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Abstract: This document provides a TP to TR 22.840 on the new use case of enabling smart grazing dairy farming with Ambient IoT.
1. Introduction
The global sensor market continues to grow. Connected sensors and IoT have been use to contribute to successes. For animal husbandry and precision livestock farming (PLF), new perspectives are learned for 5G technologies to provide communication to ultra-low complex, extremely thin, light and small IoT devices powered by harvesting ambient energy. This will ensure adoption of IoT in smart livestock farming because this new type of Ambient IoT devices are much more comfortable for the animals, maintenance free (no human intervention as far as energy storage is concerned). By doing so, early signs of livestock ailment or infection are detected for early intervention, hence more efficient production of quality food at lower cost is realized, which help human beings to improve sustainability and respond to the imminent energy crisis and food shortage we face today. A particular use case for smart dairy farms is proposed.
2. Reason for Change
To provide a new use case of smart grazing dairy farming.
3. Proposal
It is proposed to agree the following changes to 3GPP TR 22.840 v0.2.0.
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[bookmark: _Toc49931674]5.x	Use case of smart grazing dairy farming enabled by Ambient IoT
5.x.1	Description
The global sensor market is predicted to grow from $193.9 billion in 2020 to $332.8 billion in 2025 at a CAGR of 11.4% [y1]. Globally, for tracking and monitoring the IoT market size is forecast to grow from US$ 8,575 million in 2021 to US$ 18,525.0 million at a CAGR of 8.01% in 2031 [y2]. 
It is certainly not new that connected sensors and IoT can play a role in animal husbandry. Precision livestock farming (PLF) as a trendier term adopts an innovative production system approach [y3] playing a key role in Industry 4.0 [y4]. More efficient production of quality food at lower cost will be an important tool to improve sustainability and respond to the imminent energy crisis and food shortage we are facing today. Physical vitals of livestock such as temperature are monitored for farmers to take early actions before potential diseases cause severe economic loss. The body temperature of livestock is a precise health indicator and changes in body temperature are often the first sign of an acute illness. For these purposes, the target data acquisition process of animal body temperatures is not latency-sensitive. Also, the needed network coverage is usually local (e.g. outdoor dairy cow paddocks), which is different from existing NB-IoT/(e)MTC targeting at providing long-range communication while achieving long battery life time.
As the adoption of PLF continues, feedback is often received from livestock farmers at industry conferences. In EU the EU-PLF conference was held as early as 2016. Feedback includes that dairy cow farmers in countries like the Netherlands (one of the global top 5 dairy exports) have been considering replacement of active monitoring IoT devices (with battery-powered transponders) with cheaper ear tags. This is partly because of economical drawbacks with increasing herd sizes. More importantly, the thick and heavy neck- or leg-mounted devices can cause discomfort to livestock, so that they are often scraped off against walls (of the pen) or damaged by animals involuntarily. 
A more recent GSMA publication [10] explicates disadvantages as battery drain rendering the loss of asset visibility in only a few months. For these technologies the frequency of data transmission would impact the battery life time. For smart livestock farming, animal’s physical vitals need to be monitored several times a day, and it is preferred to have the IoT device serve livestock’s lifespan. This additionally implies the energy storage component in the IoT device should operate autonomously over a long period comparable to the lifespan of the IoT device excluding this component. In the same GSMA paper, another drawback of high CAPEX in dense deployment of the “tag readers” is highlighted, primarily due to the poor communication range supported by these alternative technologies. 
These above aspects in smart livestock farming can be better addressed by Ambient IoT, particularly in smart dairy farming. A publication in Dairy Science Journal explains pasturing benefit for milk yield and dairy cow udder health [y5], compared with primary intake of silage or concentrate associated with keeping animals indoors. Figure 5.x.1-1 illustrates dairy cows grazing on pasture. 
Figure 5.x.1-1 Dairy cows grazing on pasture
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In fact, because of the per-country variations in pasture quantity and quality different dairy farms can achieve different grazing percentage [y6]. Table 5.x.1-1 shows data related to percentage of grazing dairy cows in major dairy producing European counties (year 2015). Countries like the Netherlands have explicit ambition to further increase the percentage of dairy cow grazing [y6]. 
Table 5.x.1-1 Grazing and automated milking in Europe, from members of European Grassland Federation (2015) [y6]
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As grazing is important for dairy production, various grazing methods are possible (e.g. continuous grazing, strip grazing, rotational grazing, etc.) [y7]. For strip or rotational grazing, a large pasture is subdivided into a number of smaller paddocks, so that grazing is managed in a planned sequence. The dimension of paddocks could be calculated by multiplying the number of cows by their total daily intake by days in the paddock and then divided by the ideal pre-grazing yield (PGY). There is a physical limitation of the paddock dimension. For instance, for 80 cows assuming regular values for parameters previously mentioned, the paddock size comes to 1.54 hectares (around 124m by 124m) [y8]. 
