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1 [bookmark: _Hlk127258902]Introduction
It is envisaged that the number of connected devices will reach ~500 billion by 2030, which is about ~59 times larger than the expected world population (~8.5 billion) by that time [1]. Among these, a large portion of the devices will be Internet-of-Things (IoT) devices for improving productivity and increasing comforts of life. As the number of IoT devices grows exponentially, it may be challenging to power all the IoT devices by battery that needs to be replaced or recharged manually, which leads to high maintenance cost. The automation and digitalization of various industries demand new IoT technologies of supporting battery-less devices with energy storage that does not need to be replaced or recharged manually [2]. Such types of devices are collectively termed as an ambient IoT (A-IoT) device, which can be powered by various renewable energy sources such as radio waves, light, motion, or heat, etc. Possible use cases of A-IoT include asset inventory/tracking and remote environmental monitoring [3]. 
In RAN1 #116b, the following agreements were made regarding downlink and uplink channel/signal aspects [4]:
	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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PRDCH generation

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 considers downlink and uplink channel/signal design aspects including information payload, time/frequency domain resource, feasibility and required functionalities for proximity determination, etc. 
2 Signals and channels
1 
2 
[bookmark: _Hlk142411003][bookmark: _Ref142605378]Basic structure for PRDCH and PDRCH
Given the low complexity and the low power consumption requirements for A-IoT devices, the oscillator of A-IoT devices will be subpar to that of a Rel-18 NR UE. Furthermore, given that A-IoT devices are powered by harvesting energy, it is possible that the device is running out of power intermittently. It is therefore difficult to assume a precise timing capability for A-IoT devices as it is assumed for Rel-18 NR UEs. In this regard, it was agreed in RAN1 #116 that a timing acquisition signal, i.e., preamble, is included for R2D and D2R transmissions. 
Figure 1 below illustrates a basic PRDCH/PDRCH structure, including preamble, header and payload.  
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[bookmark: _Ref157177022]Figure 1 Basic PRDCH/PDRCH structure

Considering the low complexity requirements of A-IoT devices, the support of multiple different physical R2D or D2R channels, as in NR, requiring different handling at the devices will be challenging. It is one reason that RAN1 agreed that a dedicated physical broadcast channel for R2D, e.g., PBCH-like, is not considered for study.
Observation 1: Considering a low complexity requirement of A-IoT devices, the support of multiple different physical channels requiring different physical layer handling at the devices will be challenging.
Instead, a general PRDCH and PDRCH channels can be reused for transmitting or receiving different information types. For instance, for PRDCH, the header field in the signal can indicate whether the signal is for R2D control information, or unicast/multicast/broadcast data, if defined, etc. Similarly, for PDRCH transmission, the header field can indicate whether the signal is for D2R control information, random access, data, etc. To this end, only one physical channel for R2D transmission and only one physical channel for D2R transmission may be defined. Reusing a common signal structure and indicating different signal types using the header field will significantly simplify the baseband processing of A-IoT devices compared to defining multiple different types of physical channels.   
Proposal 1: Study PRDCH supporting all the necessary functionalities for R2D transmission, and PDRCH supporting all the necessary functionalities for D2R transmission. No additional physical channels are studied. 

