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Abstract: This contribution presents additional mission-critical use cases for 5G Sidelink, identifies technology gaps and proposes enhancements.
I. [bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101][bookmark: _Hlk115204178]Introduction
[bookmark: _Hlk114933692]Sidelink communications establish a direct link between devices (UEs) without relaying via the base station. The main use cases for Sidelink include public safety and vehicle to everything (V2X) communications for commercial applications. The 3GPP standards support various scenarios including in-coverage, partial coverage and out-of-coverage UEs for Sidelink. Direct UE-to-UE (U2U) relay capability to the existing UE-to-Network (U2N) connection was introduced in Rel-17 which improves the public safety performance and expands V2X communications beyond use cases that are traditionally broadcast in nature. 
Sidelink enables rapidly evolving technological innovations and is also appealing to mission-critical use cases that have scenarios with much greater and unstructured mobility resulting in very dynamically changing network topology. It is also appealing to use cases that require ultra-low latency, local traffic off-load, and communication capabilities out of range of a base station.  
In this document, we first describe some emerging mission-critical use cases of interest for Sidelink communications. Next, we identify the technology gaps with the existing architecture and discuss some of the required enhancements to enable these potential operations. 
II. Emerging Use Cases for Sidelink Communications
Public Safety: The public safety personnel for mission-critical operations are subject to the same job constraints as their public counterparts. If a fire crew needs to enter a building, having life-saving communications with their partner will be critical. Today, land mobile radio (LMR) is used for this capability when available. On the other hand, Sidelink communications have the potential to be used as an alternative during an emergency with bypassing the overwhelmed communication networks. 
V2X: Use cases around sensor extension would be viable for V2X scenarios.  As an example, if there is a light detection and ranging (LIDAR) sensor in the lead vehicle of an autonomous platoon of vehicles with a trailing manned vehicle, a Sidelink channel could be used to extend the radar imagery upon object detection. While cellular coverage may be able to be provided at a geographical area, Sidelink communications is needed for autonomous convoys where coverage en route to some other locations is not provided. 
Biometrics: Biometric sensors monitor a variety of data, from fingerprints, accelerated heart rate to moisture depletion. As we look at current and future biometric sensors, we will need to determine how to network those sensors as part of a Personal Area Network (PAN). The sensors may communicate with each other or a centralized device through Sidelink communications. 
Drone Swarms: Distributed processing on drone swarms have been employed where the computational power of each drone is jointly used for collaborative processing of different tasks such as surveillance or environmental monitoring. As such, each drone as part of the swarm shares its computed values with the rest of the swarm. This sharing requires a communication path. Sidelink may be a good candidate to achieve this where the swarm is instantiated within the coverage to receive its parameters and then uses Sidelink for intra-swarm communications.
NTN Internet of Things (IoT): Another application area is NTN integration with 5G, where a high-power user equipment (UE), or very small aperture terminal (VSAT), is paired with many low power UEs or IoT sensors using Sidelink to be relayed to the high-power unit for passing data to the NTN. This use case is considered since we cannot expect all UEs/IoT sensors to have high power emitters.
Human-Machine Integration: Incorporating autonomous machines into decision-making process decreases the risk to humans while still achieving increased awareness and satisfying operational goals. Robust wireless communications will be required between manned and unmanned platforms for real-time exchange of control, coordination and status information. This implies that the communications links should have both high-capacity and low-latency capabilities to transmit multiple, high-quality data channels as well as control/status signals, respectively. Sidelink is a good candidate for providing such capabilities.
Wireless Augmented Reality (AR) / Virtual Reality (VR) Headset Network: A portable and mobile AR/VR experience is desired to increase awareness with headsets displaying real-time video feeds from other locations. Edge/cloud computing can be used for remote rendering. Sidelink is a good candidate for providing the mesh, high-bandwidth and ultra-low latency network required to connect both the edge computing devices and the headsets. In this use case, some or all AR/VR headsets can re-connect with infrastructure (e.g. vehicle/drone-mounted gNodeB) when in range, shifting from Sidelink mode 2 to Sidelink mode 1.
Subterranean Communications: In this use case, there is a large underground parking structure with no coverage nor is there an incentive or possibility (e.g. due to safety, regulations or business case issues) to create fixed coverage extension. Other examples of this could be waste disposal sites, inactive mines, abandoned properties, search and rescue operations in challenging terrain in remote areas (e.g. caves), through underground infrastructure or building complexes where investment in coverage extension does not occur [1]. Operations in these environments impose unique challenges in terms of the RF propagation. A Sidelink-based multi-hop relay network is ideally suited for communications in such scenarios. 
