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Introduction
In RAN1#116-bis meeting, several agreements were achieved related to DL and UL physical channels/signals design in support of ambient IoT devices [1]. 
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices
· FFS: how to make the preamble compact

Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble

Agreement
For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed
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Agreement
For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed  
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PDRCH generation

Agreement
Reference signals including at least DMRS, PTRS, CSI-RS/TRS, are not further studied for R2D.

Agreement
Reference signals including DMRS, PTRS, SRS, are not further studied for D2R
· Note: This doesn’t preclude the possibility to study preamble, midamble, postamble for different purposes, e.g. channel/interference estimation and/or proximity determination

Agreement
Proximity determination based on device side measurements is not considered. 


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 proposals with conclusions.
Design principles of DL and UL physical channels/signals for A-IoT communication
In the Rel-19 Ambient IoT SID [3], 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 harmonized design for A-IoT device 1/2a/2b and common design for connectivity Topologies 1 & 2.

Harmonized design for A-IoT device 1/2a/2b
In RAN1#116 meeting, one agreement was achieved related to the definitions of device 1/2a/2b as follows [2],
	Agreement
For the purpose of the study, RAN1 uses the following terminologies:
i. 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.
ii. 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.
iii. 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.


[bookmark: _Hlk162895504]According to the descriptions in the Rel-19 A-IoT SID [3], the overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable device 1/2a/2b. Therefore, a harmonized DL and UL physical channels/signals with common structure and procedure should be designed for A-IoT device 1/2a/2b.
Proposal 1: A harmonized DL and UL physical channels/signals with common structure and procedure should be designed for A-IoT device 1/2a/2b.

Common design for connectivity Topologies 1 & 2
In TR 38.848 [5], 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 [3], the study of Ambient IoT focuses on both Topology 1 and Topology 2 in Rel-19 A-IoT study Item. DL channel/signal design needs to be designed to be common in support of both Topology 1 and Topology 2. "For Topology 2, no difference in physical layer design from Topology 1" as in [3].   The intermediate node in Topology 2 is an UE reader under NW control, which is responsible for relaying the control of downlink transmission or uplink reception 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.

Downlink channel/signal for A-IoT communication
In RAN1#116, the preamble and PRDCH were agreed as the DL signal/channels for R2D communications. The preamble was agreed as the timing acquisition signals as follows,

	· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.




R2D Preamble and timing acquisition signals
The potential candidates of R2D timing acquisition signals include R2D preamble, R2D midamble and R2D postamble. 
R2D preamble
The following agreement was made in RAN1#116-bis related to R2D preamble for A-IoT communication [1]:
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices
· FFS: how to make the preamble compact




In RAN1#116bis agreements aforementioned, R2D preamble immediately precedes the transmission of a physical channel; it includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part.
Start-indicator part (SIP)
The start-indicator part (SIP) of R2D preamble should be a pre-defined sequence with fixed-length low voltage and fixed length high voltage to trigger the signal detection as the start of the R2D signals. The pre-defined sequence of SIP should be different from the sequence of subsequent PRDCH transmission and never occur in a PRDCH. Thus, the device can determine the start of R2D transmission by receiving and detecting the SIP. It was discussed in RAN1#116bis that a length of signals would be transmitted for the energy storage to allow the A-IoT device having sufficient energy in detecting the R2D signals. The length and the design of the SIP sequence should take into the consideration of the signals for the A-IoT device energy storage. As shown in the Figure 2 as an example, a special sequence for the SIP can be adopted, where the length of the SIP is 4 chip durations, using a low voltage of one chip duration and a high voltage of three chip durations. This sequence will never occur in a PRDCH transmission, since it has a high voltage of three chip durations, if Manchester encoding is adopted for PRDCH.
Proposal 3: The start-indicator part (SIP) of R2D preamble should be a pre-defined sequence with fixed-length low voltage and fixed length high voltage. The sequence of the SIP should be different from the sequence of subsequent PRDCH transmission and never occur in a PRDCH.
Clock-acquisition part (CAP)
Clock-acquisition part (CAP) of R2D preamble provides at least the chip synchronization of the subsequent physical channel transmission. For the CAP, it can be a  pre-defined sequence; The CAP should adopt line coding to improve the detection success rate. The CAP of R2D preamble should use the same encoding method and chip duration as the PRDCH transmitted subsequently, such as Manchester coding. As shown in the Figure 2 as an example, the CAP length of R2D preamble can be 8~32 chip durations, which can carry 4~16 information bits. The device can determine the chip duration by detecting the minimum length between the rising and falling edges of the CAP sequence, or by detecting the length of low voltage of the SIP. 
Proposal 4: Clock-acquisition part (CAP) of R2D preamble should use the same encoding method and chip duration as the PRDCH transmitted subsequently, such as Manchester coding. 
Proposal 5: The device can determine the chip duration by detecting the minimum length between the rising and falling edges of the CAP sequence, or by detecting the length of low voltage of the SIP.
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Figure 2: The start-indicator part (SIP) and clock-acquisition part (CAP) of R2D preamble

