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Introduction
In RAN#102 meeting, a new study item study on solutions for Ambient IoT (Internet of Things) in NR was approved in RP-234058 [1]. 
The following table lists the part of objectives related to DL and UL Physical Channels/signals design in support of Ambient IoT devices.
	2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR base station. 
       For Topology 2, no difference in physical layer design from Topology 1.


This contribution discusses DL and UL physical channels/signals design in support of Ambient IoT devices. Section 2 discusses design principles of DL and UL physical channels/signals for A-IoT devices. Section 3 discusses downlink channel/signal for A-IoT communication. Section 4 discusses uplink channel/signal for A-IoT communication. Section 5 discusses proximity determination for A-IoT devices. Section 6 summarizes the observations and proposals with conclusions.
Design principles of DL and UL physical channels/signals for A-IoT communication
In the Rel-19 Ambient IoT SID [1], the general scopes of the objectives are as follows:
	General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~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.
ii. ≤ a few hundred µW peak power consumption1, 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 may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.
B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Base station and coexistence characteristics: Micro-cell, co-site
· Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Base station and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C. FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.


Based on the above general scope, this section discusses the design principles of DL and UL physical channels/signals for A-IoT communication, including the involved device types, topologies, terminologies of downlink and uplink and supporting on proximity determination.
Device types 1 & 2
In the part A of general scope of the SID [1], there are the definitions of type 1 device and type 2 device as follows,
	A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~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.
ii. ≤ a few hundred µW peak power consumption1, 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 may be generated internally by the device, or be backscattered on a carrier wave provided externally.


According to the above descriptions in the SID, the overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable type 1 device and type 2 device. Therefore, a harmonized DL and UL physical channels/signals with minimized differences (where necessary) should be designed to enable A-IoT device types 1 and type 2 defined in the SID.
It is noted that three types of devices, i.e., device type A/B/C are defined in TR 38.848 [3] as follows,
	Relying on these storage capacities, the study considers the following set of Ambient IoT devices:
-	Device A: No energy storage, no independent signal generation/amplification, i.e. backscattering transmission.
-	Device B: Has energy storage, no independent signal generation, i.e. backscattering transmission. Use of stored energy can include amplification for reflected signals.
-	Device C: Has energy storage, has independent signal generation, i.e., active RF components for transmission.


In fact, type 1 device defined in the SID corresponds to device type A defined in TR 38.848, while type 2 device defined in the SID corresponds to device type B and type C defined in TR 38.848.
Proposal 1: A harmonized DL and UL physical channels/signals with minimized differences (where necessary) should be designed to enable A-IoT device and type 2 device defined in the SID.
Topologies 1 & 2
In TR 38.848 [3], as shown in Figure 1, four kinds of connectivity topologies are defined as follows,
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[bookmark: _Ref159145574]Figure 1: Four kinds of connectivity topologies defined in TR 38.848

According to the general scope of the SID [1], the study of Ambient IoT focuses on both Topology 1 and Topology 2  in Rel-19 A-IoT study Item. Therefore, DL channel/signal design needs to be designed to be common in support of both Topology 1 and Topology 2. However, considering the following description in SID: "For Topology 2, no difference in physical layer design from Topology 1", the intermediate node in Topology 2 is a UE under NW control, which is essentially a relay responsible for forwarding downlink or uplink channels/signals between the base station and the A-IoT device. Hence, the design for Topology 2 in DL and UL physical channels/signals design should be common to those of Topology 1.
Proposal 2: Both Topology 1 and Topology 2 should have common design in DL and UL physical channels/signals for A-IoT communication.
Terminologies of downlink and uplink in A-IoT communications
The terminology of DL channels/signals refers to the channels/signals received by A-IoT devices, including channels/signals directly transmitted from the base stations to the A-IoT devices in Topology 1, and channels/signals transmitted from the intermediate node UEs to the A-IoT devices in Topology 2. Similarly, the UL channel/signals refer to the channel/signals transmitted from the A-IoT devices either by self-generated or backscattered to the base stations in Topology 1 and to the intermediate node UEs in Topology 2.
Observation 1: The terminologies of downlink and uplink in A-IoT communications are considered as follows,
· DL channel/signals refer to the channel/signals received by A-IoT devices, including the channel/signals transmitted from the base stations in Topology 1 or from UEs in Topology 2. 
· UL channel/signals refer to the channel/signals transmitted from A-IoT devices either self-generated or backscattered to the base stations in Topology 1 or to the intermediate nodes UEs in Topology 2.