Preamble/midamble/postamble

Preamble
For R2D, as agreed in RAN1 #116b [4], the preamble includes a start-indicator part and a clock-acquisition part, as illustrated in Figure 1. The start-indicator, i.e., delimiter, in RFID is a fixed length low voltage signal, which was also proposed by several companies to follow the RFID design. The start-indicator field may be also utilized for the purpose of wake-up signal (WUS) for devices to stay in a sleep mode until the start-indicator field is detected. Therefore, the start-indicator field may not be a simple fixed length low voltage signal but it can be a short sequence that can facilitate the detection of the signal for the purpose of WUS. 
Proposal 2: For R2D, study a start indicator based on a short sequence, in addition to a fixed length low voltage signal, to facilitate the purpose of WUS and the start-of-signaling indication.
For D2R, the preamble may not include a start-indicator part as the D2R transmission is always triggered by a reader and, thus, the start timing of D2R transmissions is known by the reader.   
Proposal 3: For D2R, a preamble does not include a start indicator part. 
The clock acquisition part can be a sequence transmitted in time domain providing timing synchronization for the demodulation of the following fields, such as header and payload. It may be also used for channel estimation and setting up the AGC, etc. In the previous RAN1 meetings, it was agreed that for R2D, Manchester and PIE encoding schemes are studied and, for D2R, Manchester, FM0, and Miller encoding schemes are studied. The design of clock acquisition part will be dependent on the used encoding schemes. For instance, in the case of PIE encoding, the clock acquisition part needs to provide a calibration for signal pulse durations for bit 0 and 1, as bit 1 has different pulse duration than bit 0. In the case of Manchester encoding, the clock acquisition part can be comprised of a sufficient number of alternations between 0 and 1 for providing a synchronization, while the signal for bit 0 and 1 has a fixed length.
For R2D, since the preamble is the first signal received by a device without a prior knowledge, the preamble signal structure should be fixed, which does not require a blind detection at a device side.
Proposal 4: For R2D, study a clock acquisition part considering different encoding schemes (i.e., Manchester and PIE), while the clock acquisition part has a fixed structure for a given encoding scheme which does not require a blind detection at a device side. 
Similarly, for D2R, the design of clock acquisition part will be dependent on the used encoding schemes, i.e., Manchester, FM0, and Miller encoding schemes. Since D2R transmissions are triggered by a reader, the reader may indicate a format of the clock acquisition part to a device, e.g., long and short formats, used for the subsequent D2R transmissions. The use of different formats, e.g., long and short formats, may be predefined in the specifications based on a certain condition, e.g., packet length, D2R transmission duration or type, etc. For instance, if a certain condition is met, a device always use a predefined format regardless of the presence or the value of the indication. 
Proposal 5: For D2R, study a clock acquisition part considering different encoding schemes (i.e., Manchester, FM0, and Miller), while the clock acquisition part may have more than one formats for a given encoding scheme, to improve the clock synchronization or to provide other functionalities, such as channel estimation.

Midamble
Figure 2 illustrates an example PRDCH/PDRCH signal structure with midamble. 
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[bookmark: _Ref165884325]Figure 2 PRDCH/PDRCH signal structure with midamble

In RAN1 #116b, it was agreed to study R2D transmission without a midamble as a baseline, if Manchester encoding is used, while it is FFS if PIE is used. For D2R transmission, the necessity of midamble is to be studied. While the necessity of a midamble will be separately discussed in our companion paper [5], in this section, we discuss basic design aspects related to the midamble. 
For R2D transmission, the presence of a midamble may be either explicitly or implicitly known by a target device. As an example of an explicit indication, the header field of PRDCH may provide an indication regarding midamble, such as a number of payload segmentations and the size of each payload, which may be identical. Each payload segments, other than the first payload segment, is immediately preceded by a midamble. The first payload segment is not accompanied by a midamble as it follows the preamble. An implicit indication may be based on the PRDCH message type and/or the payload size indicated in the header of the PRDCH. 
For instance, if the PRDCH message type falls into one of a predefined set of message types, or the indicated payload size is greater than a certain predefined threshold, the device assumes payload segmentation based on a predefined payload segment size, and a number of midambles correspondingly. 
Proposal 6: For R2D transmission, a presence of a midamble is known by a target device either explicitly or implicitly.
· Explicit indication is provided in the header field of PRDCH such as the number of payload segmentations and the payload segment size.
· Implicit indication is based on either the PRDCH message type and/or the total payload size indicated in the header field of PRDCH. 
For D2R transmission, an insertion of a midamble may be explicitly indicated by a reader in the preceding R2D transmission, e.g., PRDCH providing control information. In one example, it can be a simple on/off indication, and the device performs payload segmentation assuming a predefined payload size per segment if indicated that midamble is turned on. In another example, the R2D control information may provide a number of midambles, a number of payload segmentations, and/or payload size per segment. 
The insertion of a midamble may be also implicit as described for PRDCH, i.e., based on the PDRCH message type and/or the PDRCH payload size. 
Proposal 7: For D2R transmission, an insertion of a midamble is either explicitly or implicitly indicated to the device.
· Explicit indication is provided in the preceding R2D transmission, e.g., PRDCH providing control information.
· Implicit indication is based on either the PDRCH message type and/or the total payload size of PDRCH. 
For both R2D and D2R transmissions, each of the payload segment can be attached with a separate CRC, which helps to decode payloads sequentially without waiting for the end of the signal reception and requires less memory buffer size at the receiver. 
 Proposal 8: For both R2D and D2R transmission, each payload segment divided by a midamble is attached with a separate CRC. 

