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1. Introduction
This contribution discusses the logging of decomposed the interaction delay induced by user movement, and propose relevant QoE metrics.
2. Discussion
The most attracting feature of VR service compared with traditional streaming video is to provide immersive experience. And to enable full interaction between user and the virtual environment is the key to feeling of immersion. That means when user moves his head, the relevant FoV content with high quality should be presented within a certain delay, otherwise longer delay would cause poor user experience, and even VR sickness.
When we discuss the interaction delay, two uses cases are relevant:
· viewport-independent streaming
· viewport-dependent streaming
Respective analysis of delay decomposition would be made as follows using the Figure 1 reference model documented in [1] and discuss how to log each part of delay.
[image: ]
[bookmark: _Ref497473187]Figure 1 Reference model
2.1. Viewport-independent streaming
In case of viewport-independent transmission, MTP (motion-to-photon) is relevant when user head movement happens. This latency depends on the processing capability of the device, e.g. sensor, media presentation. The information could be decomposed and logged by different OPs as listed in Table 1. 
[bookmark: _Ref497483815]Table 1 MTP decomposition
	Decomposed delay
	Major contributor
	Observation point

	Detection of had movement and the sensor signaling to OP4
	sensor detection 
	OP3

	Presentation delay 
	Rendering 
	OP4


And accordingly the decomposed delay information is defined as in Table 2.
[bookmark: _Ref499040622]Table 2 MTP delay decomposition
	Key
	Type
	Description

	MTP
	List
	A list of MTP measurements.

	
	Entry
	Object
	A single object containing MTP information.

	
	
	t
	Real-Time
	Time of the observation

	
	
	mt
	Media-Time
	The media presentation time of the observation

	
	
	sensordelay 
	Integer
	The latency between detection of user head movement by OP3 to the sensor signalling to OP4.

	
	
	presentationdelay
	Integer
	The latency between receiving sensor signalling from OP3 to the presentation of high quality FoV content



2.2. Viewport-dependent streaming
In case of viewport-dependent streaming, referring to [2], a relevant latency metric to consider is motion to high resolution (M2HR) latency, defined as the latency from the change in head orientation to display of the first high resolution frame based on the new field of view. The sources contributing to M2HR include sensor latency, network request delay, delay in delivering packets from the origin server to the end device, and delay incurred in the client device due to buffering, decoding and rendering. Each delay element would have an impact on the user experience.
There is analysis of the delay decomposition for viewport-dependent streaming in [2] and here we take the case with no CDN deployment as a base for discussion. And the M2HR delay could be observed by the following OPs:
Table 3 M2HR latency decomposition
	Decomposed delay
	Major contributor
	Observation point 

	Detection of had movement and the sensor signaling to OP1
	sensor detection 
	OP3

	Request of FoV video content to the receiving of relevant FoV video 
	network transmission latency 
	OP1 

	Media processing delay 
	buffering, packaging and decoding
	OP2,

	Presentation delay 
	rendering 
	OP4



And accordingly the decomposed delay information is defined as in Table 4.
[bookmark: _Ref499040704][bookmark: _GoBack]Table 4 M2HR delay decomposition information
	Key
	Type
	Description

	MTP
	List
	A list of M2HR latency measurements.

	
	Entry
	Object
	A single object containing M2HR latency information.

	
	
	t
	Real-Time
	Time of the observation

	
	
	mt
	Media-Time
	The media presentation time of the observation

	
	
	sensordelay 
	Integer
	The latency between detection of user head movement by OP3 to the sensor signalling to OP1.

	
	
	transmissiondelay
	Integer
	The latency between requesting FoV content by OP1 to receiving relevant FoV content by OP1

	
	
	mediaprocessingdelay
	Integer
	The latency between receiving data from OP1 by OP3 to sending the decoded data to OP4

	
	
	presentationdelay
	Integer
	The latency between receiving data from OP2 to the presentation of high quality FoV content 



2.3. Benefits of latency decomposition 
For MTP latency, different components contribute to local delay in device, e.g. sensor, decoder, renderer. As discussed in [3], 10ms is set as objective for MTP, every millisecond counts and it benefits if each latency part could be logged and get to be known by the device vendor for problem analysis and processing optimization. 
For M2HR latency, it is of higher importance to know the different latency contributors, especially in wireless network, where transmission conditions vary all the time. The total transmission delay is determined by multiple factors, e.g. available bandwidth, scheduling strategies in RAN node, data volume requested by the client, and any problem in any point would result in delayed transmission. Logging relevant information and decomposing the E2E delay will help find the root cause and different part providers could design specific solutions, which may include deploying CDNs to shorten download delay, or make use of SAND functionality to provide network assistant information, etc.
3. Proposal
The detailed proposal is to add relevant content in this contribution in TR26.929, described in S4-AHV006.
4. Reference 
[1] TR 26.929 QoE parameters and metrics relevant to the Virtual Reality v0.1.0;
[2] VR Industry Form, Draft Guidelines v0.0 draft 010, 2017-9-12;
[3] TR 26.918 Virtual Reality (VR) media services over 3GPP v15.0.0
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