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**************************************1st change*************************************************
[bookmark: page1]3GPP TR 22.891 9xx V14.2.0 (2016-09)
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The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP.
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Report is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.



***********************************End of 1st change**********************************************
**************************************2nd change*************************************************
[bookmark: _Toc463002968]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	NGMN 5G White Paper v1.0
[3]	China IMT2020 (5G) Promotion Group white paper "5G Vision and Requirements" May 2014.
[4]	3GPP TR 36.913 v12.0.0. "Requirements for further advancements for Evolved Universal Terrestrial Radio Access (E-UTRA), Release 12"
[5]	China IMT2020 (5G) Promotion Group white paper "5G Concept" February 2015.
[6]	4G Americas' Recommendations on 5G Requirements and Solutions, October 2014. 
[7]	FP7 COMBO, "Requirement for converged fixed and mobile networks", deliverable, D2.4, June, 2014, available at http://ict-combo.eu/data/uploads/pdf-combo-v2/combo_d2.4_wp4_20june2014_tid_v2.0_sec.pdf
[8]	3GPP TS 22.105, "Services and service capabilities".
[9]	Present (UHD) 4K. http://www.ravepubs.com/wp-content/uploads/2013/10/Almo-G4-UHD-Presentation-PDF-v1.pdf
***********************************End of 2nd change**********************************************
**************************************3rd change*************************************************
[bookmark: _Toc463002969]3	Definitions, symbols and abbreviations
[bookmark: _Toc463002970]3.1	Definitions
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]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].
Communication efficiency: refers to spectrum efficiency (bits/s/Hz) and/or energy efficiency (bits/J, or vs. LTE) and/or network resource efficiency ([TBD])
Connection density (UEs/km2): number of UEs connected to the <5G network> over a given area.
End-to-end latency (ms): time it takes to transfer a given piece of information from a source to a destination, measured at the application level, from the moment it is transmitted by the source to the moment it is received at the destination.
Mobility (km/h): Absolute speed of a UE.
Peak data rate (bps): ideal data rate at the radio layer i.e. under ideal radio conditions. Direction (downlink, uplink) to be defined.
Processing time (ms): time it takes to process a given piece of data in a given node, for further action. The node needs to be defined.
Radio Interface Technology (RIT): Type of technology used for radio communication between two or more devices, without limitation to the functional capability or the purpose of the communication. A RIT may be used to provide a traditional access function, a backhaul function, a direct device-to-device (D2D) function between peers, or multiple such functions. A RIT may also support a variety of different communication modes (e.g., unicast, multicast, broadcast) and/or topologies (e.g., point-to-point, star, tree, or mesh).
Reliability (%): the amount of sent network layer packets successfully delivered to a given node within the time constraint required by the targeted service, divided by the total number of sent network layer packets.
Round-trip-time (ms): time it takes to transfer a given piece of data between two nodes, to process the piece of data at the receiving node, and to transfer an acknowledgement status back to the transmitting node, measured from the moment the piece of data is transmitted to the moment the acknowledgement status is received. This does not assume correct reception of either the piece of data or the acknowledgement status. (I.e. it is the sum of transmission delay from the transmitting node to the receiving node, processing time at the receiving node, and transmission delay from the receiving node to the transmitting node). Nodes need to be defined.
Transmission delay (ms): time it takes to transfer a given piece of data between two nodes, measured from the moment it is transmitted to the moment it is received. This does not assume correct reception. Nodes need to be defined.
Traffic density (bps/km2): total traffic over a given area. Direction (downlink, uplink) to be defined when applicable.
User experienced data rate (bps): data rate averaged over a given duration (to be defined), in a given direction (uplink or downlink), measured at the transport layer or above. Direction (downlink, uplink) to be defined.

[bookmark: _Toc463002971]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].
3D	Three Dimensional
4G	Fourth Generation
5G	Fifth Generation
Ads	Authorized devices
AR	Augmented Reality
ARPU	Average Revenue Per User
ATC	Air Traffic Control
CCN 	Content Centric Networks
CDN	Content Distribution Network
CriC 	Critical communications
D2D	Device-to-Device
DA2GC 	Direct-Air-to-Ground Communications
DASH 	Dynamic Adaptive Streaming over HTTP
E2E	End to End
FDPeC	Flat Distributed Personal Cloud
eMBB	enhanced Mobile BroadBand
eV2X	enhanced Vehicle-to-Everything
FMSS	Flexible Mobile Service Steering
HD	High Definition
ICN	Information Centric Networks
ICP	Internet Content Provider
IoT	Internet of Things
KPI	Key Performance Indicator 
LI	Lawful Interception
MBB	Mobile BroadBand
MIoT	Massive Internet of Things
MNO	Mobile Network Operator
MPS	Multimedia Priority Service
MRU	Most Recently Used
MU	Merging Unit
MVNO	Mobile Virtual Network Operator
NGMN	Next Generation Mobile Networks
NS/EP 	National Security and Emergency Preparedness
RIT	Radio Interface Technology
RTT	Round Trip Time
S/A	Sensor/Actuator
SEES	Service Exposure and Enablement Support
UAV	Unmanned Aerial Vehicle
UHD	Ultra High Definition
V2X	Vehicle-to-Everything
VR	Virtual Reality
WLL 	Wireless Local Loop
<ACRONYM>	<Explanation>

***********************************End of 3rd change**********************************************
**************************************4th change*************************************************
[bookmark: _Toc463002973]5	Use Cases
[bookmark: _Toc463002974]5.1	Ultra-reliable communications
[bookmark: _Toc463002975]5.1.1	Description
In order to enable certain services related to ultra-highly reliable communications, a minimal level of reliability and latency is required to guarantee the user experience and/or enable the service initially. This is especially important in areas like eHealth or for critical infrastructure communications.
Mission critical communication services require preferential handling compared to normal telecommunication services, e.g. in support of police or fire brigade. 
Examples of mission critical services include:
-	Industrial control systems (from sensor to actuator, very low latency for some applications)
-	Mobile Health Care, remote monitoring, diagnosis and treatment (high rates and availability)
-	Real time control of vehicles, road traffic, accident prevention (location, vector, context, low Round Trip Time RTT)
-	Wide area monitoring and control systems for smart grids
-	Communication of critical information with preferential handling for public safety scenarios 
-	Multimedia Priority Service (MPS) providing priority communications to authorized users for national security and emergency preparedness
Overall, mission critical services are expected to require significant improvements in end-to-end latency, ubiquity, security, robustness, and availability/reliability compared to UMTS/LTE/WiFi. 
… …
[bookmark: _Toc463002977]5.1.3	Potential Operational Requirements
It is recommended that The the 3GPP system shall support efficient multiplexing of mission critical traffic and nominal traffic.
It is recommended that The the 3GPP system shall limit the duration of service interruption for mission critical traffic.
It is recommended that The the 3GPP system shall support improved reliability and latency as defined in table 5.1-1.
Subject to regional regulatory requirements, it is recommended that the 3GPP system shall support a mechanism to provide end-to-end integrity and confidentiality protection for user data,
It is recommended that The the 3GPP system shall provide significant improvements in end-to-end latency, ubiquity, security, and availability/reliability compared to UMTS/EPS/WiFi.
Table 5.1-1: Example mission critical use cases
	Sample use case
	Description
	Critical Requirements

	Substation protection and control
	Automates fault detection and isolation to prevent large scale power outage
For example, Merging Units (MUs) perform periodic measurements of power system components, and send sampled measurement data to a Protection Relay. When the Protection Relay detects a fault, it sends signals to trip circuit breakers.