This use case primarily proposes to support data acquisition process of dairy cows’ physical vitals on grazing dairy farms. In terms of the total size of pasture on grazing dairy farms, data from the Netherlands by University of Wageningen [y9] reveals the pasture area for grazing in practice. Table 5.1 in [y9] demonstrates among the various Dutch dairy farms the pasture surface area for grazing ranges from 4.9 hectares (49000 m2) to 34.3 hectares (343000 m2). 
Another publication summarizing Wisconsin dairy grazing practice [y10] shows the farm count distribution versus herd size and distribution of average acres per cow versus herd size. Based on these statistics, it shows majority of Wisconsin farms have herd size ranging from 50 to 150, and respectively the average acres per cow ranges from 1.2 to 0.7. Therefore, the total pasture surface of the majority of farms ranges from 60 acres (around 250000 m2) to 105 acres (around 430000 m2). 
Australian data additionally shows for grazing dairy farming, the total pasture size can be influenced by bay length. Publication by Rural Water Commission of Victoria [y11] explains practice on designing paddocks for irrigated dairy farms. Per requirement on bay length for economic reasons (i.e. short bay lengths leading to more spending on crossings, outlets, and drains, and overly long bays resulting in cow access problems), the ideal length of bay is between 300m and 500m [y11]. The resulted pasture size is within an area of 600m by 600m.   
To efficiently connect dairy cows, attached to each of them is a small, thin and light-weight tag (a type of Ambient IoT device) that has limited power source and includes a basic temperature sensor. These Ambient IoT devices power themselves by harvesting energy from the environment (e.g. solar, movement). The dairy cow health management system collects cows’ temperature several times a day, usually once every 15 minutes.
The base stations provide to the tags random access and data transmission over the radio interface. The tags are capable of storing tags’ identifiers and small sized data captured by sensors. The 5G system provides base station capability (e.g., “tag reading” functionality), tag operation and management. The monitored data is collected remotely according to the health-analyzing applications.
In this use case, grazing dairy farm BIO-DuurzameBeweiding is modernizing their dairy cow health management process to improve efficiency and productivity. They attach to dairy cows are wireless temperature sensors (tags), a form of Ambient IoT device, for the remote livestock health management application to retrieve dairy cow temperature to detect early signs of ailment that could take days or weeks to develop. The remote livestock health management application analyses the collected sensor values to identify potential illness of certain animals prior to symptoms appearing.  
5.x.2	Pre-conditions
BIO-DuurzameBeweiding has a service level agreement with GroenTEL to deploy Ambient IoT service within 5G network coverage to enable the communication of Ambient IoT devices with the network. As part of the service level agreement, GroenTEL provides 5G coverage of the entire grazing pasture and efficient communication of Ambient IoT devices with the network. This includes:
· Interfacing with BIO-DuurzameBeweiding remote livestock health management system;
· Providing energy-efficient mechanisms for Ambient IoT devices’ network access
· Providing efficient communication between the network and Ambient IoT with the required communication performance
· Providing energy efficient security mechanisms for the communication between Ambient IoT devices and the network.
5.x.3	Service Flows
1. Upon the request from the livestock health management application, the 5G network starts inventory process via the selected gNB(s) This operation is associated with a certain area (e.g. grazing pasture of the dairy farm). Triggered by the 5G network, tags detect the signals from the gNB and respond to the command.
2. These Ambient IoT devices send the identification information to the 5G network and 5G core network complete the authentication procedure. 
3. The Ambient IoT devices (wireless sensors) measure dairy cow physical vitals (i.e. body temperature). These temperature sensors are very simple, typical sampling rate is less than 10 Hz with sample size of 32 bits [x1], thus the sensor data rate generated per tag is less than 320 bit/s. Assuming tag ID length is 96 bits, and it is transmitted together with sensor data, then the total throughput is < 500 bit/s.
4. The 5G network, based on the requests issued by the application function, performs operations (i.e. "inventory", "read", etc.) on tags correspondingly. "Inventory" operation is to read the tag identifier. "Read" operation is to read temperature sensor data.
5. The 5G core network then sends the results of the operations to the livestock health management application. The application function includes analytics functions that detect the anomaly and notifies the farmers of BIO-DuurzameBeweiding when necessary.
6. This data acquisition by the livestock health management application takes place once every 15 minutes.
7. In some additional situations, BIO-DuurzameBeweiding livestock management application requests the 5G network to perform sensor data read-out operation on specific tags attached to particular individual livestock (e.g. pregnant sows, lactating cows). The corresponding tags respond to the operation and report the temperature data. 
5.x.4	Post-conditions
The 5G network enables efficient communication for Ambient IoT devices, the livestock management application is enabled by the 5G system to retrieve temperature sensor data from Ambient IoT devices. Depending on the needs, the livestock management application is enabled by 5G system to obtain the sensor data from an entire herd, a subset of herd, or an individual dairy cow.
5.x.5	Existing features partly or fully covering the use case functionality
SA1 has performed various studies on IoT in previous releases, where related normative stage 1 requirements are introduced in TS 22.011 [9], TS 22.278 [7], TS 22.368 [6], and TS 22.261 [8]. 

