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Abstract: This document provides a TP to TR 22.840 v.1.1.0 to add missing Device Speed KPIs to align with the captured use cases. The revision includes the changes to address received comments.
1. Introduction
Various use cases have been agreed and captured in TR 22.840, many of which introduce Ambient IoT communication services when the Ambient IoT device has certain mobility. When this information is relevant (e.g. captured potential requriements), the value of “Device Speed” parameter should be captured.
2. Reason for Change
For alignment, the pCR provides update of KPI tables in respective use cases by adding the Device Speed values. It concerns the following agreed and captured use cases:
- For clause 5.5 “intralogistics in automobile manufacturing”, load containers being subject to inventory are mobile as AGVs or forklists move them around to fulfill the automobile manufacturing flow. The speed is comparable to similar scenarios with typical value to be 5 km/h;
- For clause 5.13 “Base Station Machine Room Environmental Supervision” concerns stationary Ambient IoT device-enabled sensors. 
- For clause 5.15 “Ambient IoT enablement for smart laundry”, as described in various places and in particular captured in Service Flows 4, when the user Cindy goes outside for a run, she sets the periodical sensor reading to be frequent (e.g. 5min interval). The typical speed for an average jogger is around 6 km/h.
- For clause 5.16 “automated supply chain distribution”, mobility management is captured as [PR 5.16.6-002]. For indoor the device speed for logistic is representative, for outdoor the typical speed of container truck can be adopted.  
- For clause 5.22 “smart grazing dairy farming enabled by Ambient IoT”, pasturing benefit for grazing cows is targeted at by enabling precision farming with the use case mainly focusing on outdoor sensor data acquisition. The characteristic moving speed of an average dairy cow when grazing on pastures is up to 3 km/h.
- For clause 5.23 “smart pig farm enabled by Ambient IoT”, pigs are restricted inside barns with very low mobility (nonetheless not stationary).
- For clause 5.25 “smart bridge health monitoring using Ambient IoT” concerns stationary Ambient IoT device-enabled sensors deployed on bridges.
3. Conclusions
Add the missing KPI values in relevant KPI tables.
- For “Device Speed” in Table 5.5.6-1 (clause 5.5), replace NA in with “typically up to 5 km/h”;
[bookmark: _Hlk120200701]- For “Device Speed” in Table Table 5.13.6-1 (clause 5.13), replace NA with “stationary”;
- For “Device Speed” in Table Table 5.15.6-1 (clause 5.15), replace NA with “up to 6 km/h outdoor”;
- For “Device Speed” in Table Table 5.22.6-1 (clause 5.22), replace NA with “up to 3 km/h outdoor”
- For “Device Speed” in Table Table 5.23.6-1 (clause 5.23), replace NA with “quasi-stationary”;
- For “Device Speed” in Table Table 5.25.6-1 (clause 5.25), replace NA with “stationary”;

4. Proposal
It is proposed to agree the following changes to 3GPP TR 22.840 v1.1.0.


* * * First Change * * * *
[bookmark: _Toc129058541]5.5.6	Potential New Requirements needed to support the use case
[PR 5.5.6-001] The 5G system shall support communication for an Ambient IoT device which is battery-less or with limited energy storage capability.  
[PR 5.5.6-002] The 5G system shall support collection of charging information based on different charging policies for Ambient-IoT type of communication, i.e., total number of communication (e.g. data payload) per charging period, or total number of Ambient IoT devices per charging period.

Editor’s Note: 	Additional requirements for this use case are FFS.	
[PR 5.5.6-003] The 5G system shall provide the network connection to address the KPIs for the use of Ambient IoT devices for intralogistics in automobile manufacturing, see table 5.3.6.1-1.
Table 5.5.6-1: Potential key performance requirements for the use of Ambient IoT devices for intralogistics in automobile manufacturing
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density
	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Automatic Intralogistics in automobile manufacturing
	>100 ms
(note 1)
	99%
	NA
	<1 kbit/s
(note 2)
	96 bits
(note 3)
	<1,5 Million/km2 (note 4)
	<30 meters
Indoors
	600 000 m2
(note 5)
	typically up to 5 km/h NA
	NA
	NA
	NA
	[3] m

	NOTE 1:  This value corresponds to peak reading rate of 100 tags per second. The average tag reading rate is lower.
NOTE 2:  This value is calculated as the instant data rate for transmitting 96 bits within 100 ms time period. The need for data transmission is infrequent.
NOTE 3:  EPC Tag Data standard [5], the length of the EPC number ranges from 96 bits to 496 bits. For intralogistics, EPC length of 96 bits is the most common EPC lengths to satisfy the use case.
NOTE 4:  Daily around 1 million units of materials are used in the manufacturing area, but they are not used at the same time.
NOTE 5:  A typical car manufacturing plant takes up to 600 000 m2 in surface.



