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1 Introduction
In RAN4 #80bis [1], it was agreed that 

· 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. It is FFS how the guard band at the edge of a channel should be defined when different numerologies are frequency multiplied

· 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. It is important to verify both the spectrum and EVM results at the same time in order to ensure well performing and robust system 
In previous RAN4 meeting, some companies discussed carrier spectrum utilization for both single numerology and mixed numerologies together. However, it is rather confusing to mix these two cases together when defining carrier spectrum utilization. 

In this contribution, we presents our proposal on spectrum utilization definition methodology and also the considerations on how to specify spectrum utilization, taking diverse carrier bandwidth, numerology and different waveforms applied into consideration

2  Discussion
2.1 Spectrum utilization for single numerology and mixed numerology

The definition of spectrum utilization for single numerology is very clear,  however, it is not easy to define spectrum utilization for mixed numerologies scenarios due to the following reasons:
· The spectrum utilization number is numerology dependent.  It is impossible to define the similar spectrum utilization format for mixed numerologies, as that for single numerology.

· The guard band between mixed numerology can’t be specified in a static manner, since it is dependent on the power imbalance between numerologies, MCS level for the subband edge PRBs, etc, as illustrated in many companies’ contribution.  It is rather inefficient to defined a fixed guard band for extreme cases (e.g. assuming 256QAM, 3/4 code rate at band edge PRBs)
· It is preferable to treat the guard band  between mixed numerologies as implementation issue, that is to say, whether the full set of PRBs within each subband is used can be left as implementation depending on BS/UE’s decision, as illustrated in Figure 1.  RAN4 just needs to define the in-band requirements at both Tx and Rx for mixed numerology.
Considering the above reasons, we think it reasonable to define spectrum utilization only for single numerology. 
For mixed numerologies case,  BS/UE just follow the same spectrum utilization definition for each numerology applied for either carrier bandwidth edge without  assuming mixed numerologies application in the carrier bandwidth.  To be specific, 

· For the left guard band of the carrier bandwidth (i.e. guard band 1 shown in Figure 1), it is determined by the carrier bandwidth, the numerology applied on the left edge of the carrier bandwidth edge (i.e. numerology 1) and the spectrally confined techniques applied on numerology 1. 

· For the right guard band of the carrier bandwidth ((i.e. guard band 2 shown in Figure 1), it is determined by the carrier bandwidth, the numerology applied on the right edge of the carrier bandwidth  (i.e. numerology 2) and the spectrally confined techniques applied on numerology 2. 

· For the guard band between numerologies, it’s an implementation issue and has no explicit definition in the specification.

With such approach, the guard band definition is independent of the mixed numerologies in one carrier band and makes the specification clean and simple.  

Based on the above analysis, we have the following proposal:

Proposal 1: RAN4 only defines spectrum utilization for single numerology per carrier bandwidth case.

Proposal 2: For mixed numerologies per carrier bandwidth case, it is proposed to follow the same spectrum utilization definition methodology as single numerology case without assuming mixed numerologies application in the carrier bandwidth , that is to say,

· The guard band at either carrier bandwidth edges is determined by the carrier bandwidth, the numerologies applied on either edges, and the spectrally confined techniques applied on each numerology.

· The guard band between numerologies is an implementation issue and has no explicit definition in the specification.
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Figure 1: Guard band illustration for mixed numerologies per carrier bandwidth.
2.2 Spectrum utilization definition methodology 

According to the evaluation results in previous RAN1/RAN4 meeting, 
· The max. achievable spectrum utilization Y varies with numerology and carrier bandwidth
· With a given numerology and carrier bandwidth combination, the max. achievable Y varies with the spectrally confinement techniques applied (i.e. filtering, windowing).

 It is rather inefficient to define only one spectrum utilization value as LTE regardless of numerology, carrier bandwidth and waveform applied.
To strive for high spectrum utilization while allowing the flexibility in implementation, it is proposed to define NR spectrum utilization as a set of different values, say minimum, medium, and high spectrum utilization corresponding to different BS capabilities and UE capabilities ( >= 90%) , taking into account different numerology, carrier bandwidth, and applied waveform with different spectrum confinement performance. The detailed values within the set can be further investigated and the set should include values that can be achieved by either filtering or windowing, or both, with various waveform parameters.
Furthermore, having the forward compatibility in mind, NR shouldn’t define spectrum utilization only based on current devices capability and it is preferable to allow the possibility of high spectrum utilization. In other words, the specification should allow the technological advance in the next 3-5 years to be utilized, as advocated by some operators. 
We have the following proposals,
Proposal 3: Define NR spectrum utilization as a set of different values, say minimum, medium, and high spectrum utilization corresponding to different BS capabilities and UE capabilities ( >= 90%)  taking into account different numerology, carrier bandwidth, and applied waveform with different spectrum confinement performance.
Proposal 4: Within the sets of different spectrum utilization values, besides minimum and medium values, high value should be allowed at least from the forward compatibility perspective.
3 Conclusions
In this contribution, we present our views on spectrum utilization definition methodology and also the considerations on how to specify spectrum utilization,
Based on the above analysis, we have the following proposals:
Proposal 1: RAN4 only defines spectrum utilization for single numerology per carrier bandwidth case.

Proposal 2:  For mixed numerologies per carrier bandwidth case, it is proposed to follow the same spectrum utilization definition methodology as single numerology case without assuming mixed numerologies application in the carrier bandwidth, that is to say,

· The guard band at either carrier bandwidth edges is determined by the carrier bandwidth, the numerologies applied on either edges, and the waveform applied on each numerology.

· The guard band between numerologies is an implementation issue and has no explicit definition in the specification.

Proposal 3: Define NR spectrum utilization as a set of different values, say minimum, medium, and high spectrum utilization corresponding to different BS capabilities and UE capabilities ( >= 90%)  taking into account different numerology, carrier bandwidth, and applied waveform with different spectrum confinement performance.
Proposal 4: Within the sets of different spectrum utilization values, besides minimum and medium values, high value should be allowed at least from the forward compatibility perspective.
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