[bookmark: _Ref157335080]Supporting on proximity determination (positioning/tracking)
The proximity determination of A-IoT is included in the Ambient IoT study objectives [1]. The following two tables in TR 38.848 [3] has defined the characteristics of deployment scenario 1 and deployment scenario 2, in which the use case of indoor positioning is included as one of the applicable representative use cases. 

Table 4.2.2.1-1: Characteristics of deployment scenario 1
	Applicable representative use cases
	Characteristics
	Description (NOTE 1)

	Indoor inventory
Indoor sensor
Indoor positioning
Indoor command
	Environment (of device)
	Indoor

	
	Base station characteristic (if any)
	Micro- or pico-cell

	
	Connectivity topology
	Topology (1), (2), (3)

	
	Spectrum
	Licensed FDD, licensed TDD, unlicensed

	
	Coexistence with existing 3GPP technologies
	Co-site or new site

	
	Traffic assumption
	DT and DO

	
	Device characteristic
	Device A or Device B or Device C


NOTE 1:	Descriptions may not be applicable for some Devices (A, B).

Table 4.2.2.2-1: Characteristics of deployment scenario 2
	Applicable representative use cases
	Characteristics
	Description (NOTE 1)

	Indoor inventory
Indoor sensor
Indoor positioning
Indoor command
	Environment (of device)
	Indoor

	
	Base station characteristic (if any)
	Macro- or Micro- cell BS

	
	Connectivity topology
	Topology (1), (2), (3)
Note: The location of intermediate or assisting node (if any) is indoor or outdoor

	
	Spectrum
	Licensed FDD, licensed TDD, unlicensed

	
	Coexistence with existing 3GPP technologies
	Co-site or new site

	
	Traffic assumption
	DT and DO

	
	Device characteristic
	Device C may support Topology (1), (2), (3),
Device A may support Topology (2), Device B may support Topology (2), (3)


NOTE 1:	Descriptions may not be applicable for some Devices (A, B).

[bookmark: _Hlk158461008]The design of DL and UL physical signals should take into consideration of the use case of indoor positioning for A-IoT communication. Typical indoor positioning use cases include: Finding Remote Lost Item, Positioning in Shopping Center, Museum Guide, etc. To support these indoor positioning use cases, special designs may be needed for the introduction of DL and UL physical channels/signals.
Proposal 3: The design of DL and UL physical signals should take into consideration of the use case of indoor positioning for A-IoT communication.
Downlink channel/signal for A-IoT communication
PDICH(Physical Downlink Interrogation Channel)
The A-IoT communication would have different physical channel characteristics, including the waveform, the transmission time interval, the BW, and modulation/coding scheme comparing to the existing NR physical layer. It would be important to define the Ambient IoT specific physical channel/signals. For A-IoT communication, PDICH (Physical Downlink Interrogation Channel) should be introduced to support the transmission of downlink A-IoT signals. As shown in Figure 2, PDICH should consist of two parts, the first part is the DL preamble as the synchronization signal, and the second part is the interrogation signal. The synchronization signal is used for triggering the detection of the DL signals at the A-IoT device and the timing synchronization between the gNB and the A-IoT device to determine the position of the frame header for receiving interrogation signal. The interrogation signal is used to provide the downlink control signaling and data transmission to the A-IoT device. The data transmission includes the higher layer signaling, the NAS signaling and any information transferring in the user plane.

