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Introduction	
In RAN#103 meeting, a revised SID on solutions for Ambient IoT (Internet of Things) in NR has been approved [1]. The following RAN2-led objectives have been identified within the general scope described in the SID:
	· 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.


Then in this contribution, we would like to provide our preliminary views on paging for Ambient IoT with topology 1. 
[bookmark: _Hlk41985036]Discussion
2.1 Background
2.1.1 RFID design
There are three basic command sets defined in radio-frequency identification (RFID) [2], shown as: 
· Select command set: The Select command is a mandatory command, which is used for the reader to select a group of tags. The Challenge command, as an optional command, can instruct the tags to precompute and store one or more encrypted values.
· Inventory command set: This command set includes multiple commands applied to the inventory process. Among them, the Query command marks the beginning of a round of inventory process. The QueryRep command is used to indicate the tags to decrement the value of slot counter, and ACK command is to acknowledge a single tag.
· Access command set: This command set includes multiple commands, which communicate with and operate certain tag, such as: Read, Write, Kill, Lock, etc.
The signaling interaction in the inventory and access process is shown in Figure 1.


Figure 1: Illustration of an inventory and access process in RFID
From Fig.1, it can be find that the paging-like functionality in RFID is achieved with the Select command and Query command. Specifically, the reader can set the selected flags/inventoried flags of a group of tags with Select command. Subsequently, the Query command is transmitted by the reader, tags with matched selected flag/inventoried flag and session will randomly select a slot to response based on the Q in Query. In other words, it can be considered that the reader groups the tags with Select and allocates resources for the specified group of tags with Query.
Observation 1: The paging-like functionality in RFID is achieved with the Select command and Query command. The reader groups the tags with Select and allocates resources for the specified group of tags with Query.

2.1.2 NR design
According to TS 38.300, 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. Both Paging messages and Short Messages are addressed with P-RNTI on PDCCH, but while the former is sent on PCCH, the latter is sent over PDCCH directly. The network initiates the paging procedure by transmitting the paging DCI at the UE's paging occasion as specified in TS 38.304. As for reception, UE firstly determines its paging search space based on system configuration and its current RRC status. Then UE computes its Paging Frame (PF) and Paging Pccasion (PO) with the rules specified in TS 38.304. Note that with the consideration of saving UE’s energy, some enhancement technology (such as: DRX, e-DRX, c-DRX, PEI, etc.) can be applied, which influence the Paging Cycle.
Observation 2: In NR, paging is applied to 1) inform UEs in RRC_IDLE and in RRC_INACTIVE state to reconnect to the network; 2) inform UEs in RRC_IDLE, in RRC_INACTIVE and in RRC_CONNECTED state the change of system information; 3) send ETWS/CMAS indications to UEs in RRC_IDLE, in RRC_INACTIVE and in RRC_CONNECTED state.
Observation 3: In NR, UE receives the paging DCI in its paging search space on the computed Paging Occasion.

2.2 Ambient IoT paging design
2.2.1 General analysis
It is agreed by RAN1 that the following terminologies are used for study [3]:
	Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.


It can be seen that the peak power and capabilities of Ambient IoT devices is much lower than that of NR UEs, but close to that of UHF RFID tags. Therefore, paging-like commands in RFID, which are shown in Observation 1, can be taken as baseline for studying Ambient IoT. 
2.2.2 Key scenario for A-IoT paging
From our point of view, the paging for Ambient IoT should cover at least the following two scenarios:
a. Send inventory command to all Ambient IoT devices within the communication range of the gNB-reader, in order to inventorize all the devices in a wharehouse.
b. Send inventory command to one/a certain group of Ambient IoT devices, so that gNB-reader can trace/inventorize the specific devices.
For Ambient IoT, scenario a is the most important scenario, in order to support efficiently large area inventory and let network side aware of the A-IoT devices within the coverage of each readers. For scenario b, it is similar to NR paging. The intention for scenario b is to trace a specific device, for example in smart home scenario to trace customers’ personal goods. In some cases, scenario a may be the fundation for scenario b, as network side need first to be aware of the device ID by inventorizing all the devices before sending a inventory command to a specific device. Note that there may be other ways to obtain the device ID except inventory, such as providing it by application server. 
Proposal 1: The following two paging-like scenarios need to be studied: 1) Send inventory command to all Ambient IoT devices within the communication range of the gNB-reader; 2) Send inventory command to one/a certain group of Ambient IoT devices.

