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Abstract:
This pCR updates the existing use case Ambient IoT for Base Station Machine Room Environmental Supervision.
1. Introduction

As explained in the FS_AmbientIot SID (SP-220085), “… an ambient power-enabled IoT device can harvest energy from radio waves, where the radio waves may come from 5G NR network entities or user equipment.”.

Notice that several use cases in TR thus far propose that some type of activation, or trigger, signal be transmitted to the Ambient IoT Device.

· From the “Ranging for Ambient IoT” use case (5.10): “The UE sends the radio to activate the Ambient IoT device in the room and the ranging request with the ranging application layer ID of the UE as the requester and the Ambient IoT device as the target.” …. “After receiving and storing enough energy, the Ambient IoT device responds the UE’s ranging request with its ranging application layer ID. From the APP, Tom’s UE displays that his key is still in the room”.

· From the “Ambient IoT for Base Station Machine Room Environmental Supervision” use case (5.13): “The 5G system performs the monitoring task by transmitting signals periodically to activate Ambient IoT Devices”.

· From the “Indoor positioning in shopping centre using Ambient IoT” use case (5.14): “The device(s) near Grace’s car is/are activated by the triggering signals. Then, the Ambient IoT Device(s) responds to Grace’s mobile phone.”. and “Specifically, the system starts to work and Grace’s smart phone begins to send triggering signals (the triggering signals may be sent continuously or intermittently) to the Ambient IoT devices that have been attached on the nearby walls or poles aside the road to the underground parking”.

· From the “Traffic scenario Flower Auction” use case (6.1): “The assumption is that the Ambient IoT devices in the tags are activated for communication on demand, where e.g., the flower auction or a flower grower can decide when to activate the Ambient IoT devices for communication. When activated the Ambient IoT devices respond by transmitting information, e.g., their identity numbers, to the network.”.

· From the “Ambient IoT availability scenarios” section (Annex A): “Activation of the Ambient IoT device can imply a trigger to perform a specific action (e.g. do measurement) or to communicate (e.g. send an identifier). Activation can also imply to start listening to the network for a trigger message.”.

In the examples above, it is clear that a device needs to either: 

a) have enough energy stored to receive an activation signal and perform some subsequent action (e.g. decide to send MO data or receive MT data), or 

b) harvest energy from the activation signal so that it can perform some subsequent action.

2. Reason for Change
In some energy harvesting systems, devices harvest energy from an RF Signal that is transmitted specifically for harvesting purposes. In such a scenario, the Ambient IoT device needs to harvest the RF signal prior to receiving the activation signal or the RF signal itself may be activation signal.

The point of this p-CR is to propose that we allow both of the following cases
a) the 5G System triggers transmission of a signal that is harvested by the ambient IoT device before transmitting the activation signal, or

b) the ambient IoT device harvests energy from the activation signal so that it can perform some subsequent action
Note that the SID is clear that the “Specifics of how the device performs energy harvesting are not in the scope of the study” and the intention of this proposal is NOT to propose a requirement on how the device harvests energy. Rather, we propose that a message can be sent to (e.g., a transmitter) to indicate that an energy harvesting signal needs to be transmitted.
3. Conclusions

Energy Harvesting is outside the scope of this study, but the 5G system should be able to at least send a message that can be used to trigger the transmission of an RF Signal that is harvested by Ambient IoT devices.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 22.840 version 0.2.0.
* * * * Start of Changes * * * *

5.13
Use case on Ambient IoT for Base Station Machine Room Environmental Supervision
5.13.1
Description

A cell site is composed of an outdoor cell tower and an indoor base station machine room, as shown in the figure below. A base station machine room (BSMR) includes the BBU cabinet, the power cabinet, the battery unit, the air conditioner and several cables. Unexpected network outages and electrical outages can be costly during base station operation.  
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Figure 5.13.1-1: BSMR Environmental Supervision

Leaky air conditioners, groundwater, water leakage from underground pipes and severe weather such as rainstorms may cause the entire BSMR to shut down.  Therefore, water leakage monitoring is an important part of BSMR environmental supervision. In addition, the temperature, humidity and other environmental parameters of BSMR also need to be monitored. Any abnormality of parameters will affect normal operation of equipments, which will lead to the deterioration of the network service quality or even lead to disconnection. 

Since Ambient IoT devices are low-cost and maintenance-free, these devices can be deployed in the internal and external locations where water is easily flooded to monitor water leakage in BSMR. Meanwhile, Ambient IoT Devices can also be deployed inside the BBU cabinet to monitor the temperature and humidity parameters of BSMR in real time, which can help to detect potential problems early and reduce the probability of network outage.
5.13.2
Pre-conditions

1.
Ambient IoT Devices are deployed inside the BBU cabinet, outside the bottom of the BBU cabinet, the power cabinet, the battery unit, and the air conditioner, which can interact with 5G system. 

2.
Ambient IoT devices can collect energy from the environment through radio waves, vibration, light or other ways to realize the power supply of temperature sensors, humidity sensors and water-logging sensors. 

3.
Ambient IoT Devices can per-set a threshold (such as a 50°C temperature threshold) based on the user’s requirements. 

4.
The 5G system equipment which can interact with Ambient IoT Devices and send the collected information to the supervision platform is deployed in the machine room according to the needs of BSMR environmental supervision;
5.13.3
Service Flows

1.
The supervision platform starts a monitoring task request to 5G system. 
2.
In preparation for performing the monitoring task, the 5G System can send a message that can be used to trigger the transmission of an RF Signal that is harvested by some Ambient IoT devices.
3.
The 5G system performs the monitoring task by transmitting signals periodically to activate Ambient IoT Devices. Some Ambient IoT Devices can harvest energy from the activation signal.
4.
The Ambient IoT Devices measure the environmental parameters and send the obtained information to the 5G system. For temperature and humidity monitoring, typically, the single packet size is 96bits and the sampling rate is 10Hz, therefore, the data generation per Ambient IoT Device is about 960bits/s. For water-logging monitoring, data is generated only when water leaks occur and the data packet size is 96bits typically.

5.
If the monitor data exceeds the per-set threshold, the Ambient IoT Devices would report sensor information actively to the 5G system immediately.

6.
The 5G system sends the acquired information to the supervision platform. The supervision platform analyzes this information to diagnoses the health status of all monitored equipment.
5.13.4
Post-conditions

With the support of 5G network, BSMR environment can be monitored more efficiently to reduce the risk of network outages, electrical outages and other failures. 
5.13.5
Existing features partly or fully covering the use case functionality

In previous releases, several studies about IoT topic are performed and have introduced requirements in TS 22.011 [9], TS 22.278 [7], TS 22.368 [6] and TS 22.261 [8] to address requirement for IoT about device lifetime, power consumption, data transmission and communication mechanism.
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
	Communication range
	Service bit rate: user-experienced data rate
	Reliability
	Max. allowed end-to-end latency

	BSMR environmental supervision
	30m indoors
	< [1]kbit/s (Note 1)
	99.9%
	[ ]s (Note 2)

	NOTE1: The data rate generated by temperature, humidity, water-logging monitoring is typically less than 1kbit/s.

NOTE 2: End to end latency refers to the time taken for an Ambient IoT device to transmit the data;




Editor’ Note: Some KPI requirements for this use case are FFS

[P.R 5.13.6-007] The 5G system shall be able to trigger the transmission of an RF Signal that is harvested by Ambient IoT devices.
NOTE:
Energy harvesting is out of scope of this technical report.
* * * * End of Changes * * * *
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