[bookmark: _Ref157255334]Figure 2: PDICH (Physical Downlink Interrogation Channel)

Proposal 4: The A-IoT specific PDICH (Physical Downlink Interrogation Channel) should be introduced for A-IoT communication, in which synchronization signals and interrogation signals are embedded.
Synchronization signal
Since ambient IoT communication is an asynchronous responsive communication, and ambient IoT devices have the simple components for the RF processing with very low power consumption. The ambient IoT devices do not have the energy in processing the periodic synchronization signals and ambient IoT devices do not maintain the synchronization with the network.
In fact, ambient IoT communication is an asynchronous communication with the timing and synchronization signals are embedded in the physical channels. As the DL synchronization signal, DL preamble is included in the beginning of PDICH. The DL preamble is designed as a predefined bit sequence at the beginning of PDICH for triggering the A-IoT device in the detection and synchronization of DL channel and assisting the A-IoT device in the decoding of the subsequent interrogation signal.
Proposal 5: DL preamble should be included in the PDICH, and located at the beginning of PDICH for triggering the A-IoT device in the detection and synchronization of DL channel and decoding of the interrogation signal.

Interrogation signal
In A-IoT communication, gNB or intermediate node UE transmits the interrogation signal to the ambient IoT devices, in order to provide DL control information and data transmission to A-IoT devices. A-IoT devices would respond to the interrogation from the carrier wave provided externally by transmitter (Type1/2 devices) or generation internally (Type 2 devices), as shown in the following Figure 3. 
Interrogation signal carries DL control information and DL data transmission. DL control information includes device activation of signal reception information, UL time domain resource assignment information, A-IoT channel frequency domain resource allocation information and device identity information, which will be discussed in section 3.3.

[bookmark: _Ref157256233]Figure 3: Interrogation signal and backscattered/self-generated signal

