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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 #116, the following agreements were made regarding downlink and uplink channel/signal aspects [4]:
	
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

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



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 DL/UL 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, data, or 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. 
The fields comprising the basic PRDCH/PDRCH structure in Figure 1 are as follows: 
· Delimiter: Start-of-signal and end-of-signal indication. It may be a short and low complexity signal for detection compared to the preamble. In some design, the delimiter may be a part of the preamble or the preamble provides the functionality of the delimiter and, therefore, a separate delimiter may not be needed.   
· Preamble: The preamble signal can be a sequence transmitted in time domain, which can be an on-off time pattern in its simplistic form. The preamble signal also provides timing synchronization for the demodulation of the following fields, such as header and payload. It may be also used for channel estimation, e.g., for setting up the AGC, etc.  
· Header: The header field 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. 
· 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. 
· ID: Transmitter ID of the signal. For R2D, it’s the reader ID. For D2R, it’s a device ID. 
· ADDR: 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.
· Length: This field indicates the length of the following payload.
· Payload: Data in accordance with the indicated signal type in the header field 
Proposal 2: Study a basic PRDCH and PDRCH structure comprised of delimiter, preamble, header, and payload.  

PRDCH and/or PDRCH with midamble
[bookmark: _Hlk162686991]Per system design requirement [2], the payload may be up to ~ 1000 bits, e.g., 210 bits. Depending on the length of the payload field, the receiver may lose chip synchronization for data demodulation both at a device side during R2D reception and at reader side during D2R reception. The inaccurate synchronization will correspondingly cause an offset between actual sampling point and ideal sampling point, as shown in Figure 2. 
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[bookmark: _Ref163044987]Figure 2 Drift of sampling point with inaccurate synchronization

Since the impact of the sampling drift is accumulated over codewords, with a larger payload size or transmission duration, the synchronization inaccuracy will impact the BLER. When the actual sampling point falls into the next chip, the sample will be incorrectly interpreted and, thus, it will impact the decoding performance. Therefore, the maximum tolerable drift of a sampling point is 1/2 of a chip duration. Figure 2 illustrates an example of incorrect demodulation caused by synchronization drift. In this example, it is assumed that the offset between the actual and the ideal sampling points does not exceed 1/4 of code chip length as moderate requirement. Under the given assumption, the relationship between the required SFO accuracy and the payload size is shown in Figure 3, where K=2 is the number of code chips for Manchester encoding as an example, and N is number of payload bits. It can be observed that with given SFO of 104 ppm, the payload size should not exceed 13 bits, and with given SFO of 103 ppm, the payload size should not exceed 125 bits. Otherwise, the payload content may not be decoded correctly due to synchronization drift.
[image: C:\Users\jeongho.j\AppData\Local\Packages\Microsoft.Windows.Photos_8wekyb3d8bbwe\TempState\ShareServiceTempFolder\Figure 3 (002).jpeg]

[bookmark: _Ref163046075]Figure 3 Requirement on SFO depending on payload size
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[bookmark: _Ref163050742]Figure 4 BER performance with different SFO