With the consideration of supporting above two scenarios and the paging functionality in RFID and NR shown in Observation 1 and 2, the functionality of A-IoT paging, which is short for paging functionality for Ambient IoT, is to instruct one Ambient IoT device or a group of Ambient IoT devices or all Ambient IoT devices within the communication range of a reader to perform A-IoT random access procedure. There are at least following two categorizations of A-IoT paging:  
· common paging, which is used to page all A-IoT devices within the communication range of a reader
· dedicated paging, which is used to page only one A-IoT device or a certain group of A-IoT devices
The main difference between dedicated paging and common paging is their message contents. A detailed introduction will be given in section 2.2.3. 
Observation 4: The functionality of A-IoT paging is to instruct one Ambient IoT device/a group of Ambient IoT devices/all Ambient IoT devices within the communication range of a reader to perform A-IoT random access procedure.
Proposal 2: For A-IoT paging, dedicated paging and common paging are supported, in which  common paging is used to page all A-IoT devices within the communication range of a reader, dedicated paging is used to page only one A-IoT device or a certain group of A-IoT devices.

2.2.3 A-IoT paging message content
In this section, the discussion of A-IoT paging message content only focus on the A-IoT paging sent from the gNB-reader to Ambient IoT devices for topology 1.
1) Message content of dedicated paging
Since dedicated paging is used to page only one A-IoT device or a certain group of A-IoT devices, its message content includes at least a device identity which is used by each Ambient IoT device to determine whether it needs to participant in the A-IoT random access procedure. The mentioned identity may be temporary or permanent ID, including device ID, mask ID, feature ID, etc. The identity contained in dedicated paging may be different according to different causes of triggering a dedicated paging. For example, several device IDs (similar to the PagingRecordList in NR) may be included in dedicated paging for a reader to find whether they are within gNB’s communication range. Note that the identity contained in the message content of dedicated paging should always be the information which is stored in Ambient IoT devices’ memory or can be obtained by Ambient IoT devices. Only with that, each Ambient IoT device can determine whether the dedicated paging command is targeted to itself by comparing the information it stored and the device identity received. 
As proposed in [4], the periodical system information is not necessary for Ambient IoT in R19. The parameters used in A-IoT random access procedure can be carried in the message content of A-IoT paging.  This approach can help to reduce latency compared to receiving multiple downlink signals for A-IoT devices. Therefore, in addition to the device identity, for the dedicated paging with the number of expected responding A-IoT devices exceeding one, the indication of allocated/available access resources should also be included, such as the total number of available slots for access, which is similar as Q in Query command of RFID. Note that allocated resources represents the dedicated access resources assigned to the paged Ambient IoT devices, while available access resources denotes the common resources which should be shared by all paged Ambient IoT devices. Note that, for the dedicated paging with the number of expected responding A-IoT devices equals to one, there maybe no explicit indication of access resources.

2) Message content of common paging
Since common paging is used to page all Ambient IoT devices within the communication range of a reader, there may be no device identity contained in the message content of common paging. All Ambient IoT devices which receive the common paging should conduct the A-IoT random access procedure. Similar as the dedicated paging with the number of expected responding A-IoT devices exceeding one, the indication of available access resources (such as the total number of available slots for access which is similar as Q in RFID) should also be included in common paging. For common paging, the expected number of Ambient IoT devices to response is always greater than 1 or even can not be estimated, thus it is obvious that dedicated resource can not be allocated to each Ambient IoT device, so only the indication of available resources may be contained.  
Based on above analysis, it can be found that the message contents of dedicated paging and common are different. Therefore, whether dedicated paging and common paging can share a harmonized design needs further discussion. Besides, for the dedicated paging, the number and types of identities contained may also vary. For this situation, the format of dedicated paging should also be carefully designed. 
Proposal 3: For dedicated paging, it contains at least a device identity. When paging more than one A-IoT device, the allocated/available access resources may also be contained. 
Proposal 4: For common paging, it contains at least the available access resources, similar to parameter Q in RFID Query command. 
Observation 5: Whether dedicated paging and common paging can share a harmonized format needs further discussion. 
Observation 6: The format of dedicated paging should also be carefully designed when considering the number and types of device identities contained may also vary.