Regarding the issue of whether other part(s) of R2D preamble should be introduced, since the SIP can indicate the start of the R2D transmission and the CAP can provide the chip synchronization of the subsequent physical channel transmission, there is no need to introduce any other part for R2D preamble, and the above R2D preamble design should be applicable to devices 1/2a/2b.
Proposal 6: Except for the SIP and CAP, there is no need to introduce any other part for R2D preamble, and the above preamble design is applicable to devices 1/2a/2b

R2D midamble
The following agreement was achieved in RAN1#116-bis related to R2D midamble for A-IoT communication [1]:
	Agreement
RAN1 study the R2D transmission without midamble as the baseline if Manchester encoding is used.
· FFS the necessity for the R2D transmission with midamble if PIE is used. 




The midamble is used for resynchronize when the packet size is variable and long. The transmission time interval and packet size for A-IoT should be designed based on the transport block sizes. The number of transport block size in 3GPP is in general mapped to the physical layer resource, such as RE, in a fixed time interval (e.g., slot). Thus, there will not have variable packet sizes with variable transmission time interval. There is no need to include R2D midamble for PRDCH.
Proposal 7: There is no need to introduce R2D midamble for A-IoT downlink communication.

[bookmark: _Ref165971609]R2D postamble
The following agreement was achieved in RAN1#116-bis related to R2D postamble for A-IoT communication [1]:
	Agreement
To determine or derive the end of PRDCH transmission, study at least following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.




As shown in Table 1 in section 3.2.3, the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command are from 96 bits to 100 bytes. The payload size of PRDCH from higher layer would be a limited set of transport block size based on different message sizes from application in the SA1 use cases. There are two options for the device to determine or derive the end of PRDCH transmission as follows,
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH for variable transport block size from higher layer.
· Option 2: Based on R2D control information. The TBS indication and other information can be used for the device to determine the duration of PRDCH.
Since the timing reference of A-IoT devices provided in the device oscillator is highly inaccurate with frequency stability at 104 – 105 ppm, the device may increase the detection errors, which would increase the false alarms and miss-detections with R2D postamble due to the large time drifting. The device would not detect the end of the PRDCH transmission if the detection of postamble is in error. Since the TBS provided by higher layer would be limited number of sizes, it is simpler and straightforward way to indicate the end of transmission of a PRDCH with the Option 2 (TBS indication) in the control information of the PRDCH transmission.
Proposal 8: R2D postamble should not be introduced to indicate the end of PRDCH transmission. TBS indication should be used to implicitly indicate the packet size and transmission time interval and could be included in the control information of PRDCH.

PRDCH structure and generation
PRDCH structure
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. 
The following agreements were achieved in RAN1#116 related to downlink channel/signal for A-IoT communication [2]:
	Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

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




For ambient IoT devices, a dedicated A-IoT physical channel (PRDCH, Physical Reader to Device Channel) is studied, and a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study. For A-IoT communication, PRDCH should be introduced to support the transmission of R2D control information and data transmission. Regarding the structure of PRDCH, as shown in Figure 3, the PRDCH should include R2D control information, R2D data transmission, and CRC. The R2D control information includes scheduling information, device identity information and other information. The R2D data transmission includes the higher layer signalling, the NAS signalling and any information transferring in the user plane. In addition, according to the agreement in RAN1#116-bis, R2D preamble is considered not to be part of PRDCH.
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[bookmark: _Ref162177919]Figure 3: PRDCH structure

Proposal 9: For ambient IoT devices, the PRDCH should be introduced as a dedicated A-IoT physical channel for R2D transmission, in which at least R2D control information, R2D data transmission, and CRC are embedded.

In RAN1#116-bis meeting, there are discussion on the DL control information and dedicated physical channel for control information in addition to PRDCH. One proposal in the offline discussion summary related to apply CRC to R2D control information and R2D data was discussed without consensus as follows [6],
	Proposal 2.1.3-2A
· For mapping of R2D control information to PRDCH, at least following options are further studied and down-selected:
· Option 1: Joint/single CRC is applied to R2D control information and R2D data
· Option 2: Separate CRC is applied to R2D control information and R2D data
· Option 3: No CRC is applied to R2D control information
· FFS: further details for mapping of R2D control information and R2D data
· FFS: whether/how to indicate the types of information mapped to PRDCH
· Note: This doesn’t preclude carrying some or all of R2D control information higher layer signaling (e.g. MAC CE, RRC)



Regarding the CRC design for PRDCH, single CRC for R2D control information and R2D data should be sufficient  to the R2D control information and R2D data to minimize the large processing and power consumption at A-IoT device. Some control information, such as TBS indication, could be designed to have simple error protection capability without CRC before the PRDCH to indicate the total length of the PRDCH.
Proposal 10: Single CRC should be applied to some of R2D control information and R2D data.

