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Introduction
[bookmark: _Hlk73982636]The scope of 5G-Advanced should consider developing further sidelink enhancements for more vertical domains. In our 5G-Advanced vertical requirement companion contribution [1], we propose a summary of possible sidelink enhancement in Rel-18 for the different vertical we are interested in. For automotive vertical, we proposes crucial sidelink enhancements to cover new cluster of use cases and requirements, e.g., automated valet parking, enabling functional safety V2X messages, enabling different types of VRU or different VRU configuration or VRU as a RedCap devices (e.g., eBike/µ-mobility), etc. For industrial vertical domain, we expressed our support to introduce sidelink for IIoT, including enhancements to lower sidelink latency and to increase reliability. Finally, for smart building and home automation, i.e., with reduced capability requirements, we proposed having sidelink functionality for RedCap devices (sharing the same requirements with some VRU use cases) and introducing smart relaying to enhance coverage and connectivity. In this document, we present more details about the most important required sidelink enhancements in our view.
NR Sidelink Enhancements for Rel-18
In this contribution, we propose the following possible sidelink enhancements for Rel-18:
· Enhanced sidelink power saving: 
· Wake-up, go-to-sleep, adaptive DRX
· Adaptive/configurable UE capability 
· Support sidelink for RedCap devices (automotive and non-automotive)
· Sidelink enhancements for functional safety requirements
· Enhanced periodic reservation for actual V2X traffic
· Sidelink enhancements for Industrial IoT (machine-to-machine and controller/PLC-to-Machine)
Further sidelink power saving enhancements
Enhanced sidelink power saving: 
Wake-up, go-to-sleep, adaptive DRX cycles alignment
Another import automotive use case under this objective is the automated valet parking (AVP), i.e., depicted in Figure 1. AVP use case represents one of the initial steps towards full autonomous driving (AD)/ teleoperated driving (ToD) deployment, where it is feasible to start launching high autonomous driving capabilities (AD L4) with just simple AD L2 capabilities. Currently, 5GAA is preparing a new TR specifically for AVP discussing requirements, challenges, and technical assessment. The initial investigation proposes to have sidelink as a backup link to Uu. Additionally, AVP is currently identified as a functional safety use case.
The main requirement for AVP is to have sidelink ready for activating wake-up/sleep, performing authentication and assisting maneuver of vehicles inside the AVP lot. In this case, a vehicle parking for a long time needs to sleep and, then, tune (from time-to-time) to wake-up calls for picking up or charging. Therefore, long DRX cycle, adaptive DRX cycles alignment, and wake-up signals (WUS) may be used to conduct efficient sidelink communication while saving power during parking. 
There are other use cases that may utilize wake-up, go to sleep, and adaptive DRX, this could be smart home/IoT application which requires connecting 5G sensors event based or due to alignment with other UEs.
Proposal 1: Further enhance sidelink power saving for, e.g., Wake-up, go-to-sleep, and adaptive DRX alignment.
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Figure 1: Automated valet parking (AVP) where vehicles are controlled automatically to wake-up and be picked-up. Since 2015, Bosch started developing AVP systems that is now considering opportunities with NR sidelink [7]
Adaptive/configurable UE capability
Power saving mechanisms for sidelink are important for VRU use cases assuming pedestrian UE or limited power μ-mobility, e.g., two-wheeler and eBikes. 
There are two options in this case:
· First: a pedestrian handset can be connected to the μ-mobility vehicle an can even be charged via the power source of the μ-mobility (Figure 2 and 3)
· [bookmark: _Hlk73991650]Second: each of these different μ-mobility vehicle is equipped with a connectivity control unit-like (CCU-like), i.e., based on the requirement (e.g., price, mobility, etc.), while the pedestrian is carrying a normal handset 
[image: ]Figure 2: Left) a pedestrian UE will use its handset as a VRU (Type1 pedestrian) until it ride its bike and/or connects the Handset to the bike becoming VRU (Type2 pedestrian). Right: a pedestrian UE attached its mobile to the μ-mobility control unit making extending its capability by connectivity [7, Mobility Split-screen]
The first case assumes that the pedestrian needs to be connected with one mobile device, i.e., either carried in the user pocket or attached to his/her μ-mobility (as in Figure 2). In this, the UE capability can be adaptively configured based on the UE status, i.e., connected to μ-mobility. Figure 2 (right hand side) shows a use case when a μ-mobility controller is connected to the mobile handset and uses its Uu connectivity capabilities. This can be easily extended to sidelink as well. 
Proposal 2: Support of configurable UE sidelink capabilities for power saving, e.g., if pedestrian UE handset is used connected to e-Bike/μ-mobility (i.e., in battery charging mode)