TS 22.011 introduces access control for MTC, examples of periodic network selection attempts are:

For UEs only supporting any of the following, or a combination of, NB-IoT, GERAN EC-GSM-IoT [18], and  Category M1[13] of E-UTRAN enhanced-MTC, the UE shall interpret the interval value to be between 2 and 240 hours, with a step size of 2 hours between 2 and 80 hours and a step size of 4 hours between 80 and 240 hours. 
In the absence of a permitted value in the SIM/USIM, or the SIM/USIM is phase 1 and therefore does not contain the datafield, then a default value of 60 minutes, shall be used by the UE except for those UEs only supporting any of the following, or a combination of: NB-IoT, GERAN EC-GSM-IoT [18], and Category M1 [17] of E-UTRAN enhanced-MTC. For those UEs a default value of 72 hours shall be used.
NOTE:	Use of values less than 60 minutes may result in excessive UE battery drain.
TS 22.368 addresses features of MTC communication and service requirements related to MTC device triggering, addressing, identifiers, low mobility, small data transmission, infrequent MT communication, security, remote MTC device management, group-based MTC features including policing and addressing, etc. Example requirements are:

      The system shall provide mechanisms to lower power consumption of MTC Devices.
The system shall provide mechanisms for the network operator to efficiently manage numbers and identifiers related to MTC Subscribers.
TS 22.261 captures some important service requirements for IoT, e.g.

The 5G system shall support a secure mechanism for a home operator to remotely provision the 3GPP credentials of a uniquely identifiable and verifiably secure IoT device.
The 5G system shall support a secure mechanism for the network operator of an NPN to remotely provision the non-3GPP identities and credentials of a uniquely identifiable and verifiably secure IoT device.
An IoT device which is able to access a 5G PLMN in direct network connection mode using a 3GPP RAT shall have a 3GPP subscription.
The 5G system shall allow the operator to identify a UE as an IoT device based on UE characteristics (e.g. identified by an equipment identifier or a range of equipment identifiers) or subscription or the combination of both.
An IoT device which is able to connect to a UE in direct device connection mode shall have a 3GPP subscription, if the IoT device needs to be identifiable by the core network (e.g. for IoT device management purposes or to use indirect network connection mode).
The 5G system shall support operator-controlled alternative authentication methods (i.e. alternative to AKA) with different types of credentials for network access for IoT devices in isolated deployment scenarios (e.g. for industrial automation). 
In these specifications, albeit the service requirements addressing traits for IoT in terms of low device power consumption, small and infrequent data transmissions, long service lifetime, and resource efficiently, the IoT devices considered in 3GPP have been assumed to be powered by at least batteries up till now. To enable extremely small, light-weight, battery-less Ambient IoT devices that engage in basic IoT data transaction and appropriate level of operator management and charging suitable for the target scenarios, new challenges to the 5G system are foreseen and need to be addressed.
5.x.6	Potential New Requirements needed to support the use case
[PR 5.x.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.x.6-2] The 5G system shall support a mechanism to interface a 3rd party application to manage and operate on the Ambient IoT devices.
[PR 5.x.6-3] The 5G system shall be able to collect charging information for using Ambient IoT services on per Ambient IoT device basis (e.g., total number of communication per charging period).
[PR 5.x.6-4] The 5G system shall be able to collect charging information per group of Ambient IoT devices using Ambient IoT service (e.g., group identifier for relevant Ambient IoT devices).
[PR 5.x.6-5] 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.x.6-1.
Table 5.x.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
	Service bit rate: user-experienced data rate
	Message
Size
	Max Communication 
range
	Transfer Interval
	Device density
	Service area dimension

	Smart dairy farm
	>1 s
(note 1)
	[bookmark: _GoBack] <500 bit/s

	Typically
[< 100 bytes]
(note 2)
	500 m 
Outdoors
(note 3)
	15 min
(note 4)
	< 5200 devices / km2
 (note 5)
	430000 m2
(note 6)

	NOTE 1:   M2M devices may in general support relaxed delay characteristics. Even for certain applications (e.g. 
                 alarms) that may require a reasonably strict delay profile, a delay requirement of 10 seconds is appropriate for the uplink when measured from the application 'trigger event' to the packet being ready for transmission from the base station towards the core network [x2]. This is calculated based on assumption that the sensor data are collected on a per 15-minute basis.
NOTE 2:   Electronic Product Code standard [5], this size is the payload size.
NOTE 3:   Based on the statistics from the Netherlands [y9], Wisconsin [y10] and Australia [y11], 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.
NOTE 4:   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 5:   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 [y8] (about 124m by 124m).
NOTE 6:   For a relatively large-sized industrialized smart dairy farm, the surface area of pasture for grazing is typically 430000 m2.
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