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1	Introduction
The SID for the study item (SI) on NR QoE management and optimizations for diverse services (FS_NR_QoE) was approved at the TSG RAN#80 meeting and updated in [1]. The objectives of the SI are as follows: 
· Study the potential RAN side solution for supporting a generic framework for triggering, configuring, measurement collection and reporting for various 5G use cases. [RAN3, RAN2]
· Identify and study the potential solutions (e.g., LTE based solution, reusing MDT mechanism) for configuration and reporting of UE KPI information for certain services (e.g. latency).
· Study the potential interface impact and solutions (e.g. F1, NG, Xn interface) to support NR QoE functionality. [RAN3]
The SID also indicates the following aspects that may require involvement of other WGs:
· TSG SA4: for Codec aspects;
· TSG SA5: for the QoE measurement configuration and reporting aspects;
· TSG CT1: for the UE internal handling between its Access Stratum and upper layers;
The measurement configurations are specified per use case. In that respect, this paper discusses the QoE management support for various NR use cases. The pCR for TR 38.8xx is given in the Annex.
2 Discussion
In our view, NR should provide the QoE management support for the services supported in LTE QoE management (herein referred to as the legacy use cases), and also for several NR-specific services. The terms “legacy use cases” and “new use cases” are with respect to the RAN specifications. 
2.1. Legacy use cases
In E-UTRAN, collection of QoE measurements has been specified for two services: MTSI (Multimedia Telephony Service for IMS) and DASH (Dynamic Adaptive Streaming over HTTP). This is captured e.g. in RAN2 stage 3 specification (TS 36.331) where:
· An eNB may receive from a UE the indication on whether the UE supports QoE measurement collection for DASH services and/or for MTSI services.
· An eNB instruct a UE to initiate QoE measurement collection for one of the services indicated in the serviceType-r15 IE. The IE indicates the type of application layer measurement and has two standardized values: “qoe” indicating Quality of Experience Measurement Collection for streaming services, and “qoemtsi” indicating Enhanced Quality of Experience Measurement Collection for MTSI. 
· An eNB may receive from a UE QoE measurement reports for one of the two services mentioned above.
At present, QoE measurement collection is not available in NR. At the same time, NR is expected to continue the support for MTSI (VoNR) and for streaming. 
Observation 1: There is no support in NR for QoE measurement collection, whereas the support for legacy services (MTSI and streaming) will continue in NR.
In our view, the NR QoE management should provide support for legacy services such as MTSI and streaming.
Proposal 1: Add support in NR QoE management for MTSI and streaming services.
2.2. New use cases
In addition to the services already supported by LTE QoE management, new use cases are expected to be provided by NR networks. Among those, the following use cases seems to be of highest interest:
· Industrial IoT (IIoT);
· AR/VR.
IIoT use cases include critical applications where machines are involved, and the ability to maintain a good Quality of Experience is important to keep the required levels of efficiency, security and productivity.
AR/VR use cases include applications where humans are involved, and the content is expected to be delivered with very high quality and in some cases with stringent levels of interactivity. For this family of use cases, maintaining a good Quality of Experience is important to provide superior services.
2.2.1 Use cases for Industrial IoT
NR seems of particular interest for business-type of applications such as Industrial IoT, where NR can be deployed to realize the communication system for various industrial applications. Examples of use cases in this area are:
· Replacement of wired links with wireless links at industrial facilities, e.g. to increase the flexibility of the production setup;
· Motion control systems, where NR can be used for fast and reliable control loops comprising motion controllers, actuators and sensors. In this use case, e.g. a motion controller sends an updated set point to actuators and the sensors feedback the actual values to the motion controller;
· Systems of cooperative carrying, where multiple robots work together to carry workpieces;
· Systems for remote process and asset monitoring, realized with sensors or video surveillance cameras;
· Systems for remote training or expert support, e.g. via wearable glasses supporting Augmented Reality (AR).
The service requirements of the use cases listed above comprise either high transmission bandwidths (such as wired to wireless replacement), or a reduced latency (a.k.a. URLLC, e.g. a motion control system), or both (e.g. a cooperative system). NR networks are capable to satisfy all of these service requirements.
2.2.2 Use cases for AR/VR
Another family of use cases of particular interest relates to Augmented Reality (AR) and Virtual Reality (VR). SA4 has in TS 26.228 specified the reporting for the VR use case, but this has not yet been supported in RAN specifications. In an AR use case, a user is provided with additional information or artificially generated items or content overlaid upon current environment. In a VR use case, a user is provided with a rendered version of a delivered visual and audio scene. Example of use cases for AR/VR are presented in TR 26.928 [3]:
· Offline sharing of 3D objects;
· Real-time VR sharing;
· VR multimedia streaming;
· Online VR gaming.
Moreover, for an AR or a VR use case, the user experience can be classified in five categories, depending on the degree of user interaction (see 3GPP TR 26.928 [3]): 
· Download: the content is downloaded and consumed offline; 
· Passive streaming: the content is consumed in real-time, with no user interaction generating uplink traffic;
· Interactive streaming: the content is consumed in real time and there is user interaction that changes the delivered content;
· Conversational: the content is generated, shared and consumed in real time from two or more participants with conversational latency requirements;
· Split Compute/Rendering: the content is generated, shared and consumed real time from two or more participants.
Like Industrial IoT, AR/VR use cases require high transmission bandwidths and/or reduced latency and NR networks are capable to satisfy their service requirements.
Both Industrial IoT and AR/VR use cases can use key features of NR (as compared to previous network generations), such as the reduced latency (URLLC) and/or very large throughput. Hence, it is proposed that QoE measurement collection should consider such use cases.
Observation 2: Industrial IoT and AR/VR use cases are of high interest for NR QoE measurement collection.
Proposal 2: Add support in NR for QoE management for Industrial IoT and AR/VR services.
3 Conclusion
In this paper we discuss the use cases for NR QoE management. We observed the following:
[bookmark: _GoBack]
Observation 1: There is no support in NR for QoE measurement collection, whereas the support for legacy services (MTSI and streaming) will continue in NR.
Observation 2: Industrial IoT and AR/VR use cases are of high interest for NR QoE measurement collection.