Support sidelink for RedCap devices
In the second case, each of these limited power devices (installed on different μ-mobility vehicles) still have different power consumption and may also have different communication capabilities. Hence, sidelink enhancements in Rel-18 needs to allow multiple configured sidelink capabilities for a UE. 
However, it is also possible to introduce a specific reduced capability (RedCap) UEs with sidelink for these specific VRU types/device. Therefore, we also support introducing sidelink to RedCap devices for the different possible VRU future types/device. 
RedCap with sidelink capabilities is also a very useful feature for non-automotive use cases as well, e.g., for smart building and home use cases. In this latter case, a home gateway can be easily connected to many smart home appliance/smart sensors (i.e., RedCap devices) via sidelink.
Proposal 3: Support of reduced capabilities (RedCap) UE with sidelink for, e.g., 
· e-Bike or μ-mobility uses on-board modem
· light-weight vehicles and reduced cost mobility
· smart home appliances/smart sensors connecting them together or to a smart home gateways
Sidelink enhancements for functional safety requirements
It is considered that NR V2X messages needs to allow both types of transmission, safety related messages and non-safety related messages. In another companion contribution in this meeting [8], we identified required RAN enhancements for Uu and Sidelink to assist functional safety communication. However, one low hanging fruit would be to extend the following enhancements made for IIoT/URLLC Rel-17 to sidelink [12]:
“5.	RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3]”
Proposal 4: Support introduce survival time evaluation and/or burst spread to handle consecutive packet loss in sidelink
Additionally, for automotive use case, sidelink groupcast is the main cast type for several V2X functional safe communication use cases, e.g., lane-change maneuver, lane merge, platoon coordination, etc.. It is not clear for the automotive section how to utilize unicast only for all these functional safety transmissions, which seems not feasible in most of the cases. Therefore, a reliable sidelink groupcast communication is crucial for automotive. In contrast to other MBS services, sidelink groupcast RLC needs to be enhanced to support acknowledge mode (AM) as well as it supports unacknowledged mode (UM) in Rel-16/17. In this case, the RLC AM mode needs to consider enhancements based on sidelink groupcast HARQ feedback (if enabled).
Proposal 5: Support RLC enhancements for groupcast to introduce AM for groupcast
Enhanced periodic reservation for actual V2X traffic
Some essential leftovers from Rel-16/17 can be easily addressed in Rel-18 SL enhancements to ensure high reliability and/or low-latency. An important issue, which is one of the main concerns in automotive and V2X scenarios, is the realistic periodic traffic consideration for various V2X messages, e.g., CAM*, CPM*, MCM*, etc. In [5], it is shown that for CAM periodic V2X traffic, the messages may have some aperiodic nature, which requires adaptation of periodic reservation in sidelink. One can easily conduct that CPM and MCM will have similar behavior as the messages containers are also frequently updated and depend on many variables, e.g., including the detected objects from the sensors. This quasi-aperiodic behavior is centric around:
· fluctuating periodicities, e.g., when the generation roles changes, and 
· variable messages sizes for different situations and based on detected objects

Therefore, the following is proposed:   
Proposal 6: For Mode 1 and Mode 2 resource allocation, support adaptive/flexible reservations of period and size, i.e., support adaptive configured grants/SPS-like reservations
Sidelink enhancements for Industrial IoT
In Rel-16, sidelink was first introduced for V2X use cases. In Rel-17, sidelink was extended to V2X, public safety, and commercial use cases, where the main focus is mainly devoted for the first two (V2X and PS). In our understanding commercial use cases requires Mode 1 operation or enhancing sidelink to operate in unlicensed bands (i.e., extending NR-U to sidelink).
Another interesting vertical to utilize sidelink in 5G-Advaced, is the industrial IoT. The industrial domain vertical seems currently to be a vertical owning its private frequency bands (e.g., 3.7 GHz in Germany and other bands in other countries) and its private networks. Therefore, extending sidelink capabilities to include URLLC/IoT requirements is a very important step for this workshop. In [10], IIoT/URLLC requirements for sidelink are specified, where some interesting use cases are proposed, e.g., cooperative carrying use case. Figure 3 depicts the scenario of four ProSe enabled robots/AGVs carrying a single piece and moving with it in a synchronized manner [11].
[image: ]
Figure 3: ProSe communication setup for mobile robots/AGVs carrying a work piece [11]
For IIoT sidelink, we propose the following:
Proposal 7: support sidelink for IIoT (i.e., machine-to-machine and controller-to-Machine) including the following enhancements
· Introduce lower latency capability to sidelink via, e.g., sub-slot scheduling 
· Further enhance inter-UE coordination for the synchronized access use cases (e.g., ProSe for cooperative carrying use case [TS 22.104])
· Support sidelink positioning (relative and absolute) for industrial IoT UEs
· Absolute positioning sidelink may rely on fixed 5G (sidelink capable) nodes**
· Support Mode 1 + Mode 2 cooperation or common mode for IIoT
· Support sidelink for IIoT in unlicensed bands and FR2

*CAM: cooperative awareness message
*CPM: collective perception message
*MCM: maneuver coordination message
** This required enhancements will reduce the cost needed for precise infra-structure-based positioning in factories
Conclusion
[bookmark: _Ref55091672]Proposal 1: Further enhance sidelink power saving for, e.g., Wake-up, go-to-sleep, and adaptive DRX alignment.
Proposal 2: Support of configurable UE sidelink capabilities for power saving, e.g., if pedestrian UE handset is used connected to e-Bike/μ-mobility (i.e., in battery charging mode)
Proposal 3: Support of reduced capabilities (RedCap) UE with sidelink for, e.g., 
· e-Bike or μ-mobility uses on-board modem
· light-weight vehicles and reduced cost mobility
· smart home appliances/smart sensors connecting them together or to a smart home gateways
Proposal 4: Support introduce survival time evaluation and/or burst spread to handle consecutive packet loss in sidelink
Proposal 5: Support RLC enhancements for groupcast, e.g., support AM for NACK-only and ACK/NACK options
Proposal 6: For Mode 1 and Mode 2 resource allocation, support adaptive/flexible reservations of period and size, i.e., support adaptive configured grants/SPS-like reservations
Proposal 7: support sidelink for IIoT (i.e., machine-to-machine and controller-to-Machine) including the following enhancements
· Introduce lower latency capability to sidelink via, e.g., sub-slot scheduling 
· Further enhance inter-UE coordination for the synchronized access use cases (e.g., ProSe for cooperative carrying use case [11])
· Support sidelink positioning (relative and absolute) for industrial IoT UEs
· Absolute positioning sidelink may rely on fixed 5G (sidelink capable) nodes**
· Support Mode 1 + Mode 2 cooperation or common mode for IIoT
· Support sidelink for IIoT in unlicensed bands and FR2
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