Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG3 #104
R3-192547
Reno, USA, 13th – 17th May 2019

Agenda Item:
25.2.5
Source:
        CMCC
Title:
Use Case of Edge Computing
Document for:
Discussion and decision
1 Introduction

The study item proposal (Study on RAN-centric Data Collection and Utilization for LTE and NR) [1] has been approved at RAN Plenary #80, and the proposal is revised and approved at RAN Plenary #81, with the objectives of the study item, including edge computing and radio network information exposure [2]:
In Jan, Rapporteur of the SI triggered an email discussion on the potential use cases to be studied in the SI, where the summary on the use case of edge computing was given as follows, with corresponding TP drafts:

Many companies especially operators thinks the service aware RAN optimization and RAN information exposure are promising use cases. These use cases could be studied to improve use experience and to enable efficient radio resource utilization. 
In this contribution, Use Case of edge computing are elaborated in the following sections. And TPs of edge computing use case description are provided as well, based on the draft from the email discussion. .
2 Discussion

2.1 Use Case Introduction

Improving per user per service quality of experience has become goals of operators to enhance competiveness and to develop new businesses beyond undifferentiated data traffic.
Previously, most mobile applications are run “over the top” of mobile networks. The mobile networks focuses on provision of unified network connections with little knowledge of its application traffic. Meanwhile, the mobile applications make efforts to avoid possible impacts by the mobile networks. They are isolated designed. As an example, the mobile applications adjust their data rate by rate estimation rather than consulting the mobile networks. And the radio resource is scheduled based on the radio conditions and the QoS parameters, of which the QoS parameters are semi-statically provided by the core networks. 
The lack of communication between mobile networks and application could bring challenges to end-to-end network optimization and maximum application user experiences.
With emerging more demanding mobile services, operators are working hard and cooperate with 3rd party application vendors, to identify more important mobile services and to provide service guarantee. Typically in 4G, service experience can be guaranteed by PCC customized QCI.
In 5G, with NG-Core, evolved solutions are developed to bridge gap between the networks and the applications. AF and NEF are introduced to interact with the mobile applications [4]. Moreover, in [5], NWDAF is studied to assist communication pattern generation, QoS provisioning and data analytic for network status exposure. However, at present, NWDAF serves mainly for semi-static data analytics. The QoS provisioning is semi-static and usually keeps constant along lifetime of a session. And data for network status analytic is mainly retrieved from e.g. OAM, which makes it difficult to do real-time network status exposure. Moreover, NWDAF is difficult to collect the real-time radio network data. Since the RAN data is of large amount and most of the RAN data is not understood by the core network, the radio network data shall be polished before collected by a core entity/function. 
Obviously, although core networks communicate with the applications, there could be still gap among the applications, core networks and radio networks. And this brings challenges to optimal application experiences and optimal mobile network resource utilization, especially in eras of 5G and future networks: 
· Mismatch between radio network allocation and dynamic service data priority: state of the art, the QoS profiles and parameters are provisioned by core network semi-statically. However, the data rate of the most promising services in 5G, e.g. HD Video and VR/AR, is high and the traffic demand could be highly dynamic. The dynamic could be caused by user interaction, e.g. video refresh, VR helmet or handle interactions. Therefore, dynamic, i.e. more real-time service prioritization scheme may be required in RAN. And as the radio networks are much closer to the mobile users, it can be adapted more quickly. As an example, given the radio networks in the edge are aware of a stalling video, extra radio resource allocation with dynamic priority boost can be done by RAN to avoid the stalling. 

· Mismatch between fast radio channel variations and relatively slow application adjustments: since without dynamic knowledge of mobile network bandwidth, the application is not capable to adapt accurately and quickly to the varying radio conditions. And it would lead to inefficient radio resource usage and sub-optimal user experiences. For example, if there is random packet data loss, the video server may mistakenly take it as network congestion and reduce the video rate, resulting in video quality degradation; while when the radio network bandwidth suddenly degrades, video stalling can be caused, since it may take hundreds of milliseconds or seconds before the network degradation is aware by the video server and the video data rate is turned down.

Observation1: Gap between the radio networks and the applications, and the lack of dynamic interactions between the two, hinders optimal user experiences and efficient radio resource usage.

