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1 Introduction
[bookmark: _Hlk61519723]RAN2 objectives in in Rel-19 SID of Ambient IOT [1] are shown as below:
	·  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 paper, we discuss the paging design to support Ambient IOT communications.
2 Discussion 
2.1 Usage of Paging 
Paging is a very important control plane procedure for Ambient IoT. There could be at least two basic cases when a paging procedure is needed:
1. Paging for DT traffic. In this case, similar to legacy LTE/NR design, the paging is triggered by CN with some paging-initiating message (to be defined by SA2), and then gNB/reader will create an AS layer paging message in the Ambient IoT interface. Note that DT traffic can be a DT transaction or the DTT part of DO-DTT transacction;
2. Paging for Proximity Determination. In this case, the gNB/reader just trigger a paging message itself w/o CN-initiation. This is used for the reader’s own purpose of proximity check of whether one or more device(s) are still under its coverage (in proximity). This could be useful because the device energy state is somehow not always known by the reader. So reader can check if the device is “ready” for DL traffic first before delivering any actual DT traffic. Based on the paging response received, the reader can determine whether a device is still in proximity or not.
Proposal 1	RAN2 confirms the paging procedure is at least to be used for the two following cases: 1) CN-triggered paging for DT traffic ; 2) Reader-triggered paging for proximity determination. 

2.2 Paging Type and Paging Identifier
If Paging is used for DT (or the DTT part of DO-DTT transaction), then the paging is a precursor to cue the intennded receipents. This may be just targerted to a specific device, or to multiple devices (e.g, paging for a group of devices). It is also possible that the DT traffic has no any specific targets, but just a “broadcast” (e.g, a general DL command) which any device should receive. 
Simialry, for proximity determinauton, it is possible that the device(s) to be determined is a signle device, a group of device or any device which are potentially in the proximity of reader. 
Thererfore, we think there are three types of paging to be considered for RAN2 design: 
· Unicast paging (to a single specific device)
· Group paging (to multiple devices)
· Broadcast paging (to any device)

Proposal 2	All three types of paging (unicast paging, group paging, broadcast paging) are to be considered in the study. 
To support the above three types of paging, it is crucial to have a reasonable design for paging identifier, which are to be used for indicating the intended paging recipients. Here, we think there are several issues to be considered. 
First, depends on whether paging is CN-initiated or reader-initiated, the paging identifier may be provided either by upper layer or by AS layer itself. For CN-initiated paging, this paging identifier could be a permanent unique device identifier which has already been preprogrammed in the device and managed by UDM. In this case, the paging identifier should be specified by upper layer [3], as this would be the same ID involved in Ambient IoT transactions in Ambient IoT applications. If a paging identifier is to be defined by AS layer itself, then the paging ID will be some sort of temporary ID.
Second, for the group paging, there are two possible designs for paging identifer(s): 
A) There exists a (pre-)configured group identifier (e.g., a prefix) used as a common identifier for any ambient IoT device belonging to this group;
B) “Mask” (e.g., bitmask) is used in combination with Paging identifier to determine multiple matching devices with a bitwise “OR” operation (as shown in Figure 1).   
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Figure 1: Matching a Paging with Paging Mask + Paging ID

