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1. Introduction
A default baseline for test point generation for TRx test cases was presented in [1] and [2] at RAN5#1-NR adhoc meeting, showing some proposals to environmental conditions, test frequencies, channel bandwidths, subcarrier spacing and RB allocation for FR1, based on LTE. However, test points definition for frequency, channel bandwidth and SCS were FFS. Specific analysis is required per test case. 
The purpose of this contribution is to provide test point selection proposal for NR Occupied Bandwidth measurement in FR1.

2. Discussion

The definition of Occupied Bandwidth for FR1 can be found in [3]:

6.5.1
Occupied bandwidth

Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth specified in Table 6.5.1-1

Table 6.5.1-1: Occupied channel bandwidth

	
	Occupied channel bandwidth / NR Channel bandwidth

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	Channel bandwidth [MHz]
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100


The test case stablishes that the maximum transmission bandwidth configuration transmitted by the UE shall not exceed the channel bandwidth for this transmission bandwidth configuration.
Following subclauses introduce study for test environment, test frequencies, test bandwidth, test subcarrier spacing and uplink configuration aspects.

2.1. Test Environment

Based on the baseline agreed in [1], test environment for Occupied Bandwidth measurement for FR1 can be defined as in LTE.
Proposal 1: Define Test Environment as Normal Conditions (NC) for Occupied Bandwidth measurement in FR1.

2.2. Test Frequencies

In LTE, Occupied Bandwidth measurement is considered an agnostic-frequency measurement, meaning that the maximum channel bandwidth transmitted by the UE remains the same with the independence of the EARFCN being tested. 
In NR FR1, there are several bands with a high bandpass, spanning in some case up to 900 MHz at high frequencies. In Table 5.2-1 in [3], the operating band definition for each band is presented. In the following table, band bandwidth per NR operating band is calculated and classified in two different types as follows:
Table 2.2‑1 Bandwidth per operating band

	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high
	Duplex Mode
	Band Bandwidth (MHz)
	Type

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD
	60
	1

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD
	60
	1

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD
	75
	1

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD
	25
	1

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD
	70
	1

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD
	35
	1

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD
	30
	1

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD
	45
	1

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD
	50
	1

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD
	194
	1

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD
	85
	1

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD
	5
	1

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD
	90
	1

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD
	25
	1

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD
	35
	1

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD
	43
	1

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL
	85
	1

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL
	5
	1

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD
	900
	2

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD
	500
	2

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD
	600
	2

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 
	75
	1

	n81
	880 MHz – 915 MHz
	N/A
	SUL 
	35
	1

	n82
	832 MHz – 862 MHz
	N/A
	SUL 
	30
	1

	n83
	703 MHz – 748 MHz
	N/A
	SUL
	45
	1

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL
	60
	1


Table 2.2-1 shows the band bandwidth per operating band. NR operating bands have been classified, based on their band bandwidth:

· Type 1: Similar bands to the ones defined for LTE, with a band bandwidth lower than 200 MHz.

· Type 2: Bands with wider band bandwidth, higher than 500 MHz. 
For type-2 bands, it is needed to consider the frequency response of filters, amplifiers and other active elements in the UE, which can modify the amplitude and the phase of the signal being transmitted. This will derive in a different spectrum transmission depending on the frequency.
Observation 1: LTE test frequencies criteria, MidRange, can be reused for bands with similar bandwidth to LTE band bandwidth (≤ 200 MHz for UE Tx test cases). However, for type-2 bands with wider bandwidth, there is a need to ensure UEs properly work in the whole band bandwidth.
Proposal 2: Select Mid range as test frequency for Type-1 bands. Select Low range, Mid range and High range as test frequencies for Type-2 bands.
2.3. Test Channel Bandwidth

Occupied Bandwidth minimum conformance requirement defined in [3] is specific for each channel bandwidth.

Furthermore, in LTE all channel bandwidths supported in a band are tested.

