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First Change

6.2
Diverse mobility management

6.2.1
Description

A key feature of 5G is support for UEs with different mobility management needs. 5G will support UEs with a range of mobility management needs, including UEs that are

-
stationary during their entire usable life (e.g. sensors embedded in infrastructure),
-
stationary during active periods, but nomadic between activations (e.g. fixed access),
-
mobile within a constrained and well-defined space (e.g. in a factory), and

-
fully mobile.

Moreover, some applications require the network to ensure seamless mobility of a UE so that mobility is hidden from the application layer to avoid interruptions in service delivery while other applications have application specific means to ensure service continuity. But these other applications can still require the network to minimize interruption time to ensure that their application-specific means to ensure service continuity work effectively.
With the ever-increasing multimedia broadband data volumes, it is also important to enable the offloading of IP traffic from the 5G network onto traditional IP routing networks via an IP anchor node close to the network edge. As the UE moves, changing the IP anchor node can be needed in order to reduce the traffic load in the system, reduce end-to-end latency and provide a better user experience.
The flexible nature of a 5G system will support different mobility management methods that minimize signalling overhead and optimize access for these different types of UEs.
6.2.2
General requirements

The 5G network shall allow operators to optimize network behaviour (e.g. mobility management support) based on the mobility patterns (e.g. stationary, nomadic, spatially restricted mobility, full mobility) of a UE or group of UEs.
The 5G system shall enable operators to specify and modify the types of mobility support provided for a UE or group of UEs.
The 5G system shall optimize mobility management support for a UE or group of UEs that use only mobile originated communications.
The 5G system shall support inter- and/or intra- access technology mobility procedures within 5GS with minimum impact to the user experience (e.g. QoS, QoE).
6.2.3
Service continuity requirements
The 5G system shall enable packet loss to be minimized during inter- and/or intra- access technology changes for some or all connections associated with a UE. 
The 5G system shall minimize interruption time during inter- and/or intra- access technology mobility for some or all connections associated with a UE.

NOTE:
The interruption time includes all delays which have impact on service continuity.

For applications that require the same IP address during the lifetime of the session, the 5G system shall enable maintaining the IP address assigned to a UE when moving across different cells and access technologies for connections associated with a UE.

The 5G system shall enable minimizing impact to the user experience (e.g. minimization of interruption time) when changing the IP address and IP anchoring point for some or all connections associated with a UE.
The 5G system shall support service continuity for a remote UE, when the remote UE changes from a direct network connection to an indirect network connection and vice-versa.
The 5G system shall support service continuity for a remote UE, when the remote UE changes from one relay UE to another and both relay UEs use 3GPP access to the 5G core network.

For a 5G system with satellite access, the following requirements apply:
-
The 5G system shall support service continuity between 5G terrestrial access network and 5G satellite access networks owned by the same operator or owned by different operators having an agreement.
-
The 5G system with satellite access shall be able to support service continuity (with minimum service interruption) of a UE-Satellite-UE communication when the UE communication path moves between serving satellites (due to the movement of the UE and/or the satellites).
-
The 5G system with satellite access shall be able to support service continuity (with minimum service interruption) of the communication between UEs not going through the ground network when the communication path between UEs extends from one or multiple to several satellites (through inter satellite links).
6.2.4
Roaming related requirements

For a 5G system with satellite access, the following requirements apply:
-
A 5G system with satellite access shall enable roaming of UE supporting both satellite access and terrestrial access between 5G satellite networks and 5G terrestrial networks.

-
UEs supporting satellite access shall support optimized network selection and reselection to PLMNs with satellite access, based on home operator policy.
Second Change
6.3
Multiple access technologies

6.3.1
Description

The 5G system will support 3GPP access technologies, including one or more NR and E-UTRA as well as non-3GPP access technologies. Interoperability among the various access technologies will be imperative. For optimization and resource efficiency, the 5G system will select the most appropriate 3GPP or non-3GPP access technology for a service, potentially allowing multiple access technologies to be used simultaneously for one or more services active on a UE. New technology such as satellite and wide area base stations will increase coverage and availability. This clause provides requirements for interworking with the various combinations of access technologies.
6.3.2
Requirements

6.3.2.1
General

Based on operator policy, the 5G system shall enable the UE to select, manage, and efficiently provision services over the 3GPP or non-3GPP access.