Based on the observations, the following is proposed:

Proposal 1: Add support in NR QoE management for MTSI and streaming services.
Proposal 2: Add support in NR for QoE management for Industrial IoT and AR/VR services.
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NR QoE management will be supported for a variety of use cases, that can be broadly categorized as Legacy use cases and New use cases.

5.x.1 Legacy use cases 

To ensure a continuation of QoE management for use cases already supported LTE QoE management, the NR QoE management will support the following use cases:
· MTSI (Multimedia Telephony Service for IMS);
· DASH (Dynamic Adaptive Streaming over HTTP).

5.x.2 New use cases

In addition to the use cases already supported by E-UTRAN, new use cases are expected to be supported by NR QoE management, in particular:
· Industrial IoT (IIoT);
· AR/VR.

5.x.2.1 IIoT use cases

IIoT use cases include critical applications where machines are involved, and the ability to maintain a good Quality of Experience is important to keep the required levels of efficiency, security and productivity. The service requirements of these use cases include high transmission bandwidths, or reduced latency, or both.
Examples of IIoT use cases are:
· Replacement of wired links with wireless links at industrial facilities, e.g. to increase the flexibility of the production setup;
· Motion control systems, where NR can be used for fast and reliable control loops comprising motion controllers, actuators and sensors. In this use case, e.g. a motion controller sends an updated set point to actuators and the sensors feedback the actual values to the motion controller;
· Systems of cooperative carrying, where multiple robots work together to carry workpieces;
· Systems for remote process and asset monitoring, realized with sensors or video surveillance cameras;
· Systems for remote training or expert support, e.g. via wearable glasses supporting Augmented Reality (AR).

5.x.2.2 AR/VR use cases
AR/VR use cases include applications where humans are involved, and the content is expected to be delivered with very high quality and in some cases with stringent levels of interactivity. For this family of use cases, maintaining a good Quality of Experience is important to provide superior services.
The user experience can be classified in five categories, depending on the degree of user interaction: 
· Download: the content is downloaded and consumed offline; 
· Passive streaming: the content is consumed in real-time, with no user interaction generating uplink traffic;
· Interactive streaming: the content is consumed in real time and there is user interaction that changes the delivered content;
· Conversational: the content is generated, shared and consumed in real time from two or more participants with conversational latency requirements;
· Split Compute/Rendering: the content is generated, shared and consumed real time from two or more participants.
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