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1 Introduction
An objective of the study item [1] is to identify and develop technology components being able to supporting NR from 52.6 GHz to 71 GHz. 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, when frequencies go beyond 52.6 GHz, several notable challenges, such as higher phase noise, larger propagation loss, lower power amplifier efficiency, compared with lower frequency bands. In this contribution, we discuss on high frequency bands bring new system design challenges due to different behaviour of propagation environment.
2 Discussion 
When frequencies go beyond 52.6 GHz, several differences compared with lower frequency bands are seen:

1. 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. The large bandwidths likely mean higher subcarrier spacing and hence a small symbol block size. The large bandwidths also mean the analog to digital and digital to analog converters use significantly more power.
2. Beamformed transmission and reception over a massive MIMO (m-MIMO) structure is an essential element of high bands to compensate the large air propagation loss. Therefore, high frequency bands are predominantly noise limited instead of interference limited in low frequency bands. In a noise limited network, transmit power level is crucially important to fulfil link budget/coverage requirements. Furthermore, delay spread of a beamformed channel is very small even in non-line-of-sight scenario.
3. A small radius high band access point is not commercially feasible unless massive number of RF components are economically cost effective. Low cost of RF architecture and circuitry as well as technical challenges to design IF and RF components in high frequency bands lead to relatively larger hardware impairments in comparison to low frequency bands. The impairments are listed as follows:
· PAs will be less efficient 
· The phase noise will be worse, possibly even needing to be tracked within a symbol block
Observation: When frequencies go beyond 52.6 GHz, several notable differences from below 52.6 GHz are seen:

· Larger bandwidths are available above 52.6 GHz, 

· the large bandwidths likely mean higher subcarrier spacing and hence a small symbol block size.
· to support large channel bandwidths, both wide band A/D and D/A converters and wide band radios are needed
· To compensate for the significant path loss occurring in the frequency bands above 52.6 GHz, highly directive beamforming needs to be used
· Systems operating above 52.6 GHz exhibit significantly higher phase noise compared to the lower frequencies 
· PAs will be less efficient above 52.6 GHz
Based on the above observations, cyclic-prefix single carrier modulation seems a natural choice for the following reasons: 
Low PAPR
Large power back-off may reduce the negative impacts of nonlinear PAs but it achieves at the expense of link budget and coverage loss which are crucially important for a noise-limited high-band network with large propagation loss. Low peak to average power ratio (PAPR) can be achieved meaning the PAs can be driven harder and hence generating a higher transmit power and resulting in longer battery life for the UE. Since in high frequency bands tend to a noise-limited high-band network, this increase in transmit power can even improve the downlink coverage.
Robustness to Phase noise
In high frequency bands, phase noise level and loop bandwidth of oscillators and PLLs are significantly higher than that of traditional wireless systems in the lower frequency bands. As a result, phase noise is a fast changing random process that has to be tracked in time domain even within a symbol block duration. Single carrier modulation has data symbols which are sent in the time domain.  The implication in the presence of phase noise means that after equalization the phase noise can be easily tracked in time on sub-blocks of symbols within the symbol block.
According to above discussions, we have the following proposal

Proposal: Study how to reduce the negative impacts associated with PARA and phase noise in high frequency bands. 
3 Conclusion
In this contribution, we discuss on high frequency bands bring new system design challenges due to different behaviour of propagation environment. Based on the discussion, we have the following observation and proposal:
Observation: When frequencies go beyond 52.6 GHz, several notable differences from below 52.6 GHz are seen:

· Larger bandwidths are available above 52.6 GHz, 

· the large bandwidths likely mean higher subcarrier spacing and hence a small symbol block size.
· to support large channel bandwidths, both wide band A/D and D/A converters and wide band radios are needed
· To compensate for the significant path loss occurring in the frequency bands above 52.6 GHz, highly directive beamforming needs to be used
· Systems operating above 52.6 GHz exhibit significantly higher phase noise compared to the lower frequencies 
· PAs will be less efficient above 52.6 GHz
Proposal: Study how to reduce the negative impacts associated with PARA and phase noise in high frequency bands. 
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