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1 Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #84b, 85 and 86 several OFDM-based waveform candidates have been evaluated and agreed to have cyclic prefix OFDM (CP-OFDM) as the baseline waveform for NR for both downlink and uplink. However, when multiple numerologies are supported in the same OFDM bandwidth, the performance of CP-OFDM is impacted due to the leakages of one numerology sub carriers to the other numerology. 
In RAN4#82 and 83 several contributions discussed on spectral utilization for NR. For single numerology case, it was agreed to define two values X and Y for spectral utilization. The agreement is as follows
· X% is defined as utilization required to be achievable with the Rel-15 requirements. Y% is defined as utilization not required to be achievable with the Rel-15 requirements
· How to accommodate future potential RAN4 minimum requirements for Y% utilization in scenarios 2 and 3 can be addressed according to deployment scenario and operator arrangements.
· A RAN4 minimum requirement for higher spectrum utilization Y% is considered only if it can improve system and/or user throughput compared to X% . How to evaluate system and user throughput is FFS
· Feasibility and complexity cost also need to be considered when we evaluate RAN4 minimum requirement for higher spectrum utilisation in future release
· If the analyses justify the introduction of higher spectrum utilization Y% 
· Later release specification and requirements impact is FFS
· The same BS/UE Tx Rel-15 requirements will be applicable. 
· If needed relevant BS/UE RX minimum requirements can be revised/added. 
· No impact on BS/UE TX and RX Rel-15 requirements defined for X% 
· Whether Y% is mandatory for BS/UE or not is FFS in the future release
In this contribution, we present our views on spectral occupancy for NR in sub 6GHz in order to allow for smooth co-existence with other systems.  

2 Spectral Occupancy and Co-Existence Scenario
In determining the spectral occupancy for NR in sub 6GHz we must take several facts into consideration. Some of the key items for consideration in this case are: 

· High spectral efficiency: The basic design tenet of NR calls for high spectral efficiency and therefore having a high spectral occupancy is a desirable trait for NR

· Multiple Numerologies: The RAN1 design for NR allows for having multiple numerologies (i.e. sub carrier spacing and cyclic prefix). The spectral occupancy can have a strong dependence both on the sub-carrier spacing as well as the cyclic prefix. 

· Supporting NR on Legacy LTE hardware: In some cases operators might find it attractive to support NR using existing legacy hardware. In this case supporting higher spectral occupancy relative to LTE might not be feasible due to hardware limitation. 
All of these factors seem to indicate that a single spectral occupancy may not be able to meet all of these requirements simultaneously. 

Observation 1: Various physical layer attributes and deployment consideration make it difficult to develop a single spectral confinement requirements for NR
Proposal 1: NR should target 2 spectral occupancy requirements for each band:

· Y: A high spectral occupancy requirement
· X: A low spectral occupancy requirement

· X and Y can depend on various factor such component carrier bandwidth, numerology.
Proposal 2: The value of X should be chosen for each component carrier bandwidth and numerology so that it can be supported with existing legacy LTE hardware. This applies only to legacy LTE bands. 
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Figure 1 High and Low Spectral Occupancy for NR
2.1 Co-Existence Scenarios

In a typical deployment it is often possible that adjacent carriers belong to different operators. In this case it is not possible to coordinate the spectral occupancy or the numerology between these adjacent bands. Therefore for adjacent channel co-existence we must consider the following 3 scenarios as shown in Figure 2. 
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Figure 2 Co-Existence Scenarios for NR

The co-existence of adjacent component carriers is characterized by the out of band requirements namely ACLR, ACS, and SEM (spectral emission mask). Therefore in order to allow for co-existence of NR for all of these scenarios without any kind of coordination of spectral of occupancy and numerology the out of band requirements must be independent of the spectral occupancy and numerology of each band. 

Proposal 3: The out of band requirements namely ACLR, ACS and SEM must be defined for NR independent of the spectral occupancy value and the numerology and depends only on the band and he component carrier bandwidth. 
3 UE Capability Requirements

Since in the case of NR we want to target two spectral occupancy values for reasons provided earlier, we need to consider the situation when the spectral occupancy requirement of the UE and gNB are different as shown in Figure 3
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Figure 3 Co-Existence of UE and gNB Spectral Confinement

In the case of LTE this is usually not a problem since the spectral confinement of LTE at the eNB and the UE were always the same. However in the case of a mis-match we need to guarantee that NR gNB and UE can inter-operate without any implication on the system performance. Therefore for smooth operation we need to guarantee the following

· Measurement bandwidth in the DL for RRM, beam management and for CSI are defined consistently such that both the gNB and the UE can operate on those bandwidth and perform the aforementioned measurements. 

· Sounding bandwidth in the UL for beam management and CSI are defined consistently such that both the gNB and the UE can operate on those bandwidth and perform the sounding. 

· Scheduling of any control or data channel (such as group common PDCCH, PDCCH, PDSCH, PUSCH, PUCCH) happens over a range of PRB that can be supported by both the gNB and the UE. 

Proposal 4: It should be possible to operate the system without any impact even though the spectral occupancy capability of the gNB and the UE can be different. This should also allow the network and the UEs to migrate from a low spectral occupancy to high spectral occupancy or vice versa. 

The RAN1 and RAN2 specifications in NR are such that the system bandwidth for physical channel demodulation as well as for the reference signals (e.g. CSI-RS, DM-RS, etc) are UE specific. This allows the system to adopt the bandwidth for demodulation and measurement to a value that is usable by both the gNB and the UE. However in order to do so the network needs to be aware of this capability of the UE. In other words the network needs to be able to tell which UEs can handle a high spectral occupancy (i.e. operate at Y) and which UEs cannon handle high spectral occupancy (i.e. operate at X). Since the signalling for this is handled in other working groups our proposal is inform them of such a decision

Proposal 5: RAN4 should indicate to RAN1 and RAN2 about the possibility of having 2 different spectral occupancy values in NR and the need for this information to be available at the gNB including the capability of the UE

4 Conclusion
This contribution analyzed the need for having multiple spectral occupancy requirements in NR and associated definition of requirements on ACLR, ACS, SEM etc in order to allow for smooth co-existence in adjacent bands without the need for any coordination and/or signaling. This document also analyses the impact of multiple spectral occupancy requirements from a perspective of co-existence of a gNB and UE and the required signaling to achieve that. We make the following proposals. 
Proposal 1: NR should target 2 spectral occupancy requirements for each band:

· Y: A high spectral occupancy requirement

· X: A low spectral occupancy requirement

· X and Y can depend on various factor such component carrier bandwidth, numerology.
Proposal 2: The value of X should be chosen for each component carrier bandwidth and numerology so that it can be supported with existing legacy LTE hardware. This applies only to legacy LTE bands. 
Proposal 3: The out of band requirements namely ACLR, ACS and SEM must be defined for NR independent of the spectral occupancy value and the numerology and depends only on the band and he component carrier bandwidth. 
Proposal 4: It should be possible to operate the system without any impact even though the spectral occupancy capability of the gNB and the UE can be different. This should also allow the network and the UEs to migrate from a low spectral occupancy to high spectral occupancy or vice versa. 

Proposal 5: RAN4 should indicate to RAN1 and RAN2 about the possibility of having 2 different spectral occupancy values in NR and the need for this information to be available at the gNB including the capability of the UE
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