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1	Introduction
RAN#75 agreed a work item on New Radio Access Technology in [1] with the accelerated time line for 5G NR eMBB (enhancement Mobile Broadband) services in [2]. In the NR study item phase RAN4 agreed to enhance the NR spectrum utilization above 90% to be better than that of LTE. RAN4 captured its agreements in the section 6.1.2 of TR 38.803 [3] as follows:

In RAN4 NR spectrum utilization study, it was agreed that [R4-168814]
· Carrier spectrum utilization, denoted by Y, is assumed to be higher than 90% in RAN4 future study and RAN4 requirements should be defined based on this assumption. 
· Y may depend on specific numerology and carrier bandwidth. 
· Y may depend on the BS/UE implementation complexity and declared capability. It is possible to define different value of Y for different BS/UE capabilities with compliance of related RF requirements, e.g. EVM, ACLR, SEM, etc.
In [R4-1610922], it was further agreed that,
· For some combinations of bandwidth and subcarrier spacing e.g. 10MHz@120kHz and 5MHz@60kHz, the theoretic maximum spectrum utilization Y will be below 90% when integer number of PRBs are used for the transmission bandwidth configuration as in LTE.  
· How to improve Y over 90% is FFS.
· The maximum spectrum utilization based on RAN4 requirements may vary with numerology, carrier bandwidth and different BS/UE capabilities, considering the capabilities of spectrum confinement techniques including both filtering and windowing , e.g., indicated as a range [YL, YH] for each group of (BW subset @ SCS subset) .  
· How to group (BW subset @ SCS subset) is FFS. 
· YL and YH are with compliance of related RF requirements, e.g. EVM, ACLR, SEM, selectivity, demodulation etc. 
· EVM evaluation should include high order modulations up to 256QAM.
· FFS for UE capability needed or not
Additionally, in the section of 6.1.8 “NR in-band requirements” of TR 38.803, RAN4 agreed and captured that “When RAN4 defines 5G NR requirements, RAN4 should ensure sufficiently good spectral efficiency in both single and mixed numerology cases”.

In this contribution, we discuss NR UE Tx out of band emission performance, which enable enhanced spectrum utilization compared to LTE, how to capture spectrum utilization in the NR specifications and also how to ensure good spectral efficiency for NR.
2	Discussion

LTE specification TS36.101 defines spectrum utilization indirectly by specifying how many PRBs are supported per channel bandwidth as follows:
[bookmark: _Toc368026198]5.6	Channel bandwidth
Requirements in present document are specified for the channel bandwidths listed in Table 5.6-1.
Table 5.6-1: Transmission bandwidth configuration NRB in E-UTRA channel bandwidths
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100



We see that similar requirement definition would be suitable for NR as well, naturally by considering NR channel BWs supported for below and above 6 GHz and different sub-carrier spacings supported for different frequency ranges. NR spectrum utilization could be defined using similar transmission bandwidth configuration (NRB) as for LTE but also considering valid NR subcarrier spacings in addition to NR channel bandwidths.
Additionally, RAN4 has already agreed the following subcarrier spacings in the LS to RAN1 in [4]:
· For sub 6GHz
· 15kHz, 30kHz, and 60kHz are feasible SCS
· For above 6GHz
· RAN4 has not yet reached a decision on which SCS are feasible
· 60kHz, 120kHz and 240kHz are potential candidates for SCS
· Feasibility of 480kHz is FFS

For maximum channel BWs RAN4 agreed following [6]:
· For sub 6GHz
· Maximum CBW will be further studied in range of 100MHz ~ 200MHz
· For above 6GHz
· Maximum CBW will be further studied in range of 100MHz ~ 1GHz.
· Maximum CBW to be supported for NR bands will be discussed in WI phase
· Maximum CBW mentioned above may be not applicable to all bands, e.g. for low frequency bands
· In case operator has spectrum higher than the maximum CBW, CA can be used to utilize whole spectrum
· Subsets of CBW will be discussed in WI phase.
· Whether it is possible to support the maximum CBW with CA is FFS

For the maximum FFT size 4096 was found feasible with the note there is no mandate on UE and BS implementation with respect to FFT size. 
Considering that the subcarrier spacings for sub 6 GHz frequency bands are already decided, RAN4 could already start developing the corresponding requirements for the number of PRBs for a NR given channel BW. RAN4 has not yet agreed the actual channel bandwidth options for NR, even for sub 6 GHz. As a starting point for the smallest NR channel bandwidths RAN4 should consider control channel bandwidths like NR-SS and NR-PBCH. RAN1#88 has made the following agreements related to NR-SS and P-BCH bandwidths [5]:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-SS design
· Parameter set #W associated with 15 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 5 MHz
·  Parameter set #X associated with 30 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 10 MHz
·  Parameter set #Y associated with 120 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 40 MHz
·  Parameter set #Z associated with 240 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 80 MHz
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-PBCH design
· Parameter set #W associated with 15 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 5 MHz
· Parameter set #X associated with 30 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 10 MHz
· Parameter set #Y associated with 120 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 40 MHz
· Parameter set #Z associated with 240 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 80 MHz
Thus, for 15 kHz subcarrier spacing 5 MHz could be considered as the smallest channel bandwidth and for 30 kHz and 60 kHz no less than 10 MHz. For 60 kHz even 20 MHz could be the minimum channel BW.  
As presented in our document [7] we consider 100 MHz as the Nominal max component carrier BW for sub 6 GHz but not for all SCSs. Our previous analysis considered 2048 FFT size. Based on RAN4 agreement on 4096 FFT size we find following as reasonable values for sub GHz:
Table 1: Set of numerologies for sub 6 GHz
	Subcarrier spacing [kHz]
	15
	30
	60

