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Introduction
[bookmark: _Hlk40690299]One Rel-18 SID [1] was agreed in SA, which study on use cases and potential new requirements for 5GS support of mobile base station relays mounted on vehicles. The Uu interface of 5G NR is used toward UEs and macro RAN (connected to 5GC) [1]. The corresponding agreements are captured in the TR [2]. This contribution aims to discuss the motivation and analyze the potential impact on RAN.
Discussion
In order to fulfil the high demand of extra cellular coverage and capacity e.g in large cities with a high-density population, a greater number of the base stations are expected for 5G wireless network. As usual, the deployment of dense base station will face some challenges e.g. real estate availability and costs. One of the potential technologies for enabling flexible and very dense deployment is the support for wireless backhaul and relay connection without the need for densifying the wired transport network proportionately. 
In the urban environments, one can expect the presence of many vehicles around, e.g. bus, public/private cars, or food trucks etc. If the vehicles are equipped with base station, they are expected to act as relay and help provide convenient and efficient data delivery service to the city residents. In other environments, vehicle mounted relay also can provide service to the users outside the vehicle e.g during the sport race or social event.
One Rel-18 SID [1] was agreed in SA2, which aims to identify use cases and potential new requirements for 5GS to support mobile base station relays mounted on vehicles. The 5G Uu interface is applied toward UEs and NG RAN (connected to 5GC). There is a TR [2] to capture the corresponding agreements.
Observation 1: SA2 has one ongoing Rel-18 SID to identify the use case and new requirements to support of mobile base station relay mounted on vehicles.
According to the SA SID [1], The 5G Uu interface is applied to the communication between relay and UEs and between relay and NG RAN. Furthermore, potential conflicts with other ongoing studies/work on relays (e.g. RAN IAB) should be avoided. Two potential relay types can be applied to the vehicle base station relay, namely L3 relay and L2 relay. L3 relay means relay has the full protocol stack including Physical layer, MAC, RLC, PDCP and RRC layer. L2 relay has no full protocol stack, e.g IAB node. 
If vehicle mounted relay is L3 relay, this relay is a base station including both DU and CU, which has the local functionality of RRC and PDCP. The interface between relay and donor gNB is Xn interface. 
IAB based relay supports both gNB-DU functionality and IAB-MT in which PDCP layer is terminated at UE and donor gNB. Fig. 1 shows the protocol stack for F1-U and Fig.2 shows the protocol stack for F1-C between IAB-DU and IAB-donor-CU. In these figures, F1-U and F1-C are carried over two backhaul hops.


Fig. 1: Protocol stack for the support of F1-U protocol


Fig. 2: Protocol stack for the support of F1-C protocol
If IAB-like protocol stack is applied, the legacy IAB specification can be reused to the vehicle mounted relay. 
Observation 2: RAN needs to decide whether vehicle mounted relay is L2 relay (e.g IAB-like relay) or L3 relay.
Proposal 1: The protocol stack of IAB-like relay can be reused for the vehicle base station relay.
The topic of vehicle mounted relay mainly focuses on the relay mounted on ground/land moving vehicles. Also, the general/common requirements can be applied to other types of mobile base station relays e.g. using other moving vehicles or devices. Another relay (UxNB) was discussed in SA2, which requirements are specified in TS22.125. UxNB is radio access node on-board UAV providing connectivity to UEs, which is carried in the air by an Unmanned Aerial Vehicle (UAV). The drone-based relay also can be used to extend the gNB coverage. In addition, the drone-based relay can be used in the special scenarios e.g earthquake and flood.
Proposal 2: Drone-based relay also can be included since the drone based relay can be useful in the special scenarios.
The topic of vehicle mounted relay in SA2 mainly enhances the following areas:
· requirements and policies for control, access and use of the relays
· use cases of vehicle relays serving users/devices outside the vehicle
· service continuity requirements, for different mobility events/scenarios 
The above areas also impact on the RAN. the following will analyze what is the impact on RAN. 

Control of mobile relay
The 5G system including gNB will control the operation of a mobile base station relay. Specifically,  the gNB need to activate and deactivate mobile relay operation and configurate 5G spectrum (licensed or unlicensed) used by the mobile relay and relay operating conditions e.g. based on geographic areas or locations, specific time period(s), vehicle’s speed, itinerary, etc.

Control of mobile UE access
The network will configure UE to access relay based on the conditions e.g. relay geographical location, time of the day, load, speed, etc. The idle UE may not camp on the relay. For the connected UE, the network shall be able to minimize unnecessary handover e.g., based on UE and relay relative mobility or speed.

End-to-end QoS during mobility
The vehicle base station relay may serve both UEs inside/outside the vehicle. The network needs to distinguish the different UE type (inside or outside) and ensue the service continuity. In addition, group based handover could be useful for the group of UEs inside the vehicle. 

Others
The end-to-end security and authorization also should be ensured in RAN side. 
Observation 3: The following should be discussed in RAN:
· Protocol stack for relay;
· Control of mobile relays
· Control of mobile UE access
· End-to-end QoS during mobility
· Others .e.g security and authorization
Proposal 3: TSG RAN should work on the specification of vehicle base station relay in Rel-18. 
Conclusion
In this contribution, the following observation and proposals are given based on the discussion.  
Observation 1: SA2 has an ongoing Rel-18 SID to identify the use case and new requirements to support of mobile base station relay mounted on vehicles.
Observation 2: RAN needs to decide whether vehicle mounted relay is L2 relay (e.g IAB-like relay) or L3 relay.
Observation 3: The following should be discussed in RAN:
· Protocol stack for relay;
· Control of mobile relays
· Control of mobile UE access
· End-to-end QoS during mobility
· Others .e.g security and authorization
Proposal 1: The protocol stack of IAB-like relay can be reused for the vehicle base station relay.
Proposal 2: Drone-based relay also can be included since this relay can be useful in the special scenarios.
Proposal 3: TSG RAN should work on the specification of vehicle base station relay in Rel-18. 
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