Proposal 6: Interrogation signal should be included in the PDICH, and it can provide downlink control information and data transmission to A-IoT devices.
CW(Carrier Wave)
Ambient IoT device is a responsive device and not an interactive device. Carrier wave is an un-modulated waveform to provide the Ambient IoT device the energy used for the Ambient IoT devices to response to the control information and data transmission from interrogation signal.
Carrier wave is transmitted from the base stations, intermediate node UEs or other carrier wave emitters to A-IoT device or it can be generated by A-IoT device itself. The responsive A-IoT devices would backscatter/self-generate the carrier wave as the response signals back to the receiver. A-IoT devices would respond to the interrogation based on the pre-configured/pre-programed functions with the carrier wave for Type 1 and 2 devices.
· [bookmark: _Hlk158457493]For Type 1 device, the carrier wave is externally provided by the base stations, intermediate node UEs or other carrier wave emitters without the signal amplification on the response signal from the A-IoT device.
· For Type 2 device, the carrier wave could be generated internally or is externally provided by the base stations, intermediate node UEs or other carrier wave emitters with the signal amplification on the response signal from the A-IoT device.
The channel bandwidth of carrier wave should be the same as that of PDICH.
Proposal 7: A-IoT devices would respond to the interrogation based on the pre-configured/pre-programed functions with the carrier wave for Type 1 and 2 devices.
· For Type 1 device, the carrier wave is externally provided by the base stations, intermediate node UEs or other carrier wave emitters without the signal amplification on the response signal from the A-IoT device.
· For Type 2 device, the carrier wave could be generated internally or is externally provided by the base stations, intermediate node UEs or other carrier wave emitters with the signal amplification on the response signal from the A-IoT device.
[bookmark: _Ref157181695]Downlink control information of A-IoT
Downlink control information is carried by PDICH and it provides device activation of signal detection information, scheduling information and device identity information to the A-IoT devices.
Device activation of signal detection by preamble
Device activation of signal detection information should be included in downlink control information of PDICH. With such information, gNB can remotely activate the signal detection of the A-IoT devices. When the A-IoT device is activated by gNB, the A-IoT device is scheduled/autonomously transmitted the carrier wave by   backscatter/self-generate the carrier wave as the response signals back to the receiver. With the device activation of signal detection information, the A-IoT device can reduce the power consumption.
Proposal 8: Device activation of signal detection information should be included in downlink control information of PDICH. With the device activation of signal detection information, the A-IoT devices can reduce the power consumption.
UL time domain resource assignment
In order to resolve the collision issue of multiple A-IoT devices responses to the reader in the gNB or intermediate node UE simultaneously, the UL resource for the response signals can be coordinated with the scheduling of the UL transmission time or UL transmission time window for A-IoT devices, and UL time domain resource assignment information to be included in downlink control information of PDICH. For example, different transmission time interval of UL channel/signal transmission can be indicated in PDICH for different A-IoT devices, and A-IoT devices will transmit the backscatter signals at indicated transmission time interval to minimize the collisions among the UL transmission of multiple A-IoT devices. 
Both non-contention based case (e.g., when gNB only transmits an interrogation signal to a single device) and contention based case (e.g., when gNB transmits an interrogation signal to a group of devices) should be supported in UL time domain resource assignment. For non-contention based case, the interrogation signal may be scheduled with indication of the response time interval for the device to transmit the backscatter signals. For contention based case, the interrogation signal may indicate the response time window and contention resolution multiple access mechanism for the devices to choose for transmitting the backscattered signals.
The time domain resource for UL transmission is a list of Ambient IoT transmission time interval (TTI). The TTI is defined as a fixed time interval of carrier wave transmission.  The resource allocation could contain one or multiple TTIs. When one TTI is included in the downlink control information, the device should backscatter/self-generate the carrier wave in this TTI. When multiple TTIs are included in the downlink control information, the device should choose one TTI from the multiple TTIs to backscatter/self-generate the carrier wave.
Proposal 9: The UL time domain resource assignment information should be included in downlink control information of PDICH. The time domain resource for UL transmission is a list of Ambient IoT transmission TTI. The time domain resource allocation could contain one or multiple TTIs.
A-IoT channel resource allocation in frequency domain
Similar to the UL time domain resource assignment, A-IoT channel resource allocation in frequency domain should be also included in downlink control information of PDICH in order to resolve the collision issue of multiple A-IoT devices communicating with the gNB simultaneously when the frequency shifter capability is supported by the A-IoT device. For example, different A-IoT channel indexes for UL channel/signal transmission can be indicated in PDICH for different A-IoT devices to transmit the response signals by backscattered/self-generated signals in different A-IoT channel resources, so the collisions among the UL transmission of multiple A-IoT devices can be minimized.
The frequency domain resource for UL transmission is a list of A-IoT channel indexes. The resource allocation could contain one or multiple A-IoT channel indexes. When one A-IoT channel index is included in downlink control information, the device should backscatter/self-generate the carrier wave in this A-IoT channel. When multiple A-IoT channel indexes are included in downlink control information, the device should choose one A-IoT channel from the multiple A-IoT channel indexes to backscatter/self-generate the carrier wave.
Proposal 10: A-IoT channel resource allocation information in frequency domain should be included in downlink control information of PDICH. The frequency domain resource for UL transmission is a list of A-IoT channel indexes. The frequency domain resource allocation could contain one or multiple A-IoT channel indexes.
Device identity information
A-IoT device identity information can be used for identification, notification and confirmation of specific A-IoT device(s). For example, in the use case on Finding Remote Lost Item (i.e., Use case 5.8 in TR 22.840) [2], Ambient IoT devices could be attached to the personal items (e.g., keys, wallets, bags, phones, glasses, etc.) and be used to help finding their location. When the owner lose his personal items, gNB can transmit the interrogation signal with the A-IoT device ID of the lost item, if the A-IoT device in the lost item receives the interrogation signal, the device in the lost item would backscatter the carrier wave as the response signals back to the gNB with its A-IoT device ID for positioning. In this use case, A-IoT device ID is used for the identification and notification of the interrogated lost item.
Device identity information should be included in downlink control information of PDICH. Three kinds of device identity information can be considered as follows,
· A-IoT device ID: only for single device indication.
· A-IoT device group ID: only for group of devices indication.
· A-IoT device type ID: only for PDICH indicating a special type of device, i.e., sensors.
Proposal 11: Device identity information should be included in downlink control information of PDICH. Three kinds of device identity information can be considered as follows,
· A-IoT device ID: only for single device indication.
· A-IoT device group ID: only for group of devices indication.
· A-IoT device type ID: only for PDICH indicating a special type of device, i.e., sensors.
Uplink channel/signal for A-IoT communication
PURCH (Physical Uplink Response Channel)

