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3	Definitions, symbols and abbreviations
[bookmark: _Toc45387618][bookmark: _Toc52638663][bookmark: _Toc59116748][bookmark: _Toc61885567][bookmark: _Toc68279128]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]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].
5G enhanced positioning area: a subset of the 5G positioning service area that is assumed to be provided with additional infrastructure or deploy a particular set of positioning technologies to enhance positioning services. 
NOTE 1: 	The enhanced positioning service area represents for example a factory plant, a dense urban area, an area along a road or railway track, a tunnel and covers both indoor and outdoor environments.
5G LAN-type service: a service over the 5G system offering private communication using IP and/or non-, i.e. UEs that are members of the same 5G LAN-VN IP type communications.
[bookmark: _Hlk521434392]5G LAN-virtual network: a virtual network capable of supporting 5G LAN-type service. 
5G satellite access network: 5G access network using at least one satellite. 
5G positioning service area: a service area where positioning services would solely rely on infrastructures and positioning technologies that can be assumed to be present anywhere where 5G is present (e.g. a country-wide operator-supplied 5G network, GNSS, position/motion sensors). 
NOTE 2: 	This includes both indoor and any outdoor environments.
active communication: a UE is in active communication when it has one or more connections established. A UE may have any combination of PS connections (e.g. PDP contexts, active PDN connections).
activity factor: percentage value of the amount of simultaneous active UEs to the total number of UEs where active means the UEs are exchanging data with the network.
area traffic capacity: total traffic throughput served per geographic area.
communication service availability: percentage value of the amount of time the end-to-end communication service is delivered according to a specified QoS, divided by the amount of time the system is expected to deliver the end-to-end service.
[bookmark: _Hlk75358260]NOTE 3:	The end point in "end-to-end" is the communication service interface.
NOTE 4:	The communication service is considered unavailable if it does not meet the pertinent QoS requirements. For example, the communication service is unavailable if a message is not correctly received within a specified time, which is the sum of maximum allowed end-to-end latency and survival time.
direct device connection: the connection between two UEs without any network entity in the middle.
direct network connection: one mode of network connection, where there is no relay UE between a UE and the 5G network.
Disaster Condition: This is the condition that a government decides when to initiate and terminate, e.g. a natural disaster. When this condition applies, users may have the opportunity to mitigate service interruptions and failures.
Disaster Inbound Roamer: A user that (a) cannot get service from the PLMN it would normally be served by, due to failure of service during a Disaster Condition, and (b) is able to register with other PLMNs.
Disaster Roaming: This is the special roaming policy that applies during a Disaster Condition.
end-to-end latency: the time that it takes to transfer a given piece of information from a source to a destination, measured at the communication interface, from the moment it is transmitted by the source to the moment it is successfully received at the destination.
[bookmark: _Hlk75354616]holdover: A clock A, previously synchronized/syntonized to another clock B (normally a primary reference or a Master Clock) but whose frequency is determined in part using data acquired while it was synchronized/syntonized to B, is said to be in holdover or in the holdover mode as long as it is within its accuracy requirements.
NOTE 4bis:	holdover is defined in [31]
Holdover time: the time period that is available to repair the first priority timing source when it is lost (e.g., when the primary GNSS reference is lost). During this period the synchronization accuracy requirement should be guaranteed, e.g., by means of defining multiple synchronization references.
Hosted Service: a service containing the operator's own application(s) and/or trusted third-party application(s) in the Service Hosting Environment, which can be accessed by the user.
indirect network connection: one mode of network connection, where there is a relay UE between a UE and the 5G network.
IoT device: a type of UE which is dedicated for a set of specific use cases or services and which is allowed to make use of certain features restricted to this type of UEs.
NOTE 5:	An IoT device may be optimized for the specific needs of services and application being executed (e.g. smart home/city, smart utilities, e-Health and smart wearables). Some IoT devices are not intended for human type communications.
network slice: a set of network functions and corresponding resources necessary to provide the required telecommunication services and network capabilities.
NG-RAN: a radio access network connecting to the 5G core network which uses NR, E-UTRA, or both. 
non-public network: a network that is intended for non-public use.
NR: the new 5G radio access technology. 
positioning service availability: percentage value of the amount of time the positioning service is delivering the required position-related data within the performance requirements, divided by the amount of time the system is expected to deliver the positioning service according to the specification in the targeted service area.
positioning service latency: time elapsed between the event that triggers the determination of the position-related data and the availability of the position-related data at the system interface.
priority service: a service that requires priority treatment based on regional/national or operator policies.
private communication: a communication between two or more UEs belonging to a restricted set of UEs.
private network: an isolated network deployment that does not interact with a public network.
private slice: a dedicated network slice deployment for the sole use by a specific third-party.