PRDCH generation
The following agreements were achieved in RAN1#116-bis related to PRDCH generation for A-IoT communication [1]:
	Agreement
For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed

[image: ]PRDCH generation





In RAN2#125bis, it had been agreed that PDCP layer is not needed for A-IoT communications. Thus, it can be considered providing security functionality for A-IoT communications in physical layer, such as scrambling for PRDCH generation. On the other hand, in A-IoT communications, the coverage of the readers may be overlapped with each other and inter-reader interference may be serious, especially in dense deployment scenario. Hence, in order to providing security functionality and randomize interference between downlink signals sent by different readers, PRDCH should be scrambled with dedicated scrambling sequences. Scrambling should be proceeded before CRC, therefore, a scrambling block should be added before the CRC block. The diagram of updated PRDCH generation can be found in the following Figure 4.
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[bookmark: _Ref165563326]Figure 4: Updated PRDCH generation with scrambling
Proposal 11: A scrambling block should be added before the CRC block for PRDCH generation.

[bookmark: _Ref162708928][bookmark: _Ref165492121]PRDCH TB size
PRDCH carries R2D control information and R2D data transmission. R2D control information includes D2R time domain resource assignment information, A-IoT channel frequency domain resource allocation information, device identity information and other information, which will be discussed in section 3.3. The data transmission includes the higher layer signalling, the NAS signalling and any information transferring in the user plane.
Regarding the payload size of PRDCH, the scope of objectives in the SID [3] includes traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). According to the study results in TR 38.848 [5], indoor inventory and indoor command are the representative use cases (rUCs) defined in RAN. Meanwhile, SA1 applicable use cases are also defined in TR 22.840 [4]. The mapping between RAN representative use cases and SA1 use cases can be found in the following Table 1. Based on the definition of the SA1 applicable use cases in TR 22.840 [4], the message size requirements and potential message contents for each SA1 applicable use cases are also added in Table 1.
As shown in Table 1, the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command are from 96 bits to 100 bytes. Hence, the information payload of PRDCH should be no more than 100 bytes. The candidate transport block sizes for PRDCH are {128, 256, 512, 1024} bits.
[bookmark: _Ref162622492]Table 1: Message sizes requirements and potential message contents for SA1 applicable use cases of indoor inventory and indoor command
	RAN representative Use Cases (rUCs)
	SA1 use cases / traffic scenarios
	Message sizes
	Message contents

	rUC1: indoor inventory
	5.1 Automated warehousing
	96/128 bits
	Ambient IoT device identifier used for goods identification.

	
	5.2 Medical instruments inventory management and positioning
	176 bits
	Inventory information (such as: the serial number of the instrument (16 bits), usage status (2 bits), usage records (128 bits), years of use (6 bits), number of usage (18 bits), maintained status (2 bits), other potential information).

	
	5.5 Automobile manufacturing
	96 bits
	Electronic Product Code (EPC).

	
	5.7 Airport terminal / shipping port
	256 bits (UL)
	128 bits for the Electronic Product Code (EPC) of the tracked object and additional 128 bits assumed for control / other data (e.g., location-related).

	
	5.15 Smart laundry
	<100 bytes
	Information of the Ambient IoT device (e.g., the color, fabric, material, shape and the detected parameter values such as temperature and humidity of the clothes).

	
	5.16 Automated supply chain distribution
	<100 bytes
	Inventory information (such as: product serial number. product types, product location, etc).

	
	5.18 Fresh food supply chain
	<100 bits
	Device ID and temperature readings.

	
	[bookmark: _Toc100743497][bookmark: _Toc144489358][bookmark: _Toc154166175]6.1 Traffic scenario on flower auction
	96 bits
	Only an identifier for the tag is sent (Electronic Product Code (EPC)).

	
	6.3 Electronic shelf label
	100 bytes
	The message payload size is calculated based on the capacity of 50 Unicode characters for item description and pricing on the electronic shelf label.

	rUC4: indoor command
	5.11 Online modification of medical instruments status
	176 bits
	Inventory information (such as: the serial number of the instrument (16 bits), usage status (2 bits), usage records (128 bits), years of use (6 bits), number of usage (18 bits), maintained status (2 bits), other potential information).

	
	5.26 Elderly health care
	<100 bits
	Ambient IoT device identifier and device status (LED on/off).

	
	6.3 Electronic shelf label
	100 bytes
	The message payload size is calculated based on the capacity of 50 Unicode characters for item description and pricing on the electronic shelf label.



