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1. [bookmark: _Toc18404533][bookmark: _Toc18403966][bookmark: _Toc18413600]Introduction
[bookmark: OLE_LINK3]In RAN #102 meeting, a SID on solutions for Ambient IoT (Internet of Things) in NR has been agreed in [1]. 
[bookmark: OLE_LINK22]In this contribution, we will discuss the paging functionality to enable DO-DTT and DT data transmission for AIoT and give our proposals.
2. Discussion
According to the WID [1], DO-DTT and DT data transmission will be supported in AIoT system with priority. For all these services, the paging procedure is necessary for the network to reach Ambient IoT Device. Considering that large number of devices may be served simultaneously (e.g. all the devices belonging to a same owner may be requested to perform inventory simultaneously), group paging will be more efficient for devices batch processing.
Observation 1: group paging is efficient for AIoT devices batch processing.
To support group paging, the group identity should be studied firstly. Usually, if the device identities of a same owner are continuous, device Identity and masking code can be used to indicate a group of devices efficiently, e.g. if the last n bits of a device Identity are masked, then 2^n number of UE can be indicated. Since the AIoT device temporary Identifier are being studied in SA2 [3], which can be used for device identification (e.g. used as paging identity), RAN2 can wait for the SA2 conclusion for the AIoT device temporary Identifier definition, and then discuss the AIoT device group paging Identifier.
Proposal 1: RAN2 confirms to support AIoT device group paging. 
Proposal 1a: AIoT device paging Identifier and AIoT device group paging Identifier can be studied based on the SA2 conclusion for the AIoT device temporary Identifier definition. 

To determine the RA occasion for the group paging case, a kind of RA occasion number should be provided in paging, device can select one of the occasion randomly to trigger RA procedure.
Proposal 2: To determine the RA occasion for the group paging case, a RA occasion number should be provided in paging. 

In group paging case, considering that some devices may access successfully, and some devices may access not successfully (e.g. contention resolution failure occurs). To avoid the devices with successful access response the paging repeatedly, a paging type (e.g. delta paging, or paging for devices with contention resolution failure occured) can be included in the PAGING message to indicate that only the access failed device in the paging group should response the group paging.
Proposal 3: A paging type (e.g. delta paging) should be included in the PAGING message to indicate that only the access failed device in the paging group should response the group paging. 
  
Since AIoT system has no synchronization signal, device will monitor DL signal all the time, and can be activated based on the energy received, it is not necessary to define paging occasion and paging time window.
Proposal 4: RAN2 confirms that neither paging occasion nor paging time window is defined for AIoT. 

To paging AIoT device, AIoT paging area should be considered. For topology 1, AIoT device will communicate with base station directly. But considering the limited AIoT coverage area (e.g. the maximum distance of 10 – 50 m for indoor), the AIoT cell or AIoT paging area should be distinguished from the NR cell or NR paging area.
Proposal 5: AIoT cell or AIoT paging area is distinguished from the NR cell or NR paging area.

Considering that device may locate in one AIoT cell or the overlapped area of multiple AIoT cells, one AIoT paging area may include one or more AIoT cells.
Observation 2: For topology 1, one AIoT paging area may include one or more AIoT cells.
For topology 2, AIoT device will communicate with intermediate node (e.g. NR UE), and the intermediate node will further communicate with gNB. Thus, if paging an AIoT device, network should paging the UE firstly (if the UE is in RRC_IDLE or RRC_INACTIVE state), and UE then paging the AIoT device. In which case, the AIoT paging area should be the one or more UE’s coverage area, and each UE should associate a UE’s paging area, which should also be known for the gNB.
Observation 3: For topology 2, one AIoT paging area may include one or more UEs, and each UE should associate with a UE’s paging area (e..g one or more NR cells).
In some cases, some devices may locate in the AIoT cell, and some devices may locate outside the AIoT cell and UE should be used to reach the AIoT device. In which case, base station may not know whether the device should be paged by AIoT cell, or paged by UE, it may paging the device by itself; if not reached, it may further paging the device by UE. Thus, the device’s AIoT paging area should consider both the topology 1 case and the topology 2 case.
Proposal 6: The AIoT device’s AIoT paging area may include: one or more than one AIoT cells, one or more UEs and the UE’s paging area.

For the AIoT paging area negotiation between device and CN, the following options can be considered:
· Option 1: device and CN negotiate the AIoT paging area. E.g. Device and CN negotiate the AIoT paging area by NAS. This option impacts the SA2’s specification.
· Option 2: only the last used AIoT cell or last used UE is used as the AIoT paging area, e.g. gNB provide the last used AIoT cell or the last used UE associated with a last used NR cell to CN. This option impacts the RAN3’s specification and SA2’s specification.
Option 2 is simpler, but it cannot deal with the case that the device locates at the overlapped area of multiple AIoT cells or multiple UEs’ coverage area, in which case the used AIoT cell or last used UE may change frequently. Which option is used depends on whether the reachability for device at the overlapped area of multiple AIoT cells or multiple UEs’ coverage area should be considered.
Proposal 7: RAN2 discusses whether the reachability for device at the overlapped area of multiple AIoT cells or multiple UEs’ coverage area should be considered, and further recommend the AIoT paging area negotiation procedure.