Based on operator policy, the 5G system shall support steering a UE to select certain 3GPP access network(s).
Based on operator policy, the 5G system shall be able to dynamically offload part of the traffic (e.g. from 3GPP RAT to non-3GPP access technology), taking into account traffic load and traffic type.

Based on operator policy, the 5G system shall be able to provide simultaneous data transmission via different access technologies (e.g. NR, E-UTRA, non-3GPP), to access one or more 3GPP services.
When a UE is using two or more access technologies simultaneously, the 5G system shall be able to optimally distribute user traffic over select between access technologies in use, taking into account e.g. service, traffic characteristics, radio characteristics, and UE's moving speed.

The 5G system shall be able to support data transmissions optimized for different access technologies (e.g. 3GPP, non-3GPP) for UEs that are simultaneously connected to the network via different accesses.

Based on operator policy, the 5G system shall be able to add or drop the various access connections for a UE during a session.
The 5G system shall be able to support mobility between the supported access networks (e.g. NG-RAN, WLAN, fixed broadband access network, 5G satellite access network).
The 5G system shall support UEs with multiple radio and single radio capabilities.
The 5G system shall support dynamic and static network address allocation of a common network address to the UE over all supported access types.
The 5G system shall support a set of identities for a single user in order to provide a consistent set of policies and a single set of services across 3GPP and non-3GPP access types.
The 5G system shall support the capability to operate in licensed and/or unlicensed bands.
6.3.2.2
E-UTRA access 

The 5G system shall be able to support seamless handover between NR and E-UTRA.
The 5G system shall support UEs with dual radio capability (i.e. a UE that can transmit on NR and E-UTRA simultaneously) as well as UEs with single radio capability (i.e. a UE that cannot transmit on NR and E-UTRA simultaneously).

6.3.2.3
Satellite access

The 5G system shall be able to provide services using satellite access.
A 5G system with satellite access shall support different configurations where the radio access network is either a satellite NG-RAN or a non-3GPP satellite access network, or both.
A UE supporting satellite access shall be able to provide or assist in providing its location to the 5G network.

A 5G system with satellite access shall be able to determine a UE's location in order to provide service (e.g. route traffic, support emergency calls) in accordance with the governing national or regional regulatory requirements applicable to that UE. 
The 5G system with satellite access shall be able to support low power MIoT type of communications.
The 5G system with satellite access shall be able to support different types of communication (e.g. services including unicast, multicast, broadcast) using satellite access without going through the ground network.
6.3.2.4
Fixed broadband access
The 5G system shall be able to efficiently support connectivity using fixed broadband access.
NOTE:
The specification of fixed broadband access network is outside the scope of 3GPP.
The 5G system shall support use of a relay UE that supports multiple access types (e.g. 5G RAT, WLAN access, fixed broadband access).
The 5G system shall support use of a home base station that supports multiple access types (e.g. 5G RAT, WLAN access, fixed broadband access).
Third Change

6.4
Resource efficiency
6.4.1
Description

5G introduces the opportunity to design a system to be optimized for supporting diverse UEs and services. While support for IoT is provided by EPS, there is room for improvement in efficient resource utilization that can be designed into a 5G system whereas they are not easily retrofitted into an existing system. Some of the underlying principles of the potential service and network operation requirements associated with efficient configuration, deployment, and use of UEs in the 5G network include bulk provisioning, resource efficient access, optimization for UE originated data transfer, and efficiencies based on the reduced needs related to mobility management for stationary UEs and UEs with restricted range of movement.

As sensors and monitoring UEs are deployed more extensively, the need to support UEs that send data packages ranging in size from a small status update in a few bits to streaming video increases. A similar need exists for smart phones with widely varying amounts of data. Specifically, to support short data bursts, the network should be able to operate in a mode where there is no need for a lengthy and high overhead signalling procedure before and after small amounts of data are sent. The system will, as a result, avoid both a negative impact to battery life for the UE and wasting signalling resources.
For small form factor UEs it will be challenging to have more than 1 antenna due to the inability to get good isolation between multiple antennas. Thus, these UEs need to meet the expected performance in a 5G network with only one antenna.

Cloud applications like cloud robotics perform computation in the network rather than in a UE, which requires the system to have high data rate in the uplink and very low round trip latency. Supposed that high density cloud robotics will be deployed in the future, the 5G system need to optimize the resource efficiency for such scenario.
Additional resource efficiencies will contribute to meeting the various KPIs defined for 5G. Control plane resource efficiencies can be achieved by optimizing and minimizing signalling overhead, particularly for small data transmissions. Mechanisms for minimizing user plane resources utilization include in-network caching and application in a Service Hosting Environment closer to the end user. These optimization efforts contribute to achieving lower latency and higher reliability.

