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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.



1
Scope

The present document intends to capture the outcome of the study on use cases and potential new requirements for 5GS support of mobile base station relays mounted on vehicles, using 5G NR over the radio links toward UEs and macro RAN (connected to 5GC). The study aims to cover aspects related to:
· Vehicle base station relays providing service to UEs inside the vehicle or in the vicinity of the vehicle;
· End-to-end service continuity during mobility scenarios (including mobility of the relays);
· Provisioning, policies and control, e.g. for
· Provisioning of spectrum used by the relays, geographic area restrictions;

· Control of relay operation, UEs access and connectivity via relays.
· Aspects related to roaming of relays, security, regulatory requirements (e.g. for emergency services), charging, spectrum interference. 

· Gap analysis between the identified requirements and existing 5GS requirements or functionalities.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

<ACRONYM>
<Explanation>

4
Overview


Editor's Note: a short intro/paragraph to be added, on general study motivations and benefits to use 5G mobile BS relays on vehicles to extend/optimize coverage and capacity in different scenarios.  
From a 5G system point of view, the high level deployment scenario includes moving vehicles equipped with small on board base station (BS) relays providing 5G coverage and communication to UEs (inside the vehicle and/or in its vicinity), and connected wirelessly to the 5G network via macro RAN (donor) nodes.


[image: image3]
Figure 4-1. Mobile base station relay - High level concept
As shown in the figure above, the main connectivity assumptions are:

· 5G NR is used for the radio link between mobile BS relay and donor RAN node (gNB), as well as the radio link between BS relay and UE. 
· The mobile BS relay connects, via donor RAN node, to the 5G Core network (5GC).
· Single-hop relay is the main/baseline scenario (multi-hop can be a possible option)
The study intends to cover use cases of BS relays mounted on ground/land type of mobile vehicles; nevertheless, some potential requirements may be general (for a “mobile base station relay”), i.e. could apply to BS relays mounted on different types of moving vehicles or devices.
Editor’s note: may add a short summary and overview of the use cases captured in sec.5, once finalized.
5
Use cases
Editor’s Note: similar or duplicated requirements among different use cases will be (partly) merged during consolidation phase.
5.1
Basic support, configuration and control of mobile relays
5.1.1
Description

It’s almost summertime, and a series of outdoor festivals and events are planned in town, for the next weeks/months. This is known to attract many people and tourists, using public/private transportation (bus, taxi) to travel from/to airport and move around the city, as well as attending various shows and events scheduled in different city parks, stadiums and other outdoor areas. 5G traffic demand will be very high and challenging.

The city administration and few partner companies provide transportation services with various buses/taxis inside the city, as well as shuttles between the airport (located outside the city area) and hotels. In addition, one of the partner companies provides small vehicles/carts used to display marketing/advertisement messages/banners, that can be deployed to drive/transit inside parks, around stadiums or recreational/tourist areas. 

Those vehicles are (or can be) equipped with 5G mobile BS relays for inside/outside users and, upon request and/or specific commercial agreements, can be used and configurable by MNOs to interconnect and operate as part of their 5G RAN. 
5.1.2
Pre-conditions

Operator A, with existing 5G macro coverage in/around the city, decides to acquire the service offered by the transport administration and use some of those vehicle relays, in particular:

- advertisement carts, to extend challenging macro 5G coverage and capacity for outdoor users in hot-spot locations where city’s events or high-density gatherings are expected.

- buses and taxis, to provide a better 5G in-vehicle experience to its subscribers (or inbound roamers), as well as improving the overall RAN capacity in certain challenging macro areas, e.g. along the highway to the airport, and/or macro cells serving popular bus/taxi locations/routes in the city. 

5.1.3
Service Flows

1. Operator A enables the vehicle relays to operate and interconnect with its 5G macro RAN and network.

2. Operator A configures initial relays operating parameters and conditions, e.g. in terms of radio spectrum, vehicles location/itinerary, time of the day, transit/stop in target areas, vehicle speed, etc. 

3. On a certain day, prior to the events season, Operator A activates the relays. 

4. 5G traffic starts flowing through all activated vehicle relays. Operator A can re-configure some of the relay operating parameters (e,g, spectrum, time/location of operation) based on observed 5G traffic and RAN performance. 

5. Toward the end of the summer, based on lower 5G traffic demand, Operator A decides to deactivate relay operation (on its network) for the advertisement carts and few of the city taxis. Service on city buses and shuttles from/to airport is continued.
Note: in some of the actions above, there may also be involvement of a 3rd party entity (e.g. vehicle or relay manufacturer/owner, or relay O&M company), to allow or help the operator A to (de)activate and/or configure certain relay settings. 
5.1.4
Post-conditions

The operator A is very happy about the improved performance of its 5G network during the busy city summer, and the better service provided to its 5G customers.

5.1.5
Existing features partly or fully covering the use case functionality
[FFS] 
5.1.6
Potential New Requirements needed to support the use case
[PR 5.1-1] The 5G system shall support efficient operation of mobile base station relays, e.g. on board of mobile vehicles, connected wirelessly to the NG-RAN and serving nearby 5G NR UEs (inside and/or outside the vehicle).

[PR 5.1-2] The 5G system shall support means, for a mobile network operator, to configure, provision and control the operation of a mobile base station relay, including 

· activation and/or deactivation of mobile relay operation;
· configuration of 5G spectrum (licensed or unlicensed) used by the mobile relay, over the radio links toward UE and RAN;
· 
· configuration of relay operating conditions e.g. based on geographic areas or locations, specific time period(s), vehicle’s speed, itinerary, etc.