Postamble
Figure 1 illustrates a basic PRDCH/PDRCH structure, including postamble. Postamble may be beneficial to facilitate the end-of-signalling (EOS) detection, regardless of whether the packet length is known based on an indication in the header or for certain message types with fixed length, since the clock synchronization may not be perfectly maintained until the end of signal reception. On the other hand, further clock synchronization obtained from the postamble may or may not be utilized for clock refinement depending on the receiver implementation. Especially, it’s unlikely to be utilized at a device side as the synchronization obtained from the postamble requires additional signal processing such as interpolation and the decoding needs to wait until the end of signal reception. Therefore, the postamble can be designed to support only the EOS indication as an end delimiter with a short sequence. 
Proposal 9: For both R2D and D2R transmission, study a postamble with a short sequence for end-of-signaling indication purpose.

Control field of PRDCH and PDRCH
The header field of PRDCH/PDRCH carries necessary control information for R2D/D2R signal reception. Some additional control information may be contained in the payload and that handling may be similar to NR MAC CE and MAC SDU. Header may include the following sub-elements. 
· Message type: Indicator for the signal type conveyed in the payload such as R2D data, control information, broadcast information, if defined, random access triggering, command for PRDCH. Similarly it can be D2R data, control information, random access, etc., for PDRCH. 
· Transmitter ID: Transmitter ID of the signal. For R2D, it’s the reader ID. For D2R, it’s a device ID. 
· Receiver ADDR: Receiver address ID, i.e., the intended receiver. For D2R, it’s the reader ID. For R2D, it may indicate a specific device ID or device group ID. For broadcast, this field may indicate NULL, which is intended to be received by all the devices within the proximity.
· Payload size: This field indicates the length of the following payload. 
· Modulation type/order: The modulation type/order applied to the following payload.
· Time and frequency domain resource allocation information
On the other hand, the following sub-elements are NOT needed to be included in the header or requires further discussion.
· Cast type: A message type, in its definition, includes a cast type. Also, the receiver ID can indicate a specific device ID or a device group ID. Therefore, Cast type is redundant.
· Repetitions: Since RAN1 has not discussed any details regarding the repetition, it can be revisited later. For instance, if repetition is based on a fixed scheme, it does not require any separate indication.  
· MCS/code rate/TBS: As R2D is not using FEC while D2R is based on a fixed convolutional code, there is no correspondence to MCS/code rate/TBS equivalents. Therefore, a payload size and modulation type/order indication shall be sufficient. 
Proposal 10: For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Message type
· Transmitter ID
· Receiver ADDR
· Payload size
· Modulation type/order
· Time and frequency domain resource allocation information,
while excluding cast type, repetitions, and MCS/code rate/TBS. 

PRDCH providing signalling for a group of devices
The figure below describes PRDCH structure providing a group signaling. 
[image: ]
Figure 3 PRDCH structure providing a group signaling 

The PRDCH providing a group signaling can be beneficial to improve the overall system efficiency. In one example, the PRDCH providing a group signaling can be utilized to provide ACK messages to a group of devices, e.g., for a multiplexed device identification process via random access, as discussed in our companion paper [5]. In another example, the PRDCH providing a group signaling can be utilized to indicate commands to a group of devices, also as discussed in our companion paper [5].
Proposal 6: Study a PRDCH providing a signaling for a group of devices to improve the overall A-IoT system efficiency.   
The header field of the PRDCH providing a group signaling may indicate that the corresponding PRDCH is for group-specific signaling addressed to a group of devices. The PRDCH providing a group signaling may include one or more information blocks for one or more devices. Each block may provide a specific device ID within the group and may be attached with a separate CRC for the block. 

Frequency hopping of DL/UL signals and channels
Given that A-IoT system supports neither HARQ nor ARQ functions as captured in SID, other possible methods on reliability improvement should be considered. Ambient IoT R2D transmission and D2R backscattering based on carrier wave (CW) are both expected to be designed for envelope detection and generated within a narrow band e.g., via a single-tone transmission. Compared to OFDM-based signals/channels in NR, the narrowband A-IoT signals/channels are more susceptible to channel fading. Therefore, the feasibility and the potential gain of frequency hopping for R2D and D2R transmissions to combat channel fading should be considered for A-IoT system design.
· R2D: For PRDCH transmission, frequency hopping can be performed during signal generation and mapping procedure within A-IoT R2D bandwidth based on a certain pre-defined hopping pattern. From a device perspective, the PRDCH frequency hopping can be transparent as the envelope detection at the device side can be performed on the overall A-IoT R2D bandwidth.
· D2R: For low-end devices, i.e., device 1, it may be difficult to perform frequency hopping with the given power consumption requirement as frequency shift at the device is required. For high-end devices, it may be feasible to perform frequency hopping when UL transmission is generated by the device itself, i.e., device 2b, or by performing frequency shift when backscattering, i.e., device 2a. 

