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1 Introduction
[bookmark: _Hlk61519723]The following agreements have been reached during RAN#125bis [1]:
	· Legacy paging message for device will not be supported. 
· 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).
· RAN2 assumes that the device will not support tracking/RAN area update procedure.   
· 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 paper, we discuss the remaining issues on A-IoT paging design, which include the following aspects:
· Baseline design of A-IoT Paging procedure
· Monitor of Paging
· Paging Triggers
2 Discussion 
2.1 Basic design for A-IoT Paging procedure 
In regardless of which Ambient IoT use case the A-IoT Paging procedure is to serve, the paging procedures share a common purpose to trigger one or more intended recipients for the upcoming Ambient IoT communication. Paging could be a pure simple control procedure initiated by the reader to reach the intended devices. It need only contain the information related to that objective, and not to carry other information not related to that objective such as upper layer information of explicit service type field such as command, inventory, etc. Otherwise, for every potential use case to be supported in Ambient IoT communication system (sensor, positioning, etc), then 3GPP need discuss how to devise a new paging procedure, which is not very desirable.
Therefore, we prefer a common design of paging in regardless of use cases (inventory only, command only and inventory + command).
Proposal 1	A common A-IoT paging procedure is used in regardless of use cases (inventory, command, inventory + command). 
Then, according to the agreements below in RAN2#125bis meeting [1] for Stage-2:

	RAN2#125bis agreement on 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
FFS if Initial Trigger Message can also include “command”. 



Regarding the FFS issue that whether the paging message is piggybacking the “DL command” for command use case or command + inventory use case, we think this piggyback is quite unnecessary. If the DL command or any other DL application messages are included in paging message, that would result a multi-cell broadcasting/flooding which is a kind of wasteful, unless this message is intentionally to be a network-wide broadcast. 
Note that the “inventory” use case is not regarded as part of command use case, per RAN SID [2]. In our view, to support inventory, there is no need of an explicit DL command. So, inventory use case can still be implicitly indicated by the A-IoT paging message in step A w/o really including a command named as “inventory”.
If we regard inventory as a separate use case, it is obvious to us that all the DL command in the “command” use case shall be part of “data communication” in Step C, not in Step A. The step A basically locates the device where the command is supposed to be delivered, but not for the delivery of the command.
Proposal 2	A-IoT Paging message (a.k.a., initial trigger message) does not include DL command.
For the DL paging message sent by the reader, RAN2 has already agreed that it must include a paging identifier to identify the intended A-IoT device(s). Besides that, there should be an indication of whether the triggered access is contention-based or contention-free. This can be implicitly or explicitly conveyed in the message. For example, if a dedicated UL RACH resource is provided to be used by only one device, then this means the access triggered-by paging will be contention-free. Otherwise, the contention-based access can be assumed. But if the reader does not provide any indication of access type, a device may not be able to figure out how to initiate its “access” by the paging identifier itself. Therefore, we have the following proposals:  
Proposal 3	A triggered A-IoT device attempts contention-based access unless the A-IoT paging message indicates the contention-free access. 
Proposal 4	An A-IoT-Paging message can indicate contention-free access by providing the contention-free access resources in PDRCH in the paging message. 
For contention-based access, the access resources in PDRCH may be pre-configured w/o explicit indication in the paging message. For example, there could be a fixed relationship between the paging resource in PRDCH and corresponding random access resource sets in the PDRCH channel. This can lower the complexity of A-IoT device design and reduce the signalling overhead and processing overhead for the handling of the paging in the device.
Proposal 5	RAN2 support to have a fixed or pre-configured relationship between paging transmission resource in PRDCH and corresponding resource set for contention-based access in PDRCH.
For A-IoT paging design, one thing to consider is that the “success” of A-IoT paging is not guaranteed, and could be very poor if the paging message is just transmitted one-shot. This is due to the fact that the reachability of the A-IoT devices are directly affected by the energy harvesting status of the devices. Also, the success ratio for contention-based access is also relatively low (e.g., slotted aloha has a known efficiency of 0.36 at best and much worse when contention is higher). It is also worth noting that when paging is triggered (e.g., for inventory use case), the reader does not know the exact number of devices to be triggered in its coverage, so it is very hard to pre-allocate enough slotted resources for accommodate all access requests. As a result, some intended paging recipients may not be able to get the chance to respond to paging message. 
To overcome this problem and bring the paging performance to an acceptable level, it is important to address this in AS layer design. To be more specific, RAN2 can consider to introduce reader-initiated repetition of paging. With this paging method, a Paging procedure can be done in multiple rounds. During each round, the devices will be provided fresh opportunities to access (again).
Proposal 6	An A-IoT Paging procedure may involve multiple rounds of transmission of paging message. 