[bookmark: _Hlk48835424]Ranging: refers to the determination of the distance between two UEs and/or the direction of one UE from the other one via direct device connection.
relative positioning: relative positioning is to estimate position relatively to other network elements or relatively to other UEs.
reliability: in the context of network layer packet transmissions, percentage value of the amount of sent network layer packets successfully delivered to a given system entity within the time constraint required by the targeted service, divided by the total number of sent network layer packets.
satellite: a space-borne vehicle embarking a bent pipe payload or a regenerative payload telecommunication transmitter, placed into Low-Earth Orbit (LEO) typically at an altitude between 300 km to 2 000 km, Medium-Earth Orbit (MEO) typically at an altitude between 8 000 to 20 000 k m, or Geostationary satellite Earth Orbit (GEO) at 35 786 km altitude.
satellite access: direct connectivity between the UE and the satellite.
satellite NG-RAN: a NG-RAN which uses NR in providing satellite access to UEs. 
service area: geographic region where a 3GPP communication service is accessible. 
[bookmark: _Hlk75358348]NOTE 6:	The service area can be indoors.
NOTE 7:	For some deployments, e.g. in process industry, the vertical dimension of the service area can be considerable. 
service continuity: the uninterrupted user experience of a service that is using an active communication when a UE undergoes an access change without, as far as possible, the user noticing the change.
NOTE 8:	In particular service continuity encompasses the possibility that after a change the user experience is maintained by a different telecommunication service (e.g. tele- or bearer service) than before the change.
NOTE 9:	Examples of access changes include the following. For EPS: CS/PS domain change. For EPS and 5G: radio access change, switching between a direct network connection and an indirect network connection.
Service Hosting Environment: the environment, located inside of 5G network and fully controlled by the operator, where Hosted Services are offered from.
survival time: the time that an application consuming a communication service may continue without an anticipated message.
Time to First Fix (TTFF): time elapsed between the event triggering for the first time the determination of the position-related data and the availability of the position-related data at the positioning system interface.
User Equipment: An equipment that allows a user access to network services via 3GPP and/or non-3GPP accesses.
user experienced data rate: the minimum data rate required to achieve a sufficient quality experience, with the exception of scenario for broadcast like services where the given value is the maximum that is needed.
wireless backhaul: a link which provides an interconnection between 5G network nodes and/or transport network using 5G radio access technology. 
[bookmark: _Toc45387619][bookmark: _Toc52638664][bookmark: _Toc59116749][bookmark: _Toc61885568][bookmark: _Toc68279129]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].
5G LAN-VN	5G LAN-Virtual Network
A/S	Actuator/Sensor
eFMSS	Enhancement to Flexible Mobile Service Steering
eV2X	Enhanced V2X 
FMSS	Flexible Mobile Service Steering
GEO	Geostationary satellite Earth Orbit
ICP	Internet Content Provider
ID	Identification
IMU	Inertial Measurement Unit 
IOPS	Isolated E-UTRAN Operation for Public Safety
LEO	Low-Earth Orbit
MBS	Metropolitan Beacon System
MCS	Mission Critical Services
MCX	Mission Critical X, with X = PTT or X = Video or X = Data
MEO	Medium-Earth Orbit
MIoT	Massive Internet of Things
MMTEL	Multimedia Telephony
MPS	Multimedia Priority Service
MSGin5G	Message Service Within the 5G System
NPN	Non-Public Network
RSTP	Rapid Spanning Tree Protocol
SEES	Service Exposure and Enablement S 
[bookmark: _Hlk75354910]SST	Slice/Service Type
TBS	Terrestrial Beacon System
TTFF	Time To First Fix
UTC 	Coordinated Universal Time
[bookmark: _Hlk79840428][bookmark: _Toc45387620][bookmark: _Toc52638665][bookmark: _Toc59116750][bookmark: _Toc61885569][bookmark: _Toc68279130]UTC 	Coordinated Universal Time4	Overview
Unlike previous 3GPP systems that attempted to provide a 'one size fits all' system, the 5G system is expected to be able to provide optimized support for a variety of different services, different traffic loads, and different end user communities. Various industry white papers, most notably, the NGMN 5G White Paper [2], describe a multi-faceted 5G system capable of simultaneously supporting multiple combinations of reliability, latency, throughput, positioning, and availability. This technology revolution is achievable with the introduction of new technologies, both in access and the core, such as flexible, scalable assignment of network resources. In addition to increased flexibility and optimization, a 5G system needs to support stringent KPIs for latency, reliability, throughput, etc. Enhancements in the air interface contribute to meeting these KPIs as do enhancements in the core network, such as network slicing, in-network caching and hosting services closer to the end points.