Proposal 12: For PRDCH, transport block size is no more than 100 bytes according to the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command.
· The candidate transport block sizes for PRDCH are {128, 256, 512, 1024} bits.
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The R2D control information is carried by PRDCH for the physical layer and higher layer control information; NAS control information and other control information to the A-IoT devices. The preamble was agreed in RAN1#116 to be included at the before the R2D control information in the PRDCH for the device activation and synchronization.  
The higher layer control information carried by PRDCH may include Initial Trigger Message indicating device(s) that need to respond, resource configuration information providing to the device, higher layer header for packet segmentation and reassembly information, command request and AS security information.
The NAS control information carried by PRDCH may include the device authentication and authorization information.
The physical layer control information carried by PRDCH will be discussed in the following sub-sections. 
D2R time domain resource assignment
In order to resolve the collision of contention-based multiple access with multiple A-IoT devices responses to the reader in the gNB or intermediate node UE simultaneously, the D2R resource for the response signals can be coordinated through the scheduling of the D2R transmission time or D2R transmission time window for A-IoT devices, and D2R time domain resource assignment information to be included in R2D control information of PRDCH. 
In RAN1#116 meeting, it was agreed that response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH, and for A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied. The related agreements are listed as follows [2]. 
	Agreement
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.
Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.
Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study



The following agreements were achieved in RAN1#116-bis related to time-domain multiple access of D2R transmissions for A-IoT communication [1]:
	Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.



For slotted-ALOHA based multiple access procedure, the PRDCH may include the control information of the response time unit or time window for the devices to transmit the PDRCH during the contention-based access procedure. The indicated response time unit is just a set of TTIs for the transmission of response signals instead of the exact time of response from the device. The device to determine the exact PDRCH transmission time based on slotted-ALOHA or carrier-sense based multiple access procedure. If the collision is detected, the device will try to select another transmission time to transmit the PDRCH. 
Proposal 13: A set of TTIs for the devices to select for the transmission time of the PDRCH should be included in the PRDCH control information.

A-IoT channel resource allocation in frequency domain
In RAN1#116-bis meeting, it was agreed that frequency-domain multiple access of D2R transmissions should be studied, and the transmission bandwidth (Btx,D2R) is the frequency resources scheduled by a reader for a D2R transmission from one device, and FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined. The related agreement is listed as follows [1]. 
	Agreement
Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.

Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS



Regarding the frequency resources scheduled by a reader, A-IoT channel resource allocation in frequency domain should be also included in control information of PRDCH in order to resolve the collision issue of multiple A-IoT devices communicating with the reader simultaneously when the frequency shifter capability is supported by the A-IoT device. For example, different A-IoT channel indexes for D2R channel/signal transmission can be indicated in PRDCH 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 D2R transmission of multiple A-IoT devices can be minimized.
The frequency domain resource for D2R 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 R2D 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 R2D control information, the device should choose one A-IoT channel from the multiple A-IoT channel indexes to backscatter/self-generate the carrier wave. In addition, PDRCH frequency shift for FSK modulation information and PDRCH frequency hopping indication information may also be included as the frequency domain resource information for D2R transmission, if related functions are supported.
Proposal 14: A-IoT channel resource allocation information in frequency domain should be included in control information of PRDCH.

Device identity information
A-IoT device identity information is 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) [4], 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 PRDCH with the A-IoT device ID of the lost item, if the A-IoT device in the lost item receives the PRDCH, 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. Referring to RFID, 40 bits can be used to indicate the A-IoT device ID. The 40 bits include an 8-bits manufacturer number and a 32-bits device serial number.
Device identity information could be included in the control information of PRDCH. 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 PRDCH indicating a special type of device, i.e., sensors.
Proposal 15: Device identity information should be included in control information of PRDCH. 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 PRDCH indicating a special type of device, i.e., sensors.

[bookmark: _Ref162708902]Waveform and channel coding information
The following agreements were achieved in RAN1#116 related to waveform and channel coding for A-IoT communication [2]:
	Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.

Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.




The following agreements were achieved in RAN1#116-bis related to waveform and channel coding for A-IoT communication [1]:
	Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO

Agreement
A-IoT D2R study of FEC includes at least convolutional codes.
· Comparisons are encouraged to compare to the case of no FEC
· FFS details of convolutional codes, such as polynomial(s), shift-register termination, etc.
· FFS if other FEC candidates/methods will be studied.

Agreement
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further




[bookmark: _Hlk162945637]For the R2D and D2R transmission, if multiple waveforms types and variable waveform parameters are included and dynamic configuration or indication is supported, DL/UL waveform types and related waveform parameters may need to be included in the control information of PRDCH to indicate the device the waveform related information. The PRDCH is the physical channel to receive the control information for the A-IoT device. The dynamic indication of waveform parameters and the modulation information would require the hypothesis testing from A-IoT devices to determine the modulation and waveform parameters in PRDCH. This will increase the complexity and energy consumption of the A-IoT devices. For A-IoT device type 1 and 2a, it does not have sufficient energy to process the hypothesis testing in the RF waveform.  Thus, there is no dynamic indication of the waveform parameters and modulation scheme in the control information from PRDCH.
Proposal 16: There is no dynamic indication of the waveform parameters and modulation scheme in the control information from PRDCH.

