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1 Introduction

Synchronized media presentation across multiple user devices (UEs) is required for good user quality of experience in certain PSS and MBMS services. For example, users want to be synchronized in live services or certain on-demand services, such as football games, despite watching on different screens. The "lip sync" between media flows on different user devices is required as a video stream and its associated audio stream are sent to different devices for playback, e.g. the video is sent to a mobile device or a large display but the audio is sent to a sound system. 
A couple of use cases were presented in SA4 #63 MBS SWG (S4-110203) to raise awareness in SA-4 on potential cross-device synchronization problems during inter-UE session transfer. It was pointed out during the meeting that the cross-device synchronization problems are more general and apply not just for inter-UE session transfer in IMS-PSS. There was general agreement that non-synchronized playout is a bad user experience and there would be offline discussion among interested companies on whether this would be worth considering for Rel 11.
This paper describes more general use cases required for synchronizing the media presentation across multiple devices in IMS-based PSS and MBMS user services as well as its potential impacts and requirements. The aim of this contribution is to stimulate more discussions within the SA4 WG on this problem and propose a new release 11 work item IMS-based PSS and MBMS enhancement to support cross-device synchronization. The goal of this document is NOT to define the technical solutions to be used.
2 Background and Use Cases
When media flows are received by a UE, they may arrive from the same source, or different sources, and may be handled by the same application/signal processing or different applications/signal processing within a UE. In order to ensure synchronization between media streams a number of techniques can be applied such as those specified in 3GPP TS 26.237 and TS 26.114. Some of these techniques rely upon RTP or NTP timestamps. However, the problem of synchronization is further exacerbated when media flows require synchronization when being played out on different UEs. Media presentation synchronization across multiple devices are required in certain IMS-based live or on-demand PSS and MBMS services as shown in the following use cases. These devices may be connected to the core network/media service provider via different access networks and experience different delays. However, no standard procedures currently exist in 3GPP to facilitate such cross-device synchronization.
A number of cross-device synchronization use cases along with the analysis are described below to support the case for a Release 11 Work Item that would enhance the IMS-based PSS and MBMS service to support standardised, interoperable methods of cross-device synchronization. The use cases presented below may not be complete. More use cases may be added during the work.
2.1 Use Cases for Cross-Device Synchronization in IMS-Based PSS Services
2.1.1 Use case 1: session synchronization across multiple devices in live PSS streaming services
A service provider wants to provide a live soccer event using IMS-based RTP and/or HTTP PSS streaming that can potentially be accessed by many users. 

(1) Use case 1A: Amy accesses the service in the bus with her mobile device that receives IMS based RTP streaming. Paul, sit across from her, watches the event on his IMS-based RTP streaming-enabled mobile device. A goal is scored and both, despite watching on different screens, celebrate this event at the same time. 

(2) Use case 1B: John accesses the service in the same bus with his HTTP streaming/DASH-enabled mobile device. Steve watches the event on his HTTP streaming/DASH-enabled mobile device. A goal is scored and both, despite watching on different screens, celebrate this event at the same time.
(3) Use case 1C: People who follow the game observe the goal within a similar time no matter what IMS-based PSS terminals (RTP or HTTP streaming) they use.

Use case 1A is not addressed by 3GPP. To support synchronized presentation across the HTTP streaming/DASH-devices in use case 1B, an optional attribute, suggestedLivePresentationOffset, is introduced by DASH for live services, which indicates a fixed offset in time from the existing signalled UTC availability time at which the media should be presented when in 'live' mode. However, different devices may be connected to the IM CN subsystem via different IP-CANs. Even if they use the same IP-CAN, especially within a radio environment, conditions can vary widely, causing delays due to phenomena such as fading, jitter, and timing skews, both at the end points and within the network. To enable the clients to present the media close to real-time and synchronously across different devices, suggestedLivePresentationOffset needs to be set appropriately. Use case 1C has not been addressed in 3GPP.
2.1.2 Use case 2: session synchronization across multiple devices in on-demand PSS streaming services

Amy is watching a movie on her tablet PC in the car. Her brother, Paul wants to watch with her together. Amy replicates the session at her brother’s tablet using inter-UE session transfer feature provided by her service provider. The movie is being simultaneously shown on Amy and her brother’s mobile device as a result of IUT replication. Furthermore Amy may watch the movie in English and her brother may watch the same movie with Spanish on their own devices.
In this use case, it may be desirable that the media presentation is synchronized across Amy’s and her brother’s devices so that they can watch the same scenes and discuss the story. This creates a requirement for cross-device synchronization. However it is also possible that they don’t want to synchronize the media presentations at their devices. They just watch the show individually. The preference of cross-device synchronization can be selected at the inter-UE session transfer/replication. The above use case has not been addressed in 3GPP.