* * * Second Change * * * *
[bookmark: _Toc129058597]5.13.6	Potential New Requirements needed to support the use case
[P.R.5.13.6-001] The 5G system shall be able to support communication with Ambient IoT devices. 
[P.R.5.13.6-002] The 5G system shall be able to support suitable security mechanisms for Ambient IoT devices, including encryption and data integrity.
[P.R.5.13.6-003] The 5G system shall be able to support suitable mechanisms to authenticate and authorize Ambient IoT devices.
[P.R.5.13.6-004] The 5G system shall support energy efficient communication mechanisms for Ambient IoT devices (i.e., minimizing the device communication power consumption).
[P.R 5.13.6-005] The 5G system shall support transferring data collected from Ambient IoT devices to a trusted 3rd party.
[P.R 5.13.6-006] The 5G system shall be able to provide Ambient IoT service with following KPIs.
Table 5.13.6-1: KPI Table of Base Station Machine Room Environmental Supervision
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density
	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	BSMR environmental supervision
	1s (Note 2)
	99%
	99.9%
	<1kbit/s (Note 1)
	NA
	NA
	30m indoors
	NA
	stationary NA
	NA
	NA
	NA
	NA

	NOTE1: The data rate generated by temperature, humidity, water-logging monitoring is typically less than 1kbit/s.
NOTE2: End to end latency refers to the time taken for an Ambient IoT device to transmit the data;




* * * Third Change * * * *
[bookmark: _Toc129058611]5.15.6	Potential New Requirements needed to support the use case
[PR.5.15.6-001] The 5G system shall support communication for Ambient IoT devices.
Editor’s Note:  	It is FFS enhancement of specific 5GS efficiency required to support this use case.
[PR 5.15.6-002] The 5G System shall provide the network connection to address the KPIs for the use of Ambient IoT devices for preventive care in smart laundry, see table 5.15.6-1.
Table 5.15.6-1: Potential key performance requirements for the use of Ambient IoT devices for smart laundry
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density
	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Ambient IoT devices for smart laundry
	>10 s
	NA
	NA
	<100bit/s
	Typically 
< 100 bytes

	20 / 100m2
	NA
	several m2 up to 1000 m2

	up to 6 km/h outdoor NA
	NA
	NA
	NA
	NA



* * * Fourth Change * * * *
[bookmark: _Toc129058660]5.22.6	Potential New Requirements needed to support the use case
[PR 5.22.6-1] The 5G system shall support energy efficient communication mechanisms (i.e. minimizing the device communication power consumption) for Ambient IoT devices, while meeting the communication performance requirements.
[PR 5.22.6-2] The 5G system shall provide a mechanism for a 3rd party application to write user data to and to read user data from an Ambient IoT device.
[PR 5.22.6-3] The 5G system shall be able to collect charging information for a large group of closely located Ambient IoT devices  in an efficient way.
NOTE: for example, the efficiency could be reduced total number of charging data related to a group of Ambient IoT devices, the reduction is compared with already specified 3GPP technologies.
[PR 5.22.6-4] The 5G system shall provide the network connection with the following KPIs for the use of Ambient IoT devices for smart dairy farms, see table 5.22.6-1.
[bookmark: _Hlk120199093]Table 5.22.6-1: Potential key performance requirements for the use of Ambient IoT devices for smart grazing dairy farming
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density
	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Smart dairy farm
	>1 s
(note 1)
	99%
	NA
	<500 bit/s

	Typically, 
[< 100 bytes]
(note 2)
	<5200 devices / km2
 (note 4)
	[300 m - 500 m] 
Outdoors
(note 6)
	430000 m2
(note 5)
	up to 3 km/h outdoor NA
	15 min
(note 3)
	NA
	NA
	NA

	NOTE 1:   Latency is not critical.
NOTE 2:   Electronic Product Code standard [5], this size is the payload size.
NOTE 3:   The livestock health management application monitors dairy cow body temperature many times daily, typically two consecutive transfers of the application data have an interval of 15 minutes. 
NOTE 4:   Calculated from 80 dairy cows assuming regular values for parameters (e.g. daily intake, pre-grazing   
                 yield) previously mentioned, the paddock size comes to 1.54 hectares [47] (about 124m by 124m).
NOTE 5:   For a relatively large-sized industrialized smart dairy farm, the surface area of pasture for grazing is typically 430000 m2.
NOTE 6:   Based on the statistics from the Netherlands [55], Wisconsin [49] and Australia [50], the total pasture is smaller than an area of 650 m by 650 m. Assuming the coverage by one base station, the communication range between the Ambient IoT device and the base station is smaller than 500m.



