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1. Introduction
Previously, the SI for NR beyond 52.6GHz was approved with following objectives:
This study item includes the following objectives for frequency range between 52.6 GHz and 114.25 GHz:
1. Survey on global spectrum availability and regulatory requirements (including channelization and licensing regimes)
· For 60GHz bands, TR 38.805 can be a reference.
2. Identify potential use cases and deployment scenarios
3. Identify NR design requirements and considerations on top of regulatory requirements 
Note: Work plan
· RAN#81: TR skeleton
· RAN#82-85: Objective 1
· RAN#83-85: Objective 2 and 3
· RAN#86: Conclude the SI and approve the TR 
In this paper, we provide our views on system design requirements for NR beyond 52.6 GHz from a UE vendor’s perspective. 
1. Design requirements
The following requirements were proposed to be considered in previous email discussion:
· Operation of wireless communications devices with low PA efficiency, and high phase noise
· PSD and EIRP limitations
· Coverage improvement to cope with harsh propagation conditions
· Support of channel bandwidths above 400 MHz 
· Agnostic system design to type of spectrum, i.e. licensed, unlicensed, or shared
· Co-existence with existing/potential radio communication technologies in above 52.6 GHz band
· Mobility support
· Inheriting physical layer channel design for below 52.6 GHz from NR Rel-15 WI whenever applicable.
In our view, some of the requirements are not covered in previous email discussion and some may not be necessary. Based on our discussion of use cases, we have the following system design considerations:
· Coverage
· Different from what are proposed in previous email discussion, we don’t think coverage enhancement should be one of the design targets. As discussed in our companion contribution [2], the major deployment scenarios might be short range, line of sight transmission. Rather than optimizing coverage under a harsh channel condition, efficient mechanisms to handle fast blockage should be emphasized. Furthermore, CA/DC with a low band could be leveraged to improve the system coverage.
· Mobility support
· Low mobility is common in all primary use cases and scenarios. Even for V2X scenarios, low relative speed between the Tx and the Rx should be assumed. High layer mobility procedures could rely on CA/DC with a low band.
· Typical throughput larger than 10 Gbps
· For example, 4k/8k video transmission may be a typical application for wireless media transfer at home/office, which requires higher than 10 Gbps throughput. 
· Consider channel bandwidths larger than 400 MHz
· To coexist with other existing/potential radio communication technologies in above 52.6 GHz band;
· To maintain a reasonable number of FFTs to reduce UE complexity;
· To reduce number of carriers considering large amount of available bandwidth for each carrier.
· Standalone and Non-standalone
· For scenarios, e.g. transmission at smart home, stand-alone may need to be supported;  
· Non-standalone e.g. DC or CA with a low band may provide system coverage and mobility support and reduce UE power consumption for cell search at high band. 
· Low latency
· For AR/VR applications, the latency should be small enough to facilitate application on wearables.
· Deployment over licensed and un-licensed spectrum should both be supported
· Un-licensed spectrum might be the major optimization use case. Licensed spectrum may naturally be supported.
· Uu and Sidelink
· Sidelink should at least be supported for ITS band
· For mobile offloading and other scenarios, Uu link should also be supported
· RF impairments due to low PA efficiency, and high phase noise
· Waveform design should take into account RF impairments in high band;
1. Initial observations for waveform
Some evaluations are conducted to compare PAPR of different waveforms. The results are summarized in the follwing figures.
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                   Figure1: PAPR comparation of different waveforms with different modulations
From above simulation results, at 10^-2 level, the difference between different waveforms deviates from less than 1dB to ~10dB. Whether such PAPR difference matters should be dependent on the link budget for typical applications. The corresponding link budget is listed in the following table.
For the transmission power of different waveforms, we consider power backoff due to PAPR at the 10^-2 level. For example, 11dB power backoff for CP-OFDM is used. Then the SNR value at different transmission distance is calculated.


	(1) Pout per element  in channel bandwidth (dbm)
	14dbm

	(2) Thermal noise density (dbm/Hz)
	-174

	(3) Receiver Noise Figure (dB)
	9.

	(4) Interference margin
	0dB consider an average interference margin in network =

	(5) Occupied channel bandwidth (Hz)
	10GHz

	(6) Antenna gain (Inc. beam forming)
	Approximate 30dB considering both transmit power gain, beamforming gain and Rx beamforming gain

	(7)Path loss in [Inh,LOS] 
	


	(8) power backoff
	Approximate target PAPR at the level 10^-2

	(9) SNR (dB)
	(1)-(8)-(2)-(3)-(4)-(5)-(7)+(6)



Figure2: Link budget assumptions


	D_3d (if fc=60GHz)
	5m
	10m
	20m

	SNR
	19dB
	13.7dB
	8.5dB


Figure3: SNR with CP-OFDM at different distance

[bookmark: _GoBack]From above table it could be seen that for typical AR/VR scenarios or high data rate media transmission scenarios, even CP-OFDM waveform could achieve satisfying SNR in Indoor D2D or Indoor Hotspot with transmission distance 20m. With 10GHz bandwidth, 10Gbps transmission data rate could be achieved with spectral efficiency larger than 1bps/Hz (SNR at 8.5dB).
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Appendix A
[bookmark: _Ref521664105]Table 1: evaluation assumption
	Assumption
	Value

	Bandwidth
	50PRB

	SCS
	480KHz

	raised-cosine (RC) filter for SC-FDE
	roll-off factor=0.22

	FDSS model
	smooth filter with 
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