Note: besides the MNO, a 3rd party entity could also be enabled to provision and control some of the mobile base station relay operation, e.g. (de)activation, location restrictions, or other operating conditions.
5.2
Authorization and configuration for mobile base station relay
5.2.1
Description

In the urban environment, temporary needs are raised up for extra cellular coverage and connectivity during various social events (e.g., music festival, sport race, etc.) at a designated area, where pertinent QoS cannot be fulfilled for a large amount of users. In this case, vehicles installed with on board base stations may act as relay and help to offer convenient and efficient service to UEs. They can be situated in specific locations (e.g. outside stadiums), and provide 5G coverage to neighbouring UEs outside the vehicles.  
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Figure 5.2-1: Authorization and configuration for mobile base station relay
5.2.2
Pre-conditions

To enable this use, following pre-conditions should be met:

-
A car shall be equipped with on-board base station.
-
The mobile base station relay is capable of providing 5G connectivity to UEs in the vicinity of the car.

-    The mobile base station relay is able to connect the NG-RAN and 5G Core network.
5.2.3
Service Flows

1. When the car starts the engine, the mobile base station relay registers to the 5G network and obtains the necessary configuration information (e.g., operating frequency bands). After getting authorized, the mobile base station relay is able to provide 5G access.

2. The car drives into the permitted area, where the mobile base station relay is able to provide 5G access to neighbouring UEs in the vicinity of the cars.
3. UE A is connected to the mobile base station relay when it moves into the permitted area.
4. As the car moves out of the permitted area, the mobile base station relay cannot work anymore and UE A is disconnected.

5. When the car drives into another permitted area, the mobile base station relay works again and UE B is connected.

6. When the car reaches the destination, its engine is turned off and the mobile base station relay stops working automatically.
5.2.4
Post-conditions

The authorized UEs in the vicinity of the car are provided with extended 5G connectivity by the mobile base station relay.
5.2.5
Existing features partly or fully covering the use case functionality
[FFS]
5.2.6
Potential New Requirements needed to support the use case
[PR 5.2-1] The 5G system shall support the use of mobile base station relays (e.g. mounted on vehicles), which can provide 5G access toits authorized UEs in the vicinity.
[PR 5.2-2] The 5G system shall enable the authorization of the mobile base station relays (e.g. mounted on vehicles) to work in a permitted area. When the mobile base station relay moves out of this area, it is not allowed to work as a base station.

[PR 5.2-3] The 5G network can dynamically configure the operation parameters of a mobile base station relay, such as frequency band, permitted geographical area, etc.
5.3
Multiple working modes of vehicle mounted base station
5.3.1
Description

In order to fulfil the high demand of extra cellular coverage and capacity in large cities with a dense population, either buses or cars with on board base stations, are expected to act as relay and help provide convenient and efficient data delivery service to the city residents.
Generally speaking, car is privately owned and the base station mounted on it usually supports a private working mode, i.e., it only allows individual access to the car owner’s UEs, e.g., his/her family members, friends, etc. 
On the contrary, base station mounted on a bus usually works in a public manner. All the passengers in the bus or in the vicinity can access to the base station on the bus along its predictable itinerary regarding their extra 5G cellular access requirements.
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Figure 5.3-1: Vehicle mounted base station 
5.3.2
Pre-conditions

To enable this use, following pre-conditions should be met:
· Alice wants to join a music festival and share the live show to her friend Bob.
· Alice’s car is installed with an on-board base station.
· The bus that Bob takes is also equipped with on board base station along its itinerary.
· In the area around the spot of the music festival, the base station mounted on the vehicle is allowed to provide 5G coverage to neighbouring UEs outside the vehicles.
· Either the base station on a car or bus is able to connect the NG-RAN and 5G Core network.
5.3.3
Service Flows

1. Alice drives by her own car to the spot of the music festival with her family. Alice as well as her family’s UEs is connected to the base station on her car, which provides private access only.
2. Alice parks her car in a parking lot near the spot of the music festival.  John is a stranger in the nearby. His UE tries to connect to the base station on Alice’s car, but it fails without be granted authentication from Alice.
3. At the same time, Bob takes a bus back home, with a base station mounted on it. Bob’s UE is connected to the base station on the bus, which provides public access to all the passengers on the bus.
4. Alice starts sharing video with Bob the live video during the concert festival. 
5.3.4
Post-conditions

Alice shares the live video of the music festival to Bob via 5G access from the base station on her car.
Bob is happy to watch a live show via 5G access from the base station on bus. 
5.3.5
Existing features partly or fully covering the use case functionality
The mobility management of the vehicle mounted base station shall be taken into account.
Multi-network connectivity and service delivery across operators will be used to assist this use case. The 5G system shall be able to maintain service continuity with minimum service interruption when the serving network is changed to a different serving network operated by a different operator.
5.3.6
Potential New Requirements needed to support the use case
[PR 5.3-1] The 5G system shall support the use of vehicle mounted mobile base station relays, which provide 5G access to UEs in the vicinity.
[PR 5.3-2] The 5G system shall support means for vehicle mounted mobile base station relays to allow access to all UEs, or to only allow access to authorized UEs e.g., vehicle owner’s family members, friends, etc.
Editor’s Note: possible clarification on how to limit authorization to certain UEs, as described in this requirement, is for further study.
5.4
Control of UEs access via mobile relays
5.4.1
Description

As part of a nationwide campaign to stimulate and increase use of public transportation, a mobile operator (“Green”) and cities administrations launch a “premium 5G connection” service to be offered to Green subscribers, and tourists from partner roamers, when travelling on public buses, trams, trains and underground in the main cities of the country. 
The improved 5G connectivity would be provided by using 5G mobile base station relays installed on board of public transport vehicles, which inter-connect (wirelessly) to the 5G macro network as part of Green 5G network.

Green decides to offer free and prioritized access to in-vehicle 5G relays to some of their executive customers, while for other Green subscribers (and roamers), access via relays would require and depend on a per-user permission, associated to a certain public transport ticket or membership. The user permission to access the relays may be specific per transport vehicles, and per geographic location/area. In addition, Green can configure other policies and parameters, as part of the RAN and/or relay settings, which may also depend on some macro RAN or other network constraints and conditions, for example it may limit/prioritize access to mobile relays based on time of the day, relay load, speed etc..

