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1. Background 
In last SA1 meeting, the numbers in the KPI table of Smart Home TV Control were marked in square bracket due to concerns on the value. In this contribution, we try to analyze and justify these values, and suggest to remove the square brackets.
 2. Discussion 
The KPIs for Smart Home TV Control is defined in Table 5.2.6-1 in 22.855, as cited below:
Table 5.2.6-1 – KPIs for smart home TV control
	Ranging scenario
	Ranging Accuracy 
(95 % confidence level)
	Availability
	Latency
	Effective Ranging distance, Coverage, NLOS/LOS, Relative UE velocity, Ranging interval, Number of concurrent ranging operation for a UE, Number of concurrent ranging operation in an area

	
	Distance Accuracy
	Direction Accuracy
	
	
	Effective Ranging distance
	Coverage 
	NLOS/LOS
	Relative UE velocity 
	Ranging interval
	Number of concurrent ranging operation for a UE
	Number of concurrent ranging operation in an area

	Distance based smart device control
	[10cm] up to 2 meter separation
	[±2°] horizontal direction accuracy at 0.1 to 2 meter separation and AoA coverage of (-60°) to (+60°);
[±2°] Elevation direction accuracy at 0.1 to 2 meter separation and AoA coverage of (-45°) to (+45°)
	[99 %]
	[10ms]
	[10m]
	IC/PC/OOC
	LOS
	Static/ Moving
(<[10m/s])
	[50ms]
	 -
	-


Distance and direction accuracy.
Both distance error and direction error would contribute to the error of estimated point on TV that the remote points at. From user point of view, what matters is the angle between the line from estimated point to the TV remote and the line from the TV remote to the actual point that TV remote points at, which is considered as angle error. The smaller the angle error, the better. The tolerable angle error is related to the direction range of the TV remote, i.e. the angle (call it alpha in the following discussion) between the line from the left side of the TV to the TV remote and the line from the TV remote to the right side of TV. Taking a 50 inch TV (110cm * 62 cm) as an example,  the typical viewing distance is  3 meter.  The angle alpha is about 20 degree. The tolerable angle error is 10% of angle alpha, that is 2 degree, and it corresponds to 10 cm distance error (3 meter * tan(2)).  
Availability:
99% availability will ensure a user friendly experience for smart home control.
Relative UE velocity:
Typically, the velocity of remote is smaller than 1m/s.
Service Latency & Ranging Interval:
Due to the fast TV remote movement, distance and direction need to be measured with very low service latency.  For 1m/s TV remote movement, the time for the mouse cursor on TV to move from left side to right side is on average 200ms for the case of 50 inch TV and 3 meter viewing distance. 10ms service latency would correspond to 5cm movement on TV. The distance and direction measurement result would also need to be updated frequently to trace the TV remote movement, 50ms ranging interval will provide a fine granularity for capturing TV remote movement. 
Effective ranging distance:
Typically, the distance between TV and the watcher is no more than 10 meter.  
3. Proposal
Proposal：Analysis is added to the description part. The square brackets in table 5.2.6-1 in 22.855 are removed. The ranging interval is changed from 50ms to 10ms.
**************** First Change ******************
[bookmark: _Toc49931618]5.2	Smart Home TV control
[bookmark: _Toc49931619]5.2.1	Description
Smart TVs, much like smartphones and smart home devices, offer internet connectivity and support for a range of apps. It typically provides an interactive interface, allowing users to stream on-demand music and videos, browse the internet, access to OTT content and online interactive media, etc.
In smart home scenario, smart TV is one of the most popular devices that people would heavily interact with.  Traditional TV remoter is less convenient in control of smart TV, where the interactive interface includes many elements to choose and control.  Ranging capable remoter can make the control of smart TV easier. An illustration of smart TV control using remoter is shown in Fig 5.2.1-1. In the figure, a1 and b1 are the horizontal direction and elevation direction of remoter from TV reference point as an observer. d is the distance between the TV reference point ant remoter. a2 and b2 are the horizontal direction and elevation direction of TV reference point from remoter as an observer. The TV reference point location in the TV coordinate system is known, the location of remoter relative to the TV reference point can be calculated based a1, b1 and d. The position on TV where the remoter is pointed can be calculated based on a2, b2 and the location of remoter.


Figure 5.2.1-1 Illustration of smart TV control based on TV remoter direction
Both distance error and direction error would contribute to the error of estimated point on TV that the remote points at. From user point of view, what matters is the angle between the line from estimated point to the TV remote and the line from the TV remote to the actual point that TV remote points at, which is considered as angle error. The smaller the angle error, the better. The tolerable angle error is related to the direction range of the TV remote, i.e. the angle (call it alpha in the following discussion) between the line from the left side of the TV to the TV remote and the line from the TV remote to the right side of TV. Taking a 50 inch TV (110cm * 62 cm) as an example,  the typical viewing distance is  3 meter.  The angle alpha is about 20 degree. We can consider 10% of angle alpha as tolerable angle error, that is 2 degree, and it corresponds to 10 cm distance error (3 meter * tan(2)). 
Due to the fast TV remote movement, distance and direction need to be measured with very low service latency.  For 1m/s movement, the time for the mouse cursor on TV to move from left side to right side is on average 200ms for the case of 50 inch TV and 3 meter viewing distance. 10ms service latency would correspond to 5cm movement on TV. The distance and direction measurement result would also need to be updated frequently to trace the TV remote movement, 50ms ranging interval will provide a fine granularity for capturing TV remote movement. 
************* End of First Change ***************

**************** Second Change ******************
Table 5.2.6-1 – KPIs for smart home TV control
	Ranging scenario
	Ranging Accuracy 
(95 % confidence level)
	Availability
	Latency
	Effective Ranging distance, Coverage, NLOS/LOS, Relative UE velocity, Ranging interval, Number of concurrent ranging operation for a UE, Number of concurrent ranging operation in an area

	
	Distance Accuracy
	Direction Accuracy
	
	
	Effective Ranging distance
	Coverage 
	NLOS/LOS
	Relative UE velocity 
	Ranging interval
	Number of concurrent ranging operation for a UE
	Number of concurrent ranging operation in an area

	Distance based smart device home TV control
	[10cm] up to 32 meter separation
	[±2°] horizontal direction accuracy at 0.1 to 32 meter separation and AoA coverage of (-60°) to (+60°);
[±2°] Elevation direction accuracy at 0.1 to 32 meter separation and AoA coverage of (-45°) to (+45°)
	[99 %]
	[10ms]
	[10m]
	IC/PC/OOC
	LOS
	Static/ Moving
(<[1m/s])
	[50ms]
	 -
	-




************* End of Second Change ***************
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