One consequence of the retransmissions of paging message is that the paging procedure would take a much longer time to complete, compared to a single-shot transmission of paging message in PRDCH channel. Therefore, whether the A-IoT reader can be involved in multiple overlapping paging procedures need to be discussed. If reader is engaged to multiple paging procedures at the same time, then an A-IoT device may be paged by the reader multiple times with different purposes (e.g. with different paging masks). Then, this will lead to a couple of complicated questions to be answered in the design, such as whether the device need to respond each of those paging? And if not, how to select/prioritize the paging message to respond. It is worth noting that solving those issues would add complexity to the device side.
Proposal 7	If repeated paging is supported, RAN2 discuss whether to support concurrency of paging procedures initiated by the same reader. 
Also, to make the repeated paging scheme work, the system design need to make sure that not all the Ambient IoT devices will be triggered again and contend again in random access procedure. For example, the A-IoT device which has already responded to the same paging message transmitted earlier shall not try to respond again by a retransmission of the same paging message. For the sake of distinguishing repeated transmission of paging message, an paging transaction identifier is needed in the paging message, so that the devices at least can recognize the retransmission of the paging message with the same transaction identifier. 
Proposal 8	If paging message is to be repeated, initial and retransmission of the paging message share the same transaction ID, which is to be included in the paging message. 
However, even with the above mechanism to suppress excessive random-access attempts, the initial round of access triggered by the initial paging message transmission may still suffer severe contention loss because all the target devices will attempt in this round. It is known that the performance of slotted-aloha access reaches its optimal efficiency as 36.8% when the offered access demand is equal to the number of slots. When system is overloaded, the performance will degrade rapidly. Therefore, it would be much better to divide the access attempts evenly in different paging/access rounds so that in each round, the number of access is limited to achieve the near-best performance of slotted aloha.  
For example, Paging message and its response (access attempts) could be divided in the time domain as shown in Figure 1 below:
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Figure 1: Repeated Paging with selective Responding devices
In the example above in Figure 1, the intended paging recipients (Tag 1, 2 or 3) are distributed to respond to different paging transmissions based on some selection mechanism. For each of such a paging transmission, new DL preamble in PRDCH would provide new timing synchronization, so a new “response window” during which the device can reliably Tx in sync is allowed. One issue is how the device(s) select the paging round to respond need to be studied. It is obvious that an A-IoT device can randomly select one or more rounds to access with a probability, but then the total number of rounds of the paging message transmission needs to be known by the A-IoT devices. Whether/how this is achieved can be further discussed by RAN2.
Proposal 9	RAN2 discuss mechanism to evenly distributed multi-access attempts in different paging rounds if paging is to be repeated in multiple rounds. 

2.2 Device Monitor of Paging
For Legacy UE, monitoring paging is an IDLE/INCTIVE RRC state behavior and associated with DRX cycles. However, as RAN2 has ruled out the usage of legacy paging design, we think the DRX-based design is not to be considered in A-IoT Paging.
To further clarify this, we have modeled the operation state of A-IoT device as Figure 2 below.
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Figure 2: Ambient IoT Device Operation States
Please note that we assume the only visible device state to A-IoT reader is the “discovered” state, In other words, the whole energy harvesting/depletion process is invisible to the reader, so that reader cannot timing the paging transmission to be always aligned with the “activated” state (i.e., device has sufficient energy). It is possible that a paging message may propagate to the device, but device has no energy to receive it (i.e., device is “unavailable” state). This is the inherent nature of the system constraint: the low-cost, low-power A-IoT device’s availability is by default limited. This is related to the following SID clarification agreed on RAN#103 [3] below:
The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
Note: this value can be revisited in future RAN plenary meetings, if necessary
Although RAN2 WG has been included as WGs to study this impact, we think it is infeasible for RAN2 to determine the actual impact because this heavily depends on many external factors, e.g., 
· how device is energized (RF/Solar/Wind).
· how frequent the device is energized. 
· how fast a device can be energized in a variety of device types (i.e., whether “several tens of seconds” is an accurate number).
· how close the device is in in proximity of one or more energizing nodes.
Unfortunately, all those information are usually invisible to a reader (e.g., RAN node). Hence, when and which device is in such an Unavailable state is quite unpredictable to the NW/reader. Maybe it would be more clear if RAN1 can first provide more solid assumptions of the above questions required for a proper evaluation/study. Hence, in our view, whether it is feasible or how to improve the availability/reachability of A-IoT devices is up to RAN1 to study. 
From RAN2 perspective, we can simplify the paging design by requiring the A- IoT device monitor the paging all the time, as long as it is activated.
Proposal 10	From RAN2 perspective, as long as A-IoT device has enough energy, the device monitors paging in PRDCH. 