Diverse mobility management related resource efficiencies are covered in clause 6.2.

Security related resource efficiencies are covered in clause 8.8.
6.4.2
Requirements

6.4.2.1
General

The 5G system shall minimize control and user plane resource usage for data transfer from send only UEs.
The 5G system shall minimize control and user plane resource usage for stationary UEs (e.g. lower signalling to user data resource usage ratio).
The 5G system shall minimize control and user plane resource usage for transfer of infrequent small data units.
The 5G system shall optimize the resource use of the control plane and/or user plane for transfer of small data units.
The 5G system shall optimize the resource use of the control plane and/or user plane for transfer of continuous uplink data that requires both high data rate (e.g. 10 Mbit/s) and very low end-to-end latency (e.g. 1-10 ms).
The 5G network shall optimize the resource use of the control plane and/or user plane to support high density connections (e.g. 1 million connections per square kilometre) taking into account, for example, the following criteria:

-
type of mobility support;
-
communication pattern (e.g. send-only, frequent or infrequent);
-
characteristics of payload (e.g. small or large size data payload);
-
characteristics of application (e.g. provisioning operation, normal data transfer);
-
UE location;
-
timing pattern of data transfer (e.g. real time or non-delay sensitive).
The 5G system shall efficiently support service discovery mechanisms where UEs can discover, subject to access rights:
-
status of other UEs (e.g. sound on/off);
-
capabilities of other UEs (e.g. the UE is a relay UE) and/or;
-
services provided by other UEs (e.g. the UE is a colour printer).

The 5G system shall be able to minimise the amount of wireless backhaul traffic (e.g. consolidating data transmissions to 1 larger rather than many smaller), when applicable (e.g. providing service in an area subject to power outages).
The 5G system shall support small form factor UEs with single antenna.
NOTE:
Small form factor UEs are typically expected to have the diagonal less than 1/5 of the lowest supported frequency wave length.
For a 5G system with satellite access, the following requirements apply:
-
The 5G system with satellite access shall support the use of satellite links between the radio access network and core network, by enhancing the 3GPP system to handle the latencies introduced by satellite backhaul.

-
A 5G system with satellite access shall be able to support meshed connectivity between satellites interconnected with intersatellite links. 
-
The 5G system with satellite access shall be able to support communication between UEs via one or multiple serving satellites without going through the ground network and/or when the feeder link is temporarily unavailable.
NOTE:
UEs can be connected via their HPLMN or a VPLMN.
6.4.2.2
Efficient bulk operations for IoT
The 5G network shall optimize the resource use of the control plane and/or user plane to support bulk operation for high connection density (e.g. 1 million connections per square kilometre) of multiple UEs.

The 5G system shall support a timely, efficient, and/or reliable mechanism to transmit the same information to multiple UEs.
6.4.2.3
Efficient management for IoT
The 5G network shall optimize the resource use of the control plane and/or user plane to manage (e.g. provide service parameters, activate, deactivate) a UE. 
The 5G network shall be able to provide policies for background data transfer to a UE so that the 5G system can optimally use the control plane and/or user plane resources.
6.4.2.4
Efficient control plane

The 5G system shall minimize the signalling that is required prior to user data transmission.

NOTE:
The amount of signalling overhead may vary based on the amount of data to be transmitted, even for the same UE.
Fourth Change

6.5
Efficient user plane
6.5.1
Description
5G is designed to meet diverse services with different and enhanced performances (e.g. high throughput, low latency and massive connections) and data traffic model (e.g. IP data traffic, non-IP data traffic, short data bursts and high throughput data transmissions).

User plane should be more efficient for 5G to support differentiated requirements. On one hand, a Service Hosting Environment located inside of operator's network can offer Hosted Services closer to the end user to meet localization requirement like low latency, low bandwidth pressure. These Hosted Services contain applications provided by operators and/or trusted 3rd parties. On the other hand, user plane paths can be selected or changed to improve the user experience or reduce the bandwidth pressure, when a UE or application changes location during an active communication.