A 5G system also supports new business models such as those for IoT and enterprise managed networks. Drivers for the 5G KPIs include services such as Unmanned Aerial Vehicle (UAV) control, Augmented Reality (AR), and factory automation. Network flexibility enhancements support self-contained enterprise networks, installed and maintained by network operators while being managed by the enterprise. Enhanced connection modes and evolved security facilitate support of massive IoT, expected to include tens of millions of UEs sending and receiving data over the 5G network.
Flexible network operations are the mainstay of the 5G system. The capabilities to provide this flexibility include network slicing, network capability exposure, scalability, and diverse mobility. Other network operations requirements address the necessary control and data plane resource efficiencies, as well as network configurations that optimize service delivery by minimizing routing between end users and application servers. Enhanced charging and security mechanisms handle new types of UEs connecting to the network in different ways.
Mobile Broadband (MBB) enhancements aim to meet a number of new KPIs. These pertain to high data rates, high user density, high user mobility, highly variable data rates, deployment, and coverage. High data rates are driven by the increasing use of data for services such as streaming (e.g. video, music, and user generated content), interactive services (e.g. AR), and IoT. These services come with stringent requirements for user experienced data rates as well as associated requirements for latency to meet service requirements. Additionally, increased coverage in densely populated areas such as sports arenas, urban areas, and transportation hubs has become essential for pedestrians and users in urban vehicles. New KPIs on traffic and connection density enable both the transport of high volumes of data traffic per area (traffic density) and transport of data for a high number of connections (e.g. UE density or connection density). Many UEs are expected to support a variety of services which exchange either a very large (e.g. streaming video) or very small (e.g. data burst) amount of data. The 5G system will handle this variability in a resource efficient manner. All of these cases introduce new deployment requirements for indoor and outdoor, local area connectivity, high user density, wide area connectivity, and UEs travelling at high speeds.
Another aspect of 5G KPIs includes requirements for various combinations of latency and reliability, as well as higher accuracy for positioning. These KPIs are driven by support for both commercial and public safety services. On the commercial side, industrial control, industrial automation, UAV control, and AR are examples of those services. Services such as UAV control will require more precise positioning information that includes altitude, speed, and direction, in addition to horizontal coordinates.
Support for Massive Internet of Things (MIoT) brings many new requirements in addition to those for the enhanced KPIs. The expansion of connected things introduces a need for significant improvements in resource efficiency in all system components (e.g. UEs, IoT devices, radio, access network, core network).
The 5G system also aims to enhance its capability to meet KPIs that emerging V2X applications require. For these advanced applications, the requirements, such as data rate, reliability, latency, communication range and speed, are made more stringent.


[bookmark: _Toc45387632][bookmark: _Toc52638677][bookmark: _Toc59116762][bookmark: _Toc61885581][bookmark: _Toc68279142]6.1.2.1	General
The serving 5G network shall support providing connectivity to home and roaming users in the same network slice.
In shared 5G network configuration, each operator shall be able to apply all the requirements from this clause to their allocated network resources.
The 5G system shall be able to support IMS as part of a network slice.
The 5G system shall be able to support IMS independent of network slices.
For a UE authorized to access multiple network slices of one operator which cannot be simultaneously used by the UE (e.g. due to radio frequency restrictions), the 5G system shall be able to support the UE to access the most suitable network slice in minimum time (e.g. based on the location of the UE, ongoing applications, UE capability, frequency configured for the network slice).
5G system shall minimize signaling exchange and service interruption time for a network slice, e.g. when restrictions related to radio resources change (e.g., frequencies, RATs).
For a roaming UE activating a service/application requiring a network slice not offered by the serving network but available in the area from other network(s), the HPLMN shall be able to provide the UE with prioritization information of the VPLMNs with which the UE may register for the network slice.
The 5G system shall be able to minimize power consumption of a UE (e.g. reduce unnecessary cell measurements), in an area where no authorized network slice is available.
When a UE moves out of the service area of a network slice for an active application, the 5G system shall be able to minimize impact on the active applications (e.g., providing early notification).
NOTE 1: 	Various methods can be used to detect whether the UE moves toward the border area and to notify the UE.
The 5G system shall support a mechanism for a UE to select and access network slice(s) based on UE capability, ongoing application, radio resources assigned to the slice, and policy (e.g., application preference).