Regardless which AIoT paging area negotiation option is used, since only DO-DTT and DT procedure are supported, how CN obtains the initial AIoT paging area(e.g. before the AIoT paging area negotiation) of each device should be considered. Furthermore, device may move in some cases, how CN obtains the updated AIoT paging area after the device moves should be considered. Considering that SIB will not be supported in AIoT system, AIoT cell ID or intermediate node (UE) ID should be provided to device by DL signalling (e.g. in paging message), so that device can determine whether the paging area changes.
Proposal 8: For device determining the paging area or area changes, the serving AIoT cell ID or serving intermediate node (UE) ID can be provided to device by paging message.

When device moves to a new area, it cannot report the new area info proactively, and legacy inventory mechanism cannot be used for the moving device, some periodic triggers should be used to trigger the moving device to report its status and/or the serving cell/serving UE. A simple solution is to define a specific paging indication (e.g. include moving device paging indication in the Paging message) to trigger the moving UE to report its status and/or the serving cell/serving UE. Upon reception of the common paging or moving device paging indication, if the device’s paging area stored does not include the AIoT cell ID or intermediate node (UE) ID received, it can consider that it is paged.
Proposal 9: RAN2 define moving device paging indication in Paging message to trigger the moving device to report its status and/or the serving cell/serving UE, e.g. Upon reception of the moving device paging indication, if the device’s paging area stored does not include the AIoT cell ID or intermediate node (UE) ID received, it can consider that it is paged.

Considering that different AIoT services may have different signalling overhead, the signalling procedure may be different for different AIoT services, e.g.
· For AIoT devices inventory, network need only send the inventory request including devices (group) Identifier to the devices to trigger status report. And upon reception of the inventory request, the devices send the status information to network, the signalling overhead is very small. 
· For the command, e.g. read command, network need send the command request including devices (group) Identifier and NAS/AP payload(e.g. application instruction etc) to the devices to trigger the read action; and upon reception of the read request, the devices should send command response(reading results) to network. And based on the read results, some write command may continue. In this procedure, the signalling overhead will be large.
Considering the small signalling overhead for some service, e.g. inventory procedure, how to perform the inventory procedure efficiently should be considered. e.g.
· Option 1: paging message includes a cause or paging purpose, e.g., for inventory; when device receives its paging with inventory indication, it triggers RA procedure and report its status information. 
· Option 2: paging procedure is only used to wake up the device; and only after the RA procedure, the AIoT service related DL signaling (e.g. inventory, command etc) can be send to device.
Proposal 10: RAN2 discuss how to support the light load AIoT signalling, e.g. include the paging cause or paging purpose indication in paging message, or define a service signalling that can be sent only after the RA procedure.
3. Conclusion
[bookmark: _Toc18403976][bookmark: _Toc18413612][bookmark: _Toc18404543][bookmark: _GoBack]According to above discussion on CP aspect, the following proposals are given:
Proposal 1: RAN2 confirms to support AIoT device group paging. 
Proposal 1a: AIoT device paging Identifier and AIoT device group paging Identifier can be studied based on the SA2 conclusion for the AIoT device temporary Identifier definition. 
Proposal 2: To determine the RA occasion for the group paging case, a RA occasion number should be provided in paging. 
Proposal 3: A paging type (e.g. delta paging) should be included in the PAGING message to indicate that only the access failed device in the paging group should response the group paging. 
Proposal 4: RAN2 confirms that neither paging occasion nor paging time window is defined for AIoT. 
Proposal 5: AIoT cell or AIoT paging area is distinguished from the NR cell or NR paging area.
Proposal 6: The AIoT device’s AIoT paging area may include: one or more than one AIoT cells, one or more UEs and the UE’s paging area.
Proposal 7: RAN2 discusses whether the reachability for device at the overlapped area of multiple AIoT cells or multiple UEs’ coverage area should be considered, and further recommend the AIoT paging area negotiation procedure.
Proposal 8: For device determining the paging area or area changes, the serving AIoT cell ID or serving intermediate node (UE) ID can be provided to device by paging message.
Proposal 9: RAN2 define moving device paging indication in Paging message to trigger the moving device to report its status and/or the serving cell/serving UE, e.g. Upon reception of the moving device paging indication, if the device’s paging area stored does not include the AIoT cell ID or intermediate node (UE) ID received, it can consider that it is paged.
Proposal 10: RAN2 discuss how to support the light load AIoT signalling, e.g. include the paging cause or paging purpose indication in paging message, or define a service signalling that can be sent only after the RA procedure.
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