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1	Overview
3GPP starting point was the SA1 Rel-18 study on Tactile and multi-modal communication service [22.847]. 
The resulting use case and requirements can be found in TS 22.261 clause 6.43:
	The tactile and multi-modal communication service can be applied in multiple fields, e.g. industry, robotics and telepresence, virtual reality, augmented reality, healthcare, road traffic, serious gaming, education, culture and smart grid [38]. These services support applications enabling input from more than one sources and/or output to more than one destinations to convey information more effectively. As figure 6.43.1-1 illustrates, the input and output can be different modalities including: 
· Video/Audio media;
· Information received by sensors about the environment, e.g. brightness, temperature, humidity, etc.;
· Haptic data: can be feelings when touching a surface (e.g., pressure, texture, vibration, temperature), or kinaesthetic senses (e.g. gravity, pull forces, sense of position awareness).
[…]
For immersive multi-modal VR applications, synchronization between different media components is critical in order to avoid having a negative impact on the user experience (i.e. viewers detecting lack of synchronization), particularly when the synchronization threshold between two or more modalities is less than the latency KPI for the application. Example synchronization thresholds [41] [42] [43] [44] are summarised in table 6.43.1-1.
[bookmark: _Hlk87540359]Table 6.43.1-1: Typical synchronization thresholds for immersive multi-modality VR applications
	Media components
	synchronization threshold (note 1)

	audio-tactile
	audio delay:
50 ms
	tactile delay:
25 ms

	visual-tactile
	visual delay:
15 ms
	tactile delay:
50 ms

	NOTE 1:  for each media component, “delay” refers to the case where that media component is delayed compared to the other.



[bookmark: _Hlk87541178][…]
The 5G system shall enable an authorized 3rd party to provide policy(ies) for flows associated with an application. The policy may contain e.g. the set of UEs and data flows, the expected QoS handling and associated triggering events, other coordination information.
The 5G system shall support a means to apply 3rd party provided policy(ies) for flows associated with an application. The policy may contain e.g. the set of UEs and data flows, the expected QoS handling and associated triggering events, other coordination information.
NOTE:	The policy can be used by a 3rd party application for coordination of the transmission of multiple UEs’ flows (e.g., haptic, audio and video) of a multi-modal communication session.



