [dBm]
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2.2
Expected results

It could be expected that OBW results are somehow similar to Maximum transmission bandwidth configuration, so it provides meaningful results. 
However, this is not the case if the OBW is computed based on 99% of the power in the span under analysis (based on Matlab simulations). Refer to Tables 3 and 4.
Table 3: FR1 Simulated OBW  for SCS=30 kHz using span=2*CBW and 99% of total power for ideal signals described in section 2.1
	CBW [MHz]
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	90
	100

	OBW [MHz]
	3.93
	8.57
	13.56
	18.20
	23.19
	27.83
	37.82
	47.45
	57.80
	77.42
	87.41
	97.40


Table 4: FR2 Simulated OBW for SCS=120 kHz using span=2*CBW and 99% of total power for ideal signals described in section 2.1
	CBW [MHz]
	50
	100
	200
	400

	OBW [MHz]
	76.37
	151.32
	302.64
	605.27


Observation 1: OBW results for ideal signals computed based on 99% of total power is slightly lower than maximum transmission bandwidth configuration in FR1 but in FR2 they don’t provide a good estimate of the real OBW but a much wider OBW than expected. Such different behavior could be due to different ACLR requirements.
2.3 
OBW dependencies
OBW results will have dependencies with:

· Channel Bandwidth

· SCS

· Maximum transmission bandwidth configuration
· Span under analysis
· Power spectrum considered
An alternate OBW procedure was found to provide more meaningful results. A two-step process was used to obtain OBW results much more in-line with expectations. In step 1, the ratio, RTP,  of total power within the transmission bandwidth over the total power within the selected span (≥ 2 * CBW) is determined. In step 2, the OBW is defined as the measurement window whose center is aligned on the center of the channel for which the sum of the power (FR2: measured in theta and phi polarization) is RTP of the (FR1: total power, FR2: “Total EIRP”). The results for RTP and the newly defined OBW are shown in Table 5 for FR1 and Table 6 for FR2 (derived from ideal signals as described in section 2.1):

Table 5: FR1 Power percentages to be considered in OBW test case
	
	Span=2*CBW
	Span=3*CBW
	Span=4*CBW

	CBW
[MHz]
	SCS [kHz]
	Percentage 

of total power
	OBW [MHz]
	Percentage

of total power
	OBW [MHz]
	Percentage

of total power
	OBW [MHz]

	5
	15
	99.88%
	4.50
	99.77%
	4.50
	99.66%
	4.50

	5
	30
	99.85%
	3.96
	99.72%
	3.96
	99.60%
	3.96

	10
	15
	99.89%
	9.36
	99.78%
	9.36
	99.67%
	9.36

	10
	30
	99.87%
	8.64
	99.75%
	8.64
	99.64%
	8.64

	10
	60
	99.85%
	7.92
	99.72%
	7.92
	99.60%
	7.92

	15
	15
	99.89%
	14.22
	99.78%
	14.22
	99.68%
	14.22

	15
	30
	99.88%
	13.68
	99.77%
	13.68
	99.66%
	13.68

	15
	60
	99.87%
	12.96
	99.75%
	12.96
	99.64%
	12.96

	20
	15
	99.89%
	19.08
	99.79%
	19.08
	99.68%
	19.08

	20
	30
	99.88%
	18.36
	99.77%
	18.36
	99.67%
	18.36

	20
	60
	99.87%
	17.28
	99.75%
	17.28
	99.64%
	17.28

	25
	15
	99.89%
	23.94
	99.79%
	23.94
	99.68%
	23.94

	25
	30
	99.89%
	23.40
	99.78%
	23.40
	99.67%
	23.40

	25
	60
	99.88%
	22.32
	99.76%
	22.32
	99.65%
	22.32

	30
	15
	99.89%
	28.80
	99.79%
	28.80
	99.68%
	28.80

	30
	30
	99.89%
	28.08
	99.78%
	28.08
	99.67%
	28.08

	30
	60
	99.88%
	27.36
	99.77%
	27.36
	99.66%
	27.36

	40
	15
	99.89%
	38.88
	99.79%
	38.88
	99.69%
	38.88

	40
	30
	99.89%
	38.16
	99.79%
	38.16
	99.68%
	38.16

	40
	60
	99.88%
	36.72
	99.77%
	36.72
	99.67%
	36.72

	50
	15
	99.89%
	48.60
	99.79%
	48.60
	99.69%
	48.60

	50
	30
	99.89%
	47.88
	99.79%
	47.88
	99.68%
	47.88

	50
	60
	99.89%
	46.80
	99.78%
	46.80
	99.67%
	46.80

	60
	30
	99.89%
	58.32
	99.79%
	58.32
	99.69%
	58.32

	60
	60
	99.89%
	56.88
	99.78%
	56.88
	99.68%
	56.88

	80
	30
	99.90%
	78.12
	99.79%
	78.12
	99.69%
	78.12

	80
	60
	99.89%
	77.04
	99.79%
	77.04
	99.69%
	77.04

	90
	30
	99.90%
	88.20
	99.79%
	88.20
	99.69%
	88.20

	90
	60
	99.89%
	87.12
	99.79%
	87.12
	99.69%
	87.12

	100
	30
	99.90%
	98.28
	99.80%
	98.28
	99.69%
	98.28

	100
	60
	99.89%
	97.20
	99.79%
	97.20
	99.69%
	97.20


Table 6: FR2 Power percentages to be considered in OBW test case

	
	Span=2*CBW
	Span=3*CBW
	Span=4*CBW

	CBW

[MHz]
	SCS [kHz]
	Percentage

of total power
	OBW [MHz]
	Percentage

of total power
	OBW [MHz]
	Percentage

of total power
	OBW [MHz]

	50
	60
	97.84%
	47.52
	95.87%
	47.52
	93.98%
	47.52

	50
	120
	97.72%
	46.08
	95.69%
	46.08
	93.75%
	46.08

	100
	60
	97.84%
	95.04
	95.87%
	95.04
	93.98%
	95.04

	100
	120
	97.84%
	95.04
	95.87%
	95.04
	93.98%
	95.04

	200
	60
	97.84%
	190.08
	95.87%
	190.09
	93.98%
	190.07

	200
	120
	97.84%
	190.08
	95.87%
	190.09
	93.98%
	190.07

	400
	120
	97.84%
	380.17
	95.87%
	380.17
	93.98%
	380.14


As the percentage of the total power is specified in the minimum conformance requirement, RAN5 should send a LS to RAN4 proposing that percentages are changed according to the information considered in tables 5 and 6.
Proposal 1: Send a LS to RAN4 requesting an update to OBW minimum conformance requirements considering the total power percentages described in tables 5 and 6 to compute OBW in FR1 and FR2 respectively.


3. Conclusion
This contribution performs an analysis on OBW for ideal signals (in either FR1 and FR2), expected results and their dependencies. The following observation and proposal are made:
Observation 1: OBW results for ideal signals computed based on 99% of total power is slightly lower than maximum transmission bandwidth configuration in FR1 but in FR2 they don’t provide a good estimate of the real OBW but a much wider OBW than expected. Such different behavior could be due to different ACLR requirements.

Proposal 1: Send a LS to RAN4 requesting an update to OBW minimum conformance requirements considering the total power percentages described in tables 5 and 6 to compute OBW in FR1 and FR2 respectively.
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