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Introduction
In RAN#81 meeting, a new study item on NR beyond 52.6 GHz was agreed with the following for the scope of the work [1]:
1. Identify target spectrum ranges 
· Survey on global spectrum availability and regulatory requirements (including channelization and licensing regimes)
· For 60 GHz 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 

Based on work plan of SI, this document includes design considerations and requirements beyond 52.6 GHz.
Design considerations and requirements
1.1 Physical-layer enhancements
The NR was initially decided to support up to 100 GHz frequency band and the standardizations of the frequency range 2 (FR2) have been completed. The follow-up studies for the V and W-band (up to 114.25 GHz, called FR4) will start in Rel-17/18. NR design of this high spectrum is noteworthy because it provides not only ultra-wide bandwidth (–20 GHz), but also various opportunities such as coverage enhancements with backhaul, and relay, service deployments with industrial IoT, private network, and V2X with licensed/unlicensed spectrum, and the manufacturing of compact form-factors as shown Fig.1. 
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Fig.1 Deployment scenarios above 52.6 GHz

However, there are several barriers for commercialization: an increase in pathloss by attenuation of moisture/oxygen, an efficiency loss in device (PA, switch, mixer) by interference and attenuation through the circuit/device, and an increase of shadowing by reflection and diffraction with a short wavelength. In order to handle these issues, new and reforming of physical layers are required. First is to adopt new waveform. CP-OFDM waveform works well in multipath channels but has penalty in coverage perspective due to innate PAPR issue. Since the PA efficiency is low, new waveform having a lower PAPR can be introduced and many physical channels will be re-designed accordingly. Second is to enhance beam operation. More antennas achieve higher beam gain but the beam-width is much smaller, thus increasing the number of beams will be needed to support the cell coverage. Since the beam operation is inefficient and relatively slow in Rel-16, there is a need for evolved techniques to support massive/narrow beams. Last, but not least, is to enhance multi-cell/panel operation for high reliability and mobility. Considering propagation characteristics, it is necessary to guarantee the near-LOS condition to UEs by position and angle tracking, and point-beamforming using massive antennas. 

1.2 Range, availability, and connectivity
Considering the deployment scenario, the target range can be divided into three classes. Class for outdoor mid / long-distance such as backhaul or relay, class for short / mid-distance such as indoor or outdoor small cell, class for adjacent, near-field device or isolated area can be distinguished. Considering the currently available 70/80 GHz point-to-point (PTP), this class will support 1 to 3 km range under LOS condition and/or depending on weather condition. The inter-cell distance for outdoor small cells is assumed to be within a few hundred meters and the size of a floor or a room is assumed to be within tens of meters. Between devices or servers, less than 5 m range would be sufficient to minimize link interference.
In the case of availability, there is a difference in the region due to the climate such as rain in the outdoor. Moreover, in the case of backhaul, the reliability of the wired network should be guaranteed. For indoor scenario, there is no influence of weather condition, so it can guarantee higher availability but it should consider the availability depending on the applications. For example, for IIoT purpose, the availability should be the level of URLLC (<BLER=10-5). 
In the case of connectivity, PTP is expected to be the primary method due to HW limitation for backhaul but point-to-multipoint (PTMP) based on spatial reuse can be applied for small cell with multi-panels. In table 1, range, availability, and connectivity are summarized but the exact values in the table need to be further investigated.

Table 1: Range, available, and connectivity
	
	Target range (m)
	Availability (%)
	Connectivity

	Backhaul/fronthaul
	< [1000-3000] m
	[99.99 – 99.999] %
	[P-to-P]

	Outdoor small cell
	< [100] m
	[99. 9 – 99.99] %
	[P-to-MP]

	Indoor hotspot/IoT
	<[50] m
	[99.9 – 99.9999] %
	[P-to-MP]

	Personal area network
	< [5] m
	[99.9 – 99.99] %
	[P-to-P]