* * * Fifth Change * * * *
[bookmark: _Toc129058667]5.23.6	Potential New Requirements needed to support the use case
[PR.5.23.6-1] The 5G system shall support energy efficient communication mechanisms (i.e. minimizing the device communication power consumption) for Ambient IoT devices, while meeting the communication performance requirements.
[PR 5.23.6-2] The 5G system shall provide a mechanism for a 3rd party application to write user data to and to read user data from an Ambient IoT device.
[PR 5.23.6-3] The 5G system shall be able to collect charging information for a large group of closely located Ambient IoT devices  in an efficient way.
NOTE: for example, the efficiency could be reduced total number of charging data related to a group of Ambient IoT devices, the reduction is compared with already specified 3GPP technologies
[PR.5.23.6-4] The 5G system shall provide the network connection to address the following KPIs for the use of Ambient IoT devices on smart pig farms.
Table 5.23.6-1: Potential key performance requirements for the use of Ambient IoT devices industrialized smart pig farming
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density
	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Smart livestock farming 
(pig barns)
	>10 s
(Note 1)
	NA
	NA
	<500 bit/s

	Typically,  
[< 100 bytes]
(note 2)
	850 000 devices / km2
(note 4)
	250 m 
Indoor
	6000 m2
(note 5)
	quasi-stationary NA
	15 minutes to half an hour
(note 3)
	NA
	NA
	NA

	NOTE 1:   Latency is not critical for this use case.
NOTE 2:   Electronic Product Code standard [5], this size is the payload size.
NOTE 3:   The livestock health management application monitors pigs’ temperature on a half-hourly basis, sometimes even down to once per 15 minutes [53]. 
NOTE 4:   Stocking density of 1.2 m2/pig is considered high and 2.4 m2/pig considered low [54]. In [55] the stockinggrazing density range from 0.82 m2/pig and 2.46 m2/pig is studied and 1.23 m2/pig proofs suitable stocking density for growing pigs. The device density of 850000 is from a real farm and translates to stocking density of 1.17 m2/pig.   
NOTE 5:   For a relatively large-sized industrialized smart pig farm, the surface area of a barn is typically 6000 m2.



* * * Sixth Change * * * *
[bookmark: _Toc129058681]5.25.6	Potential New Requirements needed to support the use case
[PR.5.25.6-1] The 5G system shall support energy efficient communication mechanisms (i.e. minimizing the device communication power consumption) for Ambient IoT devices, while meeting the communication performance requirements.
[PR 5.25.6-2] The 5G system shall provide a mechanism for a 3rd party application to write user data to and to read user data from an Ambient IoT device.
[PR 5.25.6-3] The 5G system shall be able to collect charging information for a large group of closely located Ambient IoT devices  in an efficient way.
NOTE: for example, the efficiency could be reduced total number of charging data related to a group of Ambient IoT devices, the reduction is compared with already specified 3GPP technologies.
[PR.5.25.6-4] The 5G system shall provide the network connection to address the KPIs for the use of Ambient IoT devices for smart bridge health monitoring as in the table below.
[bookmark: _Hlk120194350]Table 5.25.6-1: Potential key performance requirements for the use of Ambient IoT devices for smart bridge health monitoring
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density
	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Smart bridge health monitoring
	10 s
(note 1)
	99%
	NA
	<1 kbit/s
	Typically,
[< 100 bytes]
(note 2)
	<1000 devices / km2
 (note 4)
	[300 m - 500 m] 
Outdoors
	Along the bridge
	stationary NA
	15 min
(note 3)
	NA
	NA
	NA

	NOTE 1:   Latency of smart bridge health monitoring is not critical, as the sensor information is needed by the monitoring application on a per-15 minutes basis.
NOTE 2:   This size is the payload size, compatible with allowed business data length by Electronic Product Code standard [5]. Considering EPC for identification is 96 bits, the total message size is < 100 bytes.
NOTE 3:   For bridge health monitoring, per 15-minutes data acquisition is sufficient. 
NOTE 4:   For bridge health monitoring applications, the distances among sensors are larger than 10 meters. Big data analysis-based bridge health monitoring deploys 369 sensors of various types on Changjiang bridge, in Shanghai [75]. In Beijing, around 150 sensors are deployed on Dongsha bridge of 1360 meter length [76]. In busy sections of mega cities, concentration of bridges can be considerate.



* * * End of Changes * * * *
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