	Latency: as low as 1 ms end-to-end 
Packet loss rate: as low as 1e-04
Transmission frequency: 80 samples/cycle for protection applications. 256 samples/ cycle for quality analysis & recording
Data rate: ~12.5 Mbps per MU at 256 samples/cycle
Range: provide coverage to the substation

	Smart grid system with distributed sensors and management 

	A smart grid system aims at improving the efficiency of energy distribution and requires prompt reaction in reconfiguring the smart grid network in response to unforeseen events. 

	Performance requirements are derived from EC FP7 project METIS Deliverable D.1.1:
- Throughput: from 200 to 1521 bytes reliably delivered in 8 ms, 
- One trip time latency between any two communicating points should be less than 8 ms for event-triggered message that may occur anytime. 
- Device density: dense urban hundreds of UEs per square km; urban: around 15 UEs per square km; populated rural: max 1 UE per squared km.

	Public Safety
	Operation of first responders in case of fire or other kind of emergency situation.
	Public Safety requires preferential handling of its traffic.


	Multimedia Priority Service (MPS)
	Priority communications to authorized national security and emergency preparedness (NS/EP) users in times of disasters and emergency. Authorized NS/EP users have to rely on public network services when the communication capability of the serving network may be impaired, for example due to congestion or partial network infrastructure outages, perhaps due to a direct or indirect result of the emergency situation and therefore needs preferential handling and priority access to communication resources.
	MPS requires preferential handling, and priority treatment.


[bookmark: _Toc463002978]5.2	Network Slicing
[bookmark: _Toc463002979]5.2.1	Description
With the new market segments and verticals, as described in the NGMN white paper [2], new diverse use cases will need to be supported by the 3GPP eco system. This needs to be done at the same time as continuing to support the traditional mobile broadband use cases. The new uses cases are expected to come with a high variety of requirements on the network. For example, there will be different requirements on functionality such as charging, policy control, security, mobility etc. Some use cases such as Mobile Broadband (MBB) may require e.g., application specific charging and policy control while other use cases can efficiently be handled with simpler charging or policies. The use cases will also have huge differences in performance requirements. 
… …
[bookmark: _Toc463002980]5.2.2	Potential Service Requirements
It is recommended that The the 3GPP System system shall allow the operator to compose network slices, i.e., independent sets of network functions (e.g., potentially from different vendors) and parameter configurations, e.g., for hosting multiple enterprises or MVNOs etc. 
It is recommended that The the operator shall be able to dynamically create network slice to form a complete, autonomous and fully operational network customised to cater for different diverse market scenarios.
It is recommended that The the 3GPP System system shall be able to identify certain terminals and subscribers to be associated with a particular network slice.
It is recommended that The the 3GPP System system shall be able to enable a UE to obtain service from a specific network slice e.g., based on subscription or terminal type.
[bookmark: _Toc463002981]5.2.3	Potential Operational Requirements
It is recommended that The the operator shall be able to create and manage network slices that fulfil required criteria for different market scenarios. 
It is recommended that The the operator shall be able to operate different network slices in parallel with isolation that e.g., prevents data communication in one slice to negatively impact services in other slices.
It is recommended that The the 3GPP System system shall have the capability to conform to service-specific security assurance requirements in a single network slice, rather than the whole network. 
It is recommended that The the 3GPP System system shall have the capability to provide a level of isolation between network slices which confines a potential cyber-attack to a single network slice.
It is recommended that The the operator shall be able to authorize third parties to create, manage a network slice configuration (e.g., scale slices) via suitable APIs, within the limits set by the network operator. 
It is recommended that The the 3GPP system shall support elasticity of network slice in term of capacity with no impact on the services of this slice or other slices.
It is recommended that The the 3GPP system shall be able to change the slices with minimal impact on the ongoing subscriber’s services served by other slices, i.e. new network slice addition, removal of existing network slice, or update of network slice functions or configuration.
It is recommended that The the 3GPP System system shall be able to support E2E (e.g., RAN, CN) resource management for a network slice.
… …
[bookmark: _Toc463002985]5.3.3	Potential Operational Requirements
Based on operator’s policy, it is recommended that the 3GPP system shall be able to define minimal services necessary in case of disaster that are conditional on e.g. subscriber class (i.e., access class), communication class (i.e., emergency call or not), device type (i.e., Smart phone or IoT device), and application. Examples of those minimal services are communications from specific high priority users, emergency calls, and a disaster-message-board type of application that helps people reconnect with friends and loved ones in the aftermath of disasters.
It is recommended that Those those minimal services shall be available in case of disaster.
During the recovery phase of disaster, the service continuity of those minimal services that start being provided should be ensured.
… …
[bookmark: _Toc463002988]5.4.2	Potential Service Requirements
It is recommended that The the <5G system> shall be able to support the following services defined in previous releases of EPS, e.g. to fulfil regulatory requirements:
IMS based Voicevoice, Video video and Messagingmessaging.
Location services
Public Warning System
Multimedia Priority Service (MPS)
…
Examples of services not required for support in a <5G system>:
CS voice service continuity and/or fallback to GSM or UMTS (i.e. seamless handover)
…
[bookmark: _Toc463002989]5.4.3	Potential Operational Requirements
It is recommended that The the <5G system> shall be able to support the following operational requirement defined in previous releases of EPS:
RAN Sharing
… …
[bookmark: _Toc463002992]5.5.2	Potential Service Requirements
It is recommended that The the 3GPP system shall support user experienced data rate up to Gbps of level.
It is recommended that The the 3GPP system shall support user peak data rate at tens of Gbps;
It is recommended that The the 3GPP system shall support the whole traffic volume in the area at least the level of Tbps/ km2.
It is recommended that The the 3GPP system shall support very low latency for user experienced data exchange.
… …
[bookmark: _Toc463002996]5.6.2	Potential Service Requirements
It is recommended that The the 3GPP system shall support the user experienced data rate up to Gbps of level while the user is moving slowly.
It is recommended that The the 3GPP system shall support the peak data rate at tens of Gbps while the user is moving slowly.
It is recommended that The the 3GPP system shall support the whole traffic volume in the area at least the level of Tbps/ km2.
[bookmark: _Toc463002997]5.6.3	Potential Operational Requirements
It is recommended that The the 3GPP system shall support flexible and efficient backhaul especially outdoor.
… …
[bookmark: _Toc463003000]5.7.2	Potential Service Requirements
[bookmark: OLE_LINK6]It is recommended that The the 3GPP system shall provide guaranteed user experience for mobile broadband services like live video in areas with a high UE density which requires user experienced data downlink rate of 300 Mbps and uplink rate of 50 Mbps in 200-2500 /km2 connection density.
It is recommended that The the 3GPP system shall provide consistent users experience when terminals enter the areas with a high UE density which requires user experienced data downlink rate of 50 Mbps and uplink rate of 25 Mbps in 2000/km2 connection density.
[bookmark: _Toc463003001]5.7.3	Potential Operational Requirements
It is recommended that The the 3GPP system shall be able to adjust the network capacities dynamically based on the variation of demand and performance indicators.
… …
[bookmark: _Toc463003002]5.8	Flexible application traffic routing
[bookmark: _Toc463003003]5.8.1	Description
As mentioned in China IMT2020 white paper “5G Vision and Requirements” [3], the further development of mobile internet will trigger the growth of mobile traffic by a magnitude of thousands in the future. The immersive services such as augmented realityAR, virtual realityVR, ultra-high-definition (UHD) 3D video have critical requirement on transfer bandwidth and delay between the terminals, and the future network shall be able to transfer these data traffic in a flexible and efficient manner. 
Pre-conditions
The Service service Provider provider X provides 3D Augmented Reality (AR) service for the users, one user can interact with other user via live 3D Augmented RealityAR service. 
The Service service Provider provider X has a service agreement with an MNO, and the MNO network may optimize the traffic transfer for the live 3D Augmented RealityAR service in order to realize good user experience.
