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1. Introduction
This solution provides a mechanism for addressing KI#5 on discovery and QoS coordination aspects.
2. Reason for Change
This solution provides a mechanism for addressing KI#5 on discovery and QoS coordination aspects.
3. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-21 v0.3.0.


* * * First Change * * * *
[bookmark: _Toc164594219][bookmark: _Toc164595428]7.x	Solution #x: Application QoS coordination for Mobile Metaverse Sessions
[bookmark: _Toc464463366][bookmark: _Toc475064960][bookmark: _Toc478400631][bookmark: _Toc7485786][bookmark: _Toc78314760][bookmark: _Toc164594220][bookmark: _Toc164595429]7.x.1	Solution description
This solution maps to KI# 5. This solution provides a mechanism for application session QoS coordination for mobile metaverse services (for use cases such as Mobile Metaverse Based Selective Multi-modal Feedback Service or Mobile Metaverse for 5G-enabled Traffic Flow Simulation and Situational Awareness as discussed in SA1).
In this solution, the mobile metaverse service consists of the following sessions which can be present for multi-user interactions (as can be seen also in Figure 7.x.1-1). The sessions include UE1 and UE2 and avatar counterparts of UE1 and UE2 (called as Avatar UEs for simplicity; however referring to the digital users corresponding to the UEs). 
· App-specific session #1: Metaverse app in VAL client 1 sends to Avatar of UE 1 (in DN side) sensor data / measurements on the physical environment related to VAL UE1 over VAL-UU interface. Avatar of UE1 sends back haptic feedback to UE1 (for UE1 and/or UE2 and the environment). 
· App-specific session #2: Metaverse app in VAL client 2 sends to Avatar of UE 2 (in DN side) sensor data / measurements on the physical environment related to VAL UE2 over VAL-UU interface. Avatar of UE2 sends back haptic feedback to UE2 (for UE1 and/or UE2 and the environment).
· App-specific session #3: Exchange of service related / feedback data between avatar users (for example micro-transactions such as avatar updates/modifications or environment changes).
· App-specific session #4: Sensor data / measurements are exchanged between VAL UEs (communication can be over sidelink) for traffic related to the metaverse service.


Figure 7.x.2-1: Overview of App Sessions in mobile metaverse service
Pre-conditions:
1)	Mobile metaverse app sessions are established.
2)	MMES has discovered the avatar UE information corresponding to the VAL UEs of interest (has associated the identities of avatar users and corresponding physical UEs).


Figure 7.x.2-2: Procedure for metaverse app session QoS coordination
1. Mobile Metaverse Service Provider (MM-SP) or a VAL UE 1 sends a subscription/request message for MM-specific QoS management. This is followed by a result as response or ACK. Such message includes the list of VAL UEs, service area, the MM service ID, the digital asset ID/info, end to end QoS requirements, the area at the metaverse world where the service is expected to run (e.g., virtual land, virtual office), the metadata for metaverse environment or a link to download this data.
2. The MMES configures the application QoS parameters by decomposing the end-to-end QoS requirements to application QoS parameters for each individual session (e.g., network session for UE 1, network session for UE 2, session between avatars residing in different EDN/DN) which are part of the end-to-end application service. The MMES obtains or configures QoS policies per each session based on the decomposed QoS requirement.
3. A trigger event is detected at the MMES via the following ways:
a. The MMES receives a trigger event from the 5GC (SMF/NEF), denoting a QoS downgrade notification for the UE 1 session (as described in clause 5.7.2.4.1b of 3GPP TS 23.501).
b. A QoS downgrade trigger event is sent from the MMEC of VAL UE 1 to the MMES, denoting an application QoS degradation (experienced or expected) e.g., based on the experienced packet delay or packet loss for the Uu link (e.g., packet loss great than threshold value). The conditions for triggering the QoS downgrade indication from the VAL UE1 is based on the threshold that may be provided in advance by the MMES (at the end-to-end QoS management response by the MMES).
c. A QoS downgrade trigger event is sent from the avatar UE 1 to the MMES, denoting an application QoS degradation (experienced or expected) e.g., based on the experienced packet delay or packet loss for the Uu link (e.g., packet loss great than threshold value). 
4. The MMES evaluates the fulfilment/non-fulfilment of the end-to-end QoS based on the trigger event. MMES may retrieve additional information based on subscription to support its evaluation from the UEs or the avatar UEs / MM-SP. This could be from the 5GC (NEF Monitoring Events as in 23.502, QoS sustainability analytics as in TS 23.288) or SEAL LMS (on demand location reporting for one or both UEs 1 and 2).
In this step, the MMES may also trigger the initiation or retrieval (if simulations are running on the background assuming digital twin platform at the DN side) of simulations for different what-if hypotheses, and in particular to capture the possible output (performance /availability/failure rates) if different QoS related action is taken. For example, if QoS of app session #1 is upgraded as a compensation to session #2 downgrade, then QoS/resource management impact to other UEs of the same or different services need to be checked. The simulation runs all possible outcomes of a particular potential decision and does it for different combinations of decisions.
5. Then, the MMES based on the evaluation or simulation outputs of step 4, determines an action, which is the QoS parameter adaptation of one or more of the links (QoS profile downgrade for the link receive QoS notification control, and QoS upgrade for the link which can be upgraded).
6. The MMES, acting as AF, sends to the 5GC (to SMF via NEF or to PCF via N5) a request for a change of the QoS profile mapped to the one or more network sessions (for UE 1 and UE 2 and their avatars) or the update of the PCC rules to apply the new traffic policy (as specified in 3GPP TS 23.502 in clause 4.15.6.6a: AF session with required QoS update procedure).
7. The MMES sends the new application or network QoS policies/parameters to the involved entities (physical and metaverse UEs and MM-SP).
[bookmark: _Toc164594221][bookmark: _Toc164595430]7.x.2	Architecture Impacts
This solution requires a new Metaverse Enabler layer (MMES/MMEC entities) to support a new capability on QoS coordination for metaverse services. 
[bookmark: _Toc164594222][bookmark: _Toc164595431]7.x.3	Corresponding APIs
This subclause provides a summary on the corresponding API for solution #x.
-	MM-specific QoS management API (request / response model or subscribe/notify; API provider: MMES; known consumer: VAL UE, VAL server; corresponding to step 1).
-	MM-specific QoS update notify API (command/ notify; API provider: MMES; known consumer: VAL UE, VAL server; corresponding to step 7).
[bookmark: _Toc532993748][bookmark: _Toc78314761][bookmark: _Toc164594223][bookmark: _Toc164595432]7.x.4	Solution evaluation
This solution provides a mechanism at MMES/MMEC for application session QoS coordination for mobile metaverse services, via compensating the possible downgrade in certain links (e.g., due to high latency in one or more links). This solution is only applicable to metaverse applications since the sessions are for both physical UEs and avatars corresponding to these UEs. 
Other more generic solution has been proposed in the context of UASAPP/SEAL for QoS coordination between application sessions of two VAL UEs (e.g., UAV and UAV-C) in clause 14.3.5 of TS 23.434 (QoS/resource management for network-assisted UE-to-UE communications). However, this solution addresses a more complex and specific to metaverse use case which deals with both UE-to-Network sessions (UE to Avatar), but also sessions between physical UEs and sessions between avatars (which can be in different edge / cloud platforms).  
NOTE: Possible re-use of existing solutions for QoS coordination by SEAL NRM (or XR enabler) will be further examined in normative phase.
The solution is feasible and consumes the services already provided by 5GC (for QoS monitoring and QoS influence).

* * * Next Change * * * *
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