5.4.2
Pre-conditions

In the service flow below, as an example, the following public transport “city pass” options are assumed to be available, and corresponding relay access permission policies to be set and provisioned by Green:

Note: a city pass can have different time duration/validity (1 - 12 months) and includes free ticket/ride for all public transportation (bus, tram, metro, trains) in all areas, plus other benefits like entrance to city museums, parks etc..

· 1-month city pass: Access to mobile relays on all buses, city centre area only, during non-peak hours

· 6-month city pass: Access to mobile relays on all buses and trams, inside & outside city centre, non-peak hours

· 1-year city pass: Access to mobile relays on all public vehicles (including metro & trains), all city, any time

· “Executive” pass (for Green executives only): Full/unrestricted permission to access mobile 5G relays, nationwide

For executive users, further higher priority access could be configured in case of specific relay or RAN operating/capability conditions, e.g. related to relay load or mobility factors. As example, normal priority UEs may connect via relays on buses only if less than 5 users are active (via the relay) and/or at bus speed is in a certain range, while executive UEs would have unrestricted access/connection in the same conditions.
5.4.3
Service Flows

1. Three users, Alice, Bob and Charlie (Green customers) have the following city pass/status

· Alice: Executive; 
· Bob: 1-month pass; 
· Charlie: 6-months pass

They work for the same company (Green) and same office building, located outside the main city area, and live in the same city centre neighbourhood.  

2. Every day they share same itinerary and public transport vehicles to commute between home to work, i.e. 

a. Around 6am (non-peak hour), one bus from home to the tram station (city centre area), then a tram to the office (from inside to outside city centre).

b. Around 6pm (peak hour), opposite itinerary to return home

3. During their commuting, they typically use their smartphone almost all the time (active 5G connection), to browse internet and/or various social media communication. Based on their city pass/membership and other policies assumed above, they will experience the following 5G access/connectivity situations:

a. Alice:

i. Home to office: connected via relay on the bus and the tram

ii. Office to home: same as above, high priority access

b. Bob:

i. Home to office: connected via relay on the bus

ii. Office to home: no access via relay

c. Charlie:

i. Home to office: connected via relay on the bus and part of the tram itinerary (till city centre limit)

ii. Office to home: partially connected via relay on the bus and the tram (inside city centre); 

· During peak hour, given normal priority rights, sometimes connection via relay on the bus is not possible, e.g. if/when other 5 Green passengers are on the bus and already actively connected via the relay.

5.4.4
Post-conditions

All three users enjoy the premium 5G service from Green during their daily commuting to/from office, and are happy about their membership to the 5G-friendly public transport system!
5.4.5
Existing features partly or fully covering the use case functionality
[FFS] 
5.4.6
Potential New Requirements needed to support the use case
[PR 5.4-1] The 5G system shall support provisioning and configuration mechanisms to control UEs’ access to the 5G network via a mobile base station relay, based on 

· User/UE subscription and/or permission (can be specific to each preferred relay);

· User/UE or relay geographical location, time of the day, load, speed.
5.5
Control of UEs access via mobile relays using application-based subscription
5.5.1
Description

A mobile operator (“Blue”) partners with the public transit organization of ConnectedTown to offer 5G connectivity to passengers of public city buses and trams. The 5G connectivity will be provided using 5G base station relays installed on board of those vehicles, connected to the Blue 5G RAN network.

5.5.2
Pre-conditions

Blue decides to give its own subscribers free access to 5G connectivity in city buses and trams, and to offer subcribers of other operators the possibility to subscribe to the service for a fee, with the following tariff plans available:

· 20 min access in any bus or tram;
· one day access in any bus or tram;
· one month access in any bus or tram. 

5.5.3
Service Flows

4. Three users, Jack, Jill and Francois are about to enter a bus equipped with a Blue 5G on board relay

· Jack is a Blue subscriber

· Jill is a Purple subscriber

· Francois is from France and visiting ConnectedTown during his vacation. He is a Rouge (French operator) subscriber 

5. When on the bus

a. Jack’s UE automatically connects to the vehicle relay

b. Jill and Francois get a notification on the UI of their UE informing them about the availability of in-bus 5G service and listing the corresponding app available for download.

6. Jill, who is commuting to work, recalls that Purple’s coverage on the bus route is usually spotty. Since she rides the bus every weekday to go to work, she downloads the app and decides to sign up for the one month plan. Francois also downloads the app. He is only in town for a day and from the information provided by the app, he determines that the rate offered by Blue is cheaper than what he gets from the preferred VPLMN with which Rouge has a roaming agreement in ConnectedTown, so he signs up for the one day plan. Jill and Francois’ UEs connect to the vehicle relay.

5.5.4
Post-conditions

All three users enjoy the 5G connectivity from Blue, and – when leaving the bus - give positive feedback to the driver about the efficient and high-tech public buses.
5.5.5
Existing features partly or fully covering the use case functionality
[FFS] 
5.5.6
Potential New Requirements needed to support the use case
[PR 5.5-1] The 5G system shall support mechanisms to control UEs selection of mobile base station relays and UEs access to the 5G network via a mobile base station relay, based on 

· user/UE subscription and/or permission (can be specific to each preferred relay);
· user preference, for manual selection of a specific relay.
5.6
Keep connectivity via mobile base station relay
5.6.1
Description

In the urban environment, especially during the rush hour, a high density of passengers is waiting at the bus stop, which puts forwards a high demand for 5G area traffic capacity. A fleet of buses with on board base stations act as relays, which are expected to provide an efficient content delivery to these passengers.  The buses typically move at a low speed and usually follow a certain predictable itinerary, along which the extra cellular capacity requirements are fulfilled. 
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Figure 5.6-1: Connectivity maintenance via mobile base station relay
5.6.2
Pre-conditions

To enable this use, following pre-conditions should be met:

-
A bus shall be equipped with a mobile base station relay.
-
The mobile base station relay is capable of providing 5G connectivity to UEs in the bus along the bus itinerary.