… …
[bookmark: _Toc463003005]5.8.3	Potential Operational Requirements
Subject to operator’s policy and/or based on application needs, it is recommended that the 3GPP network shall support efficient user-plane paths between UEs attached to the same network, even if the UEs change their location during communication.
Subject to operator’s policy and/or based on application needs, it is recommended that the 3GPP network shall support efficient user-plane paths between a UE attached to the mobile network and communication peers outside of the mobile network (e.g., Internet hosts).
… …
[bookmark: _Toc463003009]5.9.3	Potential Operational Requirements
It is recommended that The the 3GPP system shall be scalable to ensure that different levels of signalling and user plane demand can be handled.
It is recommended that The the 3GPP system shall support dynamic utilization of resources (compute, network and storage resources) in more than one geographic area in order to serve the differing needs of the users in each geographic area, subject to operator policy.
It is recommended that Using using resources (compute, network and storage resources) in more than one geographic area by the system shall be supported without requiring manual re-configuration of neighbouring nodes, without service disruption, and while avoiding additional signalling due to unnecessary UE’s re-attachments (e.g., due to loss of call state information in the network).
It is recommended that The the 3GPP system shall also support foreseen rapid increases in signalling and user plane demand with a lead time that can be as low as 5 minutes. 
NOTE:	The lead time of 5 minutes stems from the most severe and unplanned use case i.e., the disaster use case, where the average time until call attempts surge after a disaster occurs is considered 5 minutes.
… …
[bookmark: _Toc463003012]5.10.2	Potential Service Requirements
For wide area coverage, it is recommended that the 3GPP system shall support user experienced data rate for mobile broadband services anytime and anywhere, e.g., 100 Mbps.
NOTE:	The above requirement assumes reuse of an existing base station site grid. 
It is recommended that The the 3GPP system shall support fast-moving end-users, e.g., 500 km/h.
It is recommended that The the 3GPP system shall support high connection density for high speed scenarios, e.g., 500 active UEs simultaneously.
It is recommended that The the 3GPP system shall support low latency for high speed scenario.
… …
[bookmark: _Toc463003016]5.11.2	Potential Service Requirements
It is recommended that The the 3GPP system shall provide high bandwidth (bidirectional) and low latency. In Office environments, this implies also a full indoor coverage.
It is recommended that The the roundtrip delay shall be in the magnitude of 2-4 ms with a bandwidth capable of running an 8k stereo video stream [250 Mbps] uplink and downlink.
NOTE: 	The above requirement is in a virtual presence scenario where composing the "“virtual meeting room"” is located in the network. 
… …
[bookmark: _Toc463003020]5.12.2	Potential Service Requirements
It is recommended that The the 3GPP system shall be able, in the context of Internet of ThingsIoT, to provide best solutions for applications using, for example drones or robotics. All requirements are for end to end performance, defined as communications sent by source and communication received by target.
It is recommended that The the 3GPP system shall support:
-	Round trip latency less than [150 ms], including all network components. 
-	Due to consequences of failure being loss of property or life, reliability goal is [near 100%.] 
-	Reliability to be at the same level for current aviation Air Traffic Control (ATC). Link supports command and control of vehicles in controlled airspace. 
-	Priority, Precedence, Preemption (PPP) mechanisms shall to be used to ensure sufficient reliability metrics are reached. 
-	Position accuracy within [10 cm] to avoid damage to property or life in densely populated areas.
-	Provide continuous wireless coverage, high speed uplink bandwidth at least [20 Mbps], for a flying UE at low altitude of [10-1000] meters with the high speed as maximum as [300 km/h]. 
… …
[bookmark: _Toc463003024]5.13.2	Potential Service Requirements
It is recommended that The the 3GPP system shall support very low latency (~1 ms).
It is recommended that The the 3GPP system shall support very high reliability.
It is recommended that The the 3GPP system shall support very high availability.
It is recommended that The the 3GPP system shall support high uplink data rate (tens of Mbps per device in a dense environment).
… …
[bookmark: _Toc463003028]5.14.2	Potential Service Requirements
It is recommended that The the 3GPP System shall support very low latency (~1 ms).
It is recommended that The the 3GPP System shall support very high reliability.
It is recommended that The the 3GPP System shall support connections that are very difficult to block, modify, or hijack.
… …
[bookmark: _Toc463003032]5.15.2	Potential Service Requirements
It is recommended that The the 3GPP system shall support extremely high reliability and extremely low latency [1-10 ms] for data transmission.
[bookmark: _Toc463003033]5.15.3	Potential Operational Requirements
It is recommended that The the 3GPP system shall support self-organized dynamic networking for multi-hop localized network.
… …
[bookmark: _Toc463003036]5.16.2	Potential Service Requirements
[bookmark: _Toc463003037]5.16.2.1	Interworking with <5G> systems
It is recommended that The the <5G system> shall be able to support a UE with a <5G> subscription roaming into a <5G> Visited Mobile Network with roaming agreement with the <5G> Home Mobile Network. 
It is recommended that The the <5G system> shall be able to set up home network provided data connectivity as well as visited network provided data connectivity. 
[bookmark: _Toc463003038]5.16.2.2	Interworking with existing generations systems
It is recommended that The the <5G system> shall be able to support a UE with a <5G> subscription roaming into a EPS Visited Mobile Network with roaming agreement with the Home Mobile Network. 
It is recommended that The the <5G system> shall be able to set up home network provided data connectivity as well as visited network provided data connectivity. 
It is recommended that The the <5G system> shall be able to support seamless handover and Inter inter System system Mobility mobility between<5G> RAT(s) and E-UTRAN.
Seamless Handover between the <5G> RAT(s) and GERAN or UTRAN is not required.
[bookmark: _Toc463003039]5.16.2.3	Security
It is recommended that The the <5G system> shall be able to provide at least the same level of security as EPS (confidentiality and integrity).
[bookmark: _Toc463003040]5.16.3	Potential Operational Requirements
[bookmark: _Toc463003041]5.16.3.1	Interworking with existing generations systems
It is recommended that The the <5G system> shall be able to support that the operator can limit access to its services for a roaming subscriber with a <5G> capable UE and subscription, i.e., when <5G> SLA is not in place yet.
[bookmark: _Toc463003044]5.17.2	Potential Service Requirements
It is recommended that The the 3GPP system shall support 1 ms one-way delay between mobile devices and devices in the nearby internetInternet. 
… …
[bookmark: _Toc463003048]5.18.2	Potential Service Requirements
All requirements are for end to end performance, defined as communications sent by source and communication received by target. It is recommended that The the 3GPP system shall support:
-	Round trip latency less than [150 ms], including all network components.
-	High reliability for fast-moving end-users (e.g. 120 km/h); reliability goal is [near 100%]
-	Seamless connection for fast-moving end-users.
-	Reliability to be at the same level for current aviation Air Traffic Control (ATC). Link supports command and control of vehicles in controlled airspace. 
-	Priority, Precedence, Preemption (PPP) mechanisms shall to be used to ensure sufficient reliability metrics are reached. 
-	Position accuracy within [10 cm] to avoid damage to property or life in densely populated areas.
… …
[bookmark: _Toc463003052]5.19.2	Potential Service Requirements 
It is recommended thattThe 3GPP System system shall be able to support devices (e.g., smart meter) with limited communication requirements and capabilities (e.g., devices without an IMS client).
It is recommended that The the 3GPP System system shall support a lighter weight signalling for device configuration (i.e., service parameters) than is currently available in EPS. 
… …
[bookmark: _Toc463003056]5.20.2	Potential Service Requirements 
TheIt is recommended that the 3GPP System system shall support efficient transfer of infrequent uplink data for low power devices which only participate in mobile-originated communication scenarios.
TheIt is recommended that the 3GPP System system shall support a resource efficient mechanism to provide service parameters and activate groups of low power devices.
TheIt is recommended that the 3GPP system shall support significantly increased device power efficiency (e.g., battery life up to more than 10 years). 