2.2.4 Transmitting behavior
In RAN1#116, it has been agreed as following [3]:
	Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study


The PRDCH mentioned above is a physical channel defined between reader and A-IoT devices. According to NR, the paging DCI is transmitted on PDCCH and the paging message is transmitted on PDSCH. For Ambient IoT, the A-IoT paging is transmitted as one signaling each time. Besides, we do not find the necessity to introduce a new physical channel other than PRDCH to transmit A-IoT paging. Therefore, the signaling related to the paging functionality for Ambient IoT (such as: dedicated paging, common paging, etc.) is transmitted on PRDCH. 
Proposal 5: The dedicated paging and common paging are transmitted on PRDCH from a reader to Ambient IoT devices.

In order for the gNB-reader to allocate resources more efficiently, both dedicated paging and common paging are supposed to be perceived by the gNB-reader except for the data part. For common paging, RAN2 can suppose that RAN may be configured by CN to periodically trigger a common paging to inventory all Ambient IoT devices within the communication range of a gN-reader. A gNB-reader then sends the collected information to a CN entity with A-IoT function. Further with reference to our paper about protocol stack in [5], both dedicated paging and common paging are transmitted in A-IoT MAC layer or A-IoT RRC layer (if A-IoT RRC layer is defined). While, for the transmitting method and message content of paging sent from CN to gNB-reader, it should be discussed and determined by RAN3.
What’s more, in NR, the paging triggered by CN is broadcasted among all cells within the corresponding TAI list, while the paging triggered by RAN is broadcasted among all cells within the RAN Notification Area (RNA). For Ambient IoT, it has been approved that there is no mobility ((i.e. at least no cell selection/re-selection-like function) considered for R19 Ambient IoT. And for the Ambient IoT devices with UL transmission backscattered on a carrier wave provided externally, it is really difficult to complete an area update procedure which is similar to TAU or RNAU, even if an area for A-IoT paging is defined. Therefore, defining an area for A-IoT paging which is composed of several cells/readers is not necessary. 
Proposal 6: RAN2 suppose that dedicated paging and common paging are perceived by the gNB-reader so that gNB-reader can allocate corresponding frequency-domain and/or time-domain resources efficiently.
Proposal 7: RAN2 can suppose that RAN may be configured by CN to periodically trigger a common paging to inventory all Ambient IoT devices within the communication range of a gNB-reader.
Proposal 8: Dedicated paging and common paging can be transmitted in A-IoT MAC layer or A-IoT RRC layer (if A-IoT RRC layer is defined). 
Proposal 9: TA or RNA like paging area is not introduced.

2.2.5 Monitoring behavior
With Observation 3, it can be found that UE receives the paging DCI in its paging search space on the computed Paging Occasion in NR. The above monitoring behavior depends on at least one premise: UE is synchronized with the network. While for Ambient IoT devices, it is agreed by RAN1 that the following terminologies are used for study [3]:
	Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.


It is difficult to maintain synchronization with network considering the initial SFO may be relaxed to 104~105 ppm due to their low capabilities. Therefore, Ambient IoT system is considered to be more likely an asynchronous system. With above analysis, there is no Paging Frame (PF) and Paging Occasion (PO) for Ambient IoT devices. In other words, each Ambient IoT device should always monitors the downlink physical channel (such as: PRDCH) as long as the Ambient IoT device is activated. Here, the meaning of being activated is that the device has sufficient energy and has not been deactivated permanently.
Proposal 10: Each Ambient IoT device should always monitors the downlink physical channel  PRDCH as long as the Ambient IoT device has sufficient energy and has not been deactivated permanently.

