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1. Introduction
The Rel-19 SID for Ambient IoT (also referred to as A-IoT) includes following RAN2-led objectives [1].
	· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.


This contribution discusses the control plane protocol issues based on the RAN2-led objectives.
2. Discussion
2.1. [bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]SID objects
As per our company document on the general aspects [2], there are two observations:
[bookmark: _Toc162942051][bookmark: _Toc162942471][bookmark: _Toc163200907][bookmark: _Toc163201005]Ambient IoT overall procedure should support traffic type including inventory, read and write.
[bookmark: _Toc162942052][bookmark: _Toc162942472][bookmark: _Toc163200908][bookmark: _Toc163201006]An Ambient-IoT operating area may be covered or served by multiple readers.
2.2. Control Plane Functions
Inventory, Reading and Writing procedures
As per the traffic types, A-IoT reader may send an inventory request and a command on Reading or Writing to A-IoT device
Paging-like procedure
Moreover, an inventory message does not require all A-IoT devices to respond. Thus, A-IoT devices can be selected by paging-like method, which pages only specific devices, a specific group of A-IoT devices, or A-IoT devices that support a specific type of service. And the details are captured in another document of our company [3].
[bookmark: _Toc162601828][bookmark: _Toc162603713][bookmark: _Toc162604493][bookmark: _Toc162604517][bookmark: _Toc162604639][bookmark: _Toc162604673][bookmark: _Toc162884294][bookmark: _Toc162884353][bookmark: _Toc162884370][bookmark: _Toc162884387][bookmark: _Toc162884456][bookmark: _Toc162941606][bookmark: _Toc162942042][bookmark: _Toc162942573][bookmark: _Toc162272737][bookmark: _Toc162273032][bookmark: _Toc162598858][bookmark: _Toc163201013]Control Plane supports the following functions: 
[bookmark: _Toc162884295][bookmark: _Toc162884354][bookmark: _Toc162884371][bookmark: _Toc162884388][bookmark: _Toc162884457][bookmark: _Toc162941607][bookmark: _Toc162942043][bookmark: _Toc162942574][bookmark: _Toc163201014]Inventory procedure;
[bookmark: _Toc162884296][bookmark: _Toc162884355][bookmark: _Toc162884372][bookmark: _Toc162884389][bookmark: _Toc162884458][bookmark: _Toc162941608][bookmark: _Toc162942044][bookmark: _Toc162942575][bookmark: _Toc163201015]Reading procedure;
[bookmark: _Toc162884297][bookmark: _Toc162884356][bookmark: _Toc162884373][bookmark: _Toc162884390][bookmark: _Toc162884459][bookmark: _Toc162941609][bookmark: _Toc162942045][bookmark: _Toc162942576][bookmark: _Toc163201016]Writing procedure;
[bookmark: _Toc162884298][bookmark: _Toc162884357][bookmark: _Toc162884374][bookmark: _Toc162884391][bookmark: _Toc162884460][bookmark: _Toc162941610][bookmark: _Toc162942046][bookmark: _Toc162942577][bookmark: _Toc163201017]Paging-like procedure.
Reader Selection and broadcast signaling
One A-IoT region covered or served by multiple A-IoT readers means that one A-IoT device may be inventoried by several readers at the same time. Therefore, it needs to consider the selection of readers and the following method can be considered:
· One method is that A-IoT reader broadcasts synchronous sequence or system information. Then, the A-IoT device can select the A-IoT reader based on the measurement results of the synchronization sequence or the system information.
· Another method is that A-IoT devices select the A-IoT reader based on the measurement results of the inventory request or the command message.
[bookmark: _Toc162604490][bookmark: _Toc162604514][bookmark: _Toc162604636][bookmark: _Toc162604670][bookmark: _Toc162884290][bookmark: _Toc162884350][bookmark: _Toc162884367][bookmark: _Toc162884384][bookmark: _Toc162884450][bookmark: _Toc162941600][bookmark: _Toc162942036][bookmark: _Toc162942567][bookmark: _Toc163201007]Reader Selection and broadcast signaling can be studied. 
Harvesting-related Information
As per the SID [1], both type A device and type B device are based on harvesting procedure to enable the backscattering. However, the following factors may cause A-IoT devices to not have enough power to transmit:
· Too far away from the reader, or 
· The harvesting signal is blocked.
Therefore, harvesting can be reported to trigger the network to adjust accordingly.
[bookmark: _Toc162601826][bookmark: _Toc162603711][bookmark: _Toc162604491][bookmark: _Toc162604515][bookmark: _Toc162604637][bookmark: _Toc162604671][bookmark: _Toc162884291][bookmark: _Toc162884351][bookmark: _Toc162884368][bookmark: _Toc162884385][bookmark: _Toc162884451][bookmark: _Toc162941601][bookmark: _Toc162942037][bookmark: _Toc162942568][bookmark: _Toc163201008][bookmark: _Toc162601827][bookmark: _Toc162603712][bookmark: _Toc162604492][bookmark: _Toc162604516][bookmark: _Toc162604638][bookmark: _Toc162604672][bookmark: _Toc162884292]Control plan also supports harvesting-related information reporting procedure.
Device variable control
Considering the limited size and complexity required by practical applications for battery-less devices with no energy storage capability or devices with limited energy storage that do not need to be replaced or recharged manually, the persistence of device variables may consider both the energy status of the A-IoT device and the type of the device variables.
From the persistence behavior perspective, three types of device variable control can be considered:
Type 1 Infinite persistent: The variables required to be kept even the A-IoT device is de-energized. For example, the information related to registration with the NW, which are stored in the device memory. 
Type 2 Limited persistent: The variables may be refreshed under some circumstances. For example, device maintain those variables under specific temperature range and the energy storage meet the persistence requirements, otherwise, the device will lose the stored value. 
Type 3 Non-persistent: A-IoT device shall refresh non-persistent variables when powered, meaning that every time an A-IoT device loses power its non-persistent variables will be lost.
[bookmark: _Toc162884293][bookmark: _Toc162884352][bookmark: _Toc162884369][bookmark: _Toc162884386][bookmark: _Toc162884452][bookmark: _Toc162941602][bookmark: _Toc162942038][bookmark: _Toc162942569][bookmark: _Toc163201009][bookmark: _Toc162884299][bookmark: _Toc162884358][bookmark: _Toc162884375][bookmark: _Toc162884392]Considering three types of Device variable control behaviors:
[bookmark: _Toc162884453][bookmark: _Toc162941603][bookmark: _Toc162942039][bookmark: _Toc162942570][bookmark: _Toc163201010]Type 1 Infinite persistent: The variables need to be stored even the A-IoT device is de-energized, such as information related to registration with the NW, etc.
[bookmark: _Toc162884300][bookmark: _Toc162884359][bookmark: _Toc162884376][bookmark: _Toc162884393][bookmark: _Toc162884454][bookmark: _Toc162941604][bookmark: _Toc162942040][bookmark: _Toc162942571][bookmark: _Toc163201011][bookmark: _Toc162884301][bookmark: _Toc162884360][bookmark: _Toc162884377][bookmark: _Toc162884394]Type 2 Limited persistent: The variables may be refreshed under some circumstances. For example, device maintain those variables under specific temperature range and the energy storage meet the persistence requirements, otherwise, the device will lose the stored value. 
[bookmark: _Toc162884455][bookmark: _Toc162941605][bookmark: _Toc162942041][bookmark: _Toc162942572][bookmark: _Toc163201012]Type 3 Non-persistent: A-IoT device shall refresh non-persistent variables when powered, meaning that every time an A-IoT device loses power its non-persistent variables will be lost.

