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Background
In RAN#82 a RAN-level Study on NR beyond 52.6GHz SID was updated, and its skeleton was approved. 

The following work-plan is described:
· RAN#81: TR skeleton
· RAN#82-84: Objective 1
· RAN#83-84: Objective 2 and 3
· RAN#85: Conclude the SI and approve the TR 

where the Objectives are given to be:
1. Identify target spectrum ranges 
· Survey on global spectrum availability and regulatory requirements (including channelization and licensing regimes)
· For 60GHz bands, TR 38.805 can be a reference.
1. Identify potential use cases and deployment scenarios
1. Identify NR design requirements and considerations on top of regulatory requirements 

	In this contribution we present consideration on design requirements for NR beyond 52.6GHz. 
Discussion
NR already supported both FR1 and FR2, so when NR above 52.6GHz will be study, then it is necessary to inherit current NR system as much as possible. However, obviously, due to varying channel characterises and NR defined requirements in TR 38.913, then additional design requirements on NR beyond 52.6GHz should be considered. In the Chapter, our initial considerations on design requirement are shown below.
Design requirement for Gpbs throughput 
In the bands above 52.5GHz, not only pathloss and penetration loss are typically worse comparing lower bands; but also some typical band located beyond 52.6GHz happens to be oxygen absorption. Take 60GHz for example, a observe peak in attenuation can be found due to the presence of oxygen. On top of the already severe path loss, oxygen absorption would further reduce the received signal power in potential development outdoor scenarios.
a) Advanced multi-antenna technology with Beamforming
In the mmWave, especially beyond 52.6GHz, in order to compensate much poorer free space pass loss and the obstruction loss, even from people or foliage, beamforming technology is an important transmission mechanism. Beamforming is advantageous to the performance improvement for the communication above 52.6GHz. High frequency uses narrow beam modes transmission message for the signal energy concentration for target user. However, this feature also will probably bring a serious hidden nodes problem because the narrow beam is difficult to detect by neighboured users. 
b) Channel Bandwidth
In order to satisfy up to 10 Gbps throughput, at least 400MHz should be support. Moreover, numerology shall be further considered, such as 240kHz or wider SCS (sub-carrier spacing) if considered multi-carrier waveform. 

Design requirements for RF chain impairments/imperfection
Most mmWave RF components in transmitters and receivers exhibit nonlinear transfer characteristics. Among them, the power amplifier is known as the most dominant nonlinear source in the transmitter. This problem is more challenge wireless systems above 52.6GHz, for example silicon-based integrated power amplifiers which are desirable for low-cost solutions cannot provide enough radiation power transmission while keeping high linearity [1].
a) PAPR (peak-to-average power ratio) and CM (cubic metric)
[bookmark: _GoBack]Nonlinear distortion strongly depends on the operation point of a power amplifier, which is mainly determined by input signals that pass through an amplifier. The PAPR and CM are commonly used to characterize the dynamic range of input signals and reduction in power capability or power de-rating of a typical power amplifier respectively. Moreover, evaluated cumulative distribution function (CDF) of the PAPR of wireless system above 52.6GHz is shown as the probability that a given PAPR is larger than a threshold PAPR value in the time domain. Therefore, it is important to design PAPR and CM reduction scheme for resolving low PA efficiency.
b) EVM (error vector magnitude)
For a given input signal with a specific PAPR value, a power amplifier is adjusted to meet the RF spectral mask and EVM, which EVM is defined as the magnitude of the error vector with respect to the input signal vector. The third-order and higher odd-order inter-modulation induces not only nonlinear distortions in the band of interest but also causes spectral re-growth in adjacent channels. This out-of band nonlinear distortion may seriously interfere with other signals in the adjacent channels. Therefore, it is necessary to restrict the adjacent channel interference ACI by defining RF spectral masks. Especially, the accuracy of the modulated signal after passing through a nonlinear power amplifier can be characterized by EVM measurement. Hence, co-existence of different numerology subband and decreasing guardband are possible ways for outband leakage suppression.
c) Robustness on frequency offset and phase noise
Carrier frequency offset and phase noise is much higher in spectrum beyond 52.6GHz because of imperfection of PA and crystal oscillator is more severe than that of lower bands. In addition, Doppler shift/spread is also larger with the carrier frequency increasing. As a result, robustness on frequency offset and phase noise is one of the key requirements for systems operating on bands above 52.6GHz.
Design requirements on spectrum aspect
a) Support License and Unlicensed operating  
On the one hand, ITU-R will conduct and complete in time for WRC-19 the appropriate studies to determine the spectrum needs for the terrestrial component of IMT in the frequency range between 24.25 GHz and 86 GHz, in which both 66-76GHz and 81-86GHz, as candidate bands, have been included. On the other hand, some countries allocated frequency between 57GHz and 66GHz for unlicensed communication [2]. 
Therefore, 60GHz (57-66GHz) and 70GHz (66-76GHz, 81-86GHz) are two typical frequency carriers for further study, and from our perspective, it is unnecessary to distinguish license and unlicensed for discussed on potential waveform in the initial study period.
b) Coexistence requirement with 802.11 ad/ay and others
In IEEE, 802.11ay operates on 60 GHz as improvements of 802.11ad; as well as its targets are extremely high transmission rates and larger transmission distances comparing with other technologies. 802.11ay’s features include channel bonding and MU-MIMO techniques, which could be further considered in the design of NR unlicensed or licensed spectrum operation on 60 GHz [3]. Therefore, NR beyond 52.6GHz shall coexistence with 802.11ad and 802.11ay on the 60 GHz, as one of typical bands. Furthermore, Vehicle Radar ranging application also can be found from approximately 76 to 77GHz in some countries, such as China, Japan, Korea and so on.
c)    OOBE (Out of Band Emission)
In bands beyond 52.6GHz, most frequency bands are unlicensed spectrum and the guard band is much larger with the same overhead ratio compared with lower spectrum due to much wider system band, so more rigorous OOBE requirement may be needed to alleviate the emission power onto neighbour bands and to increase the frequency efficiency.
 
d) Support flexible bandwidth usage
Supporting flexible bandwidth usage is required to accomomdate various services with different requirements(such data-rate, packet size, reliability, etc.). Besides, UL transmission are usually power limited, thus transmitting data with partial bandwidth may be more reasonable in these cases taking RS power and the channel estimation accuracy into account.
[bookmark: OLE_LINK3]Conclusion
This contribution provides consideration on design requirements for NR beyond 52.6GHz. Advanced multi-antenna technology with Beamforming will improve NR system performance above 52.6GHz; and wider system bandwidth required re-considering NR numerology. Meanwhile, in order to keep PA efficiency, both PAPR, CM and EVM are significant design requirements. More specifically, theses requirements have been shown in the discussion part. 
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