TheIt is recommended that the 3GPP system shall support efficient data transmission with limited resource and signalling usage. 
TheIt is recommended that the 3GPP system shall support high density massive connections (e.g., 1 million connections per square kilometre) in an efficient manner.
TheIt is recommended that the 3GPP system shall support significant coverage enhancement (e.g., 20 dB better coverage than Rel 99 GPRS system).
[bookmark: _Toc463003057]5.20.3	Potential Operational Requirements 
TheIt is recommended that the 3GPP System system shall support a mechanism which provides an appropriate and efficient authentication mechanism for low power devices. 
TheIt is recommended that the 3GPP System system shall support a mechanism which provides appropriate and efficient confidentiality and integrity protection for mobile originated transfer from low power devices.
… …
[bookmark: _Toc463003060]5.21.2	Potential Service Requirements
TheIt is recommended that the 3GPP System system shall support a secure mechanism (e.g., a factory installed certificate) that enables a device (e.g., IoT device) that has not been provided with a 3GPP subscription to establish access to a 3GPP network.
TheIt is recommended that the 3GPP network shall support a secure mechanism to remotely provide the device with a particular 3GPP subscription and other, third party provided, device configuration credentials when the device was not previously provided with a 3GPP subscription.
Editor's Note: The above requirements are not agreed and may need further study.
… …
[bookmark: _Toc463003064]5.22.2	Potential Requirements
TheIt is recommended that the 3GPP System system shall support a secure mechanism to update the subscription security credentials for an IoT device.
TheIt is recommended that the 3GPP System system shall support a secure way of storing subscription security credentials in the IoT device.
… …
[bookmark: _Toc463003067]5.23.2	Potential Requirements
Subject to regulatory requirements, the UE may use a temporary identifier for initial attach that hides its long-term identity. TheIt is recommended that the home network shall be able to associate this temporary identifier to the long-term identity.
… …
[bookmark: _Toc463003070]5.24.2	Potential Service Requirements
TheIt is recommended that the 3GPP System system shall support a mechanism that provides security, authentication and authorization for UEs which only support 3GPP device-to-device communication. 
TheIt is recommended that the 3GPP System system shall support efficient transfer of data for UEs which only support 3GPP device-to-device communication.
NOTE:	This is especially suited for power-constrained, low complexity UEs. TheIt is recommended that the 3GPP System system shall support a mechanism for UEs which only support 3GPP device-to-device communication to communicate with the network via a UE-to-network relay. 
TheIt is recommended that the 3GPP system shall support a mechanism that allows the network to be aware of the UEs operating with assistance from a UE-to-network relay.
TheIt is recommended that the 3GPP System system shall support a timely, efficient, reliable and secure mechanism to transmit the same information to multiple UEs which only support 3GPP device-to-device communication. 
… …
[bookmark: _Toc463003074]5.25.2	Potential Service Requirements
NOTE 1: 	Requirements below are for 3GPP RAT case but requirements for non-3GPP RAT case also needs to be studied.
TheIt is recommended that the 3GPP system shall support an UE (e.g., wearable device) to access to the 3GPP network directly, or via an authorized UE (e.g. smart phone) when the two UEs are within a short range communication (e.g., less than [TBD]m). 
NOTE 2:	The short range communication can work in unlicensed or licensed band supported by 3GPP system.
TheIt is recommended that the 3GPP system shall be able to support service continuity for an UE (e.g., wearable device) when it changes from direct access to indirect access via another UE (e.g., smart phone), and vice versa or when it changes indirect access from UE (e.g., smart phone) to another UE (e.g., smart phone).
TheIt is recommended that the 3GPP system shall optimize the battery consumption of an UE (e.g., wearable device), whether it’s connected to the network directly or via another UE (e.g., smart phone).
TheIt is recommended that the 3GPP system shall support end-to-end integrity protection and confidentiality for data transmitted to/from a UE (e.g., wearable device), when it’s connected to the network via another UE (e.g., smart phone) .
TheIt is recommended that the 3GPP system shall support real time services (e.g., real time voice and/or real time video) for a n UE (e.g., wearable device), whether it’s connected to the network directly or via another UE (e.g., smart phone).
TheIt is recommended that the 3GPP system shall support data transmission services for an UE (e.g., wearable device), whether it’s connected to the network directly or via another UE (e.g., smart phone).
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]TheIt is recommended that the 3GPP system shall support end to end QoS for an UE (e.g., wearable device), when it’s connected to the network via another UE (e.g., smart phone).
TheIt is recommended that the 3GPP system shall identify an UE (e.g., wearable device), when it’s connected to the network via another UE (e.g., smart phone).
[bookmark: _Toc463003075]5.25.3	Potential Operational Requirements
The UE of wearable device, which can be connected to the 3GPP network directly or via another UE, should have a subscription associated to its own subscriber'’s identity (e.g., IMSI) with mobile operator.
NOTE:	The number of IMSIs may be exhausted considering the huge number of subscriptions in the future.
… …
[bookmark: _Toc463003079]5.26.3	Potential Operational Requirements
Subject to operator’s policy, theit is recommended that the 3GPP network shall provide a mechanism such that a specific traffic type (from a specific application or service) to/from a UE can be routed via specific RAN nodes, and traffic in one RAN node can be offloaded towards a defined IP network close to the UE's point of attachment to the access network, while other traffic type to/from that same UE is not offloaded.
… …
[bookmark: _Toc463003082]5.27.2	Potential Service Requirements
TheIt is recommended that the future 3GPP network shall be able to provide 3GPP services to the UE using various 3GPP and non-3GPP access networks (e.g., WLAN, Fixed broadband access, Bluetooth, etc.). 
The future 3GPP system is expected to support at least:
-	Inter-system mobility between 3GPP and non-3GPP networks with optional session continuity, 
-	capability for the UE based on network control to select the access, 
-	simultaneous connection to different accesses, capability for the UE to access the 3GPP services provided by the 5G network using non-3GPP access e.g. FMSS…, 
-	authentication to access to future network through a non-3GPP access shall use using 3GPP credentials. 
Editor’s note: this list is not exhaustive.
TheIt is recommended that the future 3GPP network shall enable the UE to simultaneously connect to the network via different non-3GPP and 3GPP accesses.
TheIt is recommended that the future 3GPP network shall be able to manage the addition or dropping of the various accesses dynamically during the session according to the quality of the individual connections.
For UEs simultaneously connected to the network via different non-3GPP and 3GPP accesses, theit is recommended that the 3GPP network shall support data transmissions that leverage both types of access.
TheIt is recommended that the 3GPPfuture network shall be able to aggregate the UE data transfer via one access or a combination of accesses which may be operated by different mobile network operators.
TheIt is recommended that the 3GPPfuture network shall be able to aggregate the UE data transfer via one access or a combination of accesses to provide the best user experience during an ongoing data transmission.
TheIt is recommended that the 3GPPfuture network shall be able to support the interworking with fixed broadband network defined by BBF. 
NOTE:	The specification of fixed broadband access network is outside the scope of 3GPP.Which evolution of fixed broadband access network architecture needs to be considered in stage 2. 
TheIt is recommended that the traffic from different subscribers using a non-3GPP access shall be isolated from each other.
TheIt is recommended that the 3GPPfuture network shall be able to differentiate charging a subscriber for the same 3GPP service if it is provided to a UE over different 3GPP and non-3GPP accesses.
Based on operator policy, theit is recommended that the 3GPPfuture network shall be able to dynamically offload part of the traffic from 3GPP RAT to non-3GPP RATs and vice versa, taking into account traffic load.
[bookmark: _Toc463003083]5.27.3	Potential Operational Requirements
TheIt is recommended that the 3GPP network shall be able to integrate fixed and wireless access management and provide an efficient provision of services over 3GPP and non-3GPP accesses.
