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Abstract of the contribution: During work in SA1 94bis concern was expressed about the requirement for support of coverage extension by means of vehicular mobile relays. This P-CR seeks to allay those concerns and reintroduce the requirement as a consolidated requirement in TR 22.839. 
Discussion
1) Dynamic coverage where no other coverage exists
Use case 5.15 in TR 22.839 concerns “Dynamic Coverage Extension” in which a series of relays are deployed where there is no other coverage possible in order to extend the coverage incrementally, one relay at a time, by means of a sequence of greater than one relay. 
This use case is different than other vehicular mobile relay services, since in all other cases the mobile vehicular relay is considered to be under macro coverage. 
There was concern over the wording of the consolidated requirement in SA1 94bis, so a revised version was proposed:
[bookmark: _Hlk76507257][PR.5.15.6-1] The 5G System shall be able to support dynamic configuration and connectivity of one or more mobile base station relays for use only in specific locations where UEs would receive no other telecommunications coverage, e,g, for public safety scenarios.
This formulation emphasizes that the dynamic configuration is only done in scenarios in which there is no other coverage. Therefore there is no impact to either static or dynamic configuration of the macro network or indeed other mobile vehicular relays.
2) The need for coverage extension on demand
Coverage extension is a significant issue in practice. As discussed in the FS_5GSEI study, in TR 22.867 Annex A, indoor or underground coverage is currently supported by means of a fixed infrastructure, either of wired or wireless links. This does not help in circumstances where infrastructure is normally not needed or where the need is either intermittent or limited and does not suffice to justify investment in fixed infrastructure. A good example of this is the vertical domain of mission critical operations, especially first responders operating in dangerous remote areas or structures with impaired infrastructure.
Two new use cases, that were not added to 22.839, but are worth mentioning, come from the energy sector.
[1] Hydro generation plants have coverage on the outside of the plant, but there is no coverage in the tunnels and corridors below ground. Crews must operate there for maintenance and repair. Today cellular coverage is used in these cases, but the repeaters used to extend coverage underground have not been reliable nor performed well.
[2] Hydro generation plants that are located in deep valleys have no cellular coverage. What follows is a real example of how coverage has been extended to such sites today. 

A vehicle is stationed at the top of the ridge above the valley where connectivity is needed. The position of the vehicle allows satellite access. In the case described here, Irridium service is used for this purpose. The vehicle also is situated in line of sight (more or less) with the hydro generation facility in the valley. The vehicle carries a base station for a PMR system to provide access from the vehicle into the valley, operating in a UHF band. This can suffice as there are no tunnels or underground portions to small hydro electric facilities.
Both of these use cases would be served better by coverage extension that involving multiple vehicles. In the first example, rather than using a set of impromptu deployed repeaters that have proven unreliable, a series of standards based relays could be set up to extend coverage. In the second example, it would not be necessary to place a single vehicle within line of sight of both the satellite and the hydro generation facility (which in many cases is not feasible.)
3) Multiple relays are needed to support these use cases
This requirement however does explicitly include the need to specify support for multiple mobile base station relays. This is to allow penetration deeper into areas without coverage than a single relay can go.
While multiple relays in sequence providing coverage is already supported by the 5G system in Rel-16, this is only for immobile relays. Multiple relays in the context of mobile base station relays has not been studied yet in 3GPP.
Proposal
The proposal below is a change with respect to TR 22.839 v1.1.0, which is the version subsequent to SA1 94bis.
Begin Change
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Introduction
The requirements below refer to a “mobile base station relay” (or mobile BS relay), which is a mobile base station acting as a relay between a UE and the 5G network, i.e. providing a NR access link to UEs and connected wirelessly (using NR) through a donor NG-RAN to the 5G Core. Such mobile BS relay is assumed to be mounted on a moving vehicle and serve UEs that can be located inside or outside the vehicle (or entering/leaving the vehicle).
NOTE: 	The radio link used between a mobile BS relay and served UEs, as well as between mobile BS relay and donor RAN, is assumed to be NR-Uu; in that regard, it should be clear that a mobile BS relay is different than a UE relay (which uses instead a PC5-based link to provide indirect connection to remote UEs).
Few main underlying assumptions and notes (from the TR overview and gap analysis) are:
· use cases and requirements cover single-hop relay scenarios as baseline (multi-hop is not precluded);
· legacy UEs are supported;
· current stage-1 requirements (e.g. on wireless self-backhaul, in TS 22.261), as well as existing stage-2/3 functionalities and architecture options (e.g. IAB) do not assume or address full relay mobility (e.g. BS relays on board of moving vehicles), thus may not cover the identified new potential requirements, which are intended to be specific to mobile BS relays;
· The identified requirements do not intend to imply or exclude specific network/relay architectures and topology solutions (e.g. could be IAB based, or others).
