
3GPP TSG-SA WG1 Meeting #92e 
S1-204427
Online, 11 – 20 Nov 2020
(revision of S1-204196)
Title:
Finding pets in a long distance based on energy efficient ranging
Agenda Item:
7.10.1
Source:
Huawei, Huawei Device
Contact:
Chuting Yao <yaochuting@huawei.com> 


Abstract: This document proposes a new use case about finding pets, and the associated potential requirements for FS_Ranging.
Discussion
Technologies based on Time of Flight
Nowadays, there are multiple technologies which are used to measure the distance or angle between two radio transceivers based on multiplying the Time of Flight (ToF) by the speed of light, for example, Two Way Ranging (TWR), Time Difference of Arrival (TDoA), and Phase Difference of Arrival (PDoA).  We provide some examples for better understanding on how it works in figure 1.
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Fig.1 examples of different methods using ToF

(a) The TDoA method is similar to GPS with the condition of the time sychonization of multiple reference points. For UWB, the UE sends beacons signal, which is marked by multiple reference points with timestamps. Then the timestamps from multiple reference points need to process together to compute the location of the UE that sent the beacon. 
(b) The TWR method relies on two-way communication between two UEs. The initiated UE measures the Time of Flight of the signal between them. By multiplying the round trip time of the signal by the speed of light, and then dividing by 2, the actual distance between the two UEs can be derived. 

(c) The PDoA method combines the TWR scheme to measure the Time of Flight between two UEs. The initiated UE also needs to carry multiple antennas and can measure the Phase Difference of Arrival of the signals sending by target UE. 

Effictive Ranging Distance

To ensure the accuracy of the ToF based methods, it is important to have LOS communication. The probability of having LOS communication decreases when the distance between two UEs increases. With LOS communication, the effective ranging distance can be several kilometres.


NOTE: Line-of-sight propagation is a characteristic of electromagnetic radiation or acoustic wave propagation which means the waves are not diffracted, refracted, reflected, or absorbed by the atmosphere and obstructions with material.
Power consumption

Based on the TWR method, which relies on the two-way communication between two UEs, the target UE has to scan for ranging signals that can consume a lot of power. It is important to make the ranging operation energy efficient, especially for the target UEs.

Begin First Change

5.x
Finding pets in a long distance based on energy efficient ranging
5.x.1
Description

Pets provide company for people. They are friends and family of the human beings.  For various reasons a pet can get lost. An indoor pet that often sits by windows could escape. Children that enjoy playing with pets outdoors usually have pets slip through the neighbourhood by missing to latch backyard gates. When walking a pet, even professional pet sitters or dog walkers could have pets escape by accident. When this happens, anxious owners would try their best to find them back. This use case focuses on how ranging can help to get people and pets together again by accurately and efficiently finding the missing pets. 

Some additional information on the technologies based on Time of Flight can be found below.
Nowadays, there are multiple technologies which are used to measure the distance or angle between two radio transceivers based on multiplying the Time of Flight (ToF) by the speed of light, for example, Two Way Ranging (TWR), Time Difference of Arrival (TDoA), and Phase Difference of Arrival (PDoA).  We provide some examples for better understanding on how it works in figure 5.x.1-1.
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5.x.1-1 examples of different methods using ToF

(a) The TDoA method is similar to GPS with the condition of the time synchronization of multiple reference points. For UWB, the UE sends beacons signal, which is marked by multiple reference points with timestamps. Then the timestamps from multiple reference points need to process together to compute the location of the UE that sent the beacon. 
(b) The TWR method relies on two-way communication between two UEs. The initiated UE measures the Time of Flight of the signal between them. By multiplying the round trip time of the signal by the speed of light, and then dividing by 2, the actual distance between the two UEs can be derived. 

(c) The PDoA method combines the TWR scheme to measure the Time of Flight between two UEs. The initiated UE also needs to carry multiple antennas and can measure the Phase Difference of Arrival of the signals sending by target UE. 

Effective Ranging Distance

To ensure the accuracy of the ToF based methods, it is important to have LOS communication. The probability of having LOS communication decreases when the distance between two UEs increases. With LOS communication, the effective ranging distance can be several kilometres.


