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1. Introduction

In order to support wide range of services, 5G NR system aims to be flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable in an efficient manner. In particular, NR considers supporting potential use of frequency range up to 100 GHz (ref. TR 38.913).  

NR specifications that have been developed in Rel-15 and Rel-16 define operation for frequencies up to 52.6GHz, where all physical layer channels, signals, procedures, and protocols are designed to be optimized for uses under 52.6GHz. 

However, frequencies above 52.6GHz are faced with more difficult challenges, such as higher phase noise, larger propagation loss due to high atmospheric absorption, lower power amplifier efficiency, and strong power spectral density regulatory requirements in unlicensed bands, compared to lower frequency bands. Additionally, the frequency ranges above 52.6 GHz potentially contain larger spectrum allocations and larger bandwidths that are not available for bands lower than 52.6 GHz. 

2. Discussions
According to the SID [1], the first essential scope is the waveform for DL and UL to support frequency above 52.6 GHz. There are several challenges that are identified for such high frequency band. These challenges are more related to the RF front restriction. One issue is the tradeoff between carrier frequency and the phase noise. It is natural that the phase noise variance is proportional to the carrier frequency, similar to the Doppler spread. Thus, an efficient solution to relieve the phase noise is to increase the subcarrier spacing. Thus, when designing a suitable subcarrier spacing for 52.6 GHz above frequency, the phase noise impact as well as the Doppler spread impact should be considered and simulated. 

Proposal 1: simulations should be conducted to see how subcarrier spacing increase could relieve the impact from the phase noise and the Doppler spread at above 52.6 GHz carrier frequency. 

The second issue is the maximum supported BWP bandwidth. In FR1 and FR2, the max supported BW is related to 3300 usable subcarriers. However moving towards potentially increased subcarrier spacing, the max supported BW might significantly increase. For instance, for a subcarrier of 480 KHz SCS, the max supported BW might increase up to 1.58 GHz, in this case we should study if this high band can be supported by realistic DAC/ADC. 

Proposal 2: the max supported BW of the BWP should consider the cost of the DAC/ADC. 

The third issue is the signal peak to average power ratio (PAPR). It should be studied that the efficiency of the power amplifier at such high frequency and the EVM degradation due to the non-linearity of the PA. Moreover, PAPR reduction technique should also be studied such as using DFT-S-OFDM for both DL and UL. For this study, a concrete PA model reflecting the non-linearity character of above 52.6 GHz frequency is needed. 
Proposal 3: study the performance of DFT-S-OFDM for both downlink and uplink, taking into account the realistic PA model. 

Finally, we propose to denote FR3 as the symbolic term for 52.6GHz to 71GHz for the purpose of simplicity. 
Proposal 4: consider to use FR3 to represent the carrier frequency band 52.6GHz to 71GHz. 
3. Conclusion
In this contribution, we discussed the potential issues and the potential solutions to address the issues. Based on our analysis, we raise the following proposals. 
Proposal 1: simulations should be conducted to see how subcarrier spacing increase could relieve the impact from the phase noise and the Doppler spread at above 52.6 GHz carrier frequency. 

Proposal 2: the max supported BW of the BWP should consider the cost of the DAC/ADC. 

Proposal 3: study the performance of DFT-S-OFDM for both downlink and uplink, taking into account the realistic PA model. 

Proposal 4: consider to use FR3 to represent the carrier frequency band 52.6GHz to 71GHz. 
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