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Abstract: The contribution proposes to align with the common KPI table format.
1. Introduction
This contribution is to align with the common KPI table and clarify rainfall information in the use case.
2. Reason for Change
The refreshing rate is set for the following reason that the refreshing rate of weather monitoring in the observatory is typical from 10-15 min, the same time interval is assumed to be achieved for the rainfall monitoring by sensing. The refreshing rate in the KPI table is set to 10 min and could be configured by application.
Rainfall estimation accuracy is added with the following definition for this specific use case: Rainfall estimation accuracy: describes the closeness of the measured sensing result (i.e. rainfall estimation) to its true rainfall value.
3. Conclusions
KPI table is added for rainfall monitoring use case.
4. Proposal
It is proposed to agree the following changes to 3GPP TR 22.837v0.2.0.
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* * * Next Change * * * *
5.3	Use case on rainfall monitoring
[bookmark: _Toc100862437][bookmark: _Toc100921161][bookmark: _Toc113213342]5.3.1	Description
Rainfall monitoring is a topic of great importance for several application contexts: hydraulic structure design, agriculture, weather forecasting, climate modelling, etc. At present, the most widely used measurement method is rain gauge. 
Traditional rainfall monitoring use rain gauges, which are located at a particular location. Wide-area rainfall monitoring using traditional rain gauges would be costly. The base stations are deployed by the operators with radio cell planning that could cover a wider area. With base stations monitoring the rainfall, for example rain rate (mm/h), it could obtain a horizontally wider-area measurement. 
Radio signals, as they propagate through the atmosphere, are reduced in intensity by constituents of the atmosphere. Oxygen and water vapor are the two major components which are responsible for the signal absorption. If it is a rainy day, an additional attenuation caused by rain further increases the propagation path loss. [7] The rain attenuation depends on the size and distribution of the water droplets, hence, by quantifying and modelling the base station signal measurements, we are able to know the rain rate. 
The mmWave bands, such as 28GHz and 38GHz have been used to assess coverage, large-scale path loss, and fading and multipath effects [6]. Since the 28 GHz and 38 GHz bands are also licensed for wireless backhaul communications, these frequencies can used for rainfall monitoring [7].
The granularity of the rainfall monitoring could be smaller than the traditional measurements.
[bookmark: _Toc100862438][bookmark: _Toc100921162][bookmark: _Toc113213343]5.3.2	Pre-conditions
Peter is a farmer who takes care of a big farm that grows different crops. Peter needs to monitor the rainfall of his farm to manage reasonable irrigation, drainage and fertilizer. When there is less rainfall, Peter can select reasonable irrigation plans to improve the farmland water content condition. When there is high rainfall, Peter should improve the drainage system and fertilize the crops to avoid crop losses.
[bookmark: _Toc100862439][bookmark: _Toc100921163][bookmark: _Toc113213344]5.3.3	Service Flows
1. Peter has a subscription for the premium service of rainfall monitoring for a more granular location. 
2. Peter is at daily working routine and wants to check the timely rainfall information from the weather application on his phone.
3. The base station obtains the NR based sensing measurement data every hour and the 5G system processes the sensing measurement data to obtain sensing results and exposes the NR based sensing results to the weather application via the core network.
4. Based on the sensing results above, the application server obtains the rainfall information (i.e. rainfall and whether it is raining) associated with location information.
5. Peter obtains timely rainfall information from weather application on his phone.
[bookmark: _Toc100862440][bookmark: _Toc100921164][bookmark: _Toc113213345]5.3.4	Post-conditions
Peter could check the rainfall information at any time on his phone. Based on the timely rainfall information, Peter could plan the irrigation, drainage and fertilizer for the crops in his farm.
[bookmark: _Toc100862441][bookmark: _Toc100921165][bookmark: _Toc113213346]5.3.5	Existing feature partly or fully covering use case functionality
None
[bookmark: _Toc100862442][bookmark: _Toc100921166][bookmark: _Toc113213347]5.3.6	Potential New Requirements needed to support the use case
[PR. 5.3.6 - 001] The 5G system shall support  collection of the NR based sensing measurement data from the base station. 
[PR. 5.3.6 - 002] Based on operator’s policy, the 5G system shall support mechanisms to process the sensing measurement data to derive the sensing results.
[PR. 5.3.6 - 003] Based on operator’s policy, the 5G system shall provide mechanisms to expose NR based sensing results with assisted information, e.g. location, to a trusted 3rd party application via the core network.
[PR. 5.3.6 – 004] The 5G system shall support sensing services with KPIs as given Table 5.3.6-1.
Table 5.3-X	Performance requirements of sensing results for integrated sensing and communication scenarios
	Scenario
	Sensing service area (note 1)
	Confidence level [%]
(note 2)
	Rainfall estimation accuracy
(for a target confidence level, note x1)
	Positioning accuracy by sensing (for a target confidence level, note 3)
	Velocity estimation accuracy by sensing (for a target confidence level, note 4)
	Sensing resolution
	Max sensing service latency
[ms]
(note 7)
	Refreshing rate
[s]
(note 8)
	Missed detection
[%]
(note 9)
	False alarm
[%]
(note 10)