Therefore, dynamic communication shall be established between the radio networks and other parts of the end-to-end networks: 
1. The radio networks can be made aware of the application dynamics. Thus the best service data priorities and optimal radio resource allocation can be achieved. 

2. The dynamic radio network information can be exposed to the applications or to the core networks, so that the applications can be fast and accurately adapted to change of mobile networks. 
By radio network awareness of mobile applications and radio network information exposure, the mobile user experiences can be optimized and the radio resource can be fully utilized.

Observation2: Both service aware RAN optimization and RAN capability exposure in the edge can eliminate the gap between the radio networks and other parts of the networks end to end, and is promising to improve the efficiency of radio resource utilization and user experience. 

Proposal1: Study case of edge computing with two sub use cases: service aware RAN optimization and RAN capability exposure.
Meanwhile, since the radio network nodes are relatively distributed, it may be concerned by some operators that edge computing in RAN might bring about insecurities. Indeed, security is important for both network operators and the application services. It should be considered during development of solutions. For example, from perspective of service security, RAN awareness of the service status could be achieved by defined parameters transmitted from user to RAN, and/or with traffic or radio network statistics without DPI. The defined parameter could be service specific or service common parameter, and it could be not related to UE ID or any other personal information. From perspective of network security, effective and secured solutions of network exposure should be developed. Besides, the more centralized location for edge computing optimization function might be a better choice as long as latency of the function is satisfied, i.e. CU or above. 
Observation3: Security could be considered in edge computing solutions.
2.2 Use Case Description
2.2.1 Service aware RAN Optimization
Currently, what RAN can acquire is only semi-static QoS information from CN, but there are some other UE characteristics information maintained and stored in core network or application layer, which may have alterable attribution at different time occasions, making these parameters difficult to be accurately predict for RAN and influencing the appropriate radio resource allocation for a UE. For example, RAN cannot optimize radio resource allocations for the dynamic high data bursts, e.g. video or VR refresh data, due to lack of such kind of information. 

Objective of the use case is to resolve conflicts between traffic demand dynamics and semi-static QoS, and conflicts between user experience and network efficiency/costs, which can be reached from the following aspects:
1. Definition of service information to be aware by RAN, especially dynamic service data rate requirements. As a start, service information for typical services like video, VR could be defined, e.g. implicit or explicit indication of video/VR refresh, or video/VR buffer stalling. 
2. Service information data collection;

3. RAN data collection required to enable real-time RAN optimization for dynamic service requirements;

4. RAN functions and actions upon awareness of defined service information, e.g. the RAN actions could include reconfiguring the data priorities.
5. Evaluate security and privacy impacts of the solutions, if any.
Proposal3: Capture use case description of service aware RAN optimization and study the case.  

2.2.2 RAN capability exposure to assist end-to-end performance optimization

Currently, the mobile applications adjust their data rate by rate estimation rather than consulting the mobile networks. The lack of communication between RAN and CN, and RAN and the applications brings challenges to end-to-end network optimization and user experience enhancement.

· Mismatch between fast radio channel variations and relatively slow and inappropriate application adjustments: since without dynamic knowledge of mobile network bandwidth, the application is not capable to adapt fast enough to the varying radio conditions. And it would lead to inefficient radio resource usage and sub-optimal user experiences. For example, for video applications, if the radio network bandwidth suddenly degrades, video stalling can be caused, and if there is random packet data loss, video quality degradation can occur.

Objective of the use case is to assist either CN QoS management or application data rate adjustments, so as to achieve end-to-end efficient usage of network resources and optimization of performance:

1. Definition of the radio network information to be exposed to assist core network QoS management and application adjustments, e.g. the available UE radio bandwidth, latency, L2 buffer of a data flow;

2. Data collection required to derive the radio network information;

3. RAN functionalities and Procedures to support radio network information exposure.
4. Evaluate security and privacy impacts of the solutions, if any.
Proposal4: Capture use case description of RAN capability exposure to assist end-to-end performance optimization and study the case. 
And due to the limited time budget for the SI, the solutions could be first developed for NR in this SI.
Proposal5: NR based solutions is prioritized in edge computing use case.
3 Conclusion
Observation1: Gap between the radio networks and the applications, and the lack of dynamic interactions between the two, hinders optimal user experiences and efficient radio resource usage.

