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Introduction
In RAN4#91, channel bandwidth support and spectrum utilization were discussed in [1,2] for single CC and wideband operation. Consensus was reached that 20, 40 and 80MHz channel bandwidth would be supported and 10 MHz bandwidth support was discussed for India specific sub-band. In this contribution, we discuss channel bandwidths and spectrum utilization from UE perspective.
Discussion
Band and Channel Bandwidth Support
As already discussed in [3], it is not possible to address the entire 5150-7125 MHz spectrum with a single transmit chain with good performance. It is thus suggested that if the entire range needs to be supported, one path supports 5 GHz band and the other supports 6 GHz band (note that this is also the default approach for 802.11ax). With that assumption, it will be feasible to support the same channel bandwidths than 802.11ax which is targeting at least 160 MHz as the roll-off at the band edge would not affect the channel spectrum flatness too much. Channel bandwidths were already discussed in [2], but only covered channel bandwidths currently defined in 38.101-1 Release 15. Table 1 provides the fractional BW of 20 to 200 MHz channels, which are susceptible to be supported with currently defined SCS and FFT sizes for FR1, at different frequencies with the 5 and 6 GHz bands (160 and 200 MHz channels would only be support with 60 kHz SCS).

Table 1: Fractional bandwidth versus channel bandwidth and frequency
	Freq [MHz] \ SCS [kHz]
	Channel Bandwidth [MHz]

	
	20
	40
	60
	80
	100
	160
	200

	
	15/30/60
	15/30/60
	30/60
	30/60
	30/60
	60
	60

	5150
	0.4%
	0.8%
	1.2%
	1.6%
	1.9%
	3.1%
	3.9%

	5925
	0.3%
	0.7%
	1.0%
	1.4%
	1.7%
	2.7%
	3.4%

	6425
	0.3%
	0.6%
	0.9%
	1.2%
	1.6%
	2.5%
	3.1%

	7125
	0.3%
	0.6%
	0.8%
	1.1%
	1.4%
	2.2%
	2.8%



Observation:
· Even at lowest edge of n46, 200 MHz channel bandwidth is less than the agreed 4% fractional BW criteria for NR and could thus be supported. 
· At 160 MHz fractional BW is around 3% and can be targeted for PAs operating in 5 GHz or 6 GHz bands.

Proposal 1 for NR-U channel bandwidths:
· 20, 40, 80, 100 MHz channels are introduced for NR-U in NR-U 5 GHz and 6 GHz bands
· 60 MHz channel support is FFS depending on channelization and bands definitions
· Optional support for 60 kHz SCS 160 MHz and 200 MHz channels is studied
Wi-Fi and NR Spectrum Utilization
In RAN4#90b/91, SU for 30/60 kHz SCS were discussed in multiple contributions including [1]. In Table 2, we provide a comparison of 802.11ax and NR SU and guard band for 20, 40, 28 and 160 MHz channels. The number of RBs for 80 MHz / 30 kHz SCS is assumed for 160 MHz / 60 kHz SCS NR channel.

Table 2 provides:
· NSC: total number of sub-carriers
· For 802.11ax the “w DC” column is the total number of sub-carriers while the “wo DC” column removes the sub-carriers that are nulled at DC which is more appropriate to compare SU
· For NR it is the number of RB*12
· BW is calculated using NSC and SCS in row 3
· Corresponding SU is then calculated together with the minimum guard band

When comparing SU for 802.11ax without counting the nulled DC sub-carriers with NR SU for lowest valid SCS, it seems NR and 802.11ax are very comparable. However, when looking at higher SCS cases NR does poorly when compared to 802.11ax, especially for 20 MHz 30/60 kHz SCS and 40/ 80 MHz 60 kHz SCS. This is especially surprising for 60 kHz SCS cases which should be very comparable to the 802.11ax 78.125 kHz SCS. 

The poor NR SU is further noticeable when the minimum guard bands of 802.11ax is compared with minimum guard-band for 30 and 60 kHz SCS: From 40 MHz channel onwards, 802.11ax (78.125 kHz SCS) minimum guard-band is constant and similar to NR 30 kHz SCS, but about 2x lower than the NR 60 kHz SCS case. 