The UL channels/signals used for the A-IoT to transmit the response signals should have the A-IoT specific UL channel/signals since the UL signals for the response information will have different characteristic of transmission in waveform, transmission time interval, modulation scheme, and carrier BW comparing to that of NR channel/signals. For A-IoT communication, PURCH (Physical Uplink Response Channel) should be introduced to support the transmission of uplink A-IoT signals. As shown in the following Figure 4, PURCH consists of two parts.  The first part is UL preamble, and the second part is the uplink response signal. The UL preamble is the known sequence at the front of the UL backscattered/generated signals to assist the receiver in synchronization and detection of carrier wave.
[bookmark: _Ref157256347]
[bookmark: _Ref158307028]Figure 4: PURCH (Physical Uplink Response Channel)

Proposal 12: PURCH (Physical Uplink Response Channel) should be introduced for A-IoT communication, in which UL preamble and uplink response signal are embedded.
UL preamble
The timing information and synchronization signals are also needed to be embedded in the UL physical channel in order for the reader at the gNB or intermediate node UE to detect the UL PURCH with large time drifting since the timing reference of A-IoT devices provided in the device oscillator is highly inaccurate with frequency stability at 104 – 105 ppm. As the UL synchronization signal, UL preamble is included in the PURCH. UL preamble is a predefined bit sequence at the beginning of PURCH for triggering the gNB or intermediate node UE in detection and synchronization of UL channel and assisting the gNB or intermediate node UE in the detection of subsequent uplink response signal. 
Proposal 13: UL preamble is included in the PURCH, and UL preamble is at the beginning of PURCH for triggering the gNB or intermediate node UE in synchronization of UL channel and detection of subsequent uplink response signal.

[bookmark: _Hlk158460834]Uplink response signal
According to the definition of type 1 device in the SID [1], for type 1 device, there is neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally. As shown in the following Figure 5 [4], after receiving the carrier wave, the backscatter transmitter of the A-IoT device can modulate its uplink information to the carrier wave with different RF modulation waveforms by adjusting the load impedance of the antenna.
For type 2 device, based on its definition in the SID, the device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally. Hence, the type 2 device can also backscatter the incident carrier wave after impedance matching back to gNB or intermediate node UE. 
Therefore, for both type 1 device and type 2 device, uplink response signal by modulated the information on the carrier wave by backscattering should be introduced for A-IoT communication. 
Proposal 14: For both type 1 device and type 2 device, uplink response signal by modulated the information on the carrier wave by backscattering should be introduced for A-IoT communication.
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[bookmark: _Ref157272028]Figure 5: Frontend of backscatter transmitter of type 1 device

For type 2 device in the SID [1], the DL and/or UL signals amplification are supported by the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally. Therefore, type 2 device can self-generate the carrier wave and modulate it as the uplink response signal back to the receiver, except backscattering the incident carrier wave.
For type 2 device, the uplink response signal with additional function generated internally by the A-IoT device should be introduced with different capability than that of the backscattered response signal, after receiving the control information from the interrogation signal.
Proposal 15: For type 2 device, the uplink response signal with additional function generated internally by the A-IoT device should be introduced with different capability than that of the backscattered response signal, after receiving the control information from the interrogation signal.
Uplink information payload in the UL response
Uplink information payload is carried by uplink response signals in reply to the control information in the interrogation signals.
[bookmark: _Hlk158460687]Device identity related control information
A-IoT device identity information can be used for identification, notification and confirmation of specific A-IoT devices. For example, as shown in the following Figure 6, for the use case on Ambient IoT for Base Station Machine Room Environmental Supervision (i.e., Use case 5.13 in TR 22.840) [2], Ambient IoT devices can be deployed inside the base station cabinet to monitor the temperature and humidity parameters of base station machine room in time, which can help to detect potential problems early and reduce the probability of network outage. gNB can transmit the interrogation signal with the A-IoT device IDs of the base station cabinet, the Ambient IoT devices in the base station machine room will measure the environmental parameters(such as temperature and humidity) and transmit the obtained information to the gNB via PURCH, in which the A-IoT device IDs of the base station cabinet are included. In this use case, A-IoT device IDs are used for the identification of the base station cabinet in the base station machine room.
[image: C:\Users\cmcc\Desktop\图片1.png图片1]
[bookmark: _Ref157278285]Figure 6: Use case on Ambient IoT for Base Station Machine Room Environmental Supervision

