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1	Introduction
RAN2 has started work on the support of Ambient IoT devices WI (RP-234058). The SID [1] has the following objectives led by RAN2: 

	· 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 RAN2#125bis, the following agreements related to paging and Initial Trigger Message were made in the DL reachability AI 8.2.4: 
	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



In this contribution we continue to discuss downlink messaging for A-IoT devices, mainly targeting the open issues and FFS. 
2	Discussion
2.1 Initial trigger message
In legacy NR, paging message is used to reach a UE in RRC_IDLE or RRC_INACTIVE when, e.g., there is pending data in the DL for the UE, which triggers the UE to respond in UL (e.g., perform random access and establish RRC connection). The legacy paging can be CN paging or RAN paging. For the former the CN sends an NG-AP message to the RAN node and the RAN generates paging message and for the latter the RAN node generates the paging message itself. 
2.1.1 How is initial trigger message generated?
A paging like message can be used for the initial trigger message since the purpose is similar i.e., to reach device(s) in the coverage area. In case of A-IoT, the initial trigger message can be used to trigger a single device, a group of devices using a group ID or multiple devices with separate IDs, or all devices in the coverage area to respond for inventory and/o command use cases. The initial trigger message can be generated using one of the following ways: 
1. CN generates the initial trigger message and forwards it to the gNB/intermediate UE i.e., gNB/intermediate UE forwards the NAS message provided by the CN and the message is transparent from gNB/intermediate UE standpoint. The gNB/intermediate UE would need to know the type of the message, e.g., inventory, command to a single device or multiples devices, though.
2. gNB/intermediate UE node generates the initial trigger message based on the request received from the CN i.e., gNB/intermediate UE node generates the message based on the NAS message provided by the CN.

[bookmark: _Toc166192623][bookmark: _Toc166193157]Study both cases where initial trigger message is generated by the CN or by the gNB/intermediate UE based on a request from the CN, i.e., the message may be transparent/non-transparent to the gNB/intermediate UE. 

2.1.2 Initial trigger message and use cases
In RAN2#125bis, the following agreements were made regarding the use cases and the initial trigger message: 
	1 RAN2 will support two use cases, “inventory” and “command”.  The definition, detailed wording is FFS.
2 Baseline procedure:
Step A: Based on the service request, the reader sends the Initial Trigger Message indicating device(s) that need to respond; Details FFS
Step B: Triggered device(s) performs the random access-like procedure, if needed; Details FFS
Step C: The device may perform the data communication with the reader as needed,: Details FFS
3 We will study the support of both “inventory” and “command” in the same procedure.  
4 FFS if Initial Trigger Message can also include “command”.  



A-IoT devices will support the inventory and command use cases. These use cases can be performed with similar or different initial triggering mechanisms, i.e., initial trigger would mean that the inventory is always performed before command or command can be performed independently.
 
[bookmark: _Toc166192467][bookmark: _Toc166192713]An initial trigger message for a command with inventory means that inventory is performed before command.

[bookmark: _Toc166192468][bookmark: _Toc166192714]An initial trigger message for command only means that the message contains the command. 

It can be beneficial if initial trigger message contains the command to perform the command only procedure since in this case it would be possible to avoid performing inventory first which will require all devices in the coverage area to respond. This is not only inefficient from spectrum use standpoint but also from device energy consumption point of view. Here we assume that commands are secured via NAS layer encryption, and it is possible for the device to store security context, i.e., command does not necessarily need to follow somewhat promptly.
 
[bookmark: _Toc166192624][bookmark: _Toc166193158]The Initial Trigger Message may include command to perform the command only procedure.
 

2.2 Content of Initial Trigger Message 
For step A in the baseline procedure, a question is whether gNB/intermediate UE delivers the message from the CN transparently or if CN provides information regarding the nature of the message, e.g., inventory, command for a single device or multiple devices, or if it prepares the message based on the request received from the CN. This was discussed earlier and captured in the agreement below.
· FFS about the level of visibility required by the reader and what information is necessary for AS layer operations.  
We think it is important for the gNB/intermediate UE to know the nature of the message, e.g., inventory, command for a single device or multiple devices, regardless of whether the message is prepared by the CN and conveyed to the gNB/intermediate UE or it is prepared by the gNB/intermediate UE based on a request from the CN. This is so that the gNB/intermediate UE can provide parameters to configure how the device should respond in the UL following the DL command, e.g., which slot to select randomly based on the number of slots configured.

[bookmark: _Toc166192469][bookmark: _Toc166192715]It is important for the gNB/intermediate UE to know at least the nature of the message, e.g., whether it is an inventory command (for all devices, a group of devices, or a single device), or command addressed to a single device or multiple devices.


[bookmark: _Toc166192625][bookmark: _Toc166193159]The gNB/intermediate UE is informed about the nature of the message, e.g., whether it is for inventory command, or a command addressed to a single device or multiple devices.
 
In NR, a paging message that includes IDs assigned by the CN or RAN node is transmitted in the downlink. A similar approach can be adopted for A-IoT devices; however, some additional aspects should be considered. Note that a paging message for A-IoT devices can also be considered as inventory for all devices, a group of devices or a single device. We think a downlink message, i.e., A-IoT paging message, should cover the following cases:
· A message containing an ID of a single A-IoT device
· A message containing multiple IDs of A-IoT devices
· A message containing a group ID that maps to multiple A-IoT devices. This group ID may be a separate ID or an ID generated by masking IDs.
· A message that does not contain an ID, i.e., inventory for all devices in the coverage area
Note that the details regarding the IDs mentioned above are pending the outcome of the discussions in other WGs.