… …
[bookmark: _Toc463003087]5.28.3	Potential Operational Requirements
TheIt is recommended that the <5G system> shall be able to provide data transmission by using both the <5G New RATs> and E-UTRA RAT simultaneously, i.e., in this case dual radio UE capability is required.
When a UE is both using the <5G New RAT> and E-UTRA RAT simultaneously, theit is recommended that the <5G system> shall be able to select a radio access (either a <5G New RAT> or E-UTRA RAT) to assign each data flow, taking into account e.g. service, traffic characteristics, radio characteristics, and UE’s moving speed.
TheIt is recommended that the <5G system> shall support UEs with dual radio capability as well as UEs with single radio capability, i.e., a UE that cannot transmit on the <5G New RAT> and the E-UTRA RAT simultaneously.
… …
[bookmark: _Toc463003090]5.29.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support enhanced mobile broadband services in fast moving vehicles (e.g. up to 500 km/h) with enhanced user experience. 
TheIt is recommended that the 3GPP system shall support enhanced connectivity services in fast moving airplanes (e.g. up to 1000 km/h) with enhanced user experience. 
[bookmark: _Toc463003091]5.29.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall be able to provide the mobile broadband service in fast moving vehicles with enhanced system experience.
TheIt is recommended that the 3GPP system shall be able to provide the airplanes connectivity service with enhanced system experience.
… …
[bookmark: _Toc463003094]5.30.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall be able to provide aerial object with reliable mobile broadband connectivity.
NOTE 1: 	The altitude up to which connectivity is provided is subject to regulatory constraints.
TheIt is recommended that the 3GPP system shall be able to provide nautical object with reliable mobile broadband connectivity.
NOTE 2: 	The distance from seashore up to which connectivity is provided is subject to regulatory constraints.
TheIt is recommended that the 3GPP system shall be able to provide reliable low-latency connectivity between aerial objects.
… …
[bookmark: _Toc463003099]5.31.3	Potential Operational Requirements
Subject to regulatory requirements, it is recommended that the 3GPP system shall be able to support temporary service for users of other than home operators as temporary users in emergency case by serving operator policy.
Subject to regulatory requirements, it is recommended that the 3GPP system shall be able to support defining the limited set of necessary communication services and acceptable terminal features for temporary users by serving operator policy.
It is recommended that the 3GPP system shall maintain an appropriate level of communications security for temporary service.
… …
[bookmark: _Toc463003102]5.32.2	Potential Service Requirements
TheIt is recommended that the network shall be able to support the High Definition Video 8K (streaming) service for users in vehicles with following performance indicators:
-	Average End User Throughput is [100] Mbps (DL)
-	Latency (end-to-end) is less than [1] s
-	Latency (over the air) is less than [200] ms
-	Speed is up to 100 km/h (from [4] Dense Urban)
Editor’s Note 1: The jitter for the high definition video is FFS.
TheIt is recommended that the network shall be able to support the High Definition Video (conversational) service for users in vehicles with following performance indicators:
-	Average End User Throughput greater than [10] Mbps (DL and UL)
-	Latency (end-to-end) less than [150] ms
-	Latency (over the air) less than [30] ms
-	Speed up to 100 km/h
Editor’s Note 2: The jitter for the high definition video is FFS.
TheIt is recommended that the network shall be able to support 4K/8K immersive interaction and 3D Cloud Computer Games service for users in vehicles with following performance indicators:
-	Average End User Throughput greater than [50-120] Mbps (DL or UL)
-	Latency (end-to-end) less than [7.5] ms
-	Latency (over the air) less than [1.5] ms
-	Speed is up to 100 km/h.
Editor’s Note 3: The jitter for the high definition video is FFS.
Editor’s Note 4: Power efficiency in the infrastructure and terminal needs to be taken into consideration.
… …
[bookmark: _Toc463003106]5.33.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support very low latency (e.g., 1 millisecond end-to-end latency).
TheIt is recommended that the 3GPP system shall support very high reliability (e.g., nearly 100%).
TheIt is recommended that the 3GPP system shall support high uplink data rate per vehicle even in a dense environment (e.g., tens of Mbps per device in a dense environment).
TheIt is recommended that the 3GPP system shall support high downlink data rates (e.g., tens of Mbps per device in a dense environment). 
TheIt is recommended that the 3GPP system shall support very high mobility (e.g., absolute speed more than 200 km/h while relative speed more than 400 km/h).
TheIt is recommended that the 3GPP system shall support data transmission from one point to multipoint (e.g. multicast and/or broadcast). 
TheIt is recommended that the 3GPP system shall support high positioning accuracy (e.g. 0.1 meters)
TheIt is recommended that the 3GPP system shall support high density of connections for vehicles (e.g., the number of vehicles can exceed 10000 in scenarios with multiple lanes and multiple levels and types of roads)
… …
[bookmark: _Toc463003110]5.34.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall enable operators to define different levels of mobility support for different UEs. 
Mobility support consists of providing none, any one or any combination of the following:
-	minimizing packet loss during inter- and/or intra-RAT cell changes, 
-	maintaining the same IP address assigned to a UE across different cells,
-	minimizing interruption time until a UE can continue to communicate with a potentially different IP address (in case the same IP address is not maintained during a mobility event). 
-	avoiding network congestion and minimizing interference due to handover of multiple users in a high mobility scenario (disconnecting and reconnecting at the same time many users from one cell to another may increase RAN and network congestion).
Editor’s note: This list is not exhaustive. Other aspects may be added in future meetings.
TheIt is recommended that the 3GPP system shall enable operators to update the level of mobility support provided for a UE.
… …
[bookmark: _Toc463003115]5.35.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall enable elastic configuration of the network based on system information, including:
-	Instantaneous network conditions, such as serving RATs (macro cell, small cell, WiFi), network load information and congestion levels;
-	Application’s user characteristics, such as mobility type (high mobility, low mobility, no mobility), expected traffic over time, location)
-	When allowed by a user, UE context information, such as sensor-level information (e.g. direction, speed, power status, display status, other sensor information installed in the UE), application-level information (e.g. foreground applications, running background application, application data, user settings, etc.)
TheIt is recommended that the system shall support a secure mechanism to collect system information while ensuring end-user and application privacy.
TheIt is recommended that the system shall support a mechanism to collect the information in a timely manner to enable optimized network elasticity regarding resource use based on accurate context information.
… …
[bookmark: _Toc463003118]5.36.2	Potential Service Requirements
TheIt is recommended that the 3GPP network shall be able to efficiently deliver or forward content from in-network entities controlled by the operator.
TheIt is recommended that the 3GPP system shall provide charging, Lawful Interception (LI) and QoS differentiation for content delivered from an in-network caching entity.
TheIt is recommended that the 3GPP system shall enable a flexible deployment of content caching entity located at multiple locations within the network (e.g. at various radio sites and local aggregation points).
TheIt is recommended that the 3GPP system shall support a content caching entity that is capable of being integrated within a device under the control of the operator.
TheIt is recommended that the authorized UE shall be able to receive cached content broadcasted by content caching entity. 
TheIt is recommended that the 3GPP system shall enable efficient delivery of content from an appropriate caching entity, e.g. a cache located close to the user.
… …
[bookmark: _Toc463003122]5.37.2	Potential Service Requirements
Subject to the service agreement between the operator and the service provider, theit is recommended that the 3GPP network shall enable hosting of services (including both MNO provided services and 3rd party provided services) closer to the end user to improve user experience and save backhaul resources.
TheIt is recommended that the 3GPP network shall be able to support routing of data traffic to the entity hosting services closer to the end user for specific services of a UE.
TheIt is recommended that the 3GPP network shall support efficient user-plane paths between a UE and the entity hosting the service closer to the end user even if the UE changes its location during communication.