	Nominal max component carrier BW [MHz]
	50
	100
	FFS



50 MHz max BW could be considered for lower frequencies and 100 MHz for spectrum < 6 GHz. 60 kHz SCS we consider as an option for 5 GHz unlicensed operation but further studies are required to finalize the value. It could be somewhere in the range below 200 kHz, depending on the analysis and the availability of the spectrum.
In Figure 1, Figure 2 and Figure 3 we present simulation results for UE transmit spectrum for CP-OFDM waveform with QPSK modulation and 15 kHz, 30 kHz and 60 kHz subcarrier spacings respectively. The QPSK EVM requirement of 17,5% is met in all the simulations.
In the simulations, we have used polynomial PA-model (below 6GHz model) [8]. The simulated channel bandwidth is 10 MHz. The number of PRBs is 52 for 15 kHz SCS, 26 for 30 kHz SCS and 13 for 60 kHz SCS. For all the cases this would mean spectrum utilization of 93,6 % (more than 90% as agreed in the study item phase). At least these initial simulation results indicate that this level of spectrum utilization enhancement could be feasible for 10 MHz CBW with 15, 30 and 60 kHz SCS. The simulated cases and PRBs allow still additional UE impletion margin for taking into account the other UE implementation imperfections. Before concluding the number of PRBs per CBW and SCS e.g. for UL it is also important to validate BS receiver adjacent channel selectivity performance. Furthermore, it would be attractive to define symmetric UL and DL channel bandwidths and supported number of PRBs, it is also important to validate BS Tx and UE Rx performance for OOB emission and adjacent channel selectivity. 

[image: ]
[bookmark: _Ref477944390]Figure 1: UE Transmit spectrum for CP-OFDM waveform with 15 kHz subcarrier spacing, 52 PRBs and QPSK
[image: ]
[bookmark: _Ref477944392]Figure 2: UE Transmit spectrum for CP-OFDM waveform with 30 kHz subcarrier spacing, 26 PRBs and QPSK
[image: ]
[bookmark: _Ref477946266]Figure 3: UE Transmit spectrum for CP-OFDM waveform with 60 kHz subcarrier spacing, 13 PRBs and QPSK
Following the LTE specification principles for defining the spectrum utilization indirectly by specifying transmission bandwidth configuration NRB per channel bandwidth and subcarrier spacing for NR frequency bands below and above 6 GHz, we could use e.g. the following table for specifying NR UE transmission BW configurations below 6 GHz. In the table we have added also the first tentative figures for the number of PRBs supported for 10 MHz CBW with 15 kHz,  30 kHz and 60 kHz SCS. However, further studies are still needed to finalize these figures. 
Table x.y-z: Transmission bandwidth configuration NRB for NR frequency bands below 6GHz
	Subcarrier spacing [kHz]
	15 

	Channel bandwidth BWChannel [MHz]
	[5]
	10
	15
	20
	TBD
	[50]

	Transmission bandwidth configuration NRB
	
	[52]
	
	
	
	

	Subcarrier spacing [kHz]
	30

	Channel bandwidth BWChannel [MHz]
	
	10
	15
	20
	TBD
	[100]

	Transmission bandwidth configuration NRB
	
	[26]
	
	
	
	

	Subcarrier spacing [kHz]
	60

	Channel bandwidth BWChannel [MHz]
	
	[10]
	[15]
	20
	TBD
	TBD

	Transmission bandwidth configuration NRB
	
	[13]
	
	
	
	




3	Conclusions
In this contribution, we have discussed how to define spectrum utilization in NR and what aspects need to be studied further to conclude the necessary figures for the NR specifications. 

Based on the discussions we propose, that similarly as for LTE, NR spectrum utilization is defined indirectly by specifying the number of PRBs per NR channel bandwidth and subcarrier spacings. As subcarrier spacings and channel bandwidth for below and above 6 GHz are expected to be different, separate below and above 6 GHz requirements should be specified. In table below we have indicated how the requirements could be specified for NR frequency bands below 6 GHz in TS38.101:

Table x.y-z: Transmission bandwidth configuration NRB for NR frequency bands below 6GHz
	Subcarrier spacing [kHz]
	15 

	Channel bandwidth BWChannel [MHz]
	[5]
	10
	15
	20
	TBD
	[50]

	Transmission bandwidth configuration NRB
	
	[52]
	
	
	
	

	Subcarrier spacing [kHz]
	30

	Channel bandwidth BWChannel [MHz]
	TBD
	10
	15
	20
	TBD
	[100]

	Transmission bandwidth configuration NRB
	
	[26]
	
	
	
	

	Subcarrier spacing [kHz]
	60

	Channel bandwidth BWChannel [MHz]
	TBD
	[10]
	[15]
	20
	TBD
	TBD

	Transmission bandwidth configuration NRB
	
	[13]
	
	
	
	



Before concluding the number of PRBs per CBW and SCS e.g. for UL it is also important to validate BS receiver adjacent channel selectivity performance. Furthermore, it would be attractive to define symmetric UL and DL channel bandwidths and supported number of PRBs, it is also important to validate BS Tx and UE Rx performance for OOB emission and adjacent channel selectivity.
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