[bookmark: _Toc166192626][bookmark: _Toc166193160]The initial trigger message should address the following cases: 
· [bookmark: _Toc166193161][bookmark: _Toc166192627]a message containing an ID of a single A-IoT device.
· [bookmark: _Toc166193162]a message containing multiple IDs of A-IoT devices.
· [bookmark: _Toc166192628][bookmark: _Toc166193163]a message containing a group ID that maps to multiple A-IoT devices. This group ID may be a separate ID or an ID generated by masking IDs.
· [bookmark: _Toc166192629][bookmark: _Toc166193164]a message that does not contain an ID, i.e., inventory for all devices in the coverage area.

2.3 Mobility 
In NR, when UE detects a new registration/RAN notification area it triggers the corresponding area update procedure, or an update procedure is executed periodically irrespective of whether the UE has moved to a new registration/RAN notification area. 
RAN2 has assumed that A-IoT devices do not support registration/RAN area update procedure, although it is considered possible that devices can move from one area to another. In case of A-IoT devices, inventory use case provides a means for the network to confirm UEs presence in a particular area. The gNB/intermediate UE can initiate the inventory procedure (a)periodically. A mobile A-IoT device may receive messages, i.e., inventory and command, from multiple gNBs/intermediate UEs.
It is also possible that an A-IoT device is not mobile but multiple gNBs/intermediate UEs have overlapping coverage in an area so that the device receives messages, i.e., inventory and/or command from multiple nodes. It may be necessary for devices in such scenarios to know the source of a message to avoid any confusion or potential mismatch due to receiving an “acknowledgment” or “no acknowledgment” in cases messages interleave.
 
[bookmark: _Toc166192630][bookmark: _Toc166193165]Discuss whether an identifier for the gNB/intermediate UE is included in the DL message.  

3	Conclusion
In this contribution we discussed downlink messaging for A-IoT devices. Based on the discussion in the previous sections we made the following observations:

Observation 1	An initial trigger message for a command with inventory means that inventory is performed before command.
Observation 2	An initial trigger message for command only means that the message contains the command.
Observation 3	It is important for the gNB/intermediate UE to know at least the nature of the message, e.g., whether it is an inventory command (for all devices, a group of devices, or a single device), or command addressed to a single device or multiple devices.

Based on the discussion in the previous section, we propose the following:

Proposal 1	Study both cases where initial trigger message is generated by the CN or by the gNB/intermediate UE based on a request from the CN, i.e., the message may be transparent/non-transparent to the gNB/intermediate UE.
Proposal 2	The Initial Trigger Message may include command to perform the command only procedure.
Proposal 3	The gNB/intermediate UE is informed about the nature of the message, e.g., whether it is for inventory command, or a command addressed to a single device or multiple devices.
Proposal 4	The initial trigger message should address the following cases:
	  a message containing an ID of a single A-IoT device.
	  a message containing multiple IDs of A-IoT devices.
	  a message containing a group ID that maps to multiple A-IoT devices. This group ID may be a separate ID or an ID generated by masking IDs.
	  a message that does not contain an ID, i.e., inventory for all devices in the coverage area.
Proposal 5	Discuss whether an identifier for the gNB/intermediate UE is included in the DL message.


References
RP-240826, “Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR”, CMCC, Huawei, T-Mobile USA, Maastricht, Netherlands, March 18-21, 2024
EPC® Radio-Frequency Identity Generation-2 UHF RFID Standard; Specification for RFID Air Interface Protocol for Communications at 860 MHz – 930 MHz Release 3.0, Ratified, Jan 2024
TS 38.304, “NR; User Equipment (UE) procedures in Idle mode and in RRC Inactive state” V17.7.0 (2024-02)
R2-2402425, “Paging design for A-IoT”, Intel, RAN2#125bis, Changsha, China, April 15th – 19th, 2024 
R2-2402604, ”Discussion on paging procedure for A-IOT”, XiaoMi, RAN2#125bis, Changsha, China, April 15th – 19th, 2024 
R2-2402978, “Discussion on ambient IoT paging functionality”, LG, RAN2#125bis, Changsha, China, April 15th – 19th, 2024
R2-2403025, “Discussion on A-IoT paging”, CMCC, RAN2#125bis, Changsha, China, April 15th – 19th, 2024
R2-2403405m “Discussion on DL reachability for Ambient IoT”, Ericsson, RAN2#125bis, Changsha, China, April 15th – 19th, 2024
R2-2402273,”Discussions on paging”, Fujitsu, 
R2-2402378, “Consideration on Paging functionality for AIoT”, ZTE, RAN2#125bis, Changsha, China, April 15th – 19th, 2024
R2-2402726, “Discussion on paging procedure for Ambient IoT”, Lenovo, RAN2#125bis, Changsha, China, April 15th – 19th, 2024
R2-2403149, “Consideration on paging in AIoT”, Nokia, RAN2#125bis, Changsha, China, April 15th – 19th, 2024  

	4/4	

