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6	System Design Requirements
[bookmark: _Toc524602725]This section describe some of the system design considerations and requirements that are important for NR system operating in frequencies between 52.6 GHz and 114.25 GHz.
a)	Waveform
-	Power efficiency of power amplifier (PA): PA efficiency at higher frequency is expected to degrade and low PAPR waveforms designed to minimize PA backoff and maximize efficiency should be considered. At higher frequencies and especially in millimetre wave frequencies, output power per transistor as well as power added efficiency decrease. Waveform with high power back-off to support EVM and out-of-band emission requirements could dramatically reduce PA efficiency even further. 
-	Dynamic range of ADC and DAC: The increase in PA 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. All of these are impacted by waveform, and therefore should be carefully evaluated.
[bookmark: _GoBack]-	Modulated signal accuracy and out-of-band emission: Power amplifier is designed and adjusted to meet RF requirements, such as spectral mask emission (SEM), adjacent channel leakage ratio (ACLR), in-band emission (IBE) and out-of-band emission (OBE) requirements, and error vector magnitude (EVM) requirements. Proper RF requirements are needed to determine appropriate in-band signal quality characteristics, minimize adjacent channel interference and impact to signals in adjacent channels. Occupied signal bandwidth and guard band for a given channel bandwidth in high carrier frequencies above 52.6 GHz require further investigation.
-	Complexity and performance of waveform: Given the high data rate and high sampling rates the system is expected to operate, the complexity and performance tradeoff for waveform generation/modulation and reception/demodulation should be considered.
-	Spectrum flexibility of waveform: Use cases and frequency allocations by various government bodies may require various bandwidth to be supported. Therefore, flexibility to support different system bandwidth should be considered in the design.
-	Robustness to 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. Increasing the subcarrier spacing for CP-OFDM waveform to better cope with increased phase noise could be investigated. For other potential waveforms impact from phase noise and ability to robustly handle phase noise should be investigated.
-	Feature re-usability and design commonality with existing NR specification: It would be good to be able to support features for FR1 and FR2 as defined in NR with minimal change (if possible) and support a common design structure that could support various use cases. To that extent further considerations of using an integer ratio between clock rates of NR below and NR above 52.6 GHz should be investigated. One possibility to achieve this would be to maintain the NR numerology scaling principle but extend to higher numerologies, i.e. Δf = 2μ × 15 kHz with an appropriate range of possible integer values for μ.
b)	MIMO
-	Multi-antenna technology with beamforming: 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. There are four types of antennas can be considered in this frequency range: Parabolic, lens, waveguide array, and patch array. Some examples of types of antennas are shown in Figure 6-1 and brief comparison notes are provided in Table 6-1. 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.
[image: ]
Figure 6-1: millimeter wave antennas
Table 6-1: Comparison of millimetre wave antennas
	Antenna types
	Applicable form factors