Device identity related control information should be included in uplink information payload of PURCH. Three kinds of device identity information can be considered as follows,
· A-IoT Device ID: indicate the identity of the device.
· A-IoT Device group ID: indicate the group of the device belonging to.
· A-IoT Device type ID: indicate the type of device, i.e., sensors.
Proposal 16: Device identity related control information should be included in uplink information payload of PURCH. Three kinds of device identity information can be considered as follows,
· A-IoT Device ID: indicate the identity of the device.
· A-IoT Device group ID: indicate the group of the device belonging to.
· A-IoT Device type ID: indicate the type of device, i.e., sensors.
Uplink control information and data
[bookmark: _Hlk158461220]The UL response signals also include the UL control information in response to the DL control information in the interrogation signals. The UL data would include any response to the control information from higher layer signaling and the NAS signaling from core network. The UL control information and data in the response signals include the device function, security, and any higher information studied in RAN2, RAN3, SA2, SA3, and CT1.  
Proposal 17: The UL control information and data in the response signals include the device function, security, and any higher information studied in RAN2, RAN3, SA2, SA3, and CT1.  
Proximity determination for A-IoT devices

Scenarios and use cases for proximity determination
As mentioned in section 2.4, according to the SID [1], the ambient IoT channel/signals design for A-IoT communication should take into consideration of the use case of indoor positioning. As defined in the SID [1] and TR 38.848 [3], location of network entities for indoor positioning in deployment scenario 1 & 2 can be found in the Table 1.
[bookmark: _Ref157336216]Table 1: Location of network entities for indoor positioning in deployment scenario 1 & 2
	Location of network entities for indoor positioning
	Deployment scenario 1 with Topology 1
	Deployment scenario 2 with Topology 2

	Base stations
	Indoor (Micro-cell)
	Outdoor (Macro-cell)

	A-IoT devices
	Indoor
	Indoor

	Intermediate node UEs
	N/A
	Indoor (under NW control)



According to TR 38.848 [3], indoor positioning is one of the representative use cases (rUCs) defined in RAN. Meanwhile, SA1 applicable use cases are also defined in TR 22.840 [2], the mapping between RAN representative use cases and SA1 use cases can be found in the following Table 2. Based on the definition of the SA1 applicable use cases in TR 22.840 [2], the positioning types and positioning accuracy requirements for each SA1 applicable use cases are also added in Table 2.

[bookmark: _Ref157337480]Table 2: Location of network entities for indoor positioning in deployment scenario 1 & 2
	RAN rUC
	SA1 applicable use cases
	Positioning types
	Positioning accuracy requirements

	rUC3: Indoor positioning
	5.8 Finding Remote Lost Item
	Relative positioning
	3 m

	
	5.9 Location service
	Absolute positioning
	Cell-level

	
	5.10 Ranging in a home
	Relative positioning
	1-3 m

	
	5.12 Personal belongings finding
	Relative positioning
	1-3 m

	
	5.14 Positioning in shopping centre
	Relative positioning
	3 m

	
	5.21 Museum Guide
	Relative positioning
	3 m



For example, as shown in Figure 7, in the use case on Finding Remote Lost Item (i.e., Use case 5.8 in TR 22.840) [2], Ambient IoT devices could be attached to the personal items (e.g., keys, wallets, bags, phones, glasses, etc.) and be used to help finding their location. When the owner lose his personal items, gNB can transmit the interrogation signal with the A-IoT device ID of the lost item, when the A-IoT device in the lost item receives the interrogation signal, the device in the lost item would backscatter the carrier wave as the response signals back to the gNB with its A-IoT device ID, the nearby UEs/RAN entities can locate the position of the A-IoT device and report the A-IoT device ID’s current location and time. 