The 5G network can also support multiple wireless backhaul connections (e.g. satellites and/or terrestrial), and efficiently route and/or bundle traffic among them.
6.5.2
Requirements

Based on operator policy, application needs, or both, the 5G system shall support an efficient user plane path between UEs attached to the same network, modifying the path as needed when the UE moves during an active communication.
The 5G network shall enable a Service Hosting Environment provided by operator.
Based on operator policy, the 5G network shall be able to support routing of data traffic between a UE attached to the network and an application in a Service Hosting Environment for specific services, modifying the path as needed when the UE moves during an active communication.
Based on operator policy, application needs, or both, the 5G system shall support an efficient user plane path, modifying the path as needed when the UE moves or application changes location, between a UE in an active communication and: 
-
an application in a Service Hosting Environment; or 

-
an application server located outside the operator’s network; or

-
an application server located in a customer premises network or personal IoT network. 
The 5G network shall maintain user experience (e.g. QoS, QoE) when a UE in an active communication moves from a location served by a Service Hosting Environment to:

-
another location served by a different Service Hosting Environment; or

-
another location served by an application server located outside the operator’s network; or

-
another location served by an application server located in a customer premises network or personal IoT network, and vice versa.

The 5G network shall maintain user experience (e.g. QoS, QoE) when an application for a UE moves as follows:

-
within a Service Hosting Environment; or 

-
from a Service Hosting Environment to another Service Hosting Environment; or 

-
from a Service Hosting Environment to an application server located place outside the operator’s network; or

-
from a Service Hosting Environment to an application server located in a customer premises network or personal IoT network, and vice versa.

The 5G network shall be able to interact with applications in a Service Hosting Environment for efficient network resource utilization and offloading data traffic to the Service Hosting Environment close to the UE's point of attachment to the access network.
The 5G network shall support configurations of the Service Hosting Environment in the network (e.g. access network, core network), that provide application access close to the UE's point of attachment to the access network.

The 5G system shall support mechanisms to enable a UE to access the closest Service Hosting Environment for a specific hosted application or service.

The 5G network shall enable instantiation of applications for a UE in a Service Hosting Environment close to the UE's point of attachment to the access network.
The 5G system shall be able to suspend or stop application instances in a Service Hosting Environment.
NOTE:
Not all applications will always be available in all Service Hosting Environments. Therefore, it may be needed to instantiate an application at a Service Hosting Environment nearby for serving a particular UE.
Based on operator policy, the 5G system shall provide a mechanism such that one type of traffic (from a specific application or service) to/from a UE can be offloaded close to the UE's point of attachment to the access network, while not impacting other traffic type to/from that same UE.
For a 5G system with satellite access, the following requirements apply:

· A 5G system with satellite access shall be able to select the communication link providing the UE with the connectivity that most closely fulfils the agreed QoS

· A 5G system with satellite access shall be capable of supporting simultaneous use of 5G satellite access network and 5G terrestrial access networks.

· A 5G system with satellite access shall be able to support both UEs supporting only satellite access and UEs supporting simultaneous connectivity to 5G satellite access network and 5G terrestrial access network.
· A 5G system with satellite access shall be able to provide QoS control of the communication between UEs using satellite access without going through the ground network.
The 5G System shall enable the discovery of a suitable Hosted Service.
Fifth Change

6.9
Connectivity models

6.9.1
Description
The UE (remote UE) can connect to the network directly (direct network connection), connect using another UE as a relay UE (indirect network connection), or connect using both direct and indirect connections. Relay UEs can be used in many different scenarios and verticals (inHome, SmartFarming, SmartFactories, Public Safety and others). In these cases, the use of relays UEs can be used to improve the energy efficiency and coverage of the system. 
 Remote UEs can be anything from simple wearables, such as sensors embedded in clothing, to a more sophisticated wearable UE monitoring biometrics. They can also be non-wearable UEs that communicate in a Personal Area Network such as a set of home appliances (e.g. smart thermostat and entry key), or the electronic UEs in an office setting (e.g. smart printers), or a smart flower pot that can be remotely activated to water the plant. 
When a remote UE is attempting to establish an indirect network connection, there might be several relay UEs that are available in proximity and supporting selection procedures of an appropriate relay UE among the available relay UEs is needed.
Indirect network connection covers the use of relay UEs for connecting a remote UE to the 3GPP network. There can be one or more relay UE(s) (more than one hop) between the network and the remote UE.
A ProSe UE-to-UE Relay can also be used to connect two remote Public Safety UEs using direct device connection. There can be one or more ProSe UE-to-UE Relay(s) (more than one hop) between the two remote Public Safety UEs.
6.9.2
Requirements
The following set of requirements complement the requirements listed in 3GPP TS 22.278 [5], clauses 7B and 7C.
6.9.2.1
General
The 5G system shall support the relaying of traffic between a remote UE and a gNB using one or more relay UEs.
The 5G system shall support same traffic flow of a remote UE to be relayed via different indirect network connection paths.
The 5G system shall support different traffic flows of a remote UE to be relayed via different indirect network connection paths.