1.3 Channel bandwidth and channelization
Conventional NR supports various bandwidths of up to 400 MHz in FR2. Considering available spectrum above 52.6 GHz, it is necessary to support larger bandwidths than bandwidth supported in FR2. It is worth noting that IEEE 802.11ad/ay using 56-71 GHz has multiple of 2.16 GHz channels and the PTP service using 71 – 76 GHz band has 5 GHz and another 5 GHz in 81 – 86 GHz. In case EU, CEPT and ECC recommend multiple of 250 MHz channelization in 70/80 GHz PTP service. As the maximum channel bandwidth increases, the required sampling rate increases, and the oversampling is further required depending on the implementation. Thus the increase in the channel bandwidth should be carefully decided. Instead of increasing the channel bandwidth, the number of aggregated carriers can be increased. However, with CA, the PAPR will increase even if the SC waveform is used, and the problem becomes worse when the CP-OFDM is used. Also, in order to use wide bandwidth, there are many challenges in device implementation. This includes IF conversion, I/Q mismatch, increase of noise power, flatness of filter, and ADC, DAC performance. Consideration available bandwidth, channelization, and HW complexity, the following numerology should be considered above 52.6 GHz: subcarrier spacing, maximum channel bandwidth, number of subcarriers, FFT size, sampling rate, etc.

1.4 PA efficiency and PAPR
The maximum efficiency of the state-of-art PA is now approximately 15% or less in the 70/80 GHz band. However, in order to support the EVM requirement and the high-PAPR waveform such as the CP-OFDM, the power back-off is required and PA efficiency is further reduced. For example, if the 8 - 9 dB back-off is applied for CP-OFDM waveform, the efficiency drops to about 5%. A reduction in PA efficiency will eventually lead to a reduction in coverage, and to compensate for this, more antennas can be used with narrower beams. The increase in back-off also affects the other device requirements, for example, the dynamic range of the ADC and DAC. A higher Tx DAC effective number of bits (ENOB) is required to accommodate higher PAPR, and extra oversampling in the baseband DSP, and Tx DAC may be needed to accommodate wider channel bandwidth. Therefore, the selection of the waveform is one of the most important factors in waveform design in FR4. One thing to keep in mind is that in addition to reducing PAPR on a carrier, additional PAPR may increase when multiple carriers (carrier aggregation) are used. For backhaul purposes, performance is more important than device cost, so it may be possible to compensate for PA efficiency reduction (for example by using an auxiliary PA). In doing so, a reduction in the linear area of PA due to back-off can be reduced. However, in typical cases for mobile device, such implementation is not available.

1.5 Antennas
Depending on deploying site and also applications, various antennas can be used in millimetre communication. Concerning implementation (e.g., cost, form factor), various type of antennas can be considered for developing NR above 52.6 GHz. For example, side-lobe pattern, half-power beam width (HPBW), and maximum beam gain will depend on these antenna types. There are four types of antennas can be considered in this frequency range: Parabolic, lens, waveguide array, and patch array (see Fig. 2). There are pros and cons in these antennas but mostly, right antenna type shall be selected based on applications and device type such as using parabolic antennas for point-to-point AP, patch antennas for mobile device, and lens/waveguide antennas for small cell backhauling (see Table 2). The design of NR above 52.6 GHz should not limit the type of antennas and corresponding beamformed channel should be considered to design physical-layers. For example, looking at the maximum antenna gain, the maximum gain according to the antenna aperture is depicted in the Fig. 3. 
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Fig. 2: millimetre wave antennas

Table 2: Comparison of millimetre wave antennas
	Antenna types
	Applicable formfactors

	Parabolic
	Outdoor macro for mid/long-distance PTP

	Lens
	Outdoor small cell AP for short/mid-distance PTP

	Waveguide array
	Small cell AP, indoor AP for short/mid-distance PTP

	Patch array
	Mobile device, small cell, indoor cell for mid-distance PTP
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Fig. 3: Comparison of maximum gain for 80 GHz band. D is diameter of parabolic and lens antennas or dimension of patch and waveguide array panel. D (cm) x D (cm) panel is assumed so that the number of element can be larger than parabolic and lens antennas having same D. For parabolic, lens, and waveguide array, maximum gains are collected from state-of-the-art works in literatures while theoretic gain is plotted for patch antennas.

