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1 Introduction
In the RAN#102 meeting, a new SID on solutions for Ambient IoT (Internet of Things) in NR was approved [1].  As a suitable solution for deployment in a 3GPP system, Ambient IoT relies on ultra-low complexity devices with ultra-low power consumption for very-low-end IoT applications. The RAN2-led objectives are listed as follows:
	· 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 the RAN2#125bis meeting [2], the following agreements on the control plane and paging were made: 
Agreements on Control Plane
1 RRC connection management is not supported.  FFS how the resource configuration is provided to the device (if needed based on RAN1 progress)
2 RRM L3 measurement reporting is not supported by Ambient IoT devices.
3 RAN2 assumes, A-IoT devices are not required to support ASN.1 encoding/decoding.
4 Periodical System information and MIB are not supported by A-IoT devices. This doesn’t preclude any RAN1 defined broadcast signals.   
5 RAN2 assumes that RRC layer is not necessary between the reader and the device.   RAN2 will continue to study the functionalities required and later discuss whether we will have: 1) a new AS protocol on top of A-IoT MAC layer; or 2) A-IoT MAC 

Agreements on Paging
1. Legacy paging message for device will not be supported.  
2. Legacy paging occasion and legacy DRX for the device is not supported.  This doesn’t preclude solutions that address device monitoring (taking into account discussions from RAN1 as well).
3. RAN2 assumes that the device will not support tracking/RAN area update procedure.    
4. For the case of reaching single or group of devices, an identifier may be required to identify the device/group of devices in the trigger message.    FFS pending the details from SA2

This paper mainly analyses the paging functionality.
2 Discussion
[bookmark: _GoBack]As outlined in TS 38.300 [3], the existing paging mechanism supports CN-initiated paging and RAN-initiated paging. At present, the function of control plane for A-IOT mainly includes the inventory and command signalling transmission. For inventory use case, the application inventory procedure is initiated by the third-party A-IoT server (e.g. AF) to discover one or more A-IoT devices in a specific area. The Reader/RAN node can receive an inventory request from CN/AF. With this inventory request received, the Reader/RAN node initiates a paging message via air interface to inform A-IoT devices. Then the A-IoT devices served in the coverage of reader/RAN node respond to the inventory request from A-RAN and send their device IDs in response message. The procedure for the command use case is similar to that for inventory case, the detailed information of command may be NAS PDU rather than a piece of explicit information that could be decoded by reader/RAN node. In addition, the AF may also provide the inventory strategy information (e.g. inventory frequency, inventory period) to both CN and Reader/RAN nodes. With this assistance information, the reader/RAN node can perform periodic inventory and send the paging trigger messages without explicit requests from the AF.
Proposal 1: Reader/RAN node are able to initiate the periodical paging trigger messages based on the information received from CN/AF.
Per TS 38.300 [3], the existing NR paging mechanism allows the network to inform one or a group of UEs in RRC_IDLE and RRC_INACTIVE state by paging messages, and to notify UEs of system information change and ETWS/CMAS indications through Short Messages. The legacy paging message is encoded in RRC layer. According to the agreement in the RAN2#125bis meeting, it was agreed that RRC layer is not supported between the reader and the device. Regarding the layer to encode A-IoT paging message, there are two potential solutions:
· Solution 1: MAC layer
· Solution 2: a new layer on top of MAC layer if finally supported in control plane 
Theoretically, both solutions are workable. Unlike the legacy system, A-IoT is an asynchronous system which cannot maintain synchronization between UE/device and gNB as legacy UE. Compared to the potential AS layer, the advantage of MAC layer is that it could decide when to send the paging immediately. Therefore, we propose to encode trigger/paging messages in MAC layer regardless of the new layer on top of MAC layer is supported in RAN2.
Proposal 2: We propose to encode trigger/paging message in MAC layer regardless of the new layer on top of MAC layer is supported in RAN2.
Regarding the content of paging/trigger message, the legacy LTE and NR RRC paging include the following information:
· pagingRecordList(Optional): one or multiple UE ID 
· paging cause(Optional): only support one codepoint, namely “voice” 
· systemInfoModification(Optional): only applicable for LTE. 
· Multiple carrier load balance indicator (Optional): namely redistributionIndication IE specified in LTE.
In order to page a single or group of devices, the pagingRecordList like information should be kept in A-IoT paging/trigger message. How to page group or all devices at the same time can be discussed in the WI phase. Regarding the paging cause, the paging cause “Inventory” and “command” can be included. In addition, since the Command refers to an instruction (e.g., Read, Write, Disable) sent by an AF to an A-IoT device, is end-to-end protected between AF and A-IoT Device, the AMF may include one or more Commands information in paging message. Therefore, the Command Information as String type can be also included in the paging message. In conclusion, the following information can be included in the A-IoT paging message:
· UE paging ID (List)
· Paging cause
· NAS data: e.g., Command
Proposal 3: the following information can be included in A-IoT paging message:
· UE paging ID (List)
· Paging cause
· NAS data: e.g., Command
3 	Conclusions
Based on the discussion in the previous sections we propose the following:
Proposal 1: Reader/RAN node are able to initiate the periodical paging trigger messages based on the information received from CN/AF.
Proposal 2: We propose to encode trigger/paging message in MAC layer regardless of the new layer on top of MAC layer is supported in RAN2.
Proposal 3: The following information can be included in A-IoT Paging message:
· UE paging ID (List)
· Paging cause
· NAS data: e.g., Command
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