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Abstract:  this doc proposes updates to KPI values in Section 5.1.6 for split image recognition use case of AMMT. 
Proposals:
· Add KPI values for the three user applications: AR display/gaming, Remote driving, Remote-controlled robotics.
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5.1.5
Existing features partly or fully covering the use case functionality
It should be noticed that the data rates required by this use case are user experienced data rates, not peak data rates (legacy 5G NR supports 10Gbps UL peak data rate). According to the self evaluation results in [6], 5G NR can provide up to 73.15Mbps UL user experienced data rate. The experienced data rate is defined as the achievable data rate in 95% network coverage. The data rate performance of legacy 5G NR system cannot meet the high-end requirement of this use case. 
5.1.6
Potential New Requirements needed to support the use case
The “image recognition latency” can be defined as the latency from the image is captured to the recognition results of the image are output to the user application, which was not specially addressed in [4][15]. Following the principle of analyzing the latency and data rate requirements of split image recognition introduced in Section 5.1.1, the image recognition latency is related to the user application the recognition is used for. 
Computer vision and image recognition have been widely used for many important mobile applications such as object recognition, photo enhancements, intelligent video surveillance, mobile AR, remote-controlled automotive, industrial control and robotics. The image recognition is usually a step of the processing pipeline of the application. And the recognition latency is a part of the end-to-end latency, as depicted in Figure 5.1.6-1. 
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Figure 5.1.6-1. Image recognition latency is a part of end-to-end latency
For example, if the image recognition results are just used for the object recognition e.g. unknown object recognition for smartphone user or criminal searching in database for intelligent security, it is acceptable that the image recognition is finished in seconds. If the image recognition result is used as an input to another time-sensitive application, e.g. AR display/gaming, remote-controlled automotive, industrial control and robotics, a much more stringent latency will be required. Based on the end-to-end latency requirements of the applications, the image recognition latency requirement can be derived, as listed in Table 5.1.6-1.
5.1.6.1
Potential KPI Requirements

The potential KPI requirements needed to support the use case include:

[P.R.5.1-001] The 5G system shall support the functionality to enable intermediate data uploading for split image recognition with latency as given in Table 5.1.6.1-1.
[P.R.5.1-002] The 5G system shall support the functionality to enable intermediate data uploading for split image recognition with UL data rate as given in Table 5.1.6.1-1.
[P.R.5.1-003] The 5G system shall support the functionality to enable intermediate data uploading for split image recognition with communication service availability not lower than 99.999 %.
Table 5.1.6.1-1: Image recognition latency and UL data rate for intermediate data uploading
	User application
	Latency requirements
	Required UL data rate

	
	Required end-to-end latency
	Image recognition latency
	Intermediate data uploading latency
	AlexNet
(Fig. 5.1.1-1, Note 4)
	VGG-16
(Fig. 5.1.1-2, Note 4)

	One-shot object recognition at smartphone
	Several seconds
	~1s
	~100ms
	1.6~21.6Mbps
	8~240Mbps

	Person identification in security surveillance system
	Several seconds
	~1s
	~100ms
	1.6~21.6Mbps
	8~240Mbps

	Photo enhancements at smartphone
	Several seconds
	~1s
	~100ms
	1.6~21.6Mbps
	8~240Mbps

	Video recognition
	Several seconds
	[33ms@30FPS]
	~10ms
	16~216Mbps
	80Mbps~2.4Gbps

	AR display/gaming
	7~15ms (Note 1)
	<5ms
	2ms
	80Mbps~1.08Gbps
	0.4~12Gbps (Note 5)

	Remote driving
	10ms (Note 2)
	<5ms
	2ms
	80Mbps~1.08Gbps
	0.4~12Gbps (Note 5)

	Remote-controlled robotics
	10~100ms (Note 3)
	<5ms
	2ms
	80Mbps~1.08Gbps
	0.4~12Gbps (Note 5)


NOTE 1: According to [4][5], the VR motion-to-photon latency is in the range of 5-15ms. 
NOTE 2: According to [46] the one-way latency required for remote driving is 5ms. The round-trip latency is assumed to be 10ms. 
NOTE 3: According to [5] the end-to-end latency required for video-operated remote-controlled robotics is 10~100ms.
NOTE 4: As listed in Table 5.1.1-1 and Table 5.1.1-2, the intermediate data size for the split points of AlexNet and VGG-16 is 0.02 ~ 0.27MByte and 0.1 ~ 3MByte respectively.
NOTE 5: Some required UL data rates for some split points of VGG-16 for some specific user applications may not be feasible for 5G network. The unfeasible values will be checked and removed in the Consolidated potential requirements.
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