The 5G system shall support a mechanism to optimize resources of network slices (e.g., due to operator deploying different frequency to offer different network slices) based on network slice usage patterns and policy (e.g., application preference) of a UE or group of UEs
For UEs that have the ability to obtain service from more than one VPLMN simultaneously, the following requirements apply:
-	When a roaming UE with a single PLMN subscription requires simultaneous access to multiple network slices and the network slices are not available in a single VPLMN, the 5G system shall enable the UE to: 
-	be registered to more than one VPLMN simultaneously; and
-	use network slices from more than one VPLMN simultaneously 
-	The HPLMN shall be able to authorise a roaming UE with a single PLMN subscription to be registered to more than one VPLMN simultaneously in order to access network slices of those VPLMNs.
-	The HPLMN shall be able to provide a UE with permission and prioritisation information of the VPLMNs the UE is authorised to register to in order to use specific network slices.
NOTE 2: 	The above requirements assume certain UE capabilities, e.g. the ability to be connected to more than one PLMN simultaneously.

[bookmark: _Toc45387669][bookmark: _Toc52638714][bookmark: _Toc59116799][bookmark: _Toc61885618][bookmark: _Toc68279179]6.9.2.2	Services and Service Continuity
A 5G system shall be able to support all types of traffic e.g. voice, data, IoT small data, multimedia, MCX for indirect network connection mode. 
The 5G system shall be able to support QoS for a user traffic session between the remote UE and the network using 3GPP access technology.
The 5G system shall be able to provide indication to a remote UE (alternatively, an authorized user) on the quality of currently available indirect network connection paths.
The 5G system shall be able to maintain service continuity of indirect network connection for a remote UE when the communication path to the network changes (i.e. change of one or more of the relay UEs, change of the gNB).

[bookmark: _Toc59116922][bookmark: _Toc61885715][bookmark: _Toc68279276]6.35.3	Service Function Management
-	The service function management shall allow the operator to create, modify, and delete a service function based on operator’s service function chaining policies.
-	The service function management shall allow the operator to create, configure, and control a chain of service functions per application and its users on per UE basis based on operator’s policy or request from third parties.
-	The service function management shall be able to manage service function chaining for deployments where the Hosted Services are provided by the operator and for deployments where the Hosted Services are provided by a third party.

6.36	5G Timing Resiliency 
[bookmark: _Toc65757458]6.36.1	Overview
5G systems rely on reference precision timing signals for network synchronization in order to operate. These synchronization references are generated by Primary reference Time Clocks that typically get the timing reference from GNSS receivers and in order to meet the relevant synchronization requirements also during failure conditions, the synchronization network designs typically include means to address potential degradation of the GNSS signal performance. Some deployment of 5G involve applications that themselves can be sensitive to any degradation of the timing signal. In such cases it is beneficial for the 5G system to be enhanced to act as a backup for loss of their GNSS references. In some implementations, timing resiliency enhancements to the 5G system can work in collaboration with different types of time sources (e.g., atomic clock, time service delivered over the fibre) to provide a robust time synchronization.
5G as a consumer of time synchronization benefits from timing resiliency which enables the support of many critical services within the 5G network even during the event of a loss or degradation of the primary GNSS reference timing. Additionally, for time critical services (e.g. financial sector or smart grid), the 5G system can operate in collaboration with or as backup to other timing solutions. A base of clock synchronization requirements when 5G is providing a time signal, if it is deployed in conjunction with an IEEE TSN network or if it is providing support for IEEE 1588 related protocols, is included in [21] clause 5.6.
The enhancements in this clause build on this to add timing resiliency to the 5G system enabling its use as a replacement or backup for other timing sources.
[bookmark: _Toc65757460]6.36.4	Service Exposure
[6.36.4-1] The 5G system shall support a mechanism for a 3rd party application to request resilient timing with specific KPIs (e.g., accuracy, interval, coverage area).
6.37 	Ranging based services

6.37.2	Requirements
The 5G system shall be able to support for a UE to discover other UEs supporting ranging.
The 5G system shall be able to authorize ranging for a UE or a group of UE when using licensed spectrum.
The 5G system shall be able to protect privacy of a UE and its user, ensuring that no identifiable information can be tracked by undesired entities during ranging.
The 5G system shall be able to enable or disable ranging.
The 5G system shall support mutual ranging, i.e. two UEs shall be able to initiate ranging to each other.
The 5G system shall be able to ensure that the use of Ranging, if in licensed spectrum, is only permitted in network coverage under the full control of the operator who provides the coverage.
NOTE 1: The above requirement does not apply for public safety networks with dedicated spectrum, where ranging might be allowed out of coverage or in partial coverage as well.
The 5G system shall support energy efficient UE ranging operation.
The 5G system shall be able to start ranging and stop ranging according to the application layer’s demand.