2.2.6 Subsequent behavior after receiving dedicated paging/common paging
In Observation 4, the A-IoT random access procedure for Ambient IoT devices will be triggered after receiving A-IoT paging. After receiving the common paging, each Ambient IoT device select the resources for the access procedure based on the available resources indicated in common paging. For dedicated paging, each Ambient IoT device firstly check the identity in dedicated paging to determine whether the dedicated paging is targeted to it. If the dedicated paging is target to it, the Ambient IoT device select the resources for the access procedure based on the available resources or use the allocated dedicated resources directly. With the dedicated resource, an Ambient IoT device can conduct an A-IoT contention-free random access procedure. While for the Ambient IoT device which is indicated to select resource from available ones, only A-IoT contention-based random access procedure can be conducted. Based on above analysis, the common paging can trigger the A-IoT contention-based random access procedure, the dedicated paging can trigger A-IoT contention-free random access procedure or A-IoT contention-based random access procedure. A brief illustration of an A-IoT paging procedure,which triggers the random access is shown in Fig. 2.


Figure 2: Illustration of an A-IoT paging procedure (triggering A-IoT random access)
1. The gNB-reader receives a paging transmitted from CN.
2. An A-IoT paging is transmitted in A-IoT MAC layer or A-IoT RRC layer (if A-IoT RRC layer is defined) by gNB-reader.
3. The corresponding A-IoT device conduct A-IoT random access

Proposal 11: For the random access procedure triggered by A-IoT paging, the common paging can trigger A-IoT contention-based random access procedure, the dedicated paging can trigger A-IoT contention-free random access procedure or A-IoT contention-based random access procedure. 
Conclusion
Based on the discussions mentioned above, in this contribution we provide some discussions on paging for Ambient IoT:
Observation 1: The paging-like functionality in RFID is achieved with the Select command and Query command. The reader groups the tags with Select and allocates resources for the specified group of tags with Query.
Observation 2: In NR, paging is applied to 1) inform UEs in RRC_IDLE and in RRC_INACTIVE state to reconnect to the network; 2) inform UEs in RRC_IDLE, in RRC_INACTIVE and in RRC_CONNECTED state the change of system information; 3) send ETWS/CMAS indications to UEs in RRC_IDLE, in RRC_INACTIVE and in RRC_CONNECTED state.
Observation 3: In NR, UE receives the paging DCI in its paging search space on the computed Paging Occasion.
Observation 4: The functionality of A-IoT paging is to instruct one Ambient IoT device/a group of Ambient IoT devices/all Ambient IoT devices within the communication range of a reader to perform A-IoT random access procedure.
Observation 5: Whether dedicated paging and common paging can share a harmonized format needs further discussion. 
Observation 6: The format of dedicated paging should also be carefully designed when considering the number and types of device identities contained may also vary.

Proposal 1: The following two paging-like scenarios need to be studied: 1) Send inventory command to all Ambient IoT devices within the communication range of the gNB-reader; 2) Send inventory command to one/a certain group of Ambient IoT devices.
Proposal 2: For A-IoT paging, dedicated paging and common paging are supported, in which  common paging is used to page all A-IoT devices within the communication range of a reader, dedicated paging is used to page only one A-IoT device or a certain group of A-IoT devices.
Proposal 3: For dedicated paging, it contains at least a device identity. When paging more than one A-IoT device, the allocated/available access resources may also be contained. 
Proposal 4: For common paging, it contains at least the available access resources, similar to parameter Q in RFID Query command. 
Proposal 5: The dedicated paging and common paging are transmitted on PRDCH from a reader to Ambient IoT devices.
Proposal 6: RAN2 suppose that dedicated paging and common paging are perceived by the gNB-reader so that gNB-reader can allocate corresponding frequency-domain and/or time-domain resources efficiently.
Proposal 7: RAN2 can suppose that RAN may be configured by CN to periodically trigger a common paging to inventory all Ambient IoT devices within the communication range of a gNB-reader.
Proposal 8: Dedicated paging and common paging can be transmitted in A-IoT MAC layer or A-IoT RRC layer (if A-IoT RRC layer is defined). 
Proposal 9: TA or RNA like paging area is not introduced.
Proposal 10: Each Ambient IoT device should always monitors the downlink physical channel  PRDCH as long as the Ambient IoT device has sufficient energy and has not been deactivated permanently.
Proposal 11: For the random access procedure triggered by A-IoT paging, the common paging can trigger A-IoT contention-based random access procedure, the dedicated paging can trigger A-IoT contention-free random access procedure or A-IoT contention-based random access procedure. 
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