Proposal 11: Study the feasibility and the potential gain of frequency hopping for PRDCH/PDRCH transmission.
3 Considerations for Intermediate node
3 
In D2T2, an A-IoT device communicates with an intermediate node. For the intermediate node, it should be studied how the network controls the intermediate node to transfer A-IoT R2D/D2R data between a gNB and devices. Furthermore, given that the CW needs to be provisioned at least during D2R backscattering and may be also for energy harvesting, it needs to be studied how to control the transmission of CW by the intermediate node, if the CW is transmitted by the intermediate node. 
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[bookmark: _Ref165899188]Figure 4 A topology involving an intermediate node

In Figure 4, an intermediate node can be a node transmitting CW, if CW is transmitted inside topology (i.e., D2T2-A1 and D2T2-A2). A reader receiving D2R transmission and a reader transmitting R2D may be the same (D2T2-A2) or different (D2T2-A1). The CW node can be also outside the topology; in this case, the control of CW node is outside of 3GPP study scope. When a reader is other than the BS itself, e.g., an intermediate node, the reader, i.e., the intermediate node, needs to be under network control regarding the transmission or reception between the reader and the BS and also between the reader and one or more devices. Furthermore, the reader needs to provide a functionality to execute a command received from the BS to one or more devices and transfer information between the BS and the one or more devices.
Proposal 12: Study controlling an intermediate UE for transmission or reception between the intermediate UE and the BS and also between the intermediate UE and one or more devices including 
· CW transmission (for D2T2-A scenarios)
· Execution of a command received from a BS to device(s)
· Transferring data between a BS and device(s)

4 
4 [bookmark: _Hlk146136562][bookmark: _Hlk142650394]Considerations for proximity determination 
This section considers general aspects for a proximity determination of A-IoT devices. Given the low complexity requirement for A-IoT devices, any scheme that requires computations or measurements at a device should be discouraged. In this regard, it was agreed in RAN1 #116b that proximity determination based on device side measurements is not considered. Furthermore, any scheme that requires a device to report an implementation specific data such as reflection loss is not preferred from a vendor perspective.  
Proposal 13: Proximity determination requiring a device to report implementation specific data, e.g., reflection loss, is not considered.
A straightforward approach for proximity determination may be an RTT-based scheme as illustrated below. 

[image: ]
[bookmark: _Ref157342936]Figure 5 Single-Sided Two Way Ranging (SS-TWR)

Figure 5 illustrates SS-TWR for proximity determination using ToF based on RTT measurement, wherein the ToF is calculated by ToF = ½*(Tround - Treply), from which the distance can be calculated by multiplying the speed of light. One challenge with the above scheme is the susceptibility to the timing drift error, i.e., keeping the Treply precisely, given that A-IoT devices are expected to experience non-negligible clock drift. 
Observation 2: The plain SS-TWR scheme based on RTT measurement at a reader does not require any device side measurement. However, it is susceptible to the timing drift error at the device.    
One way to improve the plain SS-TWR in this scenario is to eliminate the uncertainty with Treply by having the devices to perform immediate reflection of a received signal as illustrated in the figure below. 

[image: ]
Figure 6 SS-TWR via immediate reflection eliminating timing error

In SS-TWR via immediate reflection, the ToF is calculated by ToF = ½*Tround. In order to support this scheme, a particular device may be indicated to perform unmodulated signal reflection for a certain time duration, while the device may be agnostic to what signal is coming in and being reflected. Therefore, the required complexity at a device to support the functionality is negligible, while the accuracy will be high compared to the plain scheme. 
Observation 3: The SS-TWR scheme via immediate reflection does not require any device side measurement as well as reporting any implementation specific information. On the other hand, it is expected to provide high accuracy with negligible complexity at a device side. 
The signal transmitted from a reader may be any signal that can be recognized by the reader itself when it comes back to the reader after reflected by a device. For instance, the signal can be a PRDCH including a timestamp or any particular signature sequence that can be detected by the reader itself.
Proposal 14: Study SS-TWR via immediate reflection scheme for device 1 and 2a, which is immune to a clock drift error and expected to provide high accuracy with negligible complexity at a device.    
For device 2b, which generates D2R signal internally, the SS-TWR via immediate reflection scheme may not be applicable. For active device types, the following Double-Sided Two Way Ranging (DS-TWR) can be considered as a starting point. 
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[bookmark: _Ref157344632][bookmark: _Hlk157344667]Figure 7 Double-Sided Two Way Ranging (DS-TWR) in IEEE 802.15.4z [7]