TheIt is recommended that the 3GPP network shall be able to support charging, QoS, and Lawful Interception (LI) for services hosted closer to the end user.
… …
[bookmark: _Toc463003127]5.38.3	Potential Requirements
TheIt is recommended that the 3GPP system shall efficiently support a mobile optimised ICN/CCN protocol.
TheIt is recommended that the 3GPP system shall support flexible placement of ICN/CCN caches by enabling flexible user-plane termination (including user-plane termination at the base station).
TheIt is recommended that the 3GPP system shall support efficient transport of a mobile optimised ICN/CCN protocol via the 5G and evolved LTE radio.
TheIt is recommended that the 3GPP system shall provide charging, LI and QoS support for the ICN/CCN protocol.
… …
[bookmark: _Toc463003131]5.39.3	Potential Requirements
TheIt is recommended that the 3GPP system shall support the ability to securely store the personal data information/files of a user in such a way that they are retrievable with no perceptible delay to the user. 
TheIt is recommended that the 3GPP System shall support a mechanism to control the upload and download of personal information/files between the 3GPP device and a server in the network (e.g., Flat Distributed Personal Cloud). 
NOTE:	A suitable control system (e.g. FDPec control system) can be standardised for use as part of the 3GPP system evolution.
… …
[bookmark: _Toc463003134]5.40.2	Potential Service Requirements 
TheIt is recommended that the 3GPP System shall be efficient and flexible for both low throughput short data bursts and high throughput data transmissions (e.g., streaming video) from the same device.
TheIt is recommended that the 3GPP system shall support efficient signalling mechanisms (e.g., signalling is less than payload).
TheIt is recommended that the 3GPP system shall reduce signalling overhead for security needed for short data burst transmission, without reducing the security protection provided by 4G 3GPP Systems.
… …
[bookmark: _Toc463003137]5.41.2	Potential Impacts or Interactions with Existing Services/Features
The system should interconnect with existing IoT systems 
The system should enable mobiles that can operate as static concentrators of IoT capillary traffic towards 3GPP networks
TheIt is recommended that the system shall support the integration of mobile, IoT capillary concentrator systems into Home Base stations
[bookmark: _Toc463003138]5.41.3	Potential Requirements
TheIt is recommended that the 3GPP system shall provide for the support of a UE connected to remote monitoring (that suits home monitoring/control) and includes: Static mobile, Group connection, Normal data service and service for low volume, low frequency updates.
TheIt is recommended that the low volume, low frequency update service shall allow messages up to 256 octets per message.
IoT Security is provided only by the connected UE. Further security measures are for implementation at the IoT level applications.
… …
[bookmark: _Toc463003141]5.42.2	Potential Service Requirements 
TheIt is recommended that the 3GPP System shall support a mechanism to accept information from large numbers of stationary devices with reduced mobility management (e.g., handover support, idle mode mobility management). 
TheIt is recommended that the 3GPP System shall support a resource efficient mechanism to provide information to a stationary device.
[bookmark: _Toc463003142]5.42.3	Potential Operational Requirements 
TheIt is recommended that the 3GPP System shall provide resource efficient support for stationary devices with reduced mobility management (e.g., handover support, idle mode mobility management). 
… …
[bookmark: _Toc463003145]5.43.2	Potential Service Requirements 
TheIt is recommended that the 3GPP System shall support a resource efficient mechanism to accept information from large numbers of locally dense devices, possibly simultaneously.
TheIt is recommended that the 3GPP System shall support mechanisms to enable sufficient indoor and outdoor coverage (e.g., 20dB better coverage than legacy Rel 99 GPRS system) for a large number of locally dense low power devices.
TheIt is recommended that the 3GPP System shall support a mechanism to manage resource (e.g., radio resources) sharing by large numbers of locally dense devices efficiently.
TheIt is recommended that the 3GPP system shall support communication service for high density of devices up to (e.g., 1 million devices per km2), with high mobility at minimum of 100 km/h and with reduced battery consumption.
TheIt is recommended that the 3GPP system shall support high positioning accuracy in both outdoor and indoor scenarios (e.g., 0.5m).
[bookmark: _Toc463003146]5.43.3	Potential Operational Requirements 
TheIt is recommended that the 3GPP System shall support a mechanism which provides efficient authentication for low power devices. 
TheIt is recommended that the 3GPP System shall support a mechanism which provides appropriate confidentiality and integrity protection for data from low power devices.
TheIt is recommended that the 3GPP System shall support a mechanism to efficiently manage one or more devices associated with a service (e.g., inventory tracking service).
TheIt is recommended that the 3GPP System shall support roaming.
… …
[bookmark: _Toc463003149]5.44.2	Potential Service Requirements 
TheIt is recommended that the 3GPP system shall support UEs of high density distribution to upload synchronized audio, video and data in real time. 
TheIt is recommended that the 3GPP system shall support end to end latency lower than [10ms].
… …
[bookmark: _Toc463003153]5.45.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support cycle times of [1ms to 2ms.] Within the cycle time, both uplink and downlink transactions must be executed. Additional margin is needed for the sensor/actuator to process the request.
Transaction jitter should be [below 10usecs.]
Reliability, measured as the fractions of transactions that cannot meet the latency or jitter constraints, should remain [below 10-9.]
Each transaction should support a payload of 50 to 100 Bytes
For factory automation, required range is up to [10-20m.]
All transactions should be sufficiently integrity- and confidentiality- protected.
NOTE: 	The above requirements are for end to end performance, defined as communications sent by source and communication received by target.
[bookmark: _Toc463003154]5.45.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall support industrial factory deployment where network access security is provided and managed by the factory owner with its ID management, authentication, confidentiality and integrity.
TheIt is recommended that the 3GPP system shall support an authentication process that can handle alternative authentication methods with different types of credentials to allow for different deployment scenarios such as industrial factory automation.
… …
[bookmark: _Toc463003157]5.46.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support [10k sensor nodes within an area of 10sqkm.]
Reliability for the transport of transactions, measured as the fractions of packet losses, should remain [below 10-5.]
TheIt is recommended that the 3GPP system shall support a [transaction latency of 50-100ms], defined as the overall cycle time between a sensor reading and action from process controller.
TheIt is recommended that the 3GPP system shall allow a battery powered sensor lifetime of multiple years while enabling a transaction rate of one every few seconds
Transactions should be sufficiently integrity- and confidentiality- protected.
NOTE:	The above requirements are for end to end performance, defined as communications sent by source and communication received by target.
… …
[bookmark: _Toc463003162]5.47.3	Potential Operational Requirements
Subject to operator’s policy, theit is recommended that the 3GPP system shall be able to change the IP anchoring point for a UE with minimal impact on the user experience.
… …
[bookmark: _Toc463003165]5.48.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support network sharing with capabilities for operators to set parameters for resource sharing both on demand and dynamically.
TheIt is recommended that the 3GPP system shall provide efficient support for low or no mobility UEs (e.g. up to 50 km/h).
TheIt is recommended that the 3GPP system shall support very efficient use of the control plane (e.g., cooperation between services to minimize overall signalling between a UE and the network).
TheIt is recommended that the 3GPP system shall support efficient use of the data plane (e.g., packaging data from multiple applications and sending it on a periodic basis rather than an on demand basis).
TheIt is recommended that the 3GPP system shall support APIs that provide network status information to applications (e.g., to allow applications to use network resources efficiently).
TheIt is recommended that the 3GPP system shall be optimised to minimise as much as possible the traffic (Data and signalling) on the interfaces between the access network and the core network in order to reduce the amount of backhaul traffic.
TheIt is recommended that the 3GPP system shall be optimised to support UEs with minimal functionality (e.g. user experienced data rate of 10 Mbps at DL and 10 Mbps at UL with E2E latency of 50 ms).
TheIt is recommended that the 3GPP system shall be optimised to facilitate very large cells (e.g.: ., link budget better than 160 dB, relaxed timing on random access and other procedures to enable very long range beyond 50km).
