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1 [bookmark: _Ref298777854][bookmark: _Toc458153810]Introduction
In RAN#80, a new SID on NR beyond 52.6 GHz was approved [1]. This SID is aiming to study general aspects of NR operation in above 52.6 GHz such as target spectrum range, use cases, requirements, etc., which can facilitate 3GPP’s future relevant work and includes the following objectives:
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.
2. Identify potential use cases and deployment scenarios
3. Identify NR design requirements and considerations on top of regulatory requirements
This contribution describes our view on Objective 2 for URLLC scenarios. In general, beyond 52.6 GHz spectrum can be used for both eMBB and URLLC. In this paper, we focus the discussion to the URLLC use cases only.
2 Discussion 
A clear advantage of using millimeter wave (mmW) is the availability of a large amount of underutilized contiguous spectrum, which can be used to provide services with high data rate, low latency, and high positioning accuracy.  The abundance of spectrum can also be traded for coverage enhancement through relaying.  Millimeter wave spectrum also provides high capacity due to large spectrum availability and the possibility of high spatial reuse.
The attributes of the mmW spectrum technology facilitate its usage in several use cases and deployment scenarios. In this contribution, we provide an overview for the two aspects below.
· [bookmark: _Hlk528322830]The key requirements of various URLLC requirements, including low latency, high reliability, and target user experienced data rate.
· The additional requirement of high positioning accuracy, which is also essential for some URLLC use cases.
2.1 [bookmark: _Hlk528857439]Low latency and high reliability
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Wide bandwidth and high degree of frequency reuse in mmW, due to isolation between environments, along with the native deployment of massive multi antenna systems can be used to meet requirements for a wide range URLLC uses cases, with target data rate ranging from low to high.  This can be achieved by trading spectrum for system over-dimensioning, e.g., through channel coding, alternative path/relaying to circumvent obstacles, and densifying pilot signals.  The overview of these use cases with low latency and high reliability requirements is illustrated in Figure 1.
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[bookmark: _Ref527475354][bookmark: _Ref527475353][bookmark: _Hlk526944377]Figure 1: low latency and high reliability use cases

Factory automation/Industrial IoT (IIoT)
Factory automation is main driver for industrial mass production with high quality and cost-efficiency.  In the factories of the future, static sequential production systems will be more and more replaced by novel modular production systems offering a high flexibility and versatility. This involves a large number of increasingly mobile production assets, for which powerful wireless communication and localization services are required. The corresponding applications are often characterized by highest requirements on the underlying connectivity infrastructure, especially in terms of latency and reliability. The challenge with indoor-to-outdoor dampening in the mmW band will in these scenarios become a benefit as the band offers good isolation from/to outside world, i.e., controlled interference, and the wide spectrum can be utilized to meet high reliability and low latency in a factory. 
[bookmark: _Hlk526944396]Smart grid automation
Electricity distribution possesses high requirements on service availability. In power distribution system, while lower frequencies are more suitable for inter-substation communication, intra-substation communication can be performed in mmWave. The requirements for medium and high voltage electricity distribution is summarized in Table 1.
Table 1: Performance requirements for low-latency and high-reliability scenarios [2][4].
	Scenario
	End-to-end latency
	Jitter
	Survival time
	Communication service availability
	Reliability
	User experienced data rate

	Factory automation
	10 ms
	100 µs
	~0 ms
	99,99%
	99,99%
	10 Mbps

	Electricity distribution – medium voltage
	25 ms
	25 ms
	25 ms
	99,9%
	99,9%
	10 Mbps

	Electricity distribution – high voltage
	5 ms
	1 ms
	10 ms
	99,9999%
	99,9999%
	10 Mbps