2.1.3 Use case 3: Lip-sync across multiple devices in PSS services

(1) Amy may want to watch the video from a device connected to a big display and listen to the audio with a headphone connected to her mobile phone. 
(2) Alternatively she could watch the video on her mobile phone and listen to the audio from a sound system.  
(3) In another example, Amy is watching a movie on her mobile phone. To get better video quality, she could request to replicate the whole session at another device connected to a big screen using inter-UE transfer feature provided by her service provider, and then watch video from the big screen and listen to the audio from her headphone connected to her mobile phone. She could also request to transfer only the video media flow to the device connected to the big display if the inter-UE transfer supports transferring only one stream. In addition, she could perform an inter-UE transfer of the audio stream from her mobile device to a surround sound system. 
The audio and the video are required to be synchronized across different devices in such a collaborative session. Loss of synchronization can happen between the audio and video if the cross-device synchronization is not addressed. When both media components were played out at the same UE, it was possible to use various standardized techniques to ensure "lip-sync" between the audio and video streams. However, when the different media components are presented on two different UEs, i.e., when media is split and transferred to multiple devices, there are currently no methods for performing "lip-sync" specified in 3GPP. 

2.1.4 Use case 4: Lip-sync across multiple devices in IMS-based Multimedia Telephony

Amy is making a video call to her friend. 
(1) She may want to watch the video from a device connected to a big display and listen to the voice with a headphone and microphone connected to her mobile phone. Her mobile device is also used as her voice and video input device for the multimedia call.
(2) Alternatively she could watch the video on her mobile phone and listen to the audio from a device connected to a speaker.  Her mobile device is still used as her voice and video input device for the multimedia call.
(3) In another example, Amy initially makes a video call to her friend on her mobile phone. To get better video quality, she could request to replicate the whole session at another device connected to a big screen using inter-UE transfer feature provided by her service provider, and then watch video from the big screen, and listen to the audio from her headphone and microphone connected to her mobile phone. She could also request to transfer only the video media flow to the device connected to the big display if the inter-UE transfer supports transferring only one stream. Her mobile device is still used as her audio and video input device for the multimedia call.

This use case is similar to use case 3, the audio and video media should be played out synchronously across the different devices in such a collaborative session. However since it considers an interactive multimedia telephony session, both cross-device synchronization and strict real-time end-to-end delay are required. 
2.2 Use cases for cross-device synchronization in MBMS 
2.2.1 Use case 5: session synchronization across multiple devices in MBMS 
A service provider wants to provide a live soccer event using IMS-based MBMS service that can potentially be accessed by many users. People who access the service and follow the game should observe the scenes synchronously and celebrate at the same time when a goal is scored, despite watching on different devices, 
2.2.2 Use case 6: Lip-sync across multiple devices in MBMS 

Amy is using IMS-based MBMS service to watch a live soccer event. She listens to the audio using a headphone that is connected to her mobile device. Her mobile phone receives and plays out the audio stream. To obtain a better video quality, she uses another device connected to a big display to receive and plays out the video stream. "Lip-sync" between the audio and video is required for good quality of experience across different devices. However, when the different media components are presented on different UEs, there are currently no methods for performing "lip-sync" specified in 3GPP. 
ETSI TISPAN IMS-based IPTV [6] specifies an inter-destination media synchronization solution targeted for the IPTV applications. It allows initiating and terminating the cross-device synchronization session using SIP/SDP or RTSP/SDP, and exchanging synchronization status information and synchronization settings instruction using RTCP. 3GPP SA4 may evaluate whether this solution is applicable for 3GPP or propose a new solution.

3 Discussions
If there is agreement in 3GPP SA4 that a solution to address the issue of synchronized media presentation across different devices is necessary and a Release 11 Work Item should be created to define the cross-device synchronization procedures for IMS-based PSS and MBMS, the following points may be taken into account when considering the requirements for such a solution. This list of points is not exhaustive. 

· It should allow cross-device synchronization session initiation, modification, and termination.
· It should enable to exchange synchronization status information and synchronization settings instruction.  
· The cross-device synchronization includes synchronization of the same stream on different UEs and synchronization of different media components (e.g. audio and video) on different UEs. The same or different mechanisms can be used to handle these two types of synchronization.

· The chosen mechanism may rely upon RTP/RTCP/DASH protocol and timestamps or may be independent of the media plane protocols/media types.

· The cross-device synchronization mechanism may be deployed in conjunction with UE(s) interacting with the SCC and SCF, or with UE(s) interacting with the media source(s).
· At the establishment of inter-UE session transfer/replication, the indication of synchronization may be signaled by the IUT initiator.   
4 Proposal

It is proposed that 3GPP SA4 create a release 11 work item to enhance IMS-based PSS and MBMS to support cross-device synchronization
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