Observation 2: Based on Occupied Bandwidth minimum conformance requirement definition and LTE test channel bandwidth selection for Occupied Bandwidth, all available channel bandwidths in a band must be tested.
Proposal 3: Select all channel bandwidths defined in a band to measure Occupied Bandwidth.
2.4. Test Subcarrier Spacing

According to Table 5.3.2-1 in [3], there is a relation between channel bandwidth, subcarrier spacing and the maximum number of resource blocks that can be allocated in each channel bandwidth and SCS combination. 
Table 5.3.2-1: Maximum transmission bandwidth configuration NRB

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

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135


Considering the maximum number of Resource blocks that can be allocated in each channel bandwidth and subcarrier spacing as shown in Table 5.3.2-1 in [3], the maximum transmission bandwidth can be calculated. Table 2.4-1 summarizes this calculation. 
Table 2.4‑1 Maximum transmission bandwidth for each UE channel bandwidth and SCS

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

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

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


Observation 2: Maximum transmission bandwidth for each channel bandwidth is achieved with lowest SCS values.
Table 5.3.3-1 in [3], show the minimum guardband for a UE channel bandwidth and SCS.
Table 5.3.3-1: Minimum Guardband for each UE channel bandwidth and SCS (kHz)

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

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	[592.5]
	552.5
	692.5
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	[945]
	905
	1045
	825
	925
	845

	60
	N/A
	1010
	990
	1330
	1310
	[1290]
	1610
	1570
	1530
	1450
	1370


The guardband is the distance between the channel edge and the transmission bandwidth edge. Narrower guardband implies higher attenuation slope in the UE transmission filter, to avoid subcarriers transmitted out of the channel bandwidth.  

Observation 3: Lower guardbands are achieved with lower SCS for the same channel bandwidth.
Proposal 4: Select the lowest SCS supported for the current channel bandwidth to test. 
2.5. Uplink configuration
Maximum transmission bandwidth configuration NRB for the selected channel bandwidth and SCS according to Table 5.3.2-1 in [3] allow the maximum spectrum utilization to measure the occupied bandwidth. 
On the other hand, maximum RB allocation depends on OFDM waveform as it is stated in Table 4.5.1.1-1 and Table 4.5.1.2-1 in [4].
Table 4.5.1.1-1: Range 1 NR UE and BS maximum RB allocation for CP-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135


Table 4.5.1.2-1: Range 1 NR UE maximum RB allocation for DFT-s-OFDM

	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	25
	50
	75
	100
	128
	216
	270
	N.A
	N.A
	N.A

	30
	10
	24
	36
	50
	64
	100
	128
	162
	216
	270

	60
	N.A
	10
	18
	24
	30
	50
	64
	75
	100
	135


Analyzing above tables, maximum spectrum utilization per channel bandwidth and SCS is obtained for CP-OFDM waveform. RB allocation defined for DFT-s-OFDM is the closest number lower of equal to CP-OFDM satisfying the RB allocation is multiple of 2, 3 or 5. 

Observation 4: CP-OFDM waveform allows to maximize the spectrum utilization for the same channel bandwidth and SCS compared to DFT-s-OFDM waveform. 

Proposal 5: Select maximum transmission bandwidth configuration NRB for the selected channel bandwidth and SCS. 

Proposal 6: Select CP-OFDM waveform to get the maximum spectrum utilization.

In LTE, the lowest modulation scheme is used to measure the occupied bandwidth, as it is the most robust modulation. Similarly to LTE, for 5G NR, the lowest modulation scheme supported for the CP-OFDM is selected.  
Proposal 7: Select QPSK modulation to test Occupied Bandwidth.
3. Conclusion
It is proposed that RAN5 discusses and agrees the following proposals for open areas described in section 2 of this document to progress on SA FR1 Occupied Bandwidth test case definition:

Proposal 1: Define Test Environment as Normal Conditions (NC) for Occupied Bandwidth measurement in FR1.

Proposal 2: Select Mid range as test frequency for Type-1 bands. Select Low range, Mid range and High range as test frequencies for Type-2 bands.
Proposal 3: Select all channel bandwidths defined in a band to measure Occupied Bandwidth.

Proposal 4: Select the lowest SCS supported for the current channel bandwidth to test.

Proposal 5: Select maximum transmission bandwidth configuration NRB for the selected channel bandwidth and SCS.

Proposal 6: Select CP-OFDM waveform to get the maximum spectrum utilization.

Proposal 7: Select QPSK modulation to test Occupied Bandwidth. 
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