Correspondingly, in the reader side, when a paging message is triggered (e.g., from CN), it does not make too much sense for the reader to wait for “tens of seconds” before transmitting the paging message. If the system has been designed based on this worst-case assumption, the performance of paging will be degraded significantly from the latency perspective. The paging message can be sent immediately as long as there are some potential devices which may respond earlier (e.g., the devices which already have been activated with enough energy). Given that it is imperative to track the energy status of every unknown device, it is not clear why a reader will hold off the paging transmission. On the other hand, even if the reader delays the paging, it is reader implementation and not visible to A-IoT device. The A-IoT device behavior is unchanged regardless of whether the paging is triggered w/ or w/o delay. 
Hence, RAN2 could simply assume there is no any DRX-like mechanism supported in A-IoT system, and the reader is assumed to always transmit DL paging message immediately after the paging procedure is triggered.  
Proposal 11	From RAN2 perspective, reader generates and passes paging message to PHY layer for transmission immediately after the paging is triggered. 
2.3 Paging Triggers
Similar to legacy LTE/NR design, for DT case, the paging could be triggered by CN with a certain paging-initiating message (to be defined by SA2), and then gNB/reader will create an AS layer paging message in the Ambient IoT interface. There was proposals to send DT traffic to the reader, and reader then triggers paging based on DT traffic. However, this is a very weird design because the CN will need to pre-populate the DT traffic to all the potential RAN and UE readers in the network because it does not know whether the device is located prior to paging. Hence, we think it is a more reasonable design to use a CN-initiated control signaling to trigger paging first when CN has DT traffic.
Proposal 12	For DT case, Reader’s transmission of paging message is triggered by CN-initiated control signaling. 
In SA2 TR [4] for Ambient IoT study, there is the following NOTE regarding the DO-DTT is described in “Architecture Assumptions”:
NOTE 1:	The DO-DTT additionally includes traffic from AIoT Devices, which is triggered by RAN/UE as reader, without CN sending traffic towards the AIoT Devices.
This means, at least for DO-DTT traffic, some sort of DL signal or DL message has to be initiated by the reader itself to trigger the DO transmissions, w/o CN involvement. It is better for RAN2 to confirm this SA2 assumption.
Proposal 13	RAN2 confirms that for DO-DTT case, A-IoT Reader self-initiates the triggering signal/ signaling, without CN triggers. 
Note that even for DO-DTT traffic case, this can be targeted to a select subset of device or any devices, with optional UL resource included. This exactly overlaps with the paging design for reaching intended A-IoT devices. From this perspective, it is more convenient to reuse the paging message as DTT triggering message instead of introducing a new DL message.
Proposal 14	A-IoT Paging message is reused for DO-DTT triggering message. 
Finally, we think the paging message can be simply reused for reader-initiated proximity determination procedure. So, this is another trigger for A-IoT Paging.
Proposal 15	A-IoT Paging message is triggered by reader if reader intends to conduct proximity determination. 
3 Conclusion
In this contribution, we discuss the paging issue for Ambient IoT, and have the following proposals:
Proposal 1	A common A-IoT paging procedure is used in regardless of use cases (inventory, command, inventory + command). 
Proposal 2	A-IoT Paging message (a.k.a., initial trigger message) does not include DL command.
Proposal 3	A triggered A-IoT device attempts contention-based access unless the A-IoT paging message indicates the contention-free access. 
Proposal 4	An A-IoT-Paging message can indicate contention-free access by providing the contention-free access resources in PDRCH in the paging message. 
Proposal 5	RAN2 support to have a fixed or pre-configured relationship between paging transmission resource in PRDCH and corresponding resource set for contention-based access in PDRCH.
Proposal 6	An A-IoT Paging procedure may involve multiple rounds of transmission of paging message. 
Proposal 7	If repeated paging is supported, RAN2 discuss whether to support concurrency of paging procedures initiated by the same reader. 
Proposal 8	If paging message is to be repeated, initial and retransmission of the paging message share the same transaction ID, which is to be included in the paging message. 
Proposal 9	RAN2 discuss mechanism to evenly distributed multi-access attempts in different paging rounds if paging is to be repeated in multiple rounds. 
Proposal 10	From RAN2 perspective, as long as A-IoT device has enough energy, the device monitors paging in PRDCH. 
Proposal 11	From RAN2 perspective, reader generates and passes paging message to PHY layer for transmission immediately after the paging is triggered. 
Proposal 12	For DT case, Reader’s transmission of paging message is triggered by CN-initiated control signaling. 
Proposal 13	RAN2 confirms that for DO-DTT case, A-IoT Reader self-initiates the triggering signal/ signaling, without CN triggers. 
Proposal 14	A-IoT Paging message is reused for DO-DTT triggering message. 
Proposal 15	A-IoT Paging message is triggered by reader if reader intends to conduct proximity determination. 
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