Command type information
In order to support different application scenarios, PRDCH may have different command types of control information corresponding to different command messages. To indicate different command types to the device, it is necessary to include command type information in the control information of PRDCH. In RFID, {2, 4, 8} bits are used for different command message types. So, it is recommended to use {2, 4, 8} bits for indicating the command type.
Proposal 17: Command type may be included in the PRDCH control information to indicate different types of R2D command messages.

TB size information
The indication of TB size is in place of the transmission time interval (TTI) for PRDCH transmission should be  the control information of PRDCH as a separated field and not included in the CRC calculation. 
As discussed in section 4.1.3, D2R postamble should also not be introduced to indicate the end of PDRCH transmission and TBS indication should be included in the D2R scheduling information of PRDCH. Therefore, the indication of TB size for PDRCH transmission should be included in the control information of PRDCH along with the time and frequency resource allocation. The TBS indication and other information, such as waveform, code rate can be used for the reader to determine the duration of PDRCH. It is noted that TB size for PRDCH transmission and that of PDRCH transmission may be different with each other.
Proposal 18: The indication of TB sizes for both PRDCH transmission and PDRCH transmission should be included in the control information of PRDCH.
· TB size for PRDCH transmission is indicated by the length of TTI as a separated control field of PRDCH. The TB size for PDRCH transmission is included in the control information field of PRDCH along with the time and frequency resource allocation.

Uplink channel/signal for A-IoT communication
D2R timing acquisition signals
The candidate D2R timing acquisition signals include D2R preamble, D2R midamble and D2R postamble. 
D2R preamble
The following agreement was achieved in RAN1#116 related to D2R preamble for A-IoT communication [2]:
	Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period




The following agreement was achieved in RAN1#116-bis related to D2R preamble for A-IoT communication [1]:
	Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble




From RAN1#116-bis agreements, a D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain. D2R preamble should precede each PDRCH transmission., The reader should know the chip duration before the PDRCH transmission and the length and the starting time of the PDRCH since the TBS size of PDRCH and the time and frequency resource allocation are included in the control information field of PRDCH. The reader doesn’t need to determine the starting time and the duration of the chip of PDRCH. The reader needs to obtain chip synchronization via clock-acquisition part (CAP). Hence, as shown in the following Figure 5, D2R preamble should only include clock-acquisition part.
Clock-acquisition part (CAP)
Clock-acquisition part (CAP) provides at least the fine chip synchronization of the subsequent physical channel transmission. For the CAP, it can be multiple pre-defined sequences as the preamble of the PDRCH for different application types or contention resolution sequence, similar to preamble of RACH Message 1. The CAP should adopt line coding to improve the detection success rate. The reader can obtain chip synchronization by detecting the rising and falling edges of the CAP sequence. The CAP can carry some additional information, such as device IDs or device group IDs, different CAP sequences correspond to different devices or device groups, so that the reader can obtain device IDs or device group IDs by detecting CAP sequences.
Proposal 19: Clock-acquisition part (CAP) for D2R preamble should use the same encoding method and chip duration as the PDRCH transmitted subsequently, such as Manchester coding. 
Proposal 20: The reader can obtain chip synchronization by detecting the rising and falling edges of the CAP sequence.
Proposal 21: The CAP for D2R preamble can carry some additional information, such as device IDs or device group IDs, different CAP sequences correspond to different devices or device groups, so that the reader can obtain device IDs or device group IDs by detecting CAP sequences.

[image: ]
[bookmark: _Ref166249728]Figure 5: The clock-acquisition part (CAP) of D2R preamble

D2R midamble
The following agreement was achieved in RAN1#116-bis related to D2R midamble for A-IoT communication [1]:
	Agreement
RAN1 study the D2R transmission without midamble as the baseline if Manchester encoding is used.
· FFS the necessity for the R2D transmission with midamble if PIE is used. 




[bookmark: _Hlk166166320]The initial timing of PDRCH could be derived from the preamble of the PDRCH. Since the reader has stringent frequency stability requirements at 0.05 ppm for gNB reader and 0.1 ppm for UE reader, the preamble could also derive the timing and frequency offset of the PDRCH from the preamble. Thus, there is no additional timing synchronization is needed. The time and frequency resource allocation and the TBS size for PDRCH are included in the control information of PRDCH. There is no need to have D2R midamble for A-IoT downlink.  
Proposal 22: There is no need to introduce D2R midamble for A-IoT downlink communication.

