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[bookmark: _Ref531021995]Introduction
This document identifies design requirements and considerations for NR beyond 52.6 GHz that are on top of regulatory requirements.  Specifically, frequencies greater than 52.6 GHz will require power-efficient waveforms, larger carrier bandwidths, larger numerology, enhanced beam management and enhanced path diversity.  These enhancements may impact physical signals, slot structures and channels, synchronization, initial access, control and data transmission.
Design requirements and considerations
The frequency bands beyond 52.6 GHz contain large spectrum allocations and support higher capacity and higher bit rate use cases than lower mmw bands. The main challenges are increased path loss and less efficient RF components.  The larger number of antenna elements can be accommodated in the same form factor as in lower mmw bands thus compensating for the pathloss and providing comparable LoS coverage. Also, a dense network deployment is needed in dense urban and indoor environment.  In light of these benefits and limitations, specific enhancements to NR must be considered to operate effectively at these higher bands.
Concepts for study:
· Larger carrier bandwidth -- frequencies above 52.6 GHz will inherently allow for larger bandwidths as one simply considers the ratio to carrier frequency and the likely bandwidths of available spectrum.  NR deployments at 90 GHz may consider 3 times the carrier bandwidth than those at 28 GHz.  Component carriers > 400 MHz should be studied.
· Waveform design – Relevant considerations that will influence the choice of waveform will include:
· Power efficiency: low PAPR waveforms designed to minimize PA backoff and maximize efficiency to improve overall gNB power efficiency.  
· Demodulation complexity: Simultaneously with power efficiency, the complexity of the waveform for demodulation must also be considered, insuring that complexity for both modulation and demodulation must be kept reasonable.
· Numerology: Frequencies above 52.6 GHz will inherently allow for larger bandwidths and therefore require, for example, larger subcarrier spacings than those defined in Rel 15.  For multi-subcarrier waveforms, subcarrier spacings > 240 kHz should be studied.
· [bookmark: _GoBack]Enhanced beam management – To keep the antenna aperture constant and maintain the link budget in the face of greater pathloss, larger arrays will be required and thus imply that narrower beams must be managed.  These larger arrays will also increase the number of beams which must be scanned.  Methods for managing narrower beams and greater number of beams should be studied.
· Enhanced path diversity – The narrow beams achieved with the larger arrays may result in a higher reliance on LoS paths.  To improve coverage at these frequencies, methods for improving path diversity—increasing the probability of LoS paths—should be studied.  Some examples may include collaborate MIMO techniques or same frequency multi-connectivity techniques.
Whilst every effort should be made to re-use existing techniques defined NR Rel 16 specifications, the above concepts will have design implications for NR and their impact must be studied.  Specifically, the above may impact the design of physical signals, slot structures and channels, synchronization, initial access, control and data transmission. Furthermore, diversity solutions may have impact on the higher layers and network aspects.  The impact on higher layers and network aspects should also be studied.
New use cases such as environmental sensing will require changes to the air-interface to allow the UE to transmit and receive echoes for radar applications and may all be used for UE calibration such as digital pre-distortion.
Summary
This document has identified design requirements and considerations for NR beyond 52.6 GHz that are on top of regulatory requirements.  Enhancements for frequencies greater than 52.6 GHz will require power-efficient waveforms, larger carrier bandwidths, larger numerology, enhanced beam management and enhanced path diversity.  Furthermore, these enhancements may impact physical signals, slot structures and channels, synchronization, initial access, control and data transmission.
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