-    The mobile base station relay is able to connect the NG-RAN and 5G Core network.
5.6.3
Service Flows

1. At a bus stop, there are two bus lines and passengers are either waiting for bus A or bus B.

2. Before the bus is arriving, 5 people are waiting at the bus stop, namely #1, #2, #3, #4, #5. All of their UEs are connected to the terrestrial base stations.
3. When bus A arrives, # 1 and #2 get on bus and their UEs access to the mobile base station relay A. Meanwhile, UEs of #3, #4 and #5 are still connected to the terrestrial base station.
4. Bus A leaves the bus stop.

5. During the driving process of bus A, UE #1 and UE #2 remain connected through mobile base station relay A.

6. When bus A arrives at the next bus stop, # 1 gets off the bus A and UE #1 connects to the terrestrial base station. #2 is still on the bus, and UE #2 remains connected through mobile base station relay A.
7. Bus A arrives at the destination, # 2 gets off the bus and connects to other base stations.
5.6.4
Post-conditions

UEs in the bus are provided with enhanced 5G area traffic capacity by the mobile base station.
5.6.5
Existing features partly or fully covering the use case functionality
[FFS]
5.6.6
Potential New Requirements needed to support the use case
[PR 5.6-1] The 5G system shall support the use of mobile base station relay, which provides 5G access to UEs in the vehicle along the vehicle itinerary.

[PR 5.6-2] The 5G system shall provide means to ensure that UEs inside a vehicle, once provided with 5G access and connectivity via a mobile base station relay (e.g. mounted on the vehicle), remain connected via the mobile base station relay (e.g. mounted on the vehicle).
5.7
Optimizing mobility for UEs
5.7.1
Description

When served by mobile base station relays which are, in nature, mobile (moving around), UEs may experience a large number of unnecessary mobility related burdens, such as unnecessary handovers, selection of a mobile base station relay to connect, and cell reselection.

This use case addresses a scenario that UEs and their nearby mobile base station relay are from the same PLMN in general.
5.7.2
Pre-conditions

MNO1 operates mobile base station relays R1a and R1b.

UE1a and UE1b are subscribed to MNO1.

R1a resides in Zone 1 whereas R1b in Zone 2 (refer to Figure below).

NOTE 1: A Zone is not necessarily the area covered by a gNB but denotes a virtual zone for illustration purposes.

UE1a is on R1a whereas UE1b is on R1b.
UE1a does not have active data communication with R1a in Zone 1.

In Zone 2, there is a gNB. 

NOTE 2: This means that mobile base station relays residing in Zone 2 are closer to this gNB than any other relays residing outside Zone 2.
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Fig. 5.7-1: Pre-conditions
R1a (with UE1a as passenger) moves from Zone 1 into Zone 2 (and stays there from time t1 through time t2) whereas R1b (with UE1b) stays in Zone 2 (from time t1 through time t2+α) before moving to another destinations (e.g., somewhere in zone 3).
5.7.3
Service Flows

R1a moves from Zone 1 into Zone 2 whereas R1b stays on in Zone 2, and R1a stays in the proximity of R1b.

UE1a wants to initiate data communication and performs smart selection of mobile base station relay/cell to which it can attempt for a connection.

UE1a has estimated that R1a was probably with UE1a for a certain period of time (e.g., by seeing that R1a has been close to UE1a itself for a certain time interval (t0, t1) as shown in the figure).

UE1a tries to initiate a connection with R1a first and gets connected to R1a (Red in the figure, meaning active communication) if available.

Likewise, UE1b attempts to R1b to initiate a connection (Red in the figure, meaning active communication).
5.7.4
Post-conditions

There is no need to make a handover for UE1a to other mobile base station relays or to other gNB as long as the connectivity provided by R1a is good enough.

UE1a and UE1b continue their travels to the next destination (somewhere out of zone 2, e.g., zone 3) with R1a and R1b, respectively, enjoying their connections with no extra handovers.
5.7.5
Existing features partly or fully covering the use case functionality
FFS
5.7.6
Potential New Requirements needed to support the use case
[PR 5.7-1] The 5G system shall be able to provide a means to optimize cell selection and minimize unnecessary cell reselection (between mobile base station relays or between mobile base station relays and fixed gNB,) in the presence of mobile base station relays. 
NOTE: This requirement is intended to provide the capability for the 5G system (UEs/ mobile base station relays) to be able to optimize selection of a mobile base station relay, e.g., in a vehicle where the UE is on board (or that moved together so far or that is expected to move together). 
[PR 5.7-2] The 5G system shall be able to provide a means to minimize unnecessary handover (between mobile base station relays, or between mobile base station relays and a fixed gNB and between) for a UE while served via an mobile base station relay, e.g., based on UE and relay relative mobility or speed.
5.8
Load balancing for mobile base station relays
5.8.1
Description

When serving a group of UE’s (mostly passengers of a vehicle) via mobile base station relays, the traffic load (simply work load) of a relay can often be different from the others’. In an ordinary moving state of a mobile base station relays, a typical mechanism to make rearrangement of the load (often called load-balancing) is to find whether a macro node (gNB) is available and, if so, to perform necessary handover to that node. 

However, in the other states such as temporary stop at a bus stop or at a traffic signal, it is expected that several or more mobile base station relays  are around, some of which are more overloaded than the others and therefore are suitable for accepting more UEs, if temporary.

This use case addresses a scenario that some UEs being served by a mobile base station relays can get temporarily rearranged/relocated to anther mobile base station relays (or to macro node, gNB) where they are all from the same PLMN in general.
5.8.2
Pre-conditions

MNO1 operates mobile base station relays R1a and R1b.

NOTE 1: It is still possible that a third party authorised by an MNO operates mobile base station relays but in this use case it is simply regarded/described that the MNO operates them unless specifically needed to distinguish.

UE(1), UE(2), …, UE(n) are subscribed to MNO1.`

R1a resides in Zone 1 whereas R1b in Zone 2 (refer to Figure below).