The connection between a remote UE and a relay UE shall be able to use 3GPP RAT or non-3GPP RAT and use licensed or unlicensed band.
The connection between a remote UE and a relay UE shall be able to use fixed broadband technology.
The 5G system shall support indirect network connection mode in a VPLMN when a remote UE and a relay UE subscribe to different PLMNs and both PLMNs have a roaming agreement with the VPLMN.

The 5G system shall be able to support a UE using simultaneous indirect and direct network connection mode. 
The network operator shall be able to define the maximum number of hops supported in their networks when using relay UEs.

The 5G system shall be able to manage communication between a remote UE and the 5G network across multi-path indirect network connections.
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).
NOTE:
It does not apply to a traffic flow of a remote UE using different indirect network connection paths.
6.9.2.3
Permission and Authorization
The 5G system shall enable the network operator to authorize a UE to use indirect network connection. The authorization shall be able to be restricted to using only relay UEs belonging to the same network operator. The authorization shall be able to be restricted to only relay UEs belonging to the same application layer group. 

The 5G system shall enable the network operator to authorize a UE to relay traffic as relay UE. The authorization shall be able to allow relaying only for remote UEs belonging to the same network operator. The authorization shall be able to allow relaying only for remote UEs belonging to the same application layer group.

The 5G system shall support a mechanism for an end user to provide/revoke permission to an authorized UE to act as a relay UE. 
The 5G system shall support a mechanism for an authorized third-party to provide/revoke permission to an authorized UE to act as a relay UE.

The 5G system shall provide a suitable API by which an authorized third-party shall be able to authorize (multiple) UEs under control of the third-party to act as a relay UE or remote UE.

The 5G system shall provide a suitable API by which an authorized third-party shall be able to enable/disable (multiple) UEs under control of the third-party to act as a relay UE or remote UE.

6.9.2.4
Relay UE Selection

The 3GPP system shall support selection and reselection of relay UEs based on a combination of different criteria e.g. 

-
the characteristics of the traffic that is intended to be relayed (e.g. expected message frequency and required QoS),

-
the subscriptions of relay UEs and remote UE, 

-
the capabilities/capacity/coverage when using the relay UE, 

-
the QoS that is achievable by selecting the relay UE, 

-
the power consumption required by relay UE and remote UE, 

-
the pre-paired relay UE,

-
the 3GPP or non-3GPP access the relay UE uses to connect to the network, 
-
the 3GPP network the relay UE connects to (either directly or indirectly),
-
the overall optimization of the power consumption/performance of the 3GPP system, or
-
battery capabilities and battery lifetime of the relay UE and the remote UE.

NOTE:
Reselection may be triggered by any dynamic change in the selection criteria, e.g. by the battery of a relay UE getting depleted, a new relay capable UE getting in range, a remote UEs requesting additional resources or higher QoS, etc. 
6.9.2.5
Satellite and Relay UEs

For a 5G system with satellite access, the following requirements apply:
-
A 5G system with satellite access shall be able to support relay UE's with satellite access.

NOTE:
The connection between a relay UE and a remote UE is the same regardless of whether the relay UE is using satellite access or not.
-
A 5G system with satellite access shall support mobility management of relay UEs and the remote UEs connected to the relay UE between a 5G satellite access network and a5G terrestrial network, and between 5G satellite access networks.
-
A 5G system with satellite access shall support joint roaming between different 5G networks of a relay UE and the remote UEs connected to that relay UE.
-
A 5G system with satellite access shall support service continuity for a remote UE when the UE communication path moves between a direct network connection via 5G terrestrial access network and an indirect network connection via a relay UE (using satellite access).
NOTE:
It is assumed that the 5G terrestrial access network and the satellite access network belong to the same operator.
6.9.3
Requirements on direct device connection for Public Safety
The following requirement complement the requirements listed in 3GPP TS 22.278 [5], clauses 7A.

The 5G system shall support the relaying of traffic between two remote Public Safety UEs using direct device connection via one or more ProSe UE-to-UE Relay(s) (one or more hops, assuming single-path), while in coverage, out-of-coverage, or partial coverage.

End Change

