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1 Introduction
NR Spectrum utilization has been discussed for several meetings. 
Text proposal is provided to capture the study outcome into the TR [1].
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6.1.3
NR spectrum utilization
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
· The guard band for a carrier in case of mixed numerology may be asymmetric and defined with the assumption that single numerology is applied, and the assumed numerology refers to the numerology applied at band edge. 
· The need and size of GB between two numerologies is FFS. The granularity of GB, i.e. 1 PRB or fractional PRB, will be further evaluated
· Compare filtering and windowing, 
· To decide the guard band at the edge of the channel the analysis should focus on the following aspects:
· Emission levels complying with SEM while achieving highest spectrum utilization
· EVM analysis over the entire channel bandwidth (preferably per RB)
· Impact of uneven EVM
· Impact of spectrum confinement techniques to ISI (i.e. BLER performance in fading channel)
· Complexity of spectrum confinement technique used (complexity of the filter used)
· Impact of PA over emission levels and EVM (Start with the PA models and operating points used in RAN1 evaluation. PA models with memory effects are not ruled out)
· Impact to ICI is FFS
· Impact to other timing critical procedures
· Coexistence to LTE in applicable bands
· Compare filtering and windowing, 
· To decide the guard band between different numerologies within the same channel the analysis should focus on the following aspects:
· Required in-band emissions levels (emissions from one numerology into the other)
· EVM in the subband assigned to each numerology
· Impact of uneven EVM
· Impact of spectrum confinement techniques to ISI (i.e. BLER performance in fading channel)
· Assumptions on the filter used for the EVM measurement (complexity of the filter)
· Impact of PA over emission levels and EVM (Start with the PA models and operating points used in RAN1 evaluation. PA models with memory effects are not ruled out)
· Impacts to other timing critical procedures
· Companies should provide the details of the simulation configuration and the parameters of any spectrum confinement techniques applied.
· 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.

· For spectrum utilization in cases where utilization is <90% with integer number of PRBs

· Actual use cases for these combinations of CHBW and SCS

· Number of bits that can be transmitted in 1 TTI with integer and fractional number of PRBs
Further in RAN4 NR spectrum utilization study, it was agreed in [R4-168776] that

· RAN 4 should define the Tx unit emission requirements and Rx unit selectivity requirements in the presence of predefined interfering signals.

· RAN 4 should define signal quality performance targets for Tx and Rx unit testing in predefined channels, while noting the possible balancing of EVM between Tx and Rx units.

· Independent Tx and Rx unit requirements and corresponding test setups will be defined in RAN4

Further in RAN4 NR spectrum utilization study, the following should be considered,
· Some analysis of spectral efficiency was made; more analysis is needed
· The BS narrowband blocking requirement should be considered when considering the uplink spectral utilization

· Any implications to coexistence or signaling complexity should be considered further

· Implications of needing to switch position or length of filtering need further examination

<End of TP>
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