General requirements
[CPR 001] The 5G system shall support efficient operation of mobile base station relays.
Editor’s Note: this requirement is for FFS.
[CPR 002] The 5G system shall be able to support means, for a mobile network operator, to configure, provision and control the operation of a mobile base station relay.
[CPR 003] The 5G system shall be able to support provisioning and configuration mechanisms to control UEs’ selection and access to a mobile base station relay.
[CPR 004] The 5G system shall be able to support RAN sharing between multiple PLMNs for UEs connected to the 5G network via mobile base station relays.
NOTE 1: 	the above requirement assumes both relay and (donor) RAN resources, including UE access link and relay backhaul link, are shared among operators.
[CPR 005] The 5G system shall be able to configure and provision specific required QoS for traffic relayed via a mobile base station relay.	
NOTE 2: 	QoS is end-to-end, i.e. from UE to 5GC.
[CPR 006] The 5G system shall support means to expose monitoring information of a mobile base station relay (e.g. number of UEs connected, QoS) to an MNO’s authorized third-party, based on monitoring configuration requested by the third-party.
Editor’s Note: this requirement is for FFS.
[CPR 006a] The 5G System shall be able to support dynamic configuration and connectivity of one or more mobile base station relays for use only in specific locations where UEs would receive no other telecommunications coverage, e,g, for public safety scenarios.
[CPR 007] The 5G system shall be able to provide means to optimize network behaviour to efficiently deliver data based on the mobility information (e.g., itinerary), known or predicted, of mobile base station relays. 
[CPR 008] The 5G system shall be able to support communication from/to users of one MNO (MNO-A) via mobile base station relays, where the traffic between the relay and the MNO-A network is transported using 5G connectivity (RAN and 5GC) provided by a different MNO (MNO-B).
NOTE 3: The 5G connectivity provided to the MNO-A relays by the different MNO (MNO-B) assumes a generic wireless backhaul transport, independent from the mobile BS relay functionalities.
Multi-link connectivity
[CPR 009] The 5G system shall be able to support UEs connectivity to RAN using simultaneously, a link without mobile BS relay and a link via a mobile BS relay, or simultaneous links via different mobile BS relays.
NOTE 4: 	The above requirements cover scenarios were the two links (to the RAN) could be connected to the same or different RAN node(s), and assuming both relay and RAN belong to the same PLMN. 
Mobility 
[CPR 010] The 5G system shall be able to provide means to support efficient UE cell selection and cell reselection (between mobile BS relays or between relays and RAN) in the presence of mobile base station relays.
Editor’s Note: this requirement is for FFS.
[CPR 011] The 5G system shall be able to ensure end-to-end service continuity, in the presence of mobile base station relays
NOTE 5: 	the above requirement intends to cover different scenarios of UE mobility (e.g. UE moving between two mobile BS relays, or between macro RAN and BS relay) and BS relay mobility (e.g. BS relay moving between different donor RAN nodes).
Charging
[CPR 012] The 5G system shall be able to identify and differentiate UEs’ traffic carried via a mobile base station relay and collect charging information, including specific relay information (e.g. geographic location served by the relay).
Other aspects
[CPR 013] The 5G System shall support means for a mobile base station relay to have a certain subscription with a HPLMN, used to get access and connectivity to the HPLMN network (via a donor RAN).
[CPR 014] The 5G System shall support the ability of a base station relay to roam from its HPLMN into a VPLMN.
[CPR 015] The 5G system shall support mechanisms, for the HPLMN controlling a mobile base station relay, to enable/disable mobile relay operation if the relay is roaming in a VPLMN.
[CPR 016] The 5G system shall support mechanisms to disable mobile relay operation by a VPLMN where a mobile base station relay is roaming to.
[CPR 017] The 5G system shall be able to fulfil necessary regulatory requirements (e.g. for support of emergency services) when UEs access the 3GPP network via a mobile base station relay.
[CPR 018] The 5G system shall be able to support priority services (e.g. MPS) when UEs access the 3GPP network via a mobile base station relay.
[CPR 019] The 5G system shall be able to support location services for the UEs accessing 5GS via a mobile base station relay.
Editor’s Note: this requirement is for FFS.
[CPR 020] The 5G system shall ensure that existing end-to-end 5G security between the UE and 3GPP network is unaffected when the UE accesses the 3GPP network via a mobile base station relay.
[CPR 021] The 5G system shall be able to minimize radio interference possibly caused by mobile base station relays.
[CPR 022] The 5G system shall minimize the impact of the presence of mobile base station relays on radio network management (e.g. through automatic neighbour cell list configuration).
End Change
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