NOTE: Line-of-sight propagation is a characteristic of electromagnetic radiation or acoustic wave propagation which means the waves are not diffracted, refracted, reflected, or absorbed by the atmosphere and obstructions with material.
Power consumption

Based on the TWR method, which relies on the two-way communication between two UEs, the target UE has to scan for ranging signals that can consume a lot of power. It is important to make the ranging operation energy efficient, especially for the target UEs. 
5.x.2
Pre-Conditions

This use case is about Tom and his pet dog Jerry. Jerry is a new family member of Tom’s. For safety reasons, Tom bought Jerry a smart collar that is very simple.  It only support ranging service (only response) to make sure that Tom can find Jerry with his phone or his drone that support initiating the ranging service. Tom charges the smart collar weekly, and that is sufficient to ensure responses, whenever Tom seeks to find Jerry by initiating the ranging service. 
One day, Tom took Jerry out for a walk in a park.  As a young puppy, curious Jerry got overly excited and ran to chase after a pitchy barn swallow. Soon Tom lost sight of Jerry and Jerry does not seem to return any time soon. Tom called Jerry but heard no answers. The park is too large for Tom to search every corner on foot. Considering Jerry might run away over a long distance, and worried that Jerry might even end up a stray dog, Tom decided to use drone to find Jerry immediately. 
5.x.3
Service Flows
Tom decided to use his drone to search for Jerry.

Tom switched on the ranging service of the drone and controlled it to a height under the restriction of regulation by Tom’s smart phone.   
Thanks to the good channel condition of the drone, the drone received Jerry’s smart collar’s response and found Jerry was about several hundreds meters away from Tom’s home and the moving direction was still not right. 

[image: image3]
Figure 5.x.3-1: Finding pets in a long distance
5.x.4
Post-Conditions

According to the ranging results, Tom went to the place and found Jerry back. 

5.x.5
Existing features partly or fully covering the use case functionality
TS 22.261 clause 6.15 energy efficiency:
The 5G access network shall support an energy saving mode with the following characteristics:

-
the energy saving mode can be activated/deactivated either manually or automatically;

-
service can be restricted to a group of users (e.g. public safety user, emergency callers).
NOTE:
When in energy saving mode the UE's and Access transmit power may be reduced or turned off (deep sleep mode), end-to-end latency and jitter may be increased with no impact on set of users or applications still allowed.
The 5G system shall support UEs using small rechargeable and single coin cell batteries (e.g. considering impact on maximum pulse and continuous current).

TS 22.261 clause 6.27 Positioning services
The 5G system shall support mechanisms to configure dynamically the update rate of the position-related data to fulfil different performances (e.g. power consumption, position service latency) or different location modes.

NOTE 5: 
for example, the 5G System needs to be able to request the UE to provide its location periodically with an update rate ranging from one location every [1 s to 10 s] in location normal mode to one location every [30 s to 300 s, or more] in location power saving mode. The 5G System needs to allow UEs to sleep for extended periods (e.g. one week), without requiring the UE to update its position data.

TS 22.261 clause 7.3 High-accuracy positioning:
The 5G system shall support positioning technologies that allow the UE to operate at Service Level 1 for at least 12 years using less than 1800 mWh of battery capacity, assuming multiple position updates per hour. 

NOTE 2:
This requirement aims energy-efficient positioning technologies draining a minimal energy on the UE battery. It derives from use cases, such as asset tracking, with a small form-factor battery representative of an IoT device. This requirement may translate into an energy consumption for the UE’s positioning functions in the order of 20 mJ per fix.

NOTE 3:
This requirement does not preclude the use of higher energy consumption to fulfil higher position update rates than the one above, or other KPIs than those of Service Level 1 (e.g. more accurate service levels).

In recent requirments captured in TS 22.261, 5G access network has been required to support energy saving mode and 5G system shall support UE using small batteries. In the positioning related requirements, power consumption is one of the considered factors for positioning service. 
However, ranging service that occurs between two UEs is not equal to positioning service that is usually operated by the network. For ranging service, the requirement is missing to require a energy efficient ranging.

5.x.6
Potential New Requirements needed to support the use case

[PR. 001] The 5G system shall support energy efficient UE ranging services and operation.
[PR. 002] The 5G system shall be able to provide ranging service with following KPIs.

	Ranging scenario
	Ranging Accuracy 

(95 % confidence level)
	Availability
	Latency 
	Coverage, environment of use, Relative UE velocity, Ranging interval, Number of concurrent ranging operation for a UE , Number of concurrent ranging operation support in 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 support in area

	Search and rescue
	20m
	5°
	99 %
	1s
	100m-1km
	IC/PC/OOC
	LOS
	Static/ Moving

(up to 10m/s)
	5s
	 -
	-


End First Change
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