As discussed above, we propose:
[bookmark: _Toc162604642][bookmark: _Toc162604676][bookmark: _Toc162884302][bookmark: _Toc162884361][bookmark: _Toc162884378][bookmark: _Toc162884395][bookmark: _Toc162884461][bookmark: _Toc162941611][bookmark: _Toc162942047][bookmark: _Toc162942578][bookmark: _Toc162272738][bookmark: _Toc162273033][bookmark: _Toc162598859][bookmark: _Toc162601832][bookmark: _Toc162603717][bookmark: _Toc162604496][bookmark: _Toc162604520][bookmark: _Toc163201018]RAN2 to study the following functions:
[bookmark: _Toc162604643][bookmark: _Toc162604677][bookmark: _Toc162884303][bookmark: _Toc162884362][bookmark: _Toc162884379][bookmark: _Toc162884396][bookmark: _Toc162884462][bookmark: _Toc162941612][bookmark: _Toc162942048][bookmark: _Toc162942579][bookmark: _Toc163201019][bookmark: _Toc162272739][bookmark: _Toc162273034][bookmark: _Toc162598860][bookmark: _Toc162601833][bookmark: _Toc162603718]Reader selection procedure; 
[bookmark: _Toc162604644][bookmark: _Toc162604678][bookmark: _Toc162884304][bookmark: _Toc162884363][bookmark: _Toc162884380][bookmark: _Toc162884397][bookmark: _Toc162884463][bookmark: _Toc162941613][bookmark: _Toc162942049][bookmark: _Toc162942580][bookmark: _Toc163201020]Harvesting-related information reporting procedure; 
[bookmark: _Toc162884305][bookmark: _Toc162884364][bookmark: _Toc162884381][bookmark: _Toc162884398][bookmark: _Toc162884464][bookmark: _Toc162941614][bookmark: _Toc162942050][bookmark: _Toc162942581][bookmark: _Toc163201021]Device variable control procedure.
3. Conclusion
Based on the discussion in this document, we have the following observations and proposals:
Observation 1:	Ambient IoT overall procedure should support traffic type including inventory, read and write.
Observation 2:	An Ambient-IoT operating area may be covered or served by multiple readers.
Observation 3:	Reader Selection and broadcast signaling can be studied.
Observation 4:	Control plan also supports harvesting-related information reporting procedure.
Observation 5:	Considering three types of Device variable control behaviors:
−	Type 1 Infinite persistent: The variables need to be stored even the A-IoT device is de-energized, such as information related to registration with the NW, etc.
−	Type 2 Limited persistent: The variables may be refreshed under some circumstances. For example, device maintain those variables under specific temperature range and the energy storage meet the persistence requirements, otherwise, the device will lose the stored value.
−	Type 3 Non-persistent: A-IoT device shall refresh non-persistent variables when powered, meaning that every time an A-IoT device loses power its non-persistent variables will be lost.

Proposal 1:	Control Plane supports the following functions:
−	Inventory procedure;
−	Reading procedure;
−	Writing procedure;
−	Paging-like procedure.
Proposal 2:	RAN2 to study the following functions:
−	Reader selection procedure;
−	Harvesting-related information reporting procedure;
−	Device variable control procedure.
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