NOTE 2: A Zone is not necessarily the area covered by a gNB but denotes a virtual zone for illustration purposes.

UE(1), UE(2), …, UE(n) are on R1a and have active communications in Zone 1 whereas no UEs on R1b have any active communications in Zone 2.
R1a is fairly overloaded/congested due to many UE’s competing for network resources.

In Zone 2, there is a gNB. 

NOTE 3: This means that mobile base station relays residing in Zone 2 are closer to this gNB than any other relays residing outside Zone 2.
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Fig. 5.8-1: Pre-conditions
R1a (with UE(1), …, UE(n) as passengers having active communications) moves from Zone 1 into Zone 2 whereas R1b (with no UEs with active communications) stays in Zone 2.
5.8.3
Service Flows

R1a moves from Zone 1 into Zone 2 whereas R1b stays on in Zone 2, and R1a stays in the proximity of R1b.

Some UE’s, say UE(n-1) and UE(n), out of those being served by R1a are relocated to R1b.

R1a has the burden a little bit alleviated and therefore those UE’s, UE(1) through UE(n-2), can enjoy better communication performance during a certain length of time.

R1a has now begun to move to next destination and those UE’s (i.e., UE(n-1) and UE(n)) which had temporarily been deported from the steady friend R1a, are getting back to the steady friend. 
5.8.4
Post-conditions

On average UE’s using mobile base station relays can get better communication experience.

It was fortunate that the (n-2) UE’s can get better communication experience during that time period in Zone 2. They expect that this type of load balance will happen again whenever possible.
5.8.5
Existing features partly or fully covering the use case functionality
FFS
5.8.6
Potential New Requirements needed to support the use case
[PR 5.8-1] The 5G system shall be able to provide a means to perform load balancing among mobile base station relays.
NOTE: This requirement is intended to provide the capability for the 5G system (UEs/ mobile base station relays) to be able to optimize the load of network resources whenever possible. 
5.9
Provide location service to a UE attached to the relay mounted in the vehicle
5.9.1
Description

In certain urban environments, tall buildings and other infrastructure sites make GNSS signal too weak for normal UEs, e.g., mobile phones. It is even harder to get GNSS signal when a user is navigating with a mobile phone in a vehicle in urban area.

Some kinds of public vehicles (e.g., bus, light rail train) can take many passengers with a number of UEs. When any of them is using location service or is a target UE in a location service and when UE based location is not possible, e.g. GNSS signals are very weak, the network based location service is used to make sure that the UE can still be located. 

In another scenario, the target UE of a location service is in a poor 3GPP coverage area, and it then uses relay mounted in the vehicle to access to the network and to be located.
5.9.2
Pre-conditions

A bus takes some passengers who get internet service over the 3GPP access through the bus-mounted relay.

The bus-mounted relay gets its location information through GNSS or 3GPP network based location services.

The UEs of some passengers are in low battery.
5.9.3
Service Flows
Case 1: The passengers move into an area of poor GNSS coverage when GNSS based location service is used
1. A passenger uses an application which need location service. GNSS based location service is used. 

2. The passengers move into an area of poor GNSS coverage

3. The UE or an external AF sends location requests with the requested granularity (e.g. 5 meters) to the 5GS to trigger the network based location service. 

4. The 5GS responds the location information to the UE or the external AF.

Case 2: The passengers move into an area of poor 3GPP coverage when 3GPP network based location service is used
1. A passenger uses an application which need location service. 3GPP network based location service is used. 

2. The passengers move into an area of poor 3GPP coverage.

3. The passengers uses relay mounted in the vehicle to access to the 3GPP network.

4. The UE or an external AF sends location requests to the 5GS with the requested granularity (e.g. 5 meters) to trigger the network based location service. 

5. The 5GS responds the location information to the UE or the external AF.
5.9.4
Post-conditions

All passengers who need location service can still get the location information even when they move into an area of poor GNSS coverage or poor 3GPP coverage.
5.9.5
Existing features partly or fully covering the use case functionality
FFS.
5.9.6
Potential New Requirements needed to support the use case
[PR 5.9-1]: The 5G system shall support providing location service for the UEs accessing to the 5GS network via a mobile base station relay (e.g. mounted on a vehicle).

[PR 5.9-2]: The 5G system shall support providing location information to a requesting UE or other location entity, for UEs accessing the 5GS network via a mobile base station relay (e.g. mounted on a vehicle), considering e.g. specific location granularity, and efficient UE power consumption.
5.10
Incentives and charging 
5.10.1
Description

This use case describes the scenario of a transportation company (“Alfa”), owning different fleets of vehicles and transport services in the major cities of the country. Vehicles are for persons or goods transport, e.g taxis, shuttles, buses, vans, and can be equipped (installed or upgraded by the manufacturer) with on board mobile base station relays. The relays can be configured to provide better 5G coverage/connectivity to passengers inside the vehicle (e.g. as premium in-vehicle service), and/or outside users (for localized coverage/capacity boost)

Alfa makes a nationwide commercial agreement with one MNO (“Beta”) offering the possibility to use, control and operate the relays on their vehicles. The agreement with Beta includes some direct payment to Alfa, and other arrangements, e.g. free or discounted service for 5G traffic used by Alfa employees or drivers (MNO subscribers) via the vehicle relays. 
On the other hand, Beta can offer and apply special subscription tariffs to some of their clients, e.g. enterprises or individual customers for premium in-vehicle 5G experience. 
In both cases, it is assumed that the commercial agreements and/or customer tariffs would depend on the amount of data exchanged over the relays, maybe specific to certain geographical areas, days/time, users, etc.
5.10.2
Pre-conditions

The MNO Beta decides to use a certain type and amount of Alfa transport vehicles with relay capabilities, in particular for 

· Taxis and shuttles, used by Beta subscribers and/or client enterprises 

· Other transport vehicles, used by Beta for outdoor hot spot coverage/capacity boost, according to specific vehicles itineraries, routes (e.g. dense-urban streets), or transit/stop locations (e.g. bus/train stations, stadiums, airports).
Relay operation is managed by and under the control of Beta, which will perform all proper provisioning, configuration and the necessary interconnection/integration with the Beta RAN.
5.10.3
Service Flows

1. Relays are activated by Beta.

2. Beta’s network and relays collect and report charging data (online and offline) for the 5G traffic exchanged via the vehicle relays managed by Bets, i.e. 
· Data exchanged by individual passengers using 5G connectivity via in-vehicle relays

· Overall 5G traffic increase via vehicle relays in specific hot spot areas, days/times.

