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1 Introduction
At RAN#103, a the study item “Study on solutions for Ambient IoT (Internet of Things) in NR” (FS_Ambient_IoT_solutions) was revised.
The following objective(s) is/are relevant for the present agenda item:· 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.



The general scope includes:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
The general scope also includes:
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
In RAN1#116 the following has been agreed about AIoT device random access:
Agreement:
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.






Random Access for AIoT Devices
Random access procedure is critical for AIoT devices as the network needs to support a large number of devices. As described in the SID, RRC state will not be supported for AIoT devices, thus no context will be maintained in the network. Random access in NR UE is based on device’s request. In case of AIoT devices, this feature cannot be supported, particularly for backscattering devices.
Random Access for Backscattering Devices
RAN1 has defined three different device types. Backscattering devices, i.e. device 1 and device 2a, as defined by RAN1, cannot initiate network access and are dependent on receiving an activation or carrier wave (CW) signal for initial access where the reader (gNB or intermediate node) signals the device and the device responds by backscattering CW signal.
Random Access for Devices with Active Transmission Capability
The device 2b has active circuit components and can originate transmissions based on available energy.  This implies that such devices have the capability to request device access based on stored energy availability. The SID description specifies the principle to have a harmonized air interface with minimum differences and studying device terminated (DT) scenarios, it is not clear if this is applicable to random access procedure for all device types specified in SID where active devices can be triggered by the network but may initialize random access procedure.
Observation 1: The backscattering and the devices with active transmission capability are different in terms of their ability to transmit signals on the device-reader (R2D) link. 
Observation 2: It is not clear if devices 1/2a and device 2b should have exactly the same random access procedure.  
Proposal 1:  RAN2 to clarify if devices 1/2a and device 2b need to adopt the same initial network access which is initiated by the network or device 2b with signal generation capability can initialize random access procedure.
In the SID, study of topology 1 and 2 have been agreed, where topology 1 allows direct communication between gNB and the AIoT device while topology 2 allows AIoT access through an intermediate node. It is not clear if identical random access procedures will be employed for both topologies and what will be the role of intermediate node in random access procedure.
Proposal 2: RAN2 to adopt the same random access procedure and identical R2D link across all topologies, using topology 1 as baseline.
Random Access Procedure
The inventory procedure defined for UHF RFID systems can be viewed as a quite similar procedure to the NR random access procedure. However, given the limited capability of the AIoT devices and based on the SID description that they are not expected to be associated with any RRC state, it is unclear whether the NR 4-step or 2-step random access procedures will be supported for AIoT devices without enhancements or not. Furthermore, it is unclear how the activation and backscattering signal transmissions will be determined for AIoT devices. RAN2 is recommended to study a harmonized message flow of the access procedure(s) for AIoT devices that can be supported in different topologies (i.e., topology 1 and topology 2) and use cases (e.g., group and dedicated inventories). 
Proposal 3: RAN2 to study the access procedure for AIoT using the NR 2-step random access procedure as a baseline. 
Random Access Control
Access for Large Number of Devices:
The AIoT devices will be large in number with small transmission requirements, thus, random access procedure should be as simple as possible with minimum signalling overhead for initial access. With no RRC state definition for AIoT devices, the connectionless access should be studied where initial access is performed to allow for transmission of limited data in a short period of time and the session terminates itself when data transmission completes after one or more transmissions.
Proposal 4: RAN2 to study connectionless low complexity access procedure for AIoT devices with minimum initial access signalling.
With the dense deployment of AIoT devices and the expected high network load, it is quite essential to study the restriction of AIoT access based on the network and AIoT device-related factors such as stored energy availability in AIoT devices. Studying the AIoT access barring not only reduces the number of connection request failures and congestion levels but also to reduce unnecessary transmission on both the network and device sides.
Proposal 5: RAN2 to study the required enhancements such as access barring to the existing access mechanism to support the functionality of random access for AIoT devices.  
Another consideration that needs to be studied is the multiplexing of multiple AIoT devices within one access procedure to meet the expected device density that can reach orders of magnitude higher than the existing 3GPP IoT technologies. By enabling multiple AIoT devices to access the cell simultaneously through FDM and/or TDM, the collision probability during the access procedure can be substantially decreased. RAN2 is recommended to consider other multiplexing methods including the use of orthogonal preambles and spatial multiplexing techniques in the access procedure.    
Proposal 6: RAN2 to study the multiplexing of multiple AIoT devices i.e. through orthogonal preambles and spatial multiplexing, within one access procedure using FDM and/or TDM as baseline. 

Conclusion
This document has made the following observations and proposals:
Observation 1: The backscattering and the devices with active transmission capability are different in terms of their ability to transmit signals on the device-reader (R2D) link. 
Observation 2: It is not clear if devices 1/2a and device 2b should have exactly the same random access procedure.  
Proposal 1:  RAN2 to clarify if devices 1/2a and device 2b need to adopt the same initial network access which is initiated by the network or device 2b with signal generation capability can initialize random access procedure.
Proposal 2: RAN2 to adopt the same random access procedure and identical R2D link across all topologies, using topology 1 as baseline.
Proposal 3: RAN2 to study the access procedure for AIoT using the NR 2-step random access procedure as a baseline. 
Proposal 4: RAN2 to study connectionless low complexity access procedure for AIoT devices with minimum initial access signalling.
Proposal 5: RAN2 to study the required enhancements such as access barring to the existing access mechanism to support the functionality of random access for AIoT devices.  
Proposal 6: RAN2 to study the multiplexing of multiple AIoT devices i.e. through orthogonal preambles and spatial multiplexing, within one access procedure using FDM and/or TDM as baseline. 



