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Abstract: This document discusses the open issues related to synchronisation thresholds in multimodal communication, and proposes the way forward.
Discussion

The issue was raised in the last SA1 meeting with regards to the synchronisation threshold between different modalities in a single session. The existing requirement on the related aspect (i.e. the audio-video synchronisation threshold) is captured in TS 22.261 clause 7.6.1 “AR/VR”:

[image: image1.png]Due to the separate handling of the audio and video component, the 5G system will have to cater for the VR audio-
video synchronisation in order to avoid having a negative impact on the user experience (i.e. viewers detecting lack of
synchronization). To support VR environments the 5G system shall support audio-video synchronisation thresholds:

- in the range of [125 ms to 5 ms] for audio delayed and

- in the range of [45 ms to 5 ms] for audio advanced.




However, there is no definition of synchronisation threshold provided in SA1 specification. Moreover for multimodal communications, the synchronisation threshold between other modalities are also required.

Definition of synchronisation threshold
One of the major objectives of VR designers and researchers is to obtain more realistic and compelling virtual environments. As the asynchrony between different modalities increases, users’ sense of presence and realism will decrease. There have been lots of theoretical and experimental work on comparing the human’s ability to detect and discriminate visual, auditory, tactile and kinesthetic information with the technical specifications of virtual-environment equipment. The definition of synchronisation threshold is provided by M.E. Altinsoya and co. [1]:
A multi-modal synchronisation threshold can be defined as the maximum tolerable temporal separation of the onset of two stimuli, one of which is presented to one sense and the other to another sense, such that the accompanying sensory objects are perceived as being synchronous. 
Audio-tactile / visual-tactile synchronisation threshold
There have been efforts (since 1960s or even earlier) in multi-modal-interaction research regarding the detection of synchronisation thresholds. The obtained results vary, depending on the kind of stimuli and the psychometric methods employed. Hirsh and Sherrick measured the synchronisation thresholds regarding visual, auditory and tactile modalities [2].
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M.E. Altinsoy and co. believe the audio-tactile synchronization has to be at least within an accuracy of ±40 ms [1]. More results have been reported based on extensive theoretical and experimental efforts. [3] further indicated the perceptual threshold values were 50 ms for the audio lag and the 25 ms for audio lead.
As to the visual-tactile synchronisation threshold, Massimiliano Di Luca and Arash Mahnan provided test results in [4] that indicate that none of the participants could reliably detect the asynchrony if haptic feedback was presented less than 50ms after the view of the contact with an object. The asynchrony tolerated for haptic before visual feedback was instead only 15ms.
Proposals
Based on the discussion above, the following are proposed
Proposal 1: to add the definition of synchronisation threshold as:
A multi-modal synchronisation threshold can be defined as the maximum tolerable temporal separation of the onset of two stimuli, one of which is presented to one sense and the other to another sense, such that the accompanying sensory objects are perceived as being synchronous. 
Proposal 2: to capture the following synchronisation threshold requirements for “Immersive Multi-modal Virtual Reality application” (clause 5.1):
	synchronisation threshold

	audio-tactile
	audio delay:

[50 ms]
	tactile delay:

[25 ms]

	visual-tactile
	visual delay:

[15 ms]
	tactile delay:

[50 ms]
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