Figure 7 illustrates DS-TWR scheme considered in IEEE 802.15.4z [6]. In the case of DS-TWR, the ToF can be calculated as follows:

As the DS-TWR compensates the clock drift error, it was proven that the accuracy of the DS-TWR is significantly higher compared to the plain SS-TWR when there exists a clock drift error. The DS-TWR can be therefore considered as one reference for designing a proximity determination scheme for device 2b.
Observation 4: The DS-TWR provides improved accuracy compared to the plain SS-TWR when there exists a clock drift error.
Proposal 15: Study DS-TWR as a starting point for device 2b, which provides better performance in the presence of a clock drift error. 

5 Conclusion
In this contribution, downlink and uplink channel/signal design aspects were discussed including information payload, time/frequency domain resource, feasibility and required functionalities for proximity determination, and the following proposals were made:
Observation 1: Considering a low complexity requirement of A-IoT devices, the support of multiple different physical channels requiring different physical layer handling at the devices will be challenging.
Proposal 1: Study PRDCH supporting all the necessary functionalities for R2D transmission, and PDRCH supporting all the necessary functionalities for D2R transmission. No additional physical channels are studied. 
Proposal 2: For R2D, study a start indicator based on a short sequence, in addition to a fixed length low voltage signal, to facilitate the purpose of WUS and the start-of-signaling indication.
Proposal 3: For D2R, a preamble does not include a start indicator part. 
Proposal 4: For R2D, study a clock acquisition part considering different encoding schemes (i.e., Manchester and PIE), while the clock acquisition part has a fixed structure for a given encoding scheme which does not require a blind detection at a device side. 
Proposal 5: For D2R, study a clock acquisition part considering different encoding schemes (i.e., Manchester, FM0, and Miller), while the clock acquisition part may have more than one formats for a given encoding scheme, to improve the clock synchronization or to provide other functionalities, such as channel estimation.
Proposal 6: For R2D transmission, a presence of a midamble is known by a target device either explicitly or implicitly.
· Explicit indication is provided in the header field of PRDCH such as the number of payload segmentations and the payload segment size.
· Implicit indication is based on either the PRDCH message type and/or the total payload size indicated in the header field of PRDCH. 
Proposal 7: For D2R transmission, an insertion of a midamble is either explicitly or implicitly indicated to the device.
· Explicit indication is provided in the preceding R2D transmission, e.g., PRDCH providing control information.
· Implicit indication is based on either the PDRCH message type and/or the total payload size of PDRCH. 
Proposal 8: For both R2D and D2R transmission, each payload segment divided by a midamble is attached with a separate CRC. 
Proposal 9: For both R2D and D2R transmission, study a postamble with a short sequence for end-of-signaling indication purpose.
Proposal 10: For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Message type
· Transmitter ID
· Receiver ADDR
· Payload size
· Modulation type/order
· Time and frequency domain resource allocation information,
while excluding cast type, repetitions, and MCS/code rate/TBS. 
Proposal 11: Study the feasibility and the potential gain of frequency hopping for PRDCH/PDRCH transmission.
Proposal 12: Study controlling an intermediate UE for transmission or reception between the intermediate UE and the BS and also between the intermediate UE and one or more devices including 
· CW transmission (for D2T2-A scenarios)
· Execution of a command received from a BS to device(s)
· Transferring data between a BS and device(s)
Proposal 13: Proximity determination requiring a device to report implementation specific data, e.g., reflection loss, is not considered.
Observation 2: The plain SS-TWR scheme based on RTT measurement at a reader does not require any device side measurement. However, it is susceptible to the timing drift error at the device.    
Observation 3: The SS-TWR scheme via immediate reflection does not require any device side measurement as well as reporting any implementation specific information. On the other hand, it is expected to provide high accuracy with negligible complexity at a device side. 
Proposal 14: Study SS-TWR via immediate reflection scheme for device 1 and 2a, which is immune to a clock drift error and expected to provide high accuracy with negligible complexity at a device.    
Observation 4: The DS-TWR provides improved accuracy compared to the plain SS-TWR when there exists a clock drift error.
Proposal 15: Study DS-TWR as a starting point for device 2b, which provides better performance in the presence of a clock drift error.
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