[bookmark: _Ref165971683]D2R postamble
The following agreement was achieved in RAN1#116-bis related to D2R postamble for A-IoT communication [1]:
	Agreement
For the reader to acquire the end of PDRCH transmission, study at least following options:  
· Option 1: D2R postamble immediately follows the PDRCH
· Option 2: Based on control information




As shown in Table 1 in section 3.2.3, the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command are from 96 bits to 100 bytes. It means the payload size of PDRCH is variable to match different message sizes requirements for SA1 applicable use cases. Hence, as the agreement above shows, there are two options for the reader to acquire the end of PDRCH transmission as follows,
· Option 1: D2R postamble immediately follows the PDRCH.
· Option 2: Based on control information. The TBS indication and other information, such as waveform, code rate can be used for the reader to determine the duration of PDRCH.
The initial timing of PDRCH could be derived from the preamble of the PDRCH. Since the reader has stringent frequency stability requirements at 0.05 ppm for gNB reader and 0.1 ppm for UE reader, the preamble could also derive the timing and frequency offset of the PDRCH from the preamble. There is no additional timing synchronization is needed. The time and frequency resource allocation and the TBS size for PDRCH are included in the control information of PRDCH.  There is no need to have D2R postamble for A-IoT downlink.
Proposal 23: D2R postamble should not be introduced to indicate the end of PDRCH transmission and TBS indication should be included in the D2R scheduling information of PRDCH.

PDRCH structure and generation
PDRCH structure
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.
The following agreements were achieved in RAN1#116 related to uplink channel/signal for A-IoT communication [2]:
	Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
Note: the naming of PDRCH is used for the sake of the study



[bookmark: _Ref157256347][bookmark: _Ref158307028]According to above agreements, for ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH, Physical Device to Reader Channel) is studied along with response transmitted from device to reader during contention-based access procedure. For A-IoT communication, PDRCH should be introduced to support the transmission of D2R information payload. As shown in the following Figure 6, the PDRCH should at least include device ID, D2R information payload, and CRC. D2R information payload may include D2R contention-based access information, D2R control information and D2R data transmission. In addition, according to the agreement in RAN1#116-bis, D2R preamble is considered not to be part of PDRCH.
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[bookmark: _Ref165897446]Figure 6: PDRCH structure

Proposal 24: For ambient IoT devices, the PDRCH should be introduced for D2R transmission channel, in which at least device ID, D2R information payload and CRC are embedded.
PDRCH generation
The following agreements were achieved in RAN1#116-bis related to PDRCH generation for A-IoT communication [1]:
	Agreement
For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed  
 [image: ]
PDRCH generation




In RAN2#125bis, it had been agreed that PDCP layer is not needed for A-IoT communications. Thus, it can be considered providing security functionality for A-IoT communications in physical layer, such as introducing scrambling for PDRCH generation. On the other hand, in A-IoT communications, inter-device interference may be serious, especially in dense deployment scenario. Hence, in order to providing security functionality and randomize interference between uplink signals sent by different devices, PDRCH should be scrambled with dedicated scrambling sequences. The scrambling sequence would be derived with the pre-configured security mechanism.  Scrambling should be proceeded before modulation; therefore, a scrambling block should be added before the CRC block. In addition, in order to support multiple access resource mapping in time and frequency domain, an additional block (resource mapping) should be added after modulation block. The diagram of updated PDRCH generation can be found in the following Figure 7.
 [image: ]
[bookmark: _Ref165900087]Figure 7: Updated PDRCH generation with scrambling
Proposal 25: A scrambling block should be added before the CRC block for PDRCH generation.
Proposal 26: A resource mapping block should be added after the modulation block for PDRCH generation.

[bookmark: _Hlk158460834]PDRCH TB size
PDRCH carries D2R contention-based multiple access contention resolution information, D2R control information and D2R data transmission. D2R contention-based multiple access contention resolution information refer to the information to assist the reader to resolve the collision of response transmitted from multiple devices to the reader during contention-based access procedure. D2R control information and D2R data transmission include the D2R control information and data in the response signals include the device function, security and any higher information, which will be discussed in section 4.3.3. 
Regarding the payload size of PDRCH, like that of PRDCH, as shown in Table 1 (in section 3.2.3), since the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command are from 96 bits to 100 bytes, the information payload of PDRCH should be no more than 100 bytes. The candidate values of transport block sizes for PDRCH can be {128, 256, 512, 1024} bits.
Proposal 27: For PDRCH, transport block size is no more than 100 bytes according to the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command.
· The candidate values of transport block sizes for PDRCH can be {128, 256, 512, 1024} bits.

D2R information payload in PDRCH
D2R information payload is carried by PDRCH in reply to the control information in PRDCH.
D2R Response during contention-based access procedure
In RAN1#116 meeting, the following agreements were achieved related to contention-based access procedure for A-IoT communication [2][1]. 
	Agreement
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.
Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.
Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study