Intelligent transportation systems (ITS) and V2X
Wide mmW spectrum can be exploited to provide low latency, high reliability, and often high data requirements in various short range ITS and V2X scenarios.
Extended sensors: This service enables the exchange of raw/processed data gathered through local sensors or live video data among vehicles, pedestrians, and V2X application servers. This service helps vehicles to enhance the perception of their environment beyond what their own sensors can detect, which leads to a more holistic view of the local situation.
Precise positioning for automated driving:  Automated driving systems require highly resolved and dynamic maps to maneuver the vehicles safely, in particular as a means to provide decimeter localization which is not achieved by typical consumer-grade satellite navigation equipment. Exchanging high definition (HD) dynamic map information between vehicles is required to widen the visibility area of HD maps to enhance positioning accuracy. The V2V/V2X communication targeting automated driving requires high data rate, low latency, high reliability within communication range of 150-300 m, which can be done in mmW.
AR/VR
Wireless capacity demand is one the main drivers to use beyond 52.6 GHz spectrum. Frequencies above 52.6 GHz are interesting for high data rate use case classes due to vast availability of spectrum and possibility of high spatial reuse. The AR/VR use case is currently being considered as an example use case in Rel-16 eURLLC. According to [2]:
To support VR environments with low motion-to-photon capabilities, the 5G system shall support:
-	motion-to-photon latency in the range of 7-15ms while maintaining the required user data rate of [1Gbps] and
-	motion-to-sound delay of [<20ms].
The target data rate of [1Gbps] requires very large bandwidth. The simultaneous requirement of low latency also means that lower code rate transmission is needed to avoid or limit retransmissions, which leads to higher demand of spectrum. Spectrum in beyond 52.6 GHz frequency bands can be leveraged to satisfy such demanding requirements.
Though not explored here, other indoor or outdoor use cases that require high-data rates may also be adequately served by spectrum above 52.6 GHz. For eMBB use cases, due to the absence of low latency requirement, it may be easier to use the millimeter wave links since retransmissions at physical layer and high layer can be used effectively.  

[bookmark: _Hlk526944462]Redundant network application
In certain applications, in addition to fiber-based communication, a backup network relying on wireless technology can be used to increase maximum communication service availability. For instance, data center inter-rack connectivity can employ wireless interface as the secondary/tertiary interfaces in lieu of fiber optics failure. Millimeter wave links with abundance of spectrum are an attractive choice to replace fiber capacity. 
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[bookmark: _Toc528930764]Use cases that require low latency and high reliability requirements, e.g., industrial automation/IoT, smart grid automation, ITS, V2X, AR/VR, redundant network application, are considered in the waveform design at frequencies above 52.6 GHz.
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2.2 [bookmark: _Hlk528323298]High positioning accuracy

3GPP system shall support high positioning accuracy (e.g., 0.5 m) in both outdoor and indoor [1][5]. Unlike lower frequency, where transmission is position agnostic, in higher frequency, positioning information is required to avoid blocking and can also enhance beam alignment. The beam information can be used to localize a user within a beam or within the intersection of multiple beams, or to enhance positioning accuracy of existing position systems.  In addition, applications that require high positioning accuracy can benefit from a wide bandwidth, which enables accurate estimation of the time of arrival (ToA) of signals. Also, sparse mmW channels and narrow beam antennas ensure that angle of arrival (AoA) can be estimated accurately, which can in turn be used to enhance the positioning accuracy.
Automated factories are considered high-priority URLLC use cases by many companies. In automated factories, powerful wireless localization services are often required for low speed moving objects (including indoor and outdoor), which can be performed in mmW. For example, on the factory floor, it is desirable to be able to locate moving objects such as forklifts, or parts to be assembled. 

[bookmark: _Toc528930765]Wide bandwidth, sparse mmWave channels, and narrow beam antennas in frequency bands beyond 52.6 GHz enable accurate estimation of ToA and AoA, which can enhance positioning accuracy for high-priority URLLC use cases.
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In the previous sections we made the following observations: 
Observation 1	Use cases that require low latency and high reliability requirements, e.g., industrial automation/IoT, smart grid automation, ITS, V2X, AR/VR, redundant network application, are considered in the waveform design at frequencies above 52.6 GHz.
Observation 2	Wide bandwidth, sparse mmWave channels, and narrow beam antennas in frequency bands beyond 52.6 GHz enable accurate estimation of ToA and AoA, which can enhance positioning accuracy for high-priority URLLC use cases.

In this contribution, we discussed different deployment scenarios, focusing on frequency bands beyond 52.6 GHz. We have made the following proposal:
[bookmark: _Toc527373052][bookmark: _Toc527474721][bookmark: _Toc527475352][bookmark: _Toc527475427][bookmark: _Toc527539357][bookmark: _Toc528149317][bookmark: _Toc528160252][bookmark: _Toc528160373][bookmark: _Toc528250489][bookmark: _Toc528334343][bookmark: _Toc528334412][bookmark: _Toc528570617][bookmark: _Toc528571660][bookmark: _Toc528572031][bookmark: _Toc528581629]Waveform design above 52.6 GHz considers URLLC requirements as well as the associated positioning accuracy requirements.
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