Observation2: Both service aware RAN optimization and RAN capability exposure in the edge can eliminate the gap between the radio networks and other parts of the networks end to end, and is promising to improve the efficiency of radio resource utilization and user experience.
Observation3: Security could be considered in edge computing solutions.
Proposal1: Study case of edge computing with two sub use cases: service aware RAN optimization and RAN capability exposure.
Proposal2: Security should be evaluated for edge computing solutions.
Proposal3: Capture use case description of service aware RAN optimization and study the case.  

Proposal4: Capture use case description of RAN capability exposure to assist end-to-end performance optimization and study the case. 
Proposal5: NR based solutions is prioritized in edge computing use case.
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5 Use cases and solutions for RAN-centric data collection and utilization
5.x Edge computing optimization
Note: NR based solutions is prioritized in edge computing use case
5.x.1
Use case description

Sub-Case 1: Service aware RAN optimization

Improving per user per service quality of experience has become goals of operators to enhance competiveness and to develop new businesses beyond undifferentiated data traffic.

The data rate of the most promising services in 5G, e.g. HD Video and VR/AR, is high and the traffic demand could be highly dynamic. The dynamic could be caused by user interaction, e.g. video refresh, VR helmet or handle interactions. To cater for such dynamic traffic demand, it is required that RAN is aware of the real-time service requirement and in real-time provision enough radio resources. Otherwise, poor service user experience might be caused. 

Currently, what RAN can acquire is only semi-static QoS information from CN, but there are some other UE characteristics information maintained and stored in core network or application layer, which may have alterable attribution at different time occasions, making these parameters difficult to be accurately predict for RAN and influencing the appropriate radio resource allocation for a UE. For example, RAN cannot optimize radio resource allocations for the dynamic high data bursts, e.g. video or VR refresh data, due to lack of such kind of information. 

Objective of the use case is to resolve conflicts between traffic demand dynamics and semi-static QoS, and conflicts between user experience and network efficiency/costs, which can be reached from the following aspects:
1. Definition of service information to be aware by RAN, especially dynamic service data rate requirements. As a start, service information for typical services like video, VR could be defined, e.g. implicit or explicit indication of video/VR refresh, or video/VR buffer stalling. 
2. Service information data collection;

3. RAN data collection required to enable real-time RAN optimization for dynamic service requirements;

4. RAN functions and actions upon awareness of defined service information, e.g. the RAN actions could include reconfiguring the data priorities.

5. Evaluate security and privacy impacts of the solutions, if any.
Sub-Case 2: RAN capability exposure to assist end-to-end performance optimization

Currently, the mobile applications adjust their data rate by rate estimation rather than consulting the mobile networks. The lack of communication between RAN and CN, and RAN and the applications brings challenges to end-to-end network optimization and user experience enhancement.

· Mismatch between fast radio channel variations and relatively slow and inappropriate application adjustments: since without dynamic knowledge of mobile network bandwidth, the application is not capable to adapt fast enough to the varying radio conditions. And it would lead to inefficient radio resource usage and sub-optimal user experiences. For example, for video applications, if the radio network bandwidth suddenly degrades, video stalling can be caused, and if there is random packet data loss, video quality degradation can occur.

Objective of the use case is to assist either CN QoS management or application data rate adjustments, so as to achieve end-to-end efficient usage of network resources and optimization of performance:

1. Definition of the radio network information to be exposed to assist core network QoS management and application adjustments, e.g. the available UE radio bandwidth, latency, L2 buffer of a data flow;

2. Data collection required to derive the radio network information;

3. RAN functionalities and Procedures to support radio network information exposure.
4. Evaluate security and privacy impacts of the solutions, if any.
	*** Change end ***


4 Reference

[1] RP-181456 , “New Study Item proposal: RAN-centric Data Collection and Utilization for NR”, , CMCC
[2] RP-182105, “Study on RAN-centric Data Collection and Utilization for LTE and NR”, CMCC

[3] TS 23.501, “System Architecture for the 5G System (Release 15)”
[4] TR 23.791, “Study of Enablers for Network Automation for 5G (Release 16)”
[5] TR 37.816, “Study on RAN-centric data collection and utilization for LTE and NR (Release 16)”

