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1	Introduction
[bookmark: _Hlk161762679]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 this paper, we discuss how inventory can be performed for passive devices, what parameters can be provided as part of the inventory command and how to set those parameters and whether legacy paging framework in NR can be used to deliver a command to an A-IoT device starting with inventory. 
[bookmark: _Ref178064866]2	Discussion
For a passive device (i.e., a device whose UL transmission is backscattered using a carrier wave provided externally), inventory can be employed by an interrogator/reader to monitor the location and status of a group of passive devices. In RFID, an interrogator begins an inventory round by transmitting a Query command [2]. The Query command triggers a slotted-ALOHA based multiple access, i.e., it contains the Q parameter, and the devices in response pick a random value in the range of (0,  - 1) and load this value into their slot counter. The RFID devices decrease their slot counter by one when they receive a QueryRep command. The device(s) which have a slot counter number equal to 0 send the response to the reader. Contention may happen as multiple devices may have slot counter number equal to 0 at the same time. 

2.1 Structure of the inventory commands
In RAN1#116, how to perform multiple access was discussed focusing on passive devices, and the following agreements were made: 
· From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.
· For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.
 
[bookmark: _Toc162449161][bookmark: _Toc163170514]Reader initiates contention-based access procedure for inventory and for such procedure at least slotted-ALOHA based access is studied.

Depending on device population, contention-based access may not be so efficient from latency standpoint, i.e., it would lead to longer access times with respect to contention-free access, especially when number of devices to be inventoried by a reader is large. This impact on the performance can be mitigated when inventory request is intended for a specific device if the device's context is established in the network. For instance, the inventory command can include the ID of a specific device. Then the reader would expect a response from only that device and thus transmission in the UL can be contention-free since there will be no other devices expected to transmit during that time. We think it would be useful to specify an inventory command to a particular device.
 
[bookmark: _Toc162449162][bookmark: _Toc163170515]When device context is established, it is feasible to have an inventory command dedicated to a particular device. 
[bookmark: _Toc162617718][bookmark: _Toc163170591]Inventory command dedicated to a specific device is supported when device context is established. 
Different types of inventory commands can be designed such as an inventory command that indicates a group ID if the inventory is for a group of devices that share a certain ID.
 
[bookmark: _Toc162617719][bookmark: _Toc163170592]It should be possible to perform inventory for a particular device or a group of devices with the same identity. 

In RAN1, many companies proposed to use FDM for backscattering devices in the last meeting, where a passive device may apply a frequency shift to the backscattered carrier wave, so that a backscattered transmission from one device becomes orthogonal to a backscattered transmission from another device that uses a different frequency shift. In case FDM is supported, the frequency shift(s) (or more generally the frequency resources depending on how FDM will be implemented) shall be indicated in the inventory command. More specifically, a range of frequency shifts is indicated in the inventory command, e.g., for a group of devices, and the device randomly selects a frequency shift from the indicated range of frequency shifts for backscattering the response in UL. A specific frequency shift can be indicated in the inventory command intended for a particular device, and the device uses the indicated frequency shift for backscattering the response in UL.
 
[bookmark: _Toc162617720][bookmark: _Toc163170593]In case FDM is supported in UL, the inventory command provides the frequency resource(s) to be applied for transmitting the response in UL. 


2.2 Generation of inventory commands
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. For core network initiated paging RAN node generates an AS layer paging message based on the NGAP paging message received from core network (i.e., AMF). A similar framework could be used to deliver the inventory command, i.e., the RAN node(s) generate AS layer inventory command(s) based on a NGAP inventory request like message from the core network (e.g., AMF or another node responsible for managing A-IoT service). Another option is that the core network generates a NAS layer inventory command(s) and the RAN node(s) forward the inventory command(s) to the A-IoT service(s). An indication may be needed from the CN to the RAN node(s) in that case to inform RAN node(s) that this is an inventory command. These options need to be studied considering the A-IoT protocol stack to be designed and the potential limitations DL radio resource control has.
 
[bookmark: _Toc162617721][bookmark: _Toc163170594]RAN2 to study both cases where it is assumed that inventory command(s) are generated by RAN node based on a request from the CN or by CN, i.e., transparent to the RAN node. 

2.3 Paging framework
In legacy NR RAN node transmits the paging message at UE's paging occasion (PO). The UE monitors one paging occasion (PO) per its configured DRX cycle. A PO can consist of multiple time slots (e.g., subframe or OFDM symbol) where paging DCI can be sent [3]. The UE maintains time/frequency synchronization with the RAN node to be able to determine the position of its POs in time where a paging message may be transmitted. A passive device, however, cannot maintain time/frequency synchronization with a RAN node (or can only maintain for a very short time), and thus, the legacy paging framework cannot be used to perform inventory of passive device(s), i.e., it should be possible for the RAN node to send/forward the inventory command w/o being restricted to (pre)configured time slot(s). Here the term “send” intends that the command is generated by the RAN node while the term “forward” intends that the command is generated by the CN. 

[bookmark: _Toc162449163][bookmark: _Toc163170516]The passive device cannot maintain time/frequency synchronization with the RAN node sufficiently, and therefore legacy paging framework cannot be used when performing inventory for passive device(s).
[bookmark: _Toc162617722][bookmark: _Toc163170595]Sending/forwarding of inventory command are not restricted to (pre)configured time slot(s). 


2.3 Mobility
[bookmark: _Toc162617724]According to the SID, no RRC states and no mobility (at least no cell selection/re-selection -like function) are expected to be specified for A-IoT devices. We think the term “mobility” in the SID refers to the intention not to support connected and idle/inactive mode mobility procedures. However, there is another aspect that needs to be considered. The network may not know which RAN node a particular A-IoT device can be reached unless the device updates its location, or the network perform inventory frequently. In order for the CN to send inventory/DL command (read/write) requests for a particular A-IoT device, it would be beneficial for the network to know where the device is most likely located. The NW could determine via which RAN nodes the inventory shall be performed, or the command could be sent based on an area info provided by AF.

[bookmark: _Toc162617725][bookmark: _Toc163170596]RAN2 to study whether the NW performs inventory, i.e., to locate where the device is, before transmitting the command to a particular device in the DL. 

[bookmark: _Toc70424553][bookmark: _Ref189046994]3	Conclusion
In this contribution we discuss how inventory can be performed for passive devices, what parameters can be provided as part of the inventory command and how to set those parameters and whether legacy paging framework in NR can be used to deliver a command to an A-IoT device starting with inventory. Based on the discussion in the previous sections we made the following observations:

Observation 1	Reader initiates contention-based access procedure for inventory and for such procedure at least slotted-ALOHA based access is studied.
Observation 2	When device context is established, it is feasible to have an inventory command dedicated to a particular device.
Observation 3	The passive device cannot maintain time/frequency synchronization with the RAN node sufficiently, and therefore legacy paging framework cannot be used when performing inventory for passive device(s).

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

Proposal 1	Inventory command dedicated to a specific device is supported when device context is established.
Proposal 2	It should be possible to perform inventory for a particular device or a group of devices with the same identity.
Proposal 3	In case FDM is supported in UL, the inventory command provides the frequency resource(s) to be applied for transmitting the response in UL.
Proposal 4	RAN2 to study both cases where it is assumed that inventory command(s) are generated by RAN node based on a request from the CN or by CN, i.e., transparent to the RAN node.
Proposal 5	Sending/forwarding of inventory command are not restricted to (pre)configured time slot(s).
Proposal 6	RAN2 to study whether the NW performs inventory, i.e., to locate where the device is, before transmitting the command to a particular device in the DL.
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