Table 2: Comparison of SU and guard band for 802.11ax and NR
	
	CHBW [MHz] \ SCS [kHz]
	802.11ax
	NR

	
	
	wo DC
	w DC
	

	
	
	78.125
	78.125
	15
	30
	60

	NSC
[#]
	20
	242
	245
	1272
	612
	288

	
	40
	484
	489
	2592
	1272
	612

	
	80
	996
	1001
	N/A
	2604
	1284

	
	160
	1992
	2015
	N/A
	N/A
	2604

	BW
[MHz]
	20
	18.91
	19.14
	19.08
	18.36
	17.28

	
	40
	37.81
	38.20
	38.88
	38.16
	36.72

	
	80
	77.81
	78.20
	N/A
	78.12
	77.04

	
	160
	155.63
	157.42
	N/A
	N/A
	156.24

	SU
[%]
	20
	94.5%
	95.7%
	95.4%
	91.8%
	86.4%

	
	40
	94.5%
	95.5%
	97.2%
	95.4%
	91.8%

	
	80
	97.3%
	97.8%
	N/A
	97.7%
	96.3%

	
	160
	97.3%
	98.4%
	N/A
	N/A
	97.7%

	Min guard band [MHz]
	20
	0.43
	0.453
	0.805
	1.33

	
	40
	0.90
	0.552
	0.905
	1.61

	
	80
	0.90
	N/A
	0.925
	1.45

	
	160
	0.90
	N/A
	N/A
	1.85



Observation: Although this is partially explained by alignment rules of higher SCS with lower ones, it seems that NR-U SU and minimum guard band can be optimized for at least 60 kHz SCS if similar OOB requirements than 802.11ax are assumed. This is of further importance as extra RB may be removed to provide guard band for wideband operation with multiple BWP for LBT

Proposal 2: OOB requirements can be relaxed to similar levels as 801.11ax for NR-U and SU/minimum guard band may be revisited for 30 and 60 KHz SCS accordingly.
NR Spectrum Utilization Options for Wideband Operation
Spectrum utilization in NR-U may be further reduced in wide-band operation due to removed guard-bands between bandwidth parts it is thus important to understand which starting point is used.
To illustrate this let’s look at 80 MHz wideband operation with four 20MHz bandwidth parts, this can only be supported with a single FFT with 30kHz SCS. There are two alternatives: start from 20MHz SU and apply it four times or start from 80 MHz SU and add in-band guard bands.
Based on 20MHz SU:
· 20 MHz 30 kHz SU is 91.8% as a starting point
· Guard-bands: left=0.805 MHz, right=0.835 MHz total=1.64 MHz=4.55RB
· If in-band guard band uses the above data and since all BWP need to be on the same RB grid
· in-band guard-band needs to be 5RBs thus 2RB needs to be removed from a 4CC case
· total number of RB is 4*51-2=202RB => total SU is 90.9%!
Based on 80MHz SU:
· 80 MHz 30 kHz SU is 971.7% as a starting point
· Guard-bands: left=0.925 MHz, right=0.955 MHz total=1.88 MHz =5.22RB
· If in-band guard band uses the above data and since all BWP need to be on the same RB grid
· in-band guard-band needs to be 6RBs
· total number of RB is 217-3*6=199RB => total SU is 89.5%!
From above, the 20 MHz approach seems slightly better but nevertheless the SU is poor at 91%. So it is really important to understand which requirements will drive the guard-band:
· Using 80 MHz 11ax or ETSI based mask will allow smaller edge guard-bands than for NR and depending which mask applies for non-transmitted bandwidth parts, small in-band guard bands should be feasible
· As an example let’s start from 20 MHz NR guard-band of 0.805 MHz
· This still results in 217 total RB but then if in-band guard band could be 4RB
· Total RB is 217-3*4=205 RB => total SU is 92.2%

Observation: Depending on SU used as a starting point, the SU in wideband operation for 80 MHz with three added in-band guard-band varies from 89.5% to 92.2% which further emphasizes the need to reconsider the guard-bands assuming relaxed OOB requirements.
Conclusions
[bookmark: _GoBack]In this contribution, we discussed applicable channel bandwidths and related SU/Minimum guard band for NR-U for single CC and wideband operation. This allowed us to provide detailed observations and formulate the following proposals.

Proposal 1 for NR-U channel bandwidths:
· 20, 40, 80, 100 MHz channels are introduced for NR-U in NR-U 5 GHz and 6 GHz bands
· 60 MHz channel support is FFS depending on channelization and bands definitions
· Optional support for 60 kHz SCS 160 MHz and 200 MHz channels is studied

Proposal 2: OOB requirements can be relaxed to similar levels as 801.11ax for NR-U and SU/minimum guard band may be revisited for 30 and 60 KHz SCS accordingly.

Furthermore, SU is further impacted by in-band guard-bands with following observation.

Observation: Depending on SU used as a starting point, the SU in wideband operation for 80 MHz with three added in-band guard-band varies from 89.5% to 92.2% which further emphasizes the need to reconsider the guard-bands assuming relaxed OOB requirements.
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