	
	
	
	
	Horizontal
[m]
	Vertical
[m]
	Horizontal
[m/s]
	Vertical
[m/s]
	Range resolution
[m]
(note 5)
	Velocity resolution (horizontal/ vertical)
[m/s x m/s]
(note 6)
	
	
	
	

	Rainfall monitoring
	outdoor
	95%
	1mm/h
[NOTE x2]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	10min, application configurable
	[5%]
[NOTE x3]
	[5%]
[NOTE x3]

	NOTE 1:	A service area where sensing services would solely rely on infrastructures and sensing technologies that can be assumed to be present anywhere where 5G is present.
NOTE 2:	Percentage of the sensing results fulfilling a given performance requirement over all the sensing results
NOTE x1:	Describes the closeness of the measured sensing result (i.e. rainfall estimation) to its true rainfall value.
NOTE x2: For rainfall rain rate >1 mm/h. [xa]
NOTE 3:	For a target sensing object, absolute value of the deviation of the measured position from the true position
NOTE 4:	For a target sensing object, absolute value of the deviation of the measured velocity from the true velocity
NOTE 5:	The range resolution denotes the minimum difference in distance between target objects to have measurably different range. The value should specify if it applies to horizontal or vertical.
NOTE 6:	The velocity resolution denotes the minimum difference in velocity between target objects to have measurably different velocity.
NOTE 7:	Time elapsed between the event that triggers the determination of the sensing result and the availability of the sensing result at the system interface.
NOTE 8:	Time interval between successive sensing results reporting to the sensing application server.
NOTE 9:	The probability of missing to acquire a sensing result when the 5G system attempts to acquire a sensing result.
NOTE 10:	The probability of detecting a false sensing result which does not represent the characteristics of a target object or environment when the 5G system attempts to acquire a sensing result.
NOTE x3: Take 0.6mm/h as raining threshold. [xb]



Table 5.3.6-1: Performance requirements for the use case of rainfall monitoring
	Scenario
	Sensing Range
	Sensing Frequency

	Rainfall monitoring
	200m
(Note 1)
	[1/1min-1/15min]
(Note 2)

	Note 1: The sensing range for rainfall monitoring refers to the reference [5].
Note 2: The sensing frequency should be adjustable and depends on the requirement of the weather application.


Editor’s Note: The KPI table should be aligned with the agreed common KPI table for
* * * Next Change * * * *
[bookmark: _Toc99442487][bookmark: _Toc113213462]7.2	Consolidated potential KPIs of sensing results
- Rainfall estimation accuracy: describes the closeness of the measured sensing result (i.e. rainfall estimation) to its true rainfall value.

* * * End of Change * * * *
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