[bookmark: _Toc463003166]5.48.3	Potential Operational Requirements
TheIt is recommended that the base station shall support an energy saving mode with the following characteristics:
-	The energy saving mode may be activated/deactivated either manually (e.g., on demand), or automatically (e.g., reaching a threshold).
-	The transmit power may be reduced when the energy saving mode is activated.
-	The latency requirements may be reduced when the energy saving mode is activated.
-	Service may be restricted to authorized users.
-	The base station may be in listen mode.
TheIt is recommended that the 3GPP system shall support centralized network automation and remote management in order to reduce local management tasks.
The data rate transfer should be enhanced at the cell edge for very large cells. 
TheIt is recommended that the access network shall be able to inform UEs what capabilities are supported (e.g., to allow UEs to determine if the network provides the required capabilities).
TheIt is recommended that the 3GPP system shall be able to provide the essential services with connection density of 16 / km2.
TheIt is recommended that the 3GPP system shall be able to provide the essential services with traffic density of 16 Mbps / km2.
… …
[bookmark: _Toc463003169]5.49.2	Potential Service Requirements 
TheIt is recommended that the 3GPP system shall be able to support the existing network capability exposure.
TheIt is recommended that the 3GPP System shall be able to support to expose the 5G network information and capabilities to the 3rd party, such as the network slicing capability. 
NOTE:	The specific network slicing capability which is needed to be exposed should be defined after the slicing definition is completed.
… …
[bookmark: _Toc463003173]5.50.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support speech with very low one-way service latency [10 ms]
TheIt is recommended that the 3GPP system shall be able to support video with frame rate of [120 fps] and very low one-way service latency [10 ms]
… …
[bookmark: _Toc463003177]5.51.2	Potential Service Requirements
TheIt is recommended that the system shall be able to guarantee the service experience of the subscribers when performing the network scaling and automation operation.
TheIt is recommended that the system shall be able to enhance the existing mechanisms, e.g. load balancing, network function selection, which are highly related with the effect of the network scalability and automation operation. 
… …
[bookmark: _Toc463003182]5.52.3	Potential Operational Requirements
It is recommended that the 5G Radio Interface Technology (RIT) shall be designed with features and optimizations to provide a backhaul function. 
TheIt is recommended that the system shall support flexible partitioning of resources between access and backhaul functions when supported in a common band, including quasi-static provisioning of separate access and backhaul resources, and dynamic allocation of access and backhaul resources, e.g., based on current local conditions. 
TheIt is recommended that the system shall support autonomous neighbour discovery and link setup, self configuration of addressing and forwarding plane, and autonomous integration into core/OAM. 
TheIt is recommended that the system shall support use of multiple RITs to increase service availability and network resiliency. 
TheIt is recommended that the system shall support multi-hop wireless network topologies. 
TheIt is recommended that the system shall support network topologies with redundant connectivity and paths to minimize service disruptions due to network dynamics. 
TheIt is recommended that the system shall support dynamic adaptation to topology changes (e.g., due to node additions, node failures, link fluctuations.)
… …
[bookmark: _Toc463003185]5.53.2	Potential Impacts or Interactions with Existing Services/Features
There is little perceived interaction with existing services and features. The provision of infotainment is “over the top” of an existing data connection. The data connection has to be of the appropriate quality and speed to sustain the service.
Such a service will need to be provided by at least a 4G network.
[bookmark: _Toc463003186]5.53.3	Potential Requirements
TheIt is recommended that the 3GPP system shall provide a consistent data rate that is high enough to support the chosen media: 
-	For internet browsing and general information at least [0.5 Mb/sec]
-	For high quality music streaming at least [1 Mb/sec]
-	For standard quality video streaming at least [5 Mb/sec]
-	For high quality (up to UHD) video streaming at least [15 Mb/sec]
Low latency is not critical for media streaming, however, it is recommended that a latency of no more than [100ms] for internet browsing shall be provided.
TheIt is recommended that the 3GPP system shall be able to deliver the required connection quality up to 200km/hr.
TheIt is recommended that the 3GPP system shall be capable of providing the required connection quality in densely populated roads where up to [2000] vehicles in a given service area [1km2] will be accessing data. The vehicles could be moving at speeds ranging from 0km/h (e.g. in a traffic jam) to 200km/h. 
… …
[bookmark: _Toc463003190]5.54.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall support:
-	Latency of [10 ms] as collaboration requires vehicle altitude and position control loops to synchronize. Latency is required on the order of the control loop bandwidths.
-	Near [100%] reliability as instability and crashing of UAV could result from loss of communications. Control functions depend on this communication. 
-	Security to be provided at the level for current aviation Air Traffic Control (ATC) for command and control of vehicles in controlled airspace.
-	Priority, Precedence, Preemption (PPP) needed as failure to transmit communications in reliable and timely manner could result in loss of property or life. 
-	Position accuracy within [10 cm] due to multiple UAVs that may need to collaborate in close proximity to one another. 
… …
[bookmark: _Toc463003193]5.55.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support higher accuracy location capability less than [3 m] at [80%] of occasions.
NOTE:	[80%] of occasions means the probability of achieving the accuracy in total sampling. 
TheIt is recommended that the 3GPP system shall support different configuration for accuracy according to different service requirements.
It is recommended that the Iinitial position fix time of UE shall be less than [10] seconds, and subsequent position fixes shall take no longer than [10~15 ms], if required. 
It is recommended that theThe two-way delay for positioning shall be no more than [10-15 ms].
It is recommended that the Power power consumption due to the continuous use of positioning service shall be minimized.
[bookmark: _Toc463003194]5.55.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall support co-existence with legacy 3GPP positioning service and migration to higher accuracy positioning service.
… …
[bookmark: _Toc463003198]5.56.3	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support an interface from external Broadcasters’ management systems.
TheIt is recommended that the 3GPP system shall be able to reserve groups of resources for Broadcast channels
TheIt is recommended that the 3GPP system shall be able to support broadcast of lossless state of the art video streams such as 4k UHD.
TheIt is recommended that the 3GPP device shall be able elect to receive a reduced quality version of the broadcast for display on their device screen (typically less than 12”) ") or a full quality version of the same channel for presentation to a video presentation monitor (typically much larger than their device , i.e:., 32"” to 72"” screen size)
TheIt is recommended that the 3GPP System system shall allow the UE to receive broadcasts selected by the user (from the Broadcaster’s management system) in accordance with any appropriate authorisations by the Broadcaster.
NOTE:	UHD: 3840 x 2160, 50 FPS, AVC ~300 Mbit/s, UHD: 3840 x 2160, 50 FPS, HEVC ~ 150 Mbit/s
… …
[bookmark: _Toc463003202]5.57.3	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support an interface from an external Ad-Hoc Broadcast management system that manages broadcast requests.
TheIt is recommended that the 3GPP system shall be able to reserve groups of resources temporarily for scheduled Ad-Hoc Broadcasts. 
TheIt is recommended that the 3GPP System system shall allow the UE to receive broadcasts selected by the user (from the Ad-Hoc Broadcast management system) in accordance with any appropriate authorisations. 
… …
[bookmark: _Toc463003205]5.58.2		Potential Service Requirements 
TheIt is recommended that the 3GPP system shall be capable of achieving [1000] times energy efficiency compared to legacy system. 
… …
[bookmark: _Toc463003209]5.59.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support network servers/applications and devices to identify, address and reach other devices, in a consistent manner independently of how these devices are connected.
NOTE:	Device here does not necessarily imply a UE. A device may or may not have a subscription for 3GPP radio access, however it can be identified by the 3GPP system. Definition of device is FFS.
[bookmark: _Toc463003210]5.59.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall support connection densities of [200,000 / km2]. Here connection density reflects active devices that are exchanging data, assuming a single operator in the considered area. 