Disaster Relief Operations: Current emergency operations centers (EOCs) can be large and static which avoids setting up quick and reliable communications. A portable emergency operations center can be a better solution in some situations with persistent networking among the vehicles both during movement (dynamic) and when stationary and dispersed (static). Sidelink is a good candidate technology to address this need. It can provide rapid EOC stand up and tear down. Both the static and dynamic configurations may require unmanned aerial systems (UAS) to be employed as relays to extend the operating range depending on the topology, terrain, and inter-vehicle distances.
The use cases described above are illustrated in Figure 1.
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[bookmark: _Ref119484411]Figure 1.  Emerging Sidelink Use Cases


 
III. Technology Gaps
Sidelink supports only one-hop UE-to-UE (U2U) relay and UE-to-Network (U2N) relay as part of the existing standards. The additional Sidelink use cases discussed in Section II are envisioned to leverage 3GPP architecture but they require multi-hop networking relaying capability to support low-latency, and infrastructure-less operation with coverage extension.
It was mentioned in [2] that the use of multi-hop relays will help improve the coverage of the 5G system with good energy efficiency. It was mentioned in [3] that for several commercial scenarios, relaying communication between one UE and the network via one or more other UEs would be beneficial. An analysis was performed to identify performance requirements with relaying for different commercial applications in Table 7.7-1 of [3]. As an example, it was mentioned that estimated number of hops is 10 to 15 for freight wagons and 2 to 4 for public safety applications. It was mentioned in [4] that indirect network connection is important for coverage extension and specifying the additional requirements for network managed multi-path indirect network connection was proposed.
Multi-hop relaying feature would require new solutions to be implemented for network control, end-to-end quality of service (QoS) management, service continuity, resource allocation, and UE/relay discovery. New medium access control schemes may need to be developed to avoid interference between UEs and methods to reduce energy consumption at the UEs should be identified. New decentralized networking algorithms are required to achieve specific performance goals related to each mission-critical use case.
IV. Proposed Enhancements
Networking for mission-critical use cases discussed earlier require persistent communications in multi-domain operations without relying on fixed infrastructure. This is traditionally achieved via mobile ad hoc networks (MANETs), which support mobile, dynamically changing (in topology and membership) mesh networks. Current MANETs use various types of radios with proprietary and/or non-standard waveform implementations. This approach introduces compatibility issues and makes it difficult to update these systems with the latest technological advances. A MANET based on Sidelink communications would mitigate these issues by using a common, industry-standard 5G waveform, leveraging massive industry investment to keep pace with rapidly evolving technological innovations. On the other hand, MANETs based on Sidelink communications require multi-hop relay capability which is currently not supported by the standards.
Release 17 expanded Sidelink to new use cases such as public safety, IoT, and other commercial ones by introducing Sidelink UE-to-network relay for coverage extension. 3GPP Release 18 is currently enhancing UE-to-network relay support, adding support for UE-to-UE relay, and studying multi-path support where a UE is connected to a gNB using one direct path and one indirect path via a Sidelink relay [5]. Release 18 initially included multi-hop extension as a follow-up work item but this functionality is currently out of scope for Release 18. The evolution beyond those releases into Release 19 and into next generations; i.e., Rel19+ is currently under definition with priorities in standardization organizations largely coming from consumer, enterprise, and public safety markets. However, it is necessary that this definition and prioritization also incorporate enablement of Sidelink for the mission-critical scenarios outlined in the previous sections of this document. 
Sidelink evolution should further consider to support multi-hop relay capability for diverse coverage scenarios (in-coverage, partial coverage, out-of-coverage). Distributed decision-making should be supported with the routing decisions as opposed to a centralized approach as provided by Backhaul Adaptation Protocol in [6]. The developed architecture should support multiple multi-hop/multi-path relay protocols which can be selected based on the scenario such as the network topology, number of nodes in the network and node mobility, and the performance requirements such as end-to-end latency and throughput.   
V. Conclusion
In this document, we describe the mission-critical use cases that require Sidelink communications and identify the technology gaps and enhancements required to enable them. 
From the radio network perspective, Sidelink supports only one-hop U2U relay and U2N relay as part of the existing standard [7][8]. On the other hand, mission-critical and some of the commercial applications require U2U relaying for multiple hops in addition to the current capabilities. Multi-hop relay capability should be introduced to Sidelink to support the operation of the additional use cases provided in this document. 
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