According to the above agreements, when a response is expected from multiple devices that are intended to be identified, the reader will initiate an A-IoT contention-based access procedure. The device will transmit the response during contention-based access procedure on the PDRCH. For A-IoT contention-based multiple access procedure, at least slotted-ALOHA based access is studied. 
Regarding the details of response from device to reader during contention-based access procedure mentioned in the above agreement, contention resolution mechanism in 5G NR contention-based random access can be considered as the reference design for A-IoT contention resolution of simultaneous access from multiple A-IoT devices on the same resource. During the contention-based RACH random access procedure in 5G NR, multiple UE may choose the same preamble and transmit it to the base station. After transmitting the preamble, the UE waits for a response from the base station. If they receive a valid response (MSG2), they will continue to transmit additional information (MSG3) to resolve the contention. Then the network uses a unique identifier (e.g. C-RNTI) to confirm the successful access of one of the competing UEs. UEs that have not received confirmation are aware of conflicts and initiate the avoidance process before retrying. A-IoT contention-based access procedure can adopt a mechanism similar to 5G NR for contention resolution. Hence, response transmitted from device to reader during contention-based access procedure should be as follows:
· After receiving an interrogation command, the A-IoT device transmits a random access identifier along with contention resolution information as the response to the reader.
· After receiving an acknowledgement of the random access identifier from the reader, the A-IoT device transmits device identity as the response to the reader.
Proposal 28: Response transmitted from device to reader during contention-based access procedure should be as follows:
· After receiving an interrogation command, the A-IoT device transmits a random access identifier along with contention resolution information as the response to the reader.
· After receiving an acknowledgement of the random access identifier from the reader, the A-IoT device transmits device identity as the response to the reader.

[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 8, for the use case on Ambient IoT for Base Station Machine Room Environmental Supervision (i.e., Use case 5.13 in TR 22.840) [4], 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 PRDCH 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 PDRCH, in which the A-IoT device IDs of the base station cabinet are included. In this use case, A-IoT devices IDs are used for the identification of the base station cabinet in the base station machine room. Referring to RFID, 40 bits can be used to indicate the A-IoT device ID. The 40 bits include an 8-bits manufacturer number and a 32-bits device serial number.
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[bookmark: _Ref157278285]Figure 8: 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 PDRCH. 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 29: Device identity related control information should be included in uplink information payload of PDRCH. 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.

[bookmark: _Ref162708400]D2R control information and data
[bookmark: _Hlk158461220]The PDRCH would include the D2R control information in response to the R2D control information in PRDCH. The PDRCH would include any response to the control information from higher layer signaling and the NAS signaling from core network, which may include the response from device during the Random Access-like procedure, the device capacity reporting, the command response for the indoor command use case and AS security information. The D2R control information and data in PDRCH include the device function, security, and any higher information studied in RAN2, RAN3, SA2, SA3 and CT1.
Proposal 30: The D2R control information and data in PDRCH 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 1, according to the SID [3], 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 [3] and TR 38.848 [5], location of network entities for indoor positioning in deployment scenario 1 & 2 can be found in the Table 2.
[bookmark: _Ref157336216]Table 2: 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 [5], 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 [4], the mapping between RAN representative use cases and SA1 use cases can be found in the following Table 3. Based on the definition of the SA1 applicable use cases in TR 22.840 [4], the positioning types and positioning accuracy requirements for each SA1 applicable use cases are also added in Table 3.

[bookmark: _Ref157337480]Table 3: Positioning types and positioning accuracy requirements for SA1 applicable use cases of indoor positioning
	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 9, in the use case on Finding Remote Lost Item (i.e., Use case 5.8 in TR 22.840) [4], 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. 
[image: ]
[bookmark: _Ref157340454]Figure 9: Use case on Finding Remote Lost Item

Methods for proximity determination
In RAN#103, the definition of proximity determination of A-IoT is updated as follows [3]. 
	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, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).


Hence, the proximity determination in the objective 2 means the determination of whether BS or intermediate UE and ambient IoT device are near each other or not. In the section, the details on how to define/determine “near” and “far” are discussed.
The following agreements were achieved in RAN1#116-bis related to proximity determination [1]:
	Agreement
Reference signals including DMRS, PTRS, SRS, are not further studied for D2R
· Note: This doesn’t preclude the possibility to study preamble, midamble, postamble for different purposes, e.g. channel/interference estimation and/or proximity determination

Agreement
Proximity determination based on device side measurements is not considered.


Based on the above agreements, for ambient IoT devices, the proximity determination should be only done at reader side (base station and/or intermediate UE).
In RAN1#116-bis meeting, one proposal related to options of determining whether the device is near the reader or not was discussed without consensus as follows [6],
	(High Priority) Proposal 2.3-3 (combined Proposal 2.3-1B Proposal 2.3-2B)
· For proximity determination, following two options are studied to determine whether the device is near the reader or not:
· Option 1: If reader receives response from the device, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements
· Proximity determination based on device side measurements is not considered for further study 



Regarding Option 1, i.e., if reader receives response from the device, then device is determined as near; it is one kind of query-response-based solution. The reader will determine the device proximity based on the correct reception of device response. Option 1 should be supported as the baseline solution and it has no RAN1 specification impact and can be handled by reader implementation.
Regarding Option 2, i.e., device is determined to be near the reader based on measurements; this solution can improve the accuracy of proximity determination. The received timing information from device to derive the propagation delay can be used to refine the device position in proximity determination. Option 2 should also be supported since it can satisfy the higher accuracy requirement of proximity determination.
Proposal 31: For proximity determination, the following two options should be supported to determine whether the device is near the reader or not at reader side:
· Option 1: If reader receives response from the device, then device is determined as near.
· Option 2: Device is determined to be near the reader based on measurements.