[bookmark: _GoBack][image: ]
[bookmark: _Ref157340454]Figure 7: Use case on Finding Remote Lost Item

Feasibility for proximity determination
Since ambient IoT communication is a responsive communication, and ambient IoT devices has the simple components for the RF processing with very low power consumption, unlike traditional NR UE, ambient IoT devices do not have the energy and capability in processing positioning reference signal and ambient IoT devices do not take charge of positioning estimation. Hence, the device-based positioning method cannot be adopted for proximity determination for A-IoT devices.
For network-based positioning method, the gNB/UE closed to the A-IoT device can measure the backscattered/self-generated signals from A-IoT device and estimate the relative/absolute position of the A-IoT device. 
For relative positioning, RTT (Round Trip Time) method can be used for proximity determination. Due to the lack of dedicated positioning reference signal, the positioning accuracy of A-IoT will be very low, for example, the relative positioning accuracy may range from a few meters to several tens of meters, which may not meet the relative positioning accuracy requirement of some SA1 applicable use cases, i.e., indoor relative positioning: 1~3m. It needs further study whether the 1~3m positioning accuracy can be achieved for A-IoT devices. 
For absolute positioning, since the positioning accuracy requirement is cell-level, the position of the A-IoT device can be achieved with E-CID method that based on the cell ID.
Based on the above discussion, positioning estimation from gNB/UE receiver via the backscattered/self-generated signals from A-IoT devices is feasible for proximity determination. 
Proposal 18: Network-based positioning with the positioning estimation from gNB/UE receiver via the backscattered/self-generated signals from A-IoT devices is feasible for proximity determination.
· For indoor relative positioning (higher priority): RTT (Round Trip Time) method can be used.
· For indoor absolute positioning: E-CID method can be used.
Required functionalities for proximity determination
In fact, gNB/UE and A-IoT device will be involved in the procedure of proximity determination. Specifically, gNB and/or UE transmit the carrier wave to the A-IoT device for response signals and positioning with time stamp. The A-IoT device transmits the backscattered/self-generated signal to the gNB or the intermediate node UE. Then the gNB and/or UE measure the backscattered/self-generated signal from the A-IoT device and estimate the relative distance and/or relative angle between the A-IoT device and the gNB and/or UE with RTT method. 
Proposal 19: Regarding proximity determination for A-IoT device, the network entities and their functionalities are as follows,
· gNB and/or intermediate node UE: 
· Transmitting the carrier to A-IoT device with time stamp.
· Measuring the arrival time of the backscattered/self-generated signal from the A-IoT device.
· Estimating the relative distance and/or relative angle between the A-IoT device and the gNB and/or UE with RTT method.
· A-IoT device: 
· Transmitting the backscattered/self-generated signal to the gNB and/or UE at the scheduled or self-determined TTI.
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss DL and UL physical channels/signals design in support of Ambient IoT devices, and give the following observations and proposals:
Observation 1: The terminologies of downlink and uplink in A-IoT communications are considered as follows,
· DL channel/signals refer to the channel/signals received by A-IoT devices, including the channel/signals transmitted from the base stations in Topology 1 or from UEs in Topology 2. 
· UL channel/signals refer to the channel/signals transmitted from A-IoT devices either self-generated or backscattered to the base stations in Topology 1 or to the intermediate nodes UEs in Topology 2.
Proposal 1: A harmonized DL and UL physical channels/signals with minimized differences (where necessary) should be designed to enable A-IoT device and type 2 device defined in the SID.
Proposal 2: Both Topology 1 and Topology 2 should have common design in DL and UL physical channels/signals for A-IoT communication.
Proposal 3: The design of DL and UL physical signals should take into consideration of the use case of indoor positioning for A-IoT communication.
Proposal 4: The A-IoT specific PDICH (Physical Downlink Interrogation Channel) should be introduced for A-IoT communication, in which synchronization signals and interrogation signals are embedded.