At least for CN-initiated paging, we think RAN2 cannot make decision about paging identifier details alone, and would need to coordinate with SA2.
Proposal 3	For CN-initiated Paging, RAN2 send LS to SA2 to coordinate with Paging identifier design to support different types of paging, especially about whether a prefix-based design and/or mask-based design to be considered for study for group paging. 
For reader-initiated paging in AS layer (e.g., for proximity check), it is possible to reuse the same paging identifier(s), pending SA3 conclusion on whether there is any privacy concern on that the upper layer device identifiers to be stored in reader [1]. If SA3 does not allow this, then AS layer may need to discuss how to introduce temporary identifier to associated with a discovered Ambient IoT device.  
Proposal 4	For Reader-initiated paging (proximity check), RAN2 discuss whether/how to introduce AS layer identifier for Ambient IoT device. 
2.3 Paging Procedure 
In NR Uu, Paging can be defined as a stand-alone procedure because Random access can occur any time after that. In other words, the initial access part can always defined as an independent procedure follow its own logic in regardless of paging messages, which works for both MT and MO traffic. Nonetheless, what is unique for Ambient IoT communication is that the A-IoT device activity is highly contingent on the DL transmissions appeared in PRDCH channel, and at least type 1/ type 2a devices lacks means to self-initiate UL access. It is also true that the device’s own clock will drift away in a few milliseconds after the last timing acquisition based on the last received DL preambles. As a result, it is not feasible for separate paging and initial access triggered by paging because there should be a latency bound for the device access to complete. 
Therefore, we think RAN2 need consider to have a more tightly coupled control-plane procedure for paging and initial access in this case. For example,
· Paging message can be recognized as “Msg 0” in the access procedure to timing the whole procedure latency.
· Some parameters related for AS layer initial access mechanisms can be included in the paging message.
Proposal 5	For any UL access trigged by paging, RAN2 consider combine or couple paging and paging response (e.g. access) as one single CP procedure with bounded latency requirement. 
Then, regarding how to define the “success” of paging and ensuing initial random access, it is understandable that the paging procedure for contention-based access (e.g., group paging or broadcast paging) is not going to be perfect. For Uu paging, there is a PO determination algorithm to address this issue. With this algorithm, UEs with different paging identifiers are distributed to listen to different paging frames. But for Ambient IoT, this approach is not possible due to the poor clock in Ambient IoT devices. As RAN1 has agreed to consider slotted Aloha for contention-based access scheme [2], the success ratio for slotted aloha is known as 36.8% and far below 100%. So, some intended paging recipients may not be able to get the chance to respond to paging message. Moreover, when Paging is transmitted, some devices may not even in activated state to decode the paging signal. Those devices, although targeted by the paging message, may still in the process of harvesting sufficient energy from RF waveforms to bring itself into a functioning state. 
Therefore, RAN2 may need to consider whether AS layer is responsible to solve this problem or this problem is just the nature of Ambient IOT transactions and leave its solution out of 3GPP scope. If companies agreed the former, at least we can consider the paging message is to be repeated several times in the time domain to increase the success ratio, as shown in Figure 2 below:
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Figure 2: Repeated Paging with selective Responding devices
In the example above in Figure 2, the intended paging recipients (Tag 1, 2 or 3) are distributed to respond to different paging transmissions based on some selection mechanism. And 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. That would greatly improve their chance of initial access.  
Proposal 6	RAN2 discuss whether a Paging procedure shall involve multiple round of transmissions of paging message if contention-based access is to be triggered. 
To make the above scheme work, we also need to make sure not all the Ambient IoT devices will be triggered again and again for access. That will make the paging repetition mechanism much less useful. At least the device which has already responded to the same paging message transmitted earlier shall not try to respond again. 
Proposal 7	If paging message transmission is allowed to be repeated within a paging procedure, RAN2 discuss how to suppress RACH response from devices which are not supposed to respond (again). 

Finally, we think in some case, the paging may not need to trigger a contention-based access. For example, for unicast paging, only one intended recipient is expected. Then, the access procedure to be performed by Ambient IoT device can be very different from a contention-based access procedure. For example, the device does not need to trigger slotted aloha and there is no need to wait for a random slot to transmit in UL, and the access delay can be shortened. From this perspective, it would be very beneficial for RAN2 to clearly define a procedure for non-contention access (as compared to random access).
Proposal 8	RAN2 to define a non-contention access procedure to send paging response triggered by a paging towards a unique Ambient IoT device. 
Then, for this unicast paging, it is also possible for the reader to include a scheduled Tx resource grant in the paging message itself so that the device can simply use this given grant for UL transmission.
Proposal 9	Paging message towards a specific Ambient IoT device may optionally include a UL grant for scheduled access of the target device. 

3 Conclusion
In this contribution, we discuss the paging issue for Ambient IoT, and have the following proposals:
Proposal 1	RAN2 confirms the paging procedure is at least to be used for the two following cases: 1) CN-triggered paging for DT traffic ; 2) Reader-triggered paging for proximity determination. 
Proposal 2	All three types of paging (unicast paging, group paging, broadcast paging) are to be considered in the study. 
Proposal 3	For CN-initiated Paging, RAN2 send LS to SA2 to coordinate with Paging identifier design to support different types of paging, especially about whether a prefix-based design and/or mask-based design to be considered for study for group paging. 
Proposal 4	For Reader-initiated paging (proximity check), RAN2 discuss whether/how to introduce AS layer identifier for Ambient IoT device. 
Proposal 5	For any UL access trigged by paging, RAN2 consider combine or couple paging and paging response (e.g. access) as one single CP procedure with bounded latency requirement. 
Proposal 6	RAN2 discuss whether a Paging procedure shall involve multiple round of transmissions of paging message if contention-based access is to be triggered. 
Proposal 7	If paging message transmission is allowed to be repeated within a paging procedure, RAN2 discuss how to suppress RACH response from devices which are not supposed to respond (again). 
Proposal 8	RAN2 to define a non-contention access procedure to send paging response triggered by a paging towards a unique Ambient IoT device. 
Proposal 9	Paging message towards a specific Ambient IoT device may optionally include a UL grant for scheduled access of the target device. 
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