[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 proposals:
Proposal 1: A harmonized DL and UL physical channels/signals with common structure and procedure should be designed for A-IoT device 1/2a/2b.
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 start-indicator part (SIP) of R2D preamble should be a pre-defined sequence with fixed-length low voltage and fixed length high voltage. The sequence of the SIP should be different from the sequence of subsequent PRDCH transmission and never occur in a PRDCH.
Proposal 4: Clock-acquisition part (CAP) of R2D preamble should use the same encoding method and chip duration as the PRDCH transmitted subsequently, such as Manchester coding. 
Proposal 5: The device can determine the chip duration by detecting the minimum length between the rising and falling edges of the CAP sequence, or by detecting the length of low voltage of the SIP.
Proposal 6: Except for the SIP and CAP, there is no need to introduce any other part for R2D preamble, and the above preamble design is applicable to devices 1/2a/2b
Proposal 7: There is no need to introduce R2D midamble for A-IoT downlink communication.
Proposal 8: R2D postamble should not be introduced to indicate the end of PRDCH transmission. TBS indication should be used to implicitly indicate the packet size and transmission time interval and could be included in the control information of PRDCH.
Proposal 9: For ambient IoT devices, the PRDCH should be introduced as a dedicated A-IoT physical channel for R2D transmission, in which at least R2D control information, R2D data transmission, and CRC are embedded.
Proposal 10: Single CRC should be applied to some of R2D control information and R2D data.
Proposal 11: A scrambling block should be added before the CRC block for PRDCH generation.
Proposal 12: For PRDCH, transport block size is no more than 100 bytes according to the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command.
· The candidate transport block size for PRDCH are {128, 256, 512, 1024} bits.
Proposal 13: A set of TTIs for the devices to select for the transmission time of the PDRCH should be included in the PRDCH control information.
Proposal 14: A-IoT channel resource allocation information in frequency domain should be included in control information of PRDCH.
Proposal 15: Device identity information should be included in control information of PRDCH. 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 PRDCH indicating a special type of device, i.e., sensors.
Proposal 16: There is no dynamic indication of the waveform parameters and modulation scheme in the control information from PRDCH.
Proposal 17: Command type may be included in the PRDCH control information to indicate different types of R2D command messages.
Proposal 18: The indication of TB sizes for both PRDCH transmission and PDRCH transmission should be included in the control information of PRDCH.
· TB size for PRDCH transmission is indicated by the length of TTI as a separated control field of PRDCH. The TB size for PDRCH transmission is included in the control information field of PRDCH along with the time and frequency resource allocation.
Proposal 19: Clock-acquisition part (CAP) for D2R preamble should use the same encoding method and chip duration as the PDRCH transmitted subsequently, such as Manchester coding. 
Proposal 20: The reader can obtain chip synchronization by detecting the rising and falling edges of the CAP sequence.
Proposal 21: The CAP for D2R preamble can carry some additional information, such as device IDs or device group IDs, different CAP sequences correspond to different devices or device groups, so that the reader can obtain device IDs or device group IDs by detecting CAP sequences.
Proposal 22: There is no need to introduce D2R midamble for A-IoT downlink communication.
Proposal 23: D2R postamble should not be introduced to indicate the end of PDRCH transmission and TBS indication should be included in the D2R scheduling information of PRDCH.
Proposal 24: For ambient IoT devices, the PDRCH should be introduced for D2R transmission channel, in which at least device ID, D2R information payload and CRC are embedded.
Proposal 25: A scrambling block should be added before the CRC block for PDRCH generation.
Proposal 26: A resource mapping block should be added after the modulation block for PDRCH generation.
Proposal 27: For PDRCH, transport block size is no more than 100 bytes according to the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command.
· The candidate values of transport block size for PDRCH can be {128, 256, 512, 1024} bits.
Proposal 28: Response transmitted from device to reader during contention-based access procedure should be as follows:
· After receiving an interrogation command, the A-IoT device transmits a random access identifier along with contention resolution information as the response to the reader.
· After receiving an acknowledgement of the random access identifier from the reader, the A-IoT device transmits device identity as the response to the reader.
Proposal 29: Device identity related control information should be included in uplink information payload of PDRCH. 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 30: The D2R control information and data in PDRCH include the device function, security, and any higher information studied in RAN2, RAN3, SA2, SA3 and CT1.
Proposal 31: For proximity determination, the following two options should be supported to determine whether the device is near the reader or not at reader side:
· Option 1: If reader receives response from the device, then device is determined as near.
· Option 2: Device is determined to be near the reader based on measurements.
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