3. Every billing period, Beta generates related billing records for

· Beta customers and/or client enterprises, paying for in-vehicle premium 5G service as part of their MNO membership/plan.

· Vehicles’ drivers and other Alfa employees, eligible for discounted tariffs when using 5G relays (as per deal with Alfa).

4. Beta will compensate Alfa for the extra 5G traffic/capacity enabled by the relays, based on the amount of traffic exchanged via the relays, specific location and time etc., as per their commercial contract and service conditions.
5.10.4
Post-conditions

Alfa and Beta meet their business goals. Beta customers are very pleased by their in-vehicle 5G experience.
5.10.5
Existing features partly or fully covering the use case functionality
[FFS]
5.10.6
Potential New Requirements needed to support the use case
[PR 5.10-1] The 5G system shall be able to identify and differentiate the traffic relayed via a mobile base station relay, e.g. to apply specific charging policies.

[PR 5.10-2] Online and offline charging shall be supported for UEs connected via a mobile base station relay.

[PR 5.10-3] The 5G system shall be able to provide and collect charging information for UEs using a mobile base station relay, including e.g.:

· Identification of UEs/users involved;

· Initiation/termination time of relay communication;
· Duration and amount of data transmitted and received;

· Type of service, QoS, other allocated resources (e.g. spectrum);

· Geographic location(s) served by the relay
· Other relay mobility information (e.g. itinerary, speed)







5.11
Use cases on Service continuity 

5.11.1
Mobility between macro and relay
5.11.1.1 
Use case 1: User entering/leaving the vehicle
5.11.1.1.1
Description

When users/UEs enter or leave vehicles with on board relays, handover between macro and vehicle relays can happen, if an active connection is ongoing.

The scenario described in this use case refers to a user, Alice, engaged in a phone call while going to her office via tram.
5.11.1.1.2
Pre-conditions

Alice is at a tram station, waiting for her usual 8am tram to get to her office, located several miles away. 

The tram happens to be equipped with an on board base station relay, offering 5G connectivity from the same HPLMN as Alice is subscribed to. 

Before the tram arrives, Alice calls her secretary to discuss the busy meetings schedule of the day, using available radio coverage from her HPLMN macro network. 
5.11.1.1.3
Service Flows

1. Alice is at the tram station, with an ongoing call using macro 5G network (from her HPLMN)
2. The tram arrives, and Alice enters the vehicle. Given the very good 5G relay coverage inside, much better than the macro NW, the call is handed over via the relay, without any discontinuity.

3. The tram arrives at Alice’s office location, and the call is still ongoing, via the tram relay.

4. Alice leaves the tram; while exiting, the 5G connection switches back from the tram relay directly to the macro network, and the call continues seamlessly. 
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Figure 5.11.1-1
5.11.1.1.4
Post-conditions
While walking to the office building, Alice thanks her secretary for the helpful de-brief and hangs up; she feels very well prepared for the busy working day ahead. 
5.11.1.1.5
Existing features partly or fully covering the use case functionality
Current requirements (e.g. related to wireless self-backhaul, see 22.261, sec 6.12) or existing functionalities (e.g. IAB), cover scenarios of autonomous configuration/adaptation of network topologies, but do not assume or fully address physical relay mobility.
5.11.1.1.6
Potential New Requirements needed to support the use case
[PR 5.11.1-1] The 5G system shall be able to support efficient handover when a UE active communication changes from the macro network to a mobile base station relay (e.g. mounted on a vehicle) and vice versa, ensuring end-to-end service continuity during mobility of the UE (e.g. entering or leaving the vehicle) and/or the relay.






5.11.1.2 
Use case 2: User outside the vehicle
5.11.1.2.1
Description

When moving to an area where coverage from mobile base station relay(s) is available, the UE can be handed over from the macro network to a suitable mobile base station relay. Conversely, when the UE served by a mobile base station relay is heading out of the area where coverage from mobile base station relay(s) is available, the UE can be handed over from the relay to the macro network. In both cases, ensuring that there is no interruption in the ongoing services at the UE will yield an improved user experience.
5.11.1.2.2
Pre-conditions

Anna lives in a residential area within walking distance of the city center. She gets good 5G service from the macro network around her house thanks to the lack of tall buildings and the fact that the area is not densely populated. Anna works in the city center and likes to go to the office on foot. Often, to save time, she takes conference calls on her way to work.
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Figure 5.11.1-2
5.11.1.2.3
Service Flows

(1) It’s 7:55 am and Anna gets out of her house to walk to work. She has a conference call at 8 am so she starts the conferencing app on her phone and connects her headset.

(2) At 8:25 am, Anna arrives in the city center. Anna’s boss asks her to give an update on the project she is working on. Anna starts giving her presentation.

(3) Due to the high-rise buildings in the center, the macro coverage gets spotty, and due to the high number of UEs, the data rate allocated to Anna’s phone starts going down. Anna’s boss starts asking her questions on the updates she has presented.

(4) Traffic in the center is very packed and there are buses equipped with mobile station relays on the avenue where Anna is walking. The macro network determines that Anna’s phone can get better coverage from a relay than from the macro and hands over Anna’s phone to the relay in the bus closest to Anna. All ongoing services in the phone, including the conference call, are transferred without service interruption.
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Figure 5.11.1-3
(5) Anna’s phone regains good coverage and maximum data rate, enabling Anna to not miss any of her boss’s questions and to provide answers. Anna’s boss congratulates her for the good progress on her project.

