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1	Introduction
One of the objectives of the RAN Plenary study on NR beyond 52.6GHz according to the SID [1] is: 
3. Identify NR design requirements and considerations on top of regulatory requirements 
In this contribution we present our views on NR design requirements and considerations which we believe are important for NR operation beyond 52.6GHz. 
2	Characteristics of NR>52.6GHz op 
NR beyond 52.6GHz encompasses NR operation between 52.6GHz and 114.25GHz [1] which includes both licensed and unlicensed bands. 
Some of the important aspects to consider for NR operation at these very high frequencies are summarized as:
· Increased phase noise 
· GHz bandwidths
· Cyclic prefix (CP) overhead
[bookmark: _GoBack]One common difficulty in these very high frequency bands is the increased phase noise. To achieve high performance, the phase noise needs to be compensated. OFDM waveform can effectively handle different phase noise from one OFDM symbol to another with the conherent phase noise within the same OFDM symbol.  For a given SCS, the phase noise needs to be coherent within a time duration of T = 1/SCS. On the other hand, single-carrier (SC) waveforms allow additional phase noise correction in time within an OFDM symbol duration by distributing phase noise reference signal (PTRS) hence posess an inherent advantage to cope with phase noise. 
As reported in the SI TR [2], opereation in these bands may entail transmission bandwidths in the excess of GHz’s. This super-wideband channel bandwidths set the processing complexity of the gNBs and UEs operating on these bands which we should carefully watch in order to guarantee feasible implementations with reasonable complexity. For these large bandwidths, it is necessary to consider increasing the SCS w.r.t. those values considered thus far for NR (e.g., NR supports 120kHz for data channels as largest SCS). The following increased SCS values should be considered: 960kHz, 1.92MHz and 3.84MHz. The higher the SCS, the better hanlding of phase noise there is, however, at the expense of a larger cyclic overhad as explained below. 
Frequency domain based processing rely on ISI free transmissions. ISI free transmission is typically attained by the insertion of a cyclic prefix (CP) prior to every block of symbols which are meant to be processed jointly in frequency domain. While CP duration typically is governed by the expected channel delay spread of the deployment in question, the relative overhead of the CP depends on the symbol duration itself. Shorter symbols entail larger CP overhead and vice-versa. Larger SCS entails shorter symbol durations, and hence, larger CP overhead. CP duration to OFDM symbol duration ratio is kept the same in NR for differet numerologies, for this reason, the CP overhead remains the same across SCSs in NR.  
In order to maximize the usability of this spectrum at reasonable deployment costs, coverage becomes a critical measure. Next section will discuss techniques that one can exploit to maximize coverage at these very high frequency bands. 
2.1	Coverage enhancing techniques
In this section we cover some coverage enhancement techniques which should be looked at carefully:
Reduced PA backoff: The lower PAPR enables the possibility of reducing the necessary PA backoff for transmission. Therefore, the difference in PA backoff between different transmission candidates equates into a direct coverage gain. 
Single-carrier waveforms enjoy lower PAPR than multi-carrier based waveforms, e.g., OFDM. As a resut, the waveform choice for NR definition beyond 52.6GHz needs to be considered. 
Beamforming: transmissions at these very high frequency ranges are well suited for analog beamforming which increase coverage while reducing interference to adjacent communication links. At this very high frequency ranges, pencil-beams are possible, however, how many antenna elements one can pack for a given frequency range, effectively. highly depends on the actual maximum EIRP limits. 
Note that certain bands have lower EIRP limits (e.g., 60GHz band has 40dB EIRP limit) while others haver larger EIRP limits (e.g., 85dBm in 71-76GHz and 81-86GHz bands). 
Limited BW operation: Channel estimation loss at very low SINRs has been identified to be one of the main limiting factors in enabling reliable communications at low SINRs (cell-edge). Limited BW operation has been proven to be an efficient technique to improve channel estimation at low SINRs by increasing the corresponding PSD of the limited BW transmission. 
2.2	Waveform
Note that some of the aspects discussed in this contribution, namely, ability to handle increased phase noise and reduced PA backoff, grant the merit of investigating SC waveforms for NR>52.6GHz. 
NR Rel-15 defines CP-OFDM for the DL, and CP-OFDM and DFT-S-OFDM for the UL. Note that DFT-S-OFDM based UL is limited to single layer transmissions (no MIMO). 
SC waveforms provide an advantage in terms of better handling of phase noise and reduced PA backoff. Those should be looked at in conjunction with air-interface impact and network/device complexity when investigating the suitable choice of waveform for NR>52.6GHz.
Note that the same single waveform solution for the entire range of 52.6GHz through 114.25GHz also requires careful consideration vis-à-vis implementation and commercial aspects. 
3	Conclusion
In this contribution we have presented the main characteristics defining bands beyond 52.6GHz. These characteristics, in our opinion, should shape the design of NR for operation at these very high frequency bands, including the possibility of a new waveform choice. 
We propose to continue discussing these aspects to improve our understanding of what it will take to define NR for these bands and to have a better handle of the different trade-offs (e.g., performance, complexity, time-to-market, development, etc.). 
The range between 52.6GHz and 114.25GHz is very wide, namely 61.65GHz. As such, it is important to consider whether a single solution to address NR beyond 52.6GHz is adequate. 
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