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1. Introduction
RAN#102 meeting approved SID [1] to study solutions for Ambient IoT (Internet of Things), identifying the following objectives within RAN2 scope:
	· 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 mainly focus on functionality of paging for Ambient IoT (AIoT) device(s) from the following perspectives:
· functional definition and partitioning
· Message content
· Message format
2. Discussion
2.1 Functional definition and partitioning
In the context of 3GPP, paging allows the network to reach UEs in RRC_IDLE and in RRC_INACTIVE state through Paging messages, and to notify UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state of system information change and ETWS/CMAS indications through Short Messages [2].
When it comes to the case of AIoT device, no RRC state and no mobility is defined according to SID. Besides, from our point of view, the need of paging is always triggered originally from CN or a third-party AIoT server (through 3GPP network) to finally reach AIoT device(s). In this sense, paging in the context of AIoT tends to be CN-initiated paging, and in case of third-party server, CN may have little knowledge about the objective to be paged AIoT devices.
Proposal 1. [bookmark: OLE_LINK4]Paging allows the reader to reach AIoT device(s) initiated by CN.
In view of the use case support in AIoT, inventory service may require AIoT Reader (R) to page multiple AIoT Devices (Ds) for efficiency, which can cause less signaling overhead than to page each Done by one. Besides, for command and positioning from CN, they usually come with one target D and require R to identify the concerned D to achieve an overall service procedure. Thus, in the context of paging procedure design, paging for one or multiple AIoT D(s) should be supported.
Proposal 2. Paging for one and multiple AIoT device(s) should be both supported.
2.2 Message Content
Regarding how to support paging for two cases (paging multiple Ds or paging a specific D) respectively, we further investigate the content of paging messages.
· Paging for multiple Ds
Considering RFID design as baseline, for tag selection, when the network tends to have access to multiple Ds, a select command with a mask to filter the target set of Ds is in use [4]. In this understanding, we believe the idea can be reused for AIoT in the context of 3GPP.
As illustrated in Figure 2.2‑1, CN’s service request may carry the information of device identifier and the assistance information on query/access procedures, if any, in the service request. To be specific, the information of device can be the explicit ID list of a group of Ds or the implicit mask information, which is assigned by CN within SA2 scope. CN may also inform R about the information to assist with further query/access procedure, such the number of D to be paged. The device identifier is assigned by CN for ambient AIoT Device within SA2 scope. R would forward the information of device identifier via paging message towards all the Ds. Subsequently, those Ds, which are able to be notified by the information, can consider themselves as the ones to be paged, and can further take part in the succeeding query/access procedure; and R can arrange the query process with assistance information.
Proposal 3. [bookmark: _Hlk162875392]The information of device(s), e.g., the explicit device ID(s), Group ID, or the implicit characteristic mask is included in paging message, the format of which should be up to SA2 decision.


[bookmark: _Ref162342546]Figure 2.2‑1: Service target to and Paging for multiple IoT Devices
· Enhancement on Paging for one D
As mentioned above, the information of device may only be sent towards single objective, resembling 5G-S-TMSI for a UE. This device identifier is aligned at both D and network sides. R uses this identifier to page the target D. Regarding the definition and applicable range of device identifier should be determined by SA2 as well.
Apart from that, if R is only required to page for one D, there is no need to employ the contention-based access scheme in such case as discussed in another contribution [5]. That is, for simplicity and fast access to prompt efficiency, contention-free access can be considered. For instance, the scheduling of the expected response from D can be included in paging message directly; while the target D can exploit the resource scheduled by R to access without random backoff.
Proposal 4. Assistance information may further be included in paging message, such as the scheduling information to increase efficiency of query/access procedure.
2.3 Message Format
The legacy paging message is carried by RRC message, thus RRC is the direct option to realize paging in AIoT, which is of great scalability. However, due to ASN.1 code, it can cause complexity to device design and thus increase cost.
The MAC layer then comes as a substitute for paging message. With little information to carry and the unified channel design by RAN1, MAC, with less implementation difficulty, is promising to realize the paging functionality based on the overall design of AIoT.
On top of that, some of information in paging can also be encapsulated as an upper layer message, since the content of such information is purely up to CN’s decision. However, the interaction is between D and R via air interface, while such information can be invisible to R, which could be very challenging.
In summary, we would like to bring up a discussion about the bearing message of such paging functionality in AIoT, with a slight preference for MAC container to carry the paging message.
Proposal 5. RAN2 to discuss which layer to carry paging message: MAC or RRC.
3. Conclusion
On the basis of above analysis, we make the following proposals regarding the functionality of paging for ambient IoT:
Proposal 1. Paging allows the reader to reach AIoT device(s) initiated by CN.
Proposal 2. Paging for one and multiple AIoT device(s) should be both supported.
Proposal 3. The information of device(s), e.g., the explicit device ID(s), Group ID, or the implicit characteristic mask is included in paging message, the format of which should be up to SA2 decision.
Proposal 4. Assistance information may further be included in paging message, such as the scheduling information to increase efficiency of query/access procedure.
Proposal 5. RAN2 to discuss which layer to carry paging message: MAC or RRC.
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