Along with antenna type, directional beam is mandatory in both TX and RX. To compensate the pathloss, directional beam is usually required for spherical coverage. This introduces the massive beam or limited codebook space. As a result, device should discover and track best beam from massive beam set. However, depending on UE implementation, device may or may not have high gain beam at the receiver. Enhancement on discovery and tracking to support various beam assumptions needs in both PHY/MAC.

1.6 Channel propagation
As mentioned, more antennas will be used to provide target coverage or to maintain required EIRP. As a result, beam gain is increased but beam width is reduced. The decrease in beam width results in a high correlation between the beam width and the channel that the receiver experiences. Since the multipath of the channel has directivity and also spatially correlated, the (angle, delay) spread of the channel will reduce as the beam width decreases. In other aspects, the environment in which the beam is transmitted should also be considered. For example, depending on the type of scatter present in the room, the reflection and absorption patterns will vary. Even if the number of multipath is effectively reduced by narrow beam, this reduction may not be conspicuous depending on the shape of the reflector and the texture. Therefore, experiments in consideration of beam, antenna, structure of space, various scatter situations are required for physical-layer design.
These channel conditions should also be considered for the channel model of evaluation. For example, in the case of the CDL model, since the LOS path is composed of three sub-paths with same angle, the flatness is not changed even if the beam width is reduced. In addition, the channel measurement data for 52.6 - 114.25 GHz is not enough and it is doubtful whether the accuracy of the channel model can be guaranteed now. It is also necessary to consider situations such as near LOS as well as LOS and NLOS. Examples of the near LOS situation are cases where LOS is guaranteed by a dominant wave reflecting a very high reflection coefficient such as metal, and cases where LOS situation is temporally maintained due to blocking of a moving object in most cases.
1.7 Phase noise
Increasing the phase noise with increasing frequency is a well-known problem. An easy way to solve this problem is to use wider subcarrier spacing as used in the design of FR2 numerology. In doing so, inter-carrier interference is reduced and common phase offset can be compensated using e.g., PTRS. Using wider subcarrier spacing is also necessary to support the channel bandwidth in FR4. However, as the subcarrier spacing increases, the symbol duration decreases and the length of the cyclic prefix decreases. Although the delay spread of the millimetre band is smaller than that of the microwave band, there are still many limitations in increasing the subcarrier spacing because the delay spread is not so small in many cases. Therefore, new numerology in FR4 will be a very important criterion in waveform design.

1.8 Power consumption
Power consumption is one of the biggest problems in millimetre band communication. In addition to the process losses to the RF devices, the power dissipation in the ADCs is also very large, which results in widening the dynamic range required by the ADC when receiving high order modulation, which consumes very high power. In the uplink, the need for a new waveform is very low because it already supports single-carrier, but improvement in uplink can be considered to reduce additional power consumption. For example, a low-power transmit scheme, advanced DTX, a low-power coding scheme, and a low-power beamforming scheme can be considered.

1.9 Requirements in unlicensed band
[bookmark: _GoBack]There are several requirements in 60 GHz unlicensed band in EU regulation. These include occupied channel bandwidth (OCB), power spectral density (PSD), listen before talk (LBT), and channel occupancy time (COT). Most regulations are not significantly different from those applied in the unlicensed band below 60 GHz. However, in the case of LBT, the situation is slightly different. For use in the 60 GHz band, a beam with a small beam width is used. Depending on the receiving direction for the LBT and the beam direction used by other terminals, it may not be possible to confirm whether the adjacent terminals are used or not. Therefore, the LBT should be designed in consideration of various scenarios along with the antenna configuration of the terminal.

Conclusion
In this contribution, we discussed various design considerations and requirements beyond 52.6 GHz. We propose to have further discussion until RAN #85.
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