NOTE:	This requirement is applicable for device that is mobile with low to moderate speeds [e.g. 50 km/h] and requires bit rates up to [e.g. 1 Mb/s].
… …
[bookmark: _Toc463003213]5.60.2	Potential Service Requirements 
TheIt is recommended that the 3GPP System shall be able to provide means for efficient light-weight communication to/from IoT devices (e.g. air conditioner). 
… …
[bookmark: _Toc463003217]5.61.2	Potential Service Requirements 
TheIt is recommended that the 3GPP system shall be able to provide fronthaul/backhaul network sharing information and capabilities to other network operators.
[bookmark: _Toc463003218]5.61.3	Potential Operational Requirements 
TheIt is recommended that the 3GPP system shall allow network operators to be able to share fronthaul/backhaul network resources.
… …
[bookmark: _Toc463003221]5.62.2	Potential Service Requirements
TheIt is recommended that the <5G system> shall support a secure mechanism allowing a legitimate entity to disable from normal operation of a device reported as stolen.
TheIt is recommended that the <5G system> shall support a secure mechanism allowing a legitimate entity to re-enable a recovered stolen device to normal operation.
[bookmark: _Toc463003222]5.62.3	Potential Operational Requirements
It is recommended that the 5G devices shall store device identities in a secure and tamper resistant way in order to prevent device identification tampering, when required.
It is recommended that the 5G devices shall display the device identity in a consistent manner, not requiring detailed knowledge of the device's user interface, when required.
… …
[bookmark: _Toc463003225]5.63.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall be able to provide means to dynamically and seamlessly change the association between a user and a device.
[bookmark: _Toc463003226]5.63.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall be able to support enhanced authentication, authorization and charging mechanisms to support various types of connectivity (e.g., subscribed, on-demand or content-aware connectivity).
It is recommended that the Enhanced enhanced authentication mechanism shall be able to provide efficient means to authenticate a user and a device (e.g. using biometric information).
It is recommended that the Enhanced enhanced authorization mechanism shall be able to provide a user and a device with on-demand connectivity based on operator policy.
It is recommended that the Enhanced enhanced charging mechanism shall be able to collect charging-related information for enhanced authentication mechanism and enhanced authorization mechanism.
… …
[bookmark: _Toc463003229]5.64.2	Potential Service Requirements
TheIt is recommended that the 3GPP System system shall enable the operator to deploy networks to serve specific vertical markets and use cases.
TheIt is recommended that the 3GPP System xystem shall enable users to obtain services from more than one network simultaneously on an on-demand basis.
TheIt is recommended that the use of multiple serving networks to deliver services to a given user shall be under the control of one operator who maintains the business relationship with the user (home operator).
In the event of the same service being offered by multiple operators, unless directed by its home 3GPP system or because of lack of coverage, it is recommended that the the user shall be prioritized to receive subscribed services from the 3GPP system of the his/her operator.
… …
[bookmark: _Toc463003233]5.65.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support low latency and high throughput (100 Mbps) even in the high mobility scenario (e.g. greater than 120 km/h).
TheIt is recommended that the 3GPP system shall support seamless handover between suitable RATs without introducing much complexity.
TheIt is recommended that the 3GPP system shall support ultra-high reliability even in the high mobility scenario.
TheIt is recommended that the 3GPP system shall support high availability. 
TheIt is recommended that the 3GPP system shall support low end-to-end latency ranging from 1 ms up to 10 ms even in the high mobility scenario.
TheIt is recommended that the 3GPP system shall provide appropriate level of security to ensure the data is not compromised.
[bookmark: _Toc463003234]5.65.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall support on-demand dynamic resource utilization (compute, storage, network and radio), which can be configured in realtime during network service provisioning for a given UE and based on information such as UE location, application characteristics.
… …
[bookmark: _Toc463003237]5.66.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall provide Direct Air to Ground Communications (DA2GC).
… …
[bookmark: _Toc463003241]5.67.2	Potential Service Requirements
NOTE. The following requirements also apply in the roaming case. 
TheIt is recommended that the 3GPP system shall support online and offline charging for an UE (e.g., wearable device), whether it’s connected to the network directly or via another UE (e.g., smart phone).
TheIt is recommended that the 3GPP system shall be able to separate the charging data of a first UE (e.g., wearable device) from the charging data of a second UE (e.g., smart phone), when the first UE (e.g., wearable device) is connected to the network via the second UE (e.g., smart phone).
… …
[bookmark: _Toc463003245]5.68.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall be able to provide UE with prioritized access for transport of critical service data (e.g., data for healthcare).
TheIt is recommended that the 3GPP system shall be able to provide means to verify whether a UE is authorized to use prioritized access for transport of critical service data.
TheIt is recommended that the 3GPP system shall be able to provide UEs with relevant QoS for transport of critical service data. 
… …
[bookmark: _Toc463003250]5.69.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall enable operators to define and identify network slices with common functionality to be available for home and roaming users. 
TheIt is recommended that the 3GPP system shall support composing of network slices from 3GPP defined functions as well as from proprietary 3rd party or other operator provided functions. 
TheIt is recommended that the 3GPP system shall support to associate the user in a VPLMN to the network slice that provides the required functionality for this user (e.g. the same functionality as the associated network slice in the HPLMN). If no corresponding slice has been defined the user should be assigned to a default network slice, as defined by the VPLMN.
… …
[bookmark: _Toc463003253]5.70.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall enable the operator to deploy a stand-alone 3GPP based broadcast/multicast system by forming a multicast/broadcast single frequency 
TheIt is recommended that the 3GPP system shall enable the operator to have the flexibility to allocate 0% to 100% of radio resources of a radio carrier for the delivery of broadcast/multicast content.
Depending on the capability of the terminal and the services subscribed, theit is recommended that the user shall be able to receive the broadcast/multicast content via the broadcast/multicast radio carrier while a concurrent data session is going on over another radio carrier.
TheIt is recommended that the 3GPP based broadcast/multicast system shall efficiently utilize the available resources to maximize the amount of content that can be delivered over a dedicated radio carrier network with cell coverage radius of up to 50 km.
… …
[bookmark: _Toc463003257]5.71.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support WLL deployment with high peak and experienced data rates.
[bookmark: _Toc463003258]5.71.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall support WLL deployment and limit the service area to a pre-defined geographic area.
… …
[bookmark: _Toc463003261]5.72.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall support highly available and reliable connectivity using satellites for use cases such as ubiquitous coverage, disaster relief, public safety requirements, emergency response, remote sensor connectivity, broadcast service, etc. 
TheIt is recommended that the 3GPP system shall support up to 100% geographic coverage.
TheIt is recommended that the 3GPP system shall support an air-interface with latency of up to 275 ms when satellite connection is involved.
TheIt is recommended that the 3GPP system shall support seamless mobility between terrestrial and satellite based networks with widely varying latencies. 
… …
[bookmark: _Toc463003265]5.73.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall ensure delivery of information within the service specified timeframe.
… …
[bookmark: _Toc463003269]5.74.2	Potential Service Requirements
TheIt is recommended that the 3GPP system shall be able to provide high reliability, and latency required for an application to adapt and prioritize resources when necessary.
TheIt is recommended that the 3GPP system shall allow flexible means to make and enforce relative priority decisions among the different application services.
TheIt is recommended that the 3GPP system shall be able to support QoS adjustments based on an application needs.
[bookmark: _Toc463003270]5.74.3	Potential Operational Requirements
TheIt is recommended that the 3GPP system shall be able to support a QoS and policy framework across multiple accesses.
TheIt is recommended that the 3GPP system shall be able to support E2E (e.g., UE to UE) QoS for a service.
NOTE: E2E QoS needs to consider QoS in RAN, Backhaul, CN, & Backbone.
***********************************End of 4th change**********************************************
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