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1. 
Introduction 
In the NR study item phase, RAN4 agreed to enhance the NR spectrum utilization above 90%, and for NR in-band requirements when RAN4 defines 5G NR requirements RAN4 should ensure sufficiently good spectral efficiency in both single and mixed numerology cases. These have been captured in TR 38.803 [1]. 

For spectrum utilization, there are two main types for implementation mostly discussed, windowing and filtering. It has been proven in [2] [3] that filtering is too complex for implementation and windowing type is preferred to be used for obtaining RB numbers for different combinations of channel BW@SCS. [4] analyzed filtering and windowing and concludes that windowing type is the only suitable approach for isolating different numerologies because filtering would imply a static assignment of RBs to each numerology. Therefore windowing type is preferred to be used for obtaining RB numbers for different combinations of channel BW@SCS.
In RAN4#82bis most companies think that the spectrum utilization work in RAN4 could proceed as below:
· Spectrum utilization is specified in terms of the number of RBs for each combination of channel BW and SCS.
Companies provide evaluated RBs for spectrum utilization for each SCS and possible channel BW based on simulations with compliant to transmitter/receiver requirements such as UEM/SEM, EVM, ACLR, narrow band blocking, ACS requirements.
In this contribution, we discuss how to capture spectrum utilization for frequency bands below 6GHz in the NR BS specification, and also how to obtain the RB numbers meanwhile ensure good spectral efficiency.
2. 
NR BS spectrum utilization below 6GHz
LTE specification TS 36.104 [5] defines spectrum utilization by specifying how many RBs are supported per channel bandwidth in the table 5.6-1 as below. With these spectrum utilization figures and reserved guard band sizes, a LTE base station could meet all in-band and out-of-band requirements such as the unwanted emission limits in Table 6.6.3.2.2-1 for Category B, ACLR requirements, EVM requirements, narrowband blocking requirements, ACS requirements, etc. [5]. 
 Table 5.6-1 Transmission bandwidth configuration NRB in E-UTRA channel bandwidths [5]
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


Table 6.6.3.2.2-1: Regional Wide Area BS operating band unwanted emission limits in band 1, 3, 8, 32, 33, 34 or 65 for 5, 10, 15 and 20 MHz channel bandwidth for Category B [5]
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215MHz ( f_offset < 1.015MHz
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	30 kHz 

	(Note 9)
	1.015MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( 

min( 10 MHz, (fmax) 
	1.5 MHz ( f_offset < 

min(10.5 MHz, f_offsetmax)
	-13 dBm
	1 MHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-15 dBm (Note 10)
	1 MHz 


In RAN4#82Bis meeting, several WFs/LS related to NR channel BWs and SCSs are approved [7]
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 \* MERGEFORMAT [8][9], or made the working assumption [6]. For bands below 6GHz, the NR maximum CBW is 100MHz (working assumption) [6], the minimum possible NR carrier bandwidth is 5 MHz [7], and for SCSs it’s agreed as below [8]:

· SCS supported for bands below 1 GHz

· 15kHz, 30kHz

· The decision of supporting 60kHz is pending RAN1 check

· SCS supported for bands between 1GHz and 6GHz

· 15kHz, 30kHz, 60kHz

· SCS supported for bands above 24GHz and below 52.6GHz

· 60 kHz, 120kHz

· 240kHz is not applicable for data

· 240 for data can be further considered if a clear benefit is shown 

· SCS support is band dependent

· RAN4 assumes others SCS at least for data may be added in a forward compatible manner in later releases

For NR BS unwanted emissions below 6 GHz, the agreements are [9]:
· Use UEM principle (band-centric) for emissions below 6 GHz

· For specific wider bands allowing wide RF channels, ΔfUEM can be larger than 10 MHz