The 5G system shall be able to provide mechanisms for a MNO, or authorized 3rd party, to provision and manage ranging operation and configurations.
The 5G system shall be able to support mechanisms for a UE to assist another UE to perform ranging of a third UE (if the requesting UE is LOS with the assisting UE and the assisting UE is LOS with the third UE).
NOTE 2: It cannot be assumed that all ranging UEs support the same application for exchange of information.
The 5G system shall be able to support ranging enabled UEs to determine the ranging capabilities (e.g. capabilities to perform distance and/or angle measurement) of other ranging enabled UEs.
The 5G system shall be able to allow a ranging enable UE to determine if another ranging enabled UE is stationary or mobile, before and/or during ranging.
NOTE 3: This may require assistance from other ranging enabled UEs.
The 5G system shall allow ranging between 2 UEs triggered by and exposed to a third UE.
The 5G system shall allow ranging service between 2 UEs triggered by and exposed to the application server.
The 5G system shall be able to support one UE initiating ranging to the other UE.
The 5G system shall be able to support ranging between UEs which subscribe to different operators.
The 5G system shall be able to allow roaming UEs to perform ranging.
The 5G system shall be able to ensure the integrity and confidentiality of ranging information used by ranging-enabled UEs.
The 5G system shall be able to ensure that user privacy is not violated during ranging, e.g., subject to regional or national regulatory requirements.
The 5G system shall be able to ensure security protection (e.g., interworking security) when the ranging concerns UEs subscribed with different operators.
The level of security provided by the existing 5G system shall not be adversely affected when ranging is enabled.
The 5G system shall support means to securely identify other ranging capable UEs, with which a certain UE can perform ranging.

[bookmark: _Toc45387766][bookmark: _Toc52638811][bookmark: _Toc59116896][bookmark: _Toc61885729][bookmark: _Toc68279290]7.3.2.3	Other performance requirements
The 5G system shall be able to provide the 5G positioning services with a TTFF less than 30 s and, for some 5G positioning services, shall support mechanisms to provide a TTFF less than 10 s.
NOTE 1: 	In some services, a TTFF of less than 10s may only be achievable at the expense of a relaxation of some other performances (e.g. horizontal accuracy may be 1 m or 3 m after 10 s TTFF, and reach a steady state accuracy of 0,3 m after 30 s).
The 5G system shall support a mechanism to determine the UE's velocity with a positioning service availability of 99%, an accuracy better than 0,5 m/s for the speed and an accuracy better than 5 degree for the 3-Dimension direction of travel. 
The 5G system shall support a mechanism to determine the UE's heading with an accuracy better than 30 degrees (0,54 rad) and a positioning service availability of 99,9 % for static users and with an accuracy better than 10 degrees (0,17 rad) and a positioning service availability of 99 % for users up to 10 km/h.
For power consumption aspects for various usage scenarios please see TS 22.104 [21]
Low power high accuary positioning use cases and example scenarios for Industrial IoT devices can be found in 3GPP TS 22.104 [21].

[bookmark: _Toc45387787][bookmark: _Toc52638832][bookmark: _Toc59116917][bookmark: _Toc61885750][bookmark: _Toc68279311]9.1	General
The following set of requirements complement the requirements listed in 3GPP TS 22.115 [11]. The requirements apply for both home and roaming cases. 
The 5G core network shall support collection of all charging information on either a network or a slice basis.
The 5G core network shall support collection of charging information for alternative authentication mechanisms.
The 5G core network shall support collection of charging information associated with each serving MNO when multi-network connectivity is used under the control of the home operator.
The 5G core network shall support charging for services/applications in an operator’s Service Hosting Environment.
The 5G core network shall support charging for content delivered from a content caching application.
The 5G core network shall support collection of charging information based on the access type (e.g. 3GPP, non-3GPP, satellite access).
The 5G core network shall support collection of charging information based on the slice that the UE accesses.
The 5G system shall be able to generate charging information regarding the used radio resources e.g. used frequency bands.
The 5G core network shall support collection of charging information based on the capacity and performance metrics.
In a 5G system with satellite access, charging call records associated with satellite access(es) shall include the location of the associated UE(s) with satellite access
NOTE: The precision of the location of the UE can be based on the capabilities of the UE or of the network.
The 5G system shall be able to support an indirect network connection even when the UE is in E-UTRAN or NG-RAN coverage.
The 5G system shall be able to support mechanisms to differentiate charging information for traffic carried over satellite backhaul.
For service function chaining (see clause 10) the collection of charging information associated to the use of service functions and the chain of service functions requested by third parties shall be supported.

