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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4 #90 meeting [1], the following agreement on spectrum utilization for unlicensed bands has been achieved:
Agreement: 
Spectrum utilization for NR-U for 20MHz with 15KHz SCS and 30KHz SCS are agreed as:
	 
	20 MHz

	15 kHz
	106

	30 kHz
	51


The spectrum utilization for 20MHz with 60KHz SCS is still an open issue. In this contribution, we study the achievable spectrum utilization value for 20MHz with 60KHz SCS, considering the relevant RF requirements.
Spectrum utilization for 20MHz with 60KHz SCS
The transmission bandwidth configuration NRB for different channel bandwidth and subcarrier spacing is specified in R15 as following [2]:
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	
	NRB
	NRB
	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
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


If the transmission bandwidths follow the same configurations as NR R15, the corresponding spectrum utilization should be:
Table 1: SU for 20MHz bandwidth in R15
	[bookmark: OLE_LINK16]SCS [kHz]
	20 MHz

	
	NRB (SU)

	15
	106 (95.4%)

	30
	51 (91.8%)

	60
	24 (86.4%)


[bookmark: OLE_LINK2]It can be found that the spectrum utilization(SU) of 60 kHz SCS with available 24 PRBs is about 10% less than that of 15 kHz SCS and 5% less than that of 30 kHz in 20MHz bandwidth. Even a dot11ax station has a higher spectrum utilization (94.5%) with 78.125 kHz SCS in 20MHz bandwidth. It is reasonable to increase the number of available to improve the SU without violating the RF requirement, such as out of band (OOB) emission, ACLR, EVM, etc.
RF requirement consideration
Out of band emission
[bookmark: OLE_LINK4]In figure 1 and 2, we evaluate both DL and UL out of band emission for 20MHz carrier bandwidth assuming increased number of available RBs. Note that there is no additional spectrum mask defined for unlicensed band in current stage, the spectrum mask for band 46 defined in LTE could be considered as a reference. Besides, the general spectrum mask is also considered. It is observed that increasing the number of available RBs to 26 in 20MHz carrier bandwidth does not violate the transmitter spectrum mask, regardless of the spectrum mask in band 46 or the general spectrum mask. 
[bookmark: OLE_LINK13]Observation 1: For 20MHz bandwidth with 60 kHz SCS, increasing the number of available RBs to 26 does not violate transmitter spectrum mask, and is beneficial for the interlace design in NR-U.
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Figure 1. DL Operating band unwanted emissions of 60 kHz SCS in 20MHz with 26 usable RBs
[image: ]
Figure 2. UL Operating band unwanted emissions of 60 kHz SCS in 20MHz with 26 usable RBs
ACLR
For operation in Band 46, the ACLR shall be higher than the value specified in 36.104[4]:
[bookmark: OLE_LINK7]Table 2: Base Station ACLR in Band 46
	[bookmark: OLE_LINK5]Channel bandwidth of E-UTRA lowest/highest carrier transmitted BWChannel [MHz] 
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	10, 20
	BWChannel
	E-UTRA of same BW
	Square (BWConfig)
	35 dB

	
	2 x BWChannel
	E-UTRA of same BW
	Square (BWConfig)
	40 dB

	NOTE 1:	BWChannel and BWConfig are the channel bandwidth and transmission bandwidth configuration of the E-UTRA lowest/highest carrier transmitted on the assigned channel frequency.



The ACLR evaluation for 20MHz with 26PRB is provide as following. In the simulation, both windowing and filtering are evaluated and the parameters applied are:
(1) Window length: 2% OFDM symbol duration (Note that the emissions masks and ACLR in unlicensed band are somewhat relaxed compared to licensed band, there is no need for longer windows)
(2) Filter length: 127 order 
It can be found that increasing number of available RBs to 26 does not violate the ACLR requirement, no matter for widowing or filtering.
Table 3: ACLR evaluation for 20MHz with 24PRB and 26PRB
	[bookmark: OLE_LINK6]
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	ACLR（dB）
(26PRB)
	ACLR（dB）
(24PRB)

	W-OFDM
	BWChannel
	49.62
	58.24

	
	2 x BWChannel
	75.95
	78.11

	F-OFDM
	BWChannel
	57.66
	58.88

	
	2 x BWChannel
	76.02
	78.18


[bookmark: OLE_LINK14]EVM
[bookmark: OLE_LINK19]In R15, EVM requirements is provides in 38.104 as following:
Table 4: EVM requirements for BS type 1-C and BS type 1-H carrier
	Modulation scheme for PDSCH
	Required EVM

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %



The following table lists the comparison of EVM performance (64QAM) for 20MHz with 24 PRBs and 26 PRBs, it can be found that for W-OFDM, the impact on the edge EVM by increasing the PRB number is slight, and both W-OFDM and F-OFDM could meet the EVM requirement.
Table 4: EVM requirements for 20MHz with 24 PRBs and 26 PRBs
	[bookmark: OLE_LINK17]
	24PRB avg EVM [%]
	26PRB avg EVM [%]

	[bookmark: _Hlk4503378]W-OFDM
	0.26
	0.27

	F-OFDM
	1.34
	1.28



Proposal 1: NR-U should consider to increase number of PRBs (e.g. 26 PRBs) for 20MHz carrier bandwidth configured with 60 kHz SCS to improve the spectrum utilization.   

Conclusions
We discussed spectrum utilization for NR-U in this contribution, based on our evaluation on operating band unwanted emissions of different bandwidths with different numerologies, the following observation and proposal were made:
[bookmark: OLE_LINK18]Observation 1: For 20MHz bandwidth with 60 kHz SCS, increasing the number of available RBs to 26 does not violate transmitter spectrum mask, and is beneficial for the interlace design in NR-U.
Proposal 1: NR-U should consider to increase number of PRBs (e.g. 26 PRBs) for 20MHz carrier bandwidth configured with 60 kHz SCS to improve the spectrum utilization.   
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