Based on these , SA2 studied whether and how to enable delivery of related tactile and multi-modal data (e.g. audio, video and haptic data related to a specific time) with an application to the user at a similar time, focusing on the need for policy control enhancements (e.g. QoS policy coordination) [SP-220705]. This was done through two key issues [23.700-60]:
-	Key Issue 01 for the Policy control enhancements to support multi-modality flows coordinated transmission for single UE: the objective of this Key Issue was to study how to enhance 5GS to better support the coordinated delivery of application traffic streams that are related to each other and belong to a single UE. 
-	Key Issue 02 for the Support the Application Synchronization and QoS Policy Coordination for Multi-modal Traffic among Multiple UEs: this key issue looked at how to enable application synchronization and QoS policy coordination for Multi-modal Data flows among multiple UEs.
NOTE:	Synchronized delivery across traffic flows at packet level based on RTP timestamps by 5GS was proposed but not included in the Rel-18 SA2 SID due to large user plane impacts. As this is something the application layer can anyway ensure, it is enough for the network to ensure that the delay between different flows, or jitter within a flow, is not excessive. There is no need for millisecond level synchronized delivery within RAN/5GS.
Before looking at the corresponding solutions, it is important to note that in SA2, having a solution listed in a TR does not mean that the solution was agreed, only that it was proposed and discussed. The solutions discussed by SA2 for these two key issues were [23.700-60]:
-	Solution 01 Tactile and multi-modality traffic flows coordination transmission for one UE: proposes that AF can provide QoS and coordination transmission requirement for tactile and multi-modal services to 5GS and PCF generates related policies and SMF/UPF/RAN/UE implement such coordination policy.
-	Solution 02 Group policy for Multi-modal Traffic among Multiple UEs: when PCF receives policy requirements of multiple UEs from multiple sources, e.g. AF and other PCFs, at the same time or within a short time period, the PCF determines a group policy fulfilling all the requirements. If no group policy fulfilling all the policy requirements exists, the PCF determines a policy matching the requirements as much as possible or based on the priority of each UE or priority of the group policy.
-	Solution 03 Same PCF selection for Multiple UEs with XRM services: to enable same PCF selected for the group of UEs for policy coordination for a specific service application, Internal Group Id is considered in addition to other factors in the PCF selection mechanism.
-	Solution 04 QoS policy coordination for multiple UEs' QoS flows: addresses scenarios that how multiple PCF support to coordinate the QoS policy of multiple UEs' flows (e.g. haptic, audio and video) of a multi-modal communication session. And this solution focuses on the situation of AF and PCF uses the same BSF for multi-modal QoS flow.
-	Solution 36 Handling multiple QoS flows of one UE together: the solution is based on the existing QoS policy with the following enhancement 1. the AF provides a group of (Flow description, QoS requirement associated to the Flow Description) with the Handling Together Indication; 2. the PCF authorizes all of QoS requirements corresponding to the flow in the group of flows as a whole. based on the received group of (Flow description(s), QoS reference) and the Handling Together Indication; 3. the SMF handles the group of PCC rules as a whole, based on the received group of PCC rules and Handling Together Indication from the PCF.
-	Solution 37 Policy coordination for multiple UEs in multiple PCFs: AF provides coordinated policy requirement to 5GS for multiple UEs within a single PLMN.
-	Solution 38 Flow Association Using a Coordination Identifier: this solution describes how the traffic flows of UE application(s) that are part of the same tactile and multi-modal communication service, and hosted on the same or different UEs, may be associated in the 5G System so that the QoS policies of the flows may be coordinated. It relies on a Coordination Identifier.
-	Solution 39 URSP enhancement for same PDU session selection of XRM service: this solution proposes that PCF send the update URSP including XRM application information to UE through the UCU procedures, to support the same PDU session can be selected for the XRM service application. The URSP Rules can be configured or updated with the Traffic Descriptor including XRM application information (e.g. Domain descriptors, Application descriptors) to associate the application with the same PDU Session, and route all traffics of the same XRM service application on this PDU Session.
-	Solution 40 Application layer-based media synchronization: this solution re-uses existing application layer-based solutions that enable the synchronization of media flows associated to multi-modality traffic (SDP, RTP, RTCP…)
-	Solution 62 Policy control and exposure for multi-modality services: this solution proposes to achieve media synchronization by using application-level mechanisms, as described in solution #40 that proposes to reuse the mechanisms used by IMS for media synchronization based on a common wall-clock time for all data flows that need to be in sync e.g. the timing information provided by gNB in SIB9.
-	Solution 63 Group QoS coordination and network interaction enhancement: assumes that the IMS mechanism can be re-used for XR applications which only consist of audio and video traffic; but for other types of multi-modal flows (e.g. tactile, pressure) suggests an enhanced interaction between AF and 5GS to realize group QoS coordination (i.e. group QoS fulfilment, group resource reservation) for XR applications.
-	Solution 64 NEF based coordination across multiple PCFs for multi-modal flow groups with multiple UEs: looks at AF-NEF and NEF-PCF interfaces. This solution proposes enhanced interaction between the AF and the 5GS and also QoS policy enhancement to support the delivery of data from multiple service flows (mapped to QoS flows) of an application in a similar or compatible delay (PDB of the QoS flow). 
-	Solution 65 QoS enhancement to support the synchronized delivery of multiple QoS flows: this solution proposes enhanced interaction between the AF and the 5GS and also QoS policy enhancement to support the delivery of data from multiple service flows (mapped to QoS flows) of an application in a similar or compatible delay (PDB of the QoS flow). 
-	Solution 66 Multi-modality support: introduces the notion of service flow group ID to meet multi-modality QoS requirements.
In the end, due to complexity concerns related to possible RAN impacts, and concerns related to having 5GS handling joint coordination, admission and QoS control, SA2 only agreed to introduce a Multi-Modal Service ID from AF to PCF. The MMSID indicates that certain service flows belong to the same service/session. The PCF may use this information to derive the correct PCC rules and to apply appropriate QoS policies for the data flows that are part of a specific multi-modal application [23.501]:
	A multi-modal service is a communication service that consists of several data flows that relate to each other and that are subject to application coordination. The data flows can transfer different types of data (for example audio, video, positioning, haptic data) and may come from different sources(e.g. a single UE, a single device or multiple devices connected to the single UE, or multiple UEs).
For the single UE case, it is expected that those data flows are closely related and require strong application coordination for the proper execution of the multi-modal application and therefore, all those data flows are transmitted in a single PDU session.
The Nnef_AFsessionWithQoS service allows the AF to provide, at the same time, for each data flow that belongs to the multi-modal service, a Multi-modal Service ID, the service requirements and the QoS monitoring requirements:
-	The Multi-modal Service ID is an explicit indication that data flows are related to a multi-modal service. The PCF may use this information to derive the correct PCC rules and to apply appropriate QoS policies for the data flows that are part of a specific multi-modal application.
-	The AF may provide QoS monitoring requirements for data flows associated to a multi-modal service to the PCF . The PCF generates the authorized QoS Monitoring policy for each data flow.
NOTE:	In order to start the QoS monitoring for the data flows associated to a multi-modal service within a certain period of time, the PCF needs to receive the QoS monitoring requirements for those data flows from AF within a single request or, in case of multiple requests, within a short period of time.
In addition to the features that are provided for the case that the data flows are associated with a single UE, the following features are provided for the case where the data flows are associated with more than one UE:
-	The same DNN/S-NSSAI combination for the multi-modal service should be selected by each of the involved UEs. The URSP Rule evaluation framework is used to ensure that the same DNN/S-NSSAI is selected.
-	The AF should use the same Multi-modal Service ID in the interactions with the PCF(s) for all the involved UEs that relate to a multi-modal service. The PCF may take this information into account (e.g. to apply a specific QoS policy) when processing each AF request independently. The data flows contribute to the service experience, but are still valid stand-alone, as they are transmitted over separate PDU Sessions to/from the involved UEs.
-	If multiple PCFs are involved, the PCFs take policy decisions according to the input provided by the AF. There is no support for policy coordination among the multiple PCFs in this Release of the specification. Policy decisions are taken by each PCF separately on a per PDU Session basis.



2	Conclusion
Multi-modal applications use different communication modalities such as audio, video and haptics. These may be carried as separate real-time flows, possibly across different endpoints such as VR glasses or gloves. Some of the flows need to be presented to the user in a synchronized manner. Even though, tight synchronization is always done on the application layer using common clock and timestamps (via RTP), it is still beneficial to deliver such flows over the network with a reasonably similar delay. In order to assist the network to do so, a Multi-modal Service ID was introduced in Rel-18 between AF and PCF. The MMSID is not visible elsewhere.



