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1 Introduction 
A study item on Ambient IOT was agreed for Rel-19.  As part of the scope of the study item, RAN2 is tasked with determining a set of functions and procedures for L2, including RRC [1]:

1. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
· 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.

In this contribution, we discuss the basic RRC functions that would be required, keeping in mind the need for a compact Ambient IOT protocol stack.
2 Discussion
2.1 Required RRC functions for Ambient IOT
Ambient IOT RRC should respect the limitations of Ambient IOT devices, which are generally very low power and low complexity devices.  Such devices also have a very limited device storage which may make traditional RRC procedures infeasible.  It is therefore necessary to identify only the functionalities of RRC that would be essential for the operation of such devices, and for the support of the use cases mentioned in our companion contribution on use cases [2]. 
Observation 1:
Ambient IOT should support an RRC layer that defines only functionality that is essential for the operation of such devices. 

The table below gives a list of the basic RRC functions and their purpose in NR.

	RRC Function
	Purpose in NR

	Paging
	Reachability of a device upon MT data arrival

	Configuration (System Information and RRCReconfiguration)
	Configures cell level access parameters in IDLE/INACTIVE (in system information), and UE specific parameters in CONNECTED (via RRC reconfiguration)

	Capability Signalling
	Provides the network with device capabilities for proper parameter configuration

	Connection Management (establishment, resume, re-establishment, RLF)
	Enables consistent state transitions, management of the context and radio link

	Access Control
	Avoids/Manages cell level congestion

	Connected Mode Mobillity 
	Enables service continuity for moving devices

	IDLE/INACTIVE Mode Mobility
	Ensures reliable and efficient paging for moving devices

	NAS signalling Encapsulation (i.e., SRB2)
	Transparent delivery of NAS signalling


To avoid a full re-design of RRC for Ambient IOT, one approach would be to start with the functions of RRC in NR and identify those which are essential to the use cases of inventory and command. 

Paging
Paging procedure is explicitly mentioned in the SID as one of the RAN2 procedures to be studied.  As discussed in our companion contribution [2], paging should serve at least to initiate the inventory procedure for Ambient IOT devices.  
In NR, paging is triggered by the network and paging information (other than paging in DCI used for system information update) is sent via an RRC message.  We think the basic function of paging for AIOT devices, as well as the paging message that will be broadcast to the devices, should be part of the RRC layer, as in NR.  
Proposal 1:
A paging function and paging message is supported in Ambient IOT RRC Layer.
Configuration
Adequate control of network and air interface resources should be ensured by AIOT devices.  This is especially important since the main scenario for AIOT (at least for Rel-19) is to use licensed FR1 spectrum.  Specifically, configuration of PHY layer parameters such as the allowable frequency resources, transmission duration, etc. as well as random access procedure configuration would need to be provided to the AIOT devices.  While control information carrier by other layers (e.g., MAC or PHY) can be used to configure UE behaviour, the most straightforward way to is to try to re-use existing RRC configuration framework of common and dedicated RRC configuration.

Observation 2:
Network control via common and/or dedicated RRC configuration is essential for AIOT. 
UEs in NR receive RRC configuration in system information when in IDLE or INACTIVE.  In CONNECTED, a UE relies on dedicated configuration in an RRC reconfiguration message.
For AIOT devices, the system information framework in NR may be too difficult to implement.  Firstly, it requires devices to periodically monitor the downlink on a frame-based schedule.  As was discussed already in RAN1, synchronization of AIOT devices with a common frame or slot boundary may not be feasible.  Furthermore, RAN1 has already excluded the use of a dedicated physical broadcast channel, thus excluding the use of MIB for AIOT.  Dedicated configuration can be used to circumvent the problem, however, this would make it impossible to configure common parameters to multiple devices, such as for random access. 

Observation 3:
System Information will be difficult to implement in AIOT due to device characteristics. 

One way around the problem is to ensure that RRC configuration, whether common or dedicated, is transmitted by the reader along with DL transmissions associated with inventory and command.  For example, common configuration could be sent along with the broadcast paging message while dedicated configuration could be sent during DL transmissions associated with random access procedure or contention resolution.  In this way, the network can efficiently configure the random access and unicast data transmission procedures/phases for the AIOT devices while introducing limited additional decoding effort at the device.
Furthermore, contrary to the configuration of normal NR UEs, the number of device configurations for AIOT may be limited and RAN2 can take advantage of further signalling optimizations for RRC.  Such optimizations should be studied by RAN2 in Rel19.

Proposal 2:
RRC configuration signalling is supported by Rel19 Ambient IOT devices, at least piggybacked with other DL transmissions (e.g., for paging, inventory, command, etc). RAN2 studies methods to reduce signalling overhead and complexity of such signalling.

Capability Signalling
Normal UEs in NR support signalling of their capabilities, which includes their supported bands or band combinations as well as the NR features or optional functions that they support.  While a full-blown capability framework for AIOT seems unnecessary, there seems to be at least some need for signalling certain device characteristics to the network.  For example, it is expected that the different device types (type 1 vs type 2) will support different processing times, time intervals between UL and DL, maximum transmit power, etc.  As a result, some basic form of capability signalling should be considered.  As with configuration signalling, capability can be reported along with UL transmissions and can make use of signalling optimizations.  In addition, some capabilities can be determined directly by the reader from measurements of the transmission itself, making explicit signalling of all capability information unnecessary. 