	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



-	Maximum supported layers: Up to two spatial layer could be supported using polarization diversity. Further study on maximum supported spatial layers taking into account support for even larger bandwidths and RF design challenges is needed.
-	Enhanced beam management: Larger antenna arrays is expected to support certain link budgets in more severe propagation loss in high frequencies due to poorer free space pass loss, oxygen absorption, and the obstruction loss, even from people or foliage. This results in pencil-thin beams that require improvements in beam management robustness and overhead. Methods for managing narrower beams and greater number of beams should be studied. It should be noted depending on form factor and device, number of beams supported and beam codebook space could vary. Therefore, enhancement on discovery and tracking to support various beam assumptions should be investigated.
-	Enhanced path diversity: The narrow beams achieved with the larger arrays may result in a higher reliance on LOS paths.  To improve coverage at these frequencies, methods for improving path diversity—increasing the probability of LOS paths—should be studied.  Some examples may include collaborate MIMO techniques or same frequency multi-connectivity techniques.
-	Multi-cell/panel operation for high reliability and mobility: Considering propagation characteristics, it may be beneficial to support the near-LOS condition to UEs by position and angle tracking, and point-beamforming using massive antenna arrays.
-	Channel modeling: LOS condition with massive transmit/receive antennas are considered for relatively long distance transmission. Fixed LOS MIMO channel environments based on spherical wave modeling were not considered in TS38.901, which is primarily based on plane wave modeling. Additionally, in the case of the CDL model, the LOS path is composed of three sub-paths with same angle, and therefore channel flatness is not effected regardless of beam width. This modeling may not correctly reflect actual channel propagation conditions. Therefore, in order to better model the deployment scenarios, further considerations to the channel model should be investigated.
c)	Power consumption
-	Power efficiency in baseband:  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. Widening the dynamic range required by the ADC when receiving high order modulation can consume high power. Therefore, power efficiency in baseband should be considered for NR design above 52.6GHz. 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.
d)	Channelization and Bandwidth
-	Bandwidths for the system:  Different regulatory bodies are already provide licensed band allocation with certain bandwidth. For example, 250MHz blocks that can be aggregated to up to 5 GHz in Europe, South Africa, and Canada, 4.75 GHz blocks in UK, 5 GHz and 0.9 GHz blocks in US. Additionally, 802.11ad/ay systems currently support multiple of 2.16 GHz block in unlicensed spectrum. NR system operating in above 52.6 GHz should consider the above bandwidths in the system design. Supported bandwidth should weigh in various considerations, including channelization, and hardware complexity. Wideband implementation has various implementation challenges, such as IF conversion, I/Q mismatch, increase of noise power, flatness of filter, and ADC, DAC performance.
-	Support of configurable bandwidth: NR beyond 52.6 GHz is anticipated to operate in different bands with different maximum possible bandwidths. NR beyond 52.6 GHz should therefore – as NR does – support configurable transmission bandwidths. NR should also support relatively narrow bandwidth to improve RF and baseband power consumption and potentially to improve coverage with peak power efficiency could be important. Additionally, support of narrow bandwidth that is a subset of the system bandwidth in the UL would help benefit transmission of HARQ feedback and small payload sizes.
-	Channelization: Supported bandwidths for the system should be considered during the channelization of NR above 52.6 GHz. The channel definitions may need to factor into account co-existence with other RAT, such as IEE 802.11ad/ay systems, and various uses cases, such as ITS and V2X.
e)	Range, availability, and connectivity
-	Use cases for NR above 52.6 GHz can be divided into three classes, a class for outdoor mid / long-distance such as backhaul or relay, a class for short / mid-distance such as indoor or outdoor small cell, and a class for adjacent, near-field device or isolated area. Long distance classes, which include backhaul, can support up to 1 to 3 km range under LOS conditions and weather conditions. 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.
-	Services provided by backhaul, the reliability of the wired network should be guaranteed. For indoor scenario, can guarantee higher availability as it is not effected by weather condition but it should consider the availability depending on the application services. For example, IIoT services may require URLLC-like (e.g. low BLER of 10-5) availability. 
-	Table 6-2 show a summary of range, availability, and connectivity for NR above 52.6GHz. P-to-P in the connectivity column refers to point to point connection, and P-to-MP in the connectivity column refers to point to multi-point connection.
Table 6-2: Range, availability, 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]



f)	Spectrum regime considerations
-	Frequency range above 52.6 GHz covers not only unlicensed spectrum but also licensed spectrum. Additionally, ECC/CEPT has set 63- 64 GHz as harmonized implementation of ITS. The many of the licensed spectrum is for fixed wireless systems which are excellent use case targets for IAB. So spectrum for 52.6 GHz would need to provide system that support various target use cases spanning from unlicensed operation to V2X, IAB, and eMBB. Additionally, coexistence with 802.11ad and 802.11ay on the 60GHz unlicensed spectrum may need to be considered.
-	It would be preferred if similar system framework supports wide range of uses cases without significant specification effort or at the least the initial system framework support forward compatibility that allows extension to address various and different use cases.
g)	Other design considerations
-	Latency: For some uses cases and application services, the overall latency should be small enough to facilitate nominal operation of the application services. NR above 52.6GHz should support low latency operations.
-	Mobility support: For many use cases and deployment scenarios, low mobility is common assumption. Even for ITS/V2X use cases, low relative speed between the Tx and the Rx can be expected. Support for high mobility may not need to be prioritized as high layer mobility procedures could rely on low frequency bands with CA/DC operations.

6.1	Physical layer design requirements
Editor’s Note: this section will describe some high level design requirements for physical layer. In case specific physical layer design requirements are not identified, this section can be voided.
[bookmark: _Toc524602726]6.2	L2 and RRC design requirements
Editor’s Note: this section will describe some high level design requirements for upper layers. In case specific upper layer design requirements are not identified, this section can be voided.
[bookmark: _Toc524602727]6.3	Other design requirements
Editor’s Note: this section will describe some high level design requirements for other than physical layer and upper layers. In case specific other design requirements are not identified, this section can be voided.
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