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1. Background 
In last SA1 meeting, the numbers in the KPI table of distance based smart home device 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 distance based smart home device control is defined in Table 5.1.6-1 in 22.855, as cited below:
Table 5.1.6-1 – KPIs for distance based smart home 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
	[bookmark: _Hlk51774975]Number of concurrent ranging operation for a UE
	Number of concurrent ranging operation in an area

	Distance based smart device control
	[10cm]
	-
	[99 %]
	[50ms]
	[20m]
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	[50ms]
	 [20]
	-



Distance Accuracy: 
In a typical smart home scenario, user’s room may be equipped with varies of smart devices. Take smart light as example, there are Table lamp, Ceiling lamp, night lamp, etc. The size of the room may be 3*4 meter or even smaller. The average distance between user and lamp is 2 meter. If user intends to control a smart light based the distance, he/she needs to have enough confidence on which smart light is closer. On average, people can confidently tell the closer one if distance difference is more than 10-30% of distance, which corresponding to 0.2m~0.6m distance difference, and 0.1m~0.3m distance accuracy for 2 meter distance case.   
Availability:
99% availability will ensure a user friendly experience for smart home control.
Latency:
Smart speaker is the typical control device in smart home. For light control, typically around 1 second latency from user giving the voice instruction to the light being turned on/off  is satisfying to user. The speech recognition and semantics understanding is usually handled in the cloud and takes on average 500ms for processing and takes around 60ms for round trip transmission. One message exchange between smart speaker and other smart devices would consume around 130ms. Therefore message 3+5+6 would take about 390ms. Then, the budget for ranging service would be around 50ms. One illustration of the voice control flow is shown in the figure below:


Besides, due to user movement, service latency should also ensure that the acquired ranging result is still valid. For 1m/s movement, 50ms latency would result in 5cm distance change. Then service latency below 50ms should be ensured to keep the validity of ranging result.
Ranging Interval:
Ranging interval should ensure that the measured result is still valid (with sufficient accuracy) during this period when user moves. For 1m/s user movement, 50ms ranging interval corresponds to 5cm distance change, which is acceptable for 10cm distance accuracy.  
Number of concurrent ranging operation for a UE:
To reduce the response latency of the smart device, it might be sometimes useful that ranging is performed in advance, e.g. before UE giving the voice instruction (e.g. when UE arouses the smart speaker) if power consumption is less a concern. In this case, UE may need to perform ranging with all the smart devices around the UE. Typically, there might be no more than 20 smart devices within LOS distance.
3. Proposal
Proposal：The square brackets in table 5.1.6-1 in 22.855 are removed.

**************** First Change ******************
[bookmark: _Toc49931611][bookmark: _Toc20924][bookmark: _Hlk55203180][bookmark: _Hlk55218521]5.1	Distance based Smart Home Device Control
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101][bookmark: _Toc8616][bookmark: _Toc49931612]5.1.1	Description
Smart speaker has been playing a more and more important role in smart home. People tends to use smart speaker to control smart devices given its convenience, especially for simple interactions, such as turn on TV/light.  
[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]In a typical smart home scenario, there might be tens of smart devices, many of which may be with the same type. For example, people may have 5-10 smart lights, 2-3 smart TVs, etc.  As a consequence, user has to tell the smart speaker which device he or she intends to control. Often, it requires user to give a different name for the devices. To make things worse, user may have multiple smart speakers in different rooms to be able to pick up user’s voice, then the system may even not know which smart speaker to respond to user’s voice. Ranging capable devices can simplify the interaction:. with distance aware, the smart home system can automatically choose the one closest to the user to control. Distance accuracy plays an important role in this automatic device selection. If wrong device is selected due to distance error, user experience will be badly degraded. In a typical 3m*4m bedroom, average distance between user and the smart device is 2 meter. If user intends to control a device based the distance, he/she needs to have enough confidence on which device is closer. On average, people can confidently tell the closer one if distance difference is more than 10-30% of distance, which corresponding to 0.2m~0.6m distance difference, and 0.1m~0.3m distance accuracy. 
Service latency is another important factor to consider. The following figure shows an example service flow for distance-based device control with smart speaker:


Figure 5.1.1-1 Example of distance based smart device control using smart speaker
In the figure above, user instructs the smart speaker to turn on the light. For light control, typically around 1 second latency from user giving the voice instruction to the light being turned on/off  is satisfying to user. The speech recognition and semantics understanding is usually handled in the cloud and takes on average 500ms for processing and takes on average 60ms for round trip transmission. One message exchange between smart speaker and other smart devices would consume around 130ms. Therefore message 3+5+6 would take about 390ms. Then, the budget for ranging service would be around 50ms. Besides, due to user movement, service latency should also ensure that the acquired ranging result is still valid. For 1m/s movement, 50ms latency would result in 5cm distance change. Then service latency below 50ms should be ensured to keep the validity of ranging result. To reduce the response latency of smart device, it might be sometimes useful that ranging is performed in advance, e.g. before UE giving the voice instruction (e.g. when UE arouses the smart speaker) if power consumption is less a concern. In this case, UE may need to perform ranging with all the smart devices around the UE. Typically, there might be no more than 20 smart devices within LOS distance. 
************* End of First Change ***************
**************** Second Change ******************
Table 5.1.6-1 – KPIs for distance based smart home 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]
	-
	[99 %]
	[50ms]
	[20m]
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	[50ms]
	 [20]
	-



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