Proposal 3:
Rel19 Ambient IOT devices can support basic signalling of the device’s capability to the reader.  RAN2 studies methods to reduce signalling overhead and complexity of such signalling.

Connection Management
The Rel19 SID indicates explicitly that AIOT devices should not have the notion of an RRC state.  This reduces the need for complex connection establishment signalling and setup of the radio bearer context.  Instead, for a given procedure or set of procedures that need to be initiated at the reader with a specific device, the reader and the device may maintain a simplified context that is required only for the lifespan of that procedure itself.

In addition, considering the size of messages and the type of traffic, complex procedures associated with link maintenance of normal NR UEs (e.g., RLF, re-establishment, etc) are not necessary for AIOT devices.
Proposal 4:
RRC connection management procedures (i.e., establishment, resume, release, re-establishment, RLF) are not supported in Rel19 Ambient IOT.

Access Control
Access control in NR is used to manage cell level congestion.  A UE can be configured with certain access barring parameters that allows the network to control which UEs can attempt an RRC connection during periods of high congestion.

For AIOT, the number of devices which may be deployed in an area may be quite large.  However, the total traffic associated with these devices is expected to be small compared to normal NR UEs.  Furthermore, considering that the initial release of AIOT is likely to support only DT and DO-DTT traffic, the network itself is able to control congestion in a cell by proper timing of DL transmissions by the reader. 
Proposal 5:
Access control procedures are not supported in Rel19 Ambient IOT.

Connected Mode Mobility

A large part of RRC for normal NR UEs is the support of connected mode mobility.  Since Ambient IOT devices are assumed to be static, and due to the lack of an RRC connection, it can be quite straightforward to exclude from the Rel19 study any connected mode mobility procedures like HO, CHO, LTM, etc, as well as any RRM measurements needed to support these.
Proposal 6:
Connected mode mobility procedures, including RRM measurements, are not supported in Rel19 Ambient IOT.

IDLE/INACTIVE Mode Mobility
For similar reasons, cell reselection procedure is also not needed.  However, it may be possible that an AIOT device is statically moved from one location to another.  This may have an impact on the design of the paging procedure and any subsequent command procedures that a reader may initiate after the device location has become known to the network.  RAN2 should consider such static movement of an AIOT device and the update of device location in the design of paging. 
Proposal 7:
Cell (re)selection procedure and measurements are not supported in Rel19 Ambient IOT.

Proposal 8:
Device location update can be further studied in support of the paging function.
NAS Signalling Encapsulation
Normal NR UE’s support SRB2.  The main use of SRB2 is to carry NAS signalling in a container transparent to the AS layer and provide a way for the AS layer to configure the priority and handling of such NAS signalling.

Whether NAS signalling is required by AIOT devices is upto SA2.  For example, SA2 may decide to support some parts of the AIOT signalling over NAS messages.  If supported, then RAN2 should define a bearer similar to SRB2 that can carry NAS signalling.
Proposal 9:
Whether RAN2 supports NAS signalling encapsulation in RRC messages is upto SA2.  Send LS to SA2.
2.2 Control Plane Protocol Stack

Based on our companion contribution on user plane protocol stack [3], the figure below can be representative of the control plane protocol stack for AIOT in topology 1.

Proposal 10:
RAN2 assumes the control plane protocol stack in the figure below is the baseline for further study in Rel19 for topology 1.
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3 Conclusion
In this contribution, the following observations were made on control plane aspects of Ambient IOT:
Observation 1:
Ambient IOT should support an RRC layer that defines only functionality that is essential for the operation of such devices. 

Observation 2:
Network control via common and/or dedicated RRC configuration is essential for AIOT. 

Observation 3:
System Information will be difficult to implement in AIOT due to device characteristics. 

Based on these observations, the following conclusions were made:

Proposal 1:
A paging function and paging message is supported in Ambient IOT RRC Layer.

Proposal 2:
RRC configuration signalling is supported by Rel19 Ambient IOT devices, at least piggybacked with other DL transmissions (e.g., for paging, inventory, command, etc). RAN2 studies methods to reduce signalling overhead and complexity of such signalling.

Proposal 3:
Rel19 Ambient IOT devices can support basic signalling of the device’s capability to the reader.  RAN2 studies methods to reduce signalling overhead and complexity of such signalling.

Proposal 4:
RRC connection management procedures (i.e., establishment, resume, release, re-establishment, RLF) are not supported in Rel19 Ambient IOT.

Proposal 5:
Access control procedures are not supported in Rel19 Ambient IOT.

Proposal 6:
Connected mode mobility procedures, including RRM measurements, are not supported in Rel19 Ambient IOT.

Proposal 7:
Cell (re)selection procedure and measurements are not supported in Rel19 Ambient IOT.

Proposal 8:
Device location update can be further studied in support of the paging function.

Proposal 9:
Whether RAN2 supports NAS signalling encapsulation in RRC messages is upto SA2.  Send LS to SA2.

Proposal 10:
RAN2 assumes the control plane protocol stack in the figure below is the baseline for further study in Rel19 for topology 1.
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