(6) Anna’s conference call continues and her colleagues give updates on their own project. Anna arrives in front of her office building and enters the building, while the bus in which the relay is installed continue alongside the avenue

(7) The network determines that the serving relay and Anna’s phone are moving in diverging directions and hands over Anna’s phone the macro cell serving Anna’s office building. All ongoing services in the phone, including the video call, are transferred without service interruption.
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Figure 5.11.1-4
(8) Anna finishes her conference call, and goes to her office.
5.11.1.2.4
Post-conditions

Anna’s conference call was transferred seamlessly from the macro network to the mobile base station relay and then back to the macro network. 

Anna is very pleased that she was able to participate in the call without service outage, which enabled her to complete her presentation, answer all questions, and listen to her colleagues’ updates.
5.11.1.2.5
Existing features partly or fully covering the use case functionality
Current requirements (e.g. related to wireless self-backhaul, see 22.261, sec 6.12) or existing functionalities (e.g. IAB), cover scenarios of autonomous configuration/adaptation of network topologies, but do not assume or fully address physical relay mobility.
5.11.1.2.6
Potential New Requirements needed to support the use case
[PR 5.11.1-2] The 5G system shall be able to support efficient handover when a UE active communication changes from the macro network to a mobile base station relay (e.g. mounted on a vehicle) and vice versa, ensuring end-to-end service continuity during mobility of the UE (e.g. moving outside the vehicle) and/or the relay.







5.11.2
Mobility of relay between macro nodes
5.11.2.1 
Use case 1: User inside the vehicle
5.11.2.1.1
Description

While the UE is served by a mobile base station relay, as the vehicle is moving, it is possible for the relay to be handed over to a different macro node. Ensuring that there is no interruption to the ongoing services at the UE will yield an improved user experience.
5.11.2.1.2
Pre-conditions

Jim is going on a business trip that was scheduled on very short notice. To prepare for the trip, he has set up a conference call with this team that will take place during his commute to the airport using his favorite ride-sharing service, whose vehicles happen to be equipped with mobile station relays.

Jim settles into his ride and opens his laptop which has with a 5G modem. The modem in the laptop registers with the mobile base station relay mounted on the vehicle. Jim starts his conference call and shares the slides he has prepared.
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Figure 5.11.2-1

5.11.2.1.3
Service Flows

1. Jim’s ride goes onto the highway and heads for the airport. As the vehicle moves away from the city, coverage from the serving macro node to the relay becomes weaker.

2. The macro network determines that the relay can be better served by another macro node, and hands over the relay to that macro node. All ongoing services on Jim’s laptop, including the conference call with slide sharing, are transferred without service interruption.

3. Jim arrives to the airport, thanks his team and ends the conference call.

5.11.2.1.4
Post-conditions

Jim’s conference call and slide sharing were transferred seamlessly during handover of the relay serving Jim’s laptop from one macro node to another. Jim is very pleased that he was able to make the most of the ride time and go through the entire slide deck without any interruption in connectivity.
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Figure 5.11.2-2
Note: the use case does not assume a particular vehicle’s speed, and may apply also to users and relays inside high-speed trains (up to 500kmph).
5.11.2.1.5
Existing features partly or fully covering the use case functionality
Current requirements (e.g. related to wireless self-backhaul, see 22.261, sec 6.12) or existing functionalities (e.g. IAB), cover scenarios of autonomous configuration/adaptation of network topologies, but do not assume or fully address physical relay mobility.
5.11.2.1.6
Potential New Requirements needed to support the use case
[PR 5.11.2-1] The 5G system shall be able to support efficient handover of a UE active communication when a mobile base station relay (e.g. serving a UE inside a vehicle) changes between macro network nodes, ensuring end-to-end service continuity during mobility of the relay.






5.11.2.2 
Use case 2: User outside the vehicle
5.11.2.2.1
Description

In certain scenarios, a mobile base station relay mounted on a vehicle may serve UEs outside, and while the vehicle is moving the relay connection to the macro network can change, i.e. can be handed over to a different macro donor node. In such cases, the system should ensure seamless mobility and service continuity.
The example scenario described here refers to an outdoor sport event (bike or pedestrian race), with motorbikes’ camera transmitting real-time video via relays mounted on alongside vehicles, e.g. provided by the event organizer or TV broadcaster. During the race, the vehicle relay changes macro cell coverage, i.e. relay connection is handed over between two macro donor nodes.
5.11.2.2.2
Pre-conditions

Before the race starts, cameras on motorbikes get configured and connected to a surrounding vehicle relay, providing 5G wireless backhauling connectivity toward a certain PLMN network. 

Real-time video transmission starts, and the vehicle relay is connected to macro cell (donor node) #1.
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Figure 5.11.2-3
5.11.2.2.3
Service Flows

(1) The sport race starts; motorbikes with cameras and cars equipped with relays follow, on the side, the race group/platoon. 
(2) While moving along the race itinerary, the relay coverage and connection quality from macro cell#1 gets weaker, and macro cell#2 becomes a stronger/better cell to connect to.
(3) Based on NW decision, at a certain point the relay backhaul connection is handed over from cell#1 to cell#2, while UEs (cameras) remain connected to the same relay. 
5.11.2.2.4
Post-conditions

The vehicle relay is connected to macro cell#2, and no service disruption occurred to the ongoing video transmission.


[image: image16]
Figure 5.11.2-4
5.11.2.2.5
Existing features partly or fully covering the use case functionality
Current requirements (e.g. related to wireless self-backhaul, see 22.261, sec 6.12) or existing functionalities (e.g. IAB), cover scenarios of autonomous configuration/adaptation of network topologies, but do not assume or fully address physical relay mobility.
5.11.2.2.6
Potential New Requirements needed to support the use case
[PR 5.11.2-2] The 5G system shall be able to support efficient handover of a UE active communication when a mobile base station relay (e.g. serving a UE outside a vehicle) changes between macro network nodes, ensuring end-to-end service continuity during mobility of the relay.