Proposal 5: DL preamble should be included in the PDICH, and located at the beginning of PDICH for triggering the A-IoT device in the detection and synchronization of DL channel and decoding of the interrogation signal.
Proposal 6: Interrogation signal should be included in the PDICH, and it can provide downlink control information and data transmission to A-IoT devices.
Proposal 7: A-IoT devices would respond to the interrogation based on the pre-configured/pre-programed functions with the carrier wave for Type 1 and 2 devices.
· For Type 1 device, the carrier wave is externally provided by the base stations, intermediate node UEs or other carrier wave emitters without the signal amplification on the response signal from the A-IoT device.
· For Type 2 device, the carrier wave could be generated internally or is externally provided by the base stations, intermediate node UEs or other carrier wave emitters with the signal amplification on the response signal from the A-IoT device.
Proposal 8: Device activation of signal detection information should be included in downlink control information of PDICH. With the device activation of signal detection information, the A-IoT devices can reduce the power consumption.
Proposal 9: The UL time domain resource assignment information should be included in downlink control information of PDICH. The time domain resource for UL transmission is a list of Ambient IoT transmission TTI. The time domain resource allocation could contain one or multiple TTIs.
Proposal 10: A-IoT channel resource allocation information in frequency domain should be included in downlink control information of PDICH. The frequency domain resource for UL transmission is a list of A-IoT channel indexes. The frequency domain resource allocation could contain one or multiple A-IoT channel indexes.
Proposal 11: Device identity information should be included in downlink control information of PDICH. Three kinds of device identity information can be considered as follows,
· A-IoT device ID: only for single device indication.
· A-IoT device group ID: only for group of devices indication.
· A-IoT device type ID: only for PDICH indicating a special type of device, i.e., sensors.
Proposal 12: PURCH (Physical Uplink Response Channel) should be introduced for A-IoT communication, in which UL preamble and uplink response signal are embedded.
Proposal 13: UL preamble is included in the PURCH, and UL preamble is at the beginning of PURCH for triggering the gNB or intermediate node UE in synchronization of UL channel and detection of subsequent uplink response signal.
Proposal 14: For both type 1 device and type 2 device, uplink response signal by modulated the information on the carrier wave by backscattering should be introduced for A-IoT communication.
Proposal 15: For type 2 device, the uplink response signal with additional function generated internally by the A-IoT device should be introduced with different capability than that of the backscattered response signal, after receiving the control information from the interrogation signal.
Proposal 16: Device identity related control information should be included in uplink information payload of PURCH. Three kinds of device identity information can be considered as follows,
· A-IoT Device ID: indicate the identity of the device.
· A-IoT Device group ID: indicate the group of the device belonging to.
· A-IoT Device type ID: indicate the type of device, i.e., sensors.
Proposal 17: The UL control information and data in the response signals include the device function, security, and any higher information studied in RAN2, RAN3, SA2, SA3, and CT1.  
Proposal 18: Network-based positioning with the positioning estimation from gNB/UE receiver via the backscattered/self-generated signals from A-IoT devices is feasible for proximity determination.
· For indoor relative positioning (higher priority): RTT (Round Trip Time) method can be used.
· For indoor absolute positioning: E-CID method can be used.
Proposal 19: Regarding proximity determination for A-IoT device, the network entities and their functionalities are as follows,
· gNB and/or intermediate node UE: 
· Transmitting the carrier to A-IoT device with time stamp.
· Measuring the arrival time of the backscattered/self-generated signal from the A-IoT device.
· Estimating the relative distance and/or relative angle between the A-IoT device and the gNB and/or UE with RTT method.
· A-IoT device: 
· Transmitting the backscattered/self-generated signal to the gNB and/or UE at the scheduled or self-determined TTI.
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