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1 Introduction

Inter UE Session Transfer (IUT) is used for the transfer of an ongoing PSS session from a transferor UE (UE-1) to a transferee UE (UE-2). Replication for IUT has been identified as a new feature for Rel-10 [1]. Media synchronization may be needed between UE-1 and UE-2 after the session is replicated at UE-2. It is also possible one media stream (e.g. audio) is transferred to UE-2, but video is kept on UE-1 or transferred to UE-3, resulting in loss of "lip sync" between media flows on different devices (UEs) within a collaborative session if the cross-device synchronization is not addressed.
This contribution discusses potential impact to media synchronization as a consequence of Inter UE Session Transfer, that is, sync loss across different devices (UEs). Furthermore cross-device synchronization is potentially a broader issue in PSS and MBMS services. The aim of this contribution is to stimulate discussions within the SA4 WG to gauge how serious this problem is considered and whether cross-device synchronization needs to be addressed by 3GPP for inter-UE transfer.
2 Background and Problem Statement
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 26.114. 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/devices which may be connected to the core network/service provider via different access networks. Such a scenario can result from the Inter-UE session transfer/replication of media flows to more than one UE. 
Consider a scenario of a UE (UE-1) involved in a session consisting of audio media flow and video media flow. The UE-1 performs inter-UE transfer of the video stream to another UE (UE-2). The UE-1 performs a further inter-UE transfer of the audio stream to a second UE (UE-3). This is depicted in the figure below. The video at UE-2 and the audio at UE-3 are required for synchronization in such a collaborative session.
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The result is a possible loss of synchronization between the audio and video if the cross-device sync is not addressed. UE2 and UE3 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, clock drift, and timing skews, both at the end points and within the network. Furthermore, the media flowing to UE-2 or to UE-3 may be subject to transcoding, and thus introduce further delays, and synchronization problems. When both media components were played out on 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. 
Consider another scenario, a session is replicated at UE-2 and the synchronization of UE-1 and UE2 may be desirable. For example, a movie is being simultaneously shown on a big TV and a mobile device as a result of IUT replication. This is depicted in the figure below.
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Furthermore, cross-device synchronization may be required only selectively during inter-UE session transfer/replication, rather than "always on".

If a solution to address the issue of loss of synchronization across devices in an inter-UE session transfer/replication is deemed necessary, the following points can be taken into account when considering the requirements for such a solution. This list of points is not exhaustive. 

· At the establishment of inter-UE session transfer/replication, the indication of synchronization may be signaled by the IUT initiator.   
· 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).
· 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.
3 Proposal

It is proposed that 3GPP SA4 discusses if the issue of cross-device synchronization, especially in the case of inter-UE transfer, is something that 3GPP needs to address. If the discussion results in agreement of the above problem statement then it is proposed that 3GPP considers adopting mechanisms to perform media synchronization across different UEs as part of the inter-UE transfers feature.
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