5.11.3
Mobility between relays
5.11.3.1 
Use case 1: User inside the vehicle
5.11.3.1.1
Description

Some big size vehicles, e.g. trains or trams, can require multiple 5G base station relays to provide good coverage to users/UEs located in different parts of the vehicle. In such cases, if active users/UEs move around the vehicle their connection can switch between different relays. 
In the example described hereafter, Tom is travelling on a high-speed train that provides 5G on board coverage (from his HLMN) by using relays installed 2-3 wagons apart, connected via wireless backhaul to the wide-area 5G macro RAN. 
5.11.3.1.2
Pre-conditions

Tom is seating on the train and his smartphone is camped on a local (HPLMN) 5G relay inside/nearby his wagon. It’s almost lunch time, and he’s thinking to go and eat something at the small restaurant/bar available on the train, located few wagons away. Meanwhile, Tom receives a video-chat call from his wife. 
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Figure 5.11.3-1
5.11.3.1.3
Service Flows

1. Tom has started a call, using 5G connectivity from the close-by 5G relay (e.g. inside his wagon)

2. During the call, Tom moves to the restaurant wagon, which is covered by another 5G relay.

3. While moving between wagons, connectivity quality/strength of the first relay decreases, while coverage from the relay in the restaurant wagon becomes available and stronger.

4. When Tom gets closer to restaurant wagon, the call is handed over from the first relay to the second relay, using the same donor macro node.
5.11.3.1.4
Post-conditions

Tom arrives at the restaurant without perceiving any disruption to the ongoing call and can continue enjoying his phone conversation while seating at the bar.
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Figure 5.11.3-2
Note: the use case does not assume a specific vehicle’s speed, and may apply also to high-speed trains (up to 500kmph).
5.11.3.1.5
Existing features partly or fully covering the use case functionality
Current requirements (e.g. related to wireless self-backhaul, see 22.261, sec 6.12) or existing functionalities (e.g. IAB), cover scenarios of autonomous configuration/adaptation of network topologies, but do not assume or fully address physical relay mobility.
5.11.3.1.6
Potential New Requirements needed to support the use case
[PR 5.11.3-1] The 5G system shall be able to support efficient handover when a UE active communication changes between mobile base stations relays (e.g. mounted on a vehicle), ensuring end-to-end service continuity during mobility of the UE (e.g. moving inside the vehicle).






5.11.3.2 
Use case 2: User outside the vehicle
5.11.3.2.1
Description

While a user is located in an area where coverage from mobile base station relay(s) is available, the user’s UE can be handed between mobile base station relays due to mobility of the relays. Ensuring that that there is no interruption in the ongoing services at the UE during such handover will yield an improved user experience.
5.11.3.2.2
Pre-conditions

Tom has made plans to have lunch with friends at a sushi restaurant downtown. The food there is very good, plus the restaurant is conveniently located across from the downtown bus transit hub/station, which enables Tom to reach the restaurant easily by public transportation. All buses in Tom’s city are equipped with mobile base station relays.

Tom arrives early at the restaurant and sits down at a table. His phone registers with the mobile base station relay mounted on a bus across the street awaiting departure. Tom starts streaming his favorite TV show on his phone while waiting for his friends.
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Figure 5.11.3-3
5.11.3.2.3
Service Flows

1. The driver of the bus equipped with the mobile base station relay serving Tom’s phone gets in the bus and prepare to depart. The driver turns on the engine, closes the doors, and starts driving the bus toward the exit of the bus transit hub, then makes a left into the avenue.

2. The network determines that the serving relay is moving away from Tom’s phone and hands over Tom’s phone to a relay located in another bus awaiting departure at the bus transit hub. All ongoing services in the phone, including the streaming of the TV show, are transferred without service interruption.

3. Tom’s friends arrive at the restaurant, and they order lunch.

5.11.3.2.4
Post-conditions

Tom’s streaming video was transferred seamlessly from the mobile base station relay mounted on the first bus, to a mobile base station relay mounted the second bus. Tom is very pleased that he was able to watch his TV show without interruption while he was waiting for his friends.
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Figure 5.11.3-4
5.11.3.2.5
Existing features partly or fully covering the use case functionality
Current requirements (e.g. related to wireless self-backhaul, see 22.261, sec 6.12) or existing functionalities (e.g. IAB), cover scenarios of autonomous configuration/adaptation of network topologies, but do not assume or fully address physical relay mobility.
5.11.3.2.6
Potential New Requirements needed to support the use case
[PR 5.11.3-2] The 5G system shall be able to support efficient handover when a UE active communication changes between mobile base stations relays (e.g. mounted on a vehicle), ensuring end-to-end service continuity during mobility of the UE (e.g. moving outside the vehicle) and/or the relays.







6
Other considerations

This section covers other aspects of mobile vehicle relays deployments and potential service requirements, not specifically included by the use cases described in the section 5, particularly related to relay’s roaming, regulatory aspects, security, and interference.

Editor’s note: to add short intro paragraph about possible roaming of vehicle relays.
[PR 6-1] The 5G system shall support mechanisms, for the HPLMN and/or VPLMN controlling a mobile base station relay, to enable/disable mobile relay operation if/when the relay (e.g. on a mobile vehicle) is roaming in a VPLMN.
Editor’s note: to add short intro paragraph on support of regulatory requirements with mobile BS relays.
[PR 6-2] 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.
Editor’s note: to add short intro paragraph on expected support of end-to-end security with mobile BS relays.
[PR 6-3] The 5G system shall ensure that end-to-end 5G security between the UE and 3GPP network is supported when the UE accesses the 3GPP network via a mobile base station relay.

Editor’s note: to add short description on potential interference challenges and need to minimize/optimize that.
[PR 6-4] The 5G system shall be able to minimize radio interference possibly caused by mobile base station relays (e.g. when mounted on moving vehicles).
7
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