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In RAN #82 meeting, the WID [1] of NR-based Access to Unlicensed Spectrum was approved, and the following consensuses were achieved:
· Subcarrier spacing for control and data channels supporting 15 kHz, 30 kHz, and 60 kHz (air-interface perspective; optionality to be discussed separately).
· Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
Considering the different RF requirement for unlicensed bands, the following issues should be investigated and specified in NR-U WI:
· Feasibility of increasing the number of usable PRBs for different numerologies and channel bandwidths in unlicensed bands, and if found feasible, specify such support.
· RF requirement for one serving cell with bandwidth > 20MHz, e.g. OOB requirement. 
In this contribution, the spectrum utilization for NR-U, especially for the 20MHz carrier bandwidth configured with 60 kHz SCS is studied. Also the OOB requirements for carrier bandwidth larger than 20MHz are discussed. This is a resubmission of R1-1901255.
Spectrum utilization for unlicensed bands
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


For unlicensed band, similar configuration as R15 could be considered as a starting point. Since the operating bandwidth in NR-U should be an integer multiple of 20MHz, and different numerology will be supported. In this section, 20MHz, 40MHz and 80MHz bandwidth are considered with 15 KHz, 30 kHz and 60 kHz SCS, respectively. If the transmission bandwidths follow the same configurations as NR R15, the corresponding spectrum utilization should be:
	SCS [kHz]
	20 MHz
	40 MHz
	80 MHz

	
	NRB (SU)
	NRB (SU)
	NRB (SU)

	15
	106 (95.4%)
	216 (97.2%)
	N.A

	30
	51 (91.8%)
	106 (95.4%)
	217 (97.7%)

	60
	24 (86.4%)
	51 (91.8%)
	107 (96.3%)


It can be found that the spectrum utilization 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. 
In figure 1, we evaluate the out of band emission for 20MHz carrier bandwidth assuming increased number of available RBs. It is observed that increasing the number of available RBs to 26 in 20MHz carrier bandwidth does not violate the transmitter spectrum mask in band 46. Besides, NR-U support PRB-based interlace for UL transmission, and there are some prime numbers in current configurations, e.g. 107 RBs for 80MHz. Increasing the RB number is beneficial for the interlace design since it could provide more interlaces and improving the flexibility of resource allocation. 
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:  RAN4 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.   

[image: ]
Figure 1. Operating band unwanted emissions of 60 kHz SCS in 20MHz with 26 usable RBs
In LTE LAA for band 46, out of band emission is only defined for 20MHz carrier bandwidth [3] [4]. In Figure 2 and Figure 3, we further evaluate the OOB for 40MHz and 80MHz carrier bandwidth assuming the existing spectrum utilization in NR R15. It is observed that OOB requirement for 20MHz CC in LTE LAA cannot be satisfied. The spectrum mask in ETSI regulation or IEEE 802.11ax can be taken into account when defining OOB requirement for NRU for carrier bandwidth larger than 20MHz.  
Proposal 2: Out of band emission for carrier bandwidth larger than 20MHz should be defined in 3GPP.   
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Figure 2. Operating band unwanted emissions of 60 kHz SCS in 40MHz with 51 usable RBs
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Figure 3. Operating band unwanted emissions of 60 kHz SCS in 80MHz with 107 usable RBs
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:  RAN4 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.  
Proposal 2: Out of band emission for carrier bandwidth larger than 20MHz should be defined in 3GPP.   
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