· Investigate ΔfUEM larger than 10 MHz

· Study filter feasibility for AAS-type BS and the impact on ΔfUEM 

· The same emission levels as for LTE should be used within the frequency range (FDL_low– ΔfUEM) ~ (FDL_high+ΔfUEM).
Following the LTE specification principles for defining the NR BS spectrum utilization by specifying transmission bandwidth configuration NRB per channel bandwidth and subcarrier spacing for NR frequency bands below 6 GHz, we propose to use the table below for specifying NR BS transmission BW configurations for NR frequency bands below 6GHz for PDSCH/PUSCH single numerology case in TS 38.104. In the Table below, FFT size is assumed maximum 4096. We have also added in the table the first tentative figures based on PSD/EVM/ACLR simulations for the number of RBs supported for some channel BWs such as 10 MHz, 15MHz and 20 MHz with SCSs 15 kHz, 30 kHz and 60 kHz using the UEM mask in Table 6.6.3.2.2-1 in TS 36.104 [5] which is also recommended in waveform evaluation in RAN1. The waveform used in the simulations is the windowing type of waveform FB-OFDM option 2 [10]
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[11]. 
Proposal 1: Following the LTE specification principles, use the table below for defining the NR BS spectrum utilization for NR frequency bands below 6GHz for PDSCH/PUSCH single numerology case in TS 38.104.

Table a.b-c: Transmission bandwidth configuration NRB for NR frequency bands below 6GHz for PDSCH/PUSCH single numerology case
	Channel bandwidth BWChannel [MHz]
	5
	10
	15
	20
	TBD
	100

	Transmission bandwidth configuration NRB
	SCS=15 KHz
	
	[52]
	[79]
	[106]
	
	N.A

	
	SCS=30 KHz
	
	
	[38]
	[52]
	
	

	
	SCS=60 KHz
	N.A
	
	[18]
	[25]
	
	


Further studies and simulations are needed to finalize the figures in the table above by checking:

1) All NR in-band transmitting/receiving requirements such as the new NR edge RB EVM requirement and whole RB averaged EVM requirements, narrowband blocking, ACS, etc. and out-of-band requirements such as ACLR, etc. 
2) For wider channel BWs above 20 MHz, the UEM requirements such as ΔfUEM might will be changed, and BS PA model and output power allocation in a channel BW used in the simulations also should be clarified so that different companies could use the common PA model and output power allocation in the simulations.  
3) Inter-operator scenarios: it could be that two carriers from two operators are next to each other and operator A’s BS is not aware of the bandwidth and numerology being used by operator 2’s BS. For BS downlink, the guard band size should be carefully selected to meet the requirements such as new band edge RB EVM requirements (should be defined in NR Phase 1) and the whole RBs averaged EVM requirements considering the impact from other operator’s BS TX interference. For BS uplink, the blocking requirements need to be carefully selected to reflect the worst case scenario.
Therefore the figures in the proposed NR BS spectrum utilization table above should be finalized after all above mentioned requirements and PA model, etc. are finalized.  
Proposal 2: The transmission bandwidth configuration NRB in the proposed NR BS spectrum utilization table below 6GHz should be finalized after all NR BS in-band transmitting/receiving requirements such as the new NR band edge RB EVM requirements and whole RBs averaged EVM requirements, narrowband blocking, ACS, and out-of-band requirements such as UEM, ACLR are finalized. 
3. Conclusions

Based on the discussion in this contribution, we have the following Proposals for NR BS spectrum utilization below 6GHz:
Proposal 1: Following the LTE specification principles, use the table below for defining the NR BS spectrum utilization for NR frequency bands below 6GHz for PDSCH/PUSCH single numerology case in TS 38.104.
Table a.b-c: Transmission bandwidth configuration NRB for NR frequency bands below 6GHz for PDSCH/PUSCH single numerology case
	Channel bandwidth BWChannel [MHz]
	5
	10
	15
	20
	TBD
	100

	Transmission bandwidth configuration NRB
	SCS=15 KHz
	
	[52]
	[79]
	[106]
	
	N.A

	
	SCS=30 KHz
	
	
	[38]
	[52]
	
	

	
	SCS=60 KHz
	N.A
	
	[18]
	[25]
	
	


Proposal 2: The transmission bandwidth configuration NRB in the proposed NR BS spectrum utilization table below 6GHz should be finalized after all NR BS in-band transmitting/receiving requirements such as the new NR band edge RB EVM requirements and whole RBs averaged EVM requirements, narrowband blocking, ACS, and out-of-band requirements such as UEM, ACLR are finalized. 
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