Figure 4 illustrates an example BER performance degradation due to synchronization inaccuracy. In this example, a given payload size of 18 bits and Manchester encoding scheme are assumed. It can be observed that as the SFO increases, the BER performance degrades. Therefore, the impact of synchronization inaccuracy and the corresponding payload size need to be further investigated for a given BER target. It is noted that some receiver algorithm can improve the performance, especially with Manchester encoding scheme with higher sampling rate, e.g., 1.92MHz.  
Observation 2: Synchronization drift can cause incorrect demodulation and degrade BER performance. Without assuming any advanced receiver algorithm, e.g., equalizer design for compensating SFO, the maximum payload size is limited at a given SFO assumption, e.g. up to 13 bits with SFO of 104 ppm, and up to 125 bits with SFO of 103 ppm.
Proposal 3: Study the synchronization drift and its impact on the maximum payload size at an assumed SFO.
For R2D transmissions, considering that Manchester encoding uses code chips with fixed length and encodes information by transitioning between different voltage levels, the position of a voltage level transition may be utilized to distinguish codeword boundary and, thus, it may be beneficial to maintain synchronization. On the contrary, PIE indicates information by pulse length and, thus, may not have any relevance to reduce the synchronization drift. Therefore, for R2D transmissions, it is necessary to investigate whether and how the synchronization drift can be reduced depending on the selected line encoding schemes, e.g., PIE or Manchester encoding. On top of that, if synchronization accuracy cannot be maintained by line encoding, the necessity of midamble needs to be studied for R2D as well.
Proposal 4: For R2D, study the following aspects:
· The necessity of inserting midamble in a PRDCH transmission.
· Study line coding schemes that is also beneficial to maintain chip synchronization, e.g., Manchester encoding.
For D2R transmissions, the encoding and transmission by a device will be drifted as the clock drifts. Therefore, the demodulation performance at the reader will be impacted regardless of the reader’s synchronization accuracy. Inserting a midamble in PDRCH transmission allows a reader to keep track of the clock drift induced by a device and helps to adjust the clock at the reader. In addition, a potential gain of synchronization maintenance that can be achieved by D2R line encoding schemes can be studied as well as the necessity of midamble. 
It is noted that synchronization adjustment by the reader may work only for the case when communicating with a single device, i.e. no multiplexing or TDM-ed case. However, when multiple devices are FDM’ed or CDM’ed, synchronization alignment becomes more important and, at the same time, more challenging as the problem cannot be resolved by inserting midamble from devices individually. Therefore, there is a need to study a solution when multiple devices are multiplexed, e.g., provide an interval in which devices can fallback to receive R2D synchronization signal and re-calibrate its clock. 
Proposal 5: For D2R, study the following aspects:
· At least for a single device or TDM case, the necessity of inserting midamble in a PDRCH transmission.
· Study line coding schemes that is also beneficial to maintain chip synchronization, e.g. FM0, Miller encoding.
· For FDM/TDM cases, study the impact of synchronization misalignment between devices and possible solutions for synchronization drift from multiplexed devices.
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[bookmark: _Ref158727669][bookmark: _Ref163138080]Figure 5 PRDCH/PDRCH signal structure with midamble

Figure 5 illustrates an example PRDCH/PDRCH signal structure with midamble. 

PRDCH providing signalling for a group of devices
The figure below describes PRDCH structure providing a group signaling. 
[image: ]
Figure 6 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 7: 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, which may be a relay, an IAB node, a UE, or a repeater. First, a possible type of an intermediate node needs to be clarified. 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. 
At least when the intermediate node is a L1 repeater, it is possible that signals/channels for the A-IoT system are controlled by gNB implementation and the repeater forwards them transparently. However, for other general types of intermediate node, an explicit control of the intermediate node may be needed for A-IoT data transfer. Therefore, it should be studied whether and how the network controls an intermediate node for A-IoT data transfer. The necessity of controlling CW transmission from the intermediate node may also be studied, as well as whether the CW signal is a new signal designed for the dedicated purpose of backscattering or whether it is based on existing NR signals/channels. 
Proposal 8: For D2T2, study the necessity of a gNB controlling an intermediate node for A-IoT D2R/R2D data transfer and CW transmission, if transmitted by the intermediate node. 

4 
4 [bookmark: _Hlk146136562][bookmark: _Hlk142650394]Considerations for proximity determination 
This section considers general aspects for a proximity determination of A-IoT devices. In general, positioning is to determine a 2D coordinate of a device, which requires at least two or more TRPs, while ranging is to determine a distance to the device, i.e., proximity determination, which can be performed with a single TRP. Given the low complexity requirement for A-IoT devices, any scheme that requires computations or measurements at a device is not preferred. Furthermore, if a measurement is performed at a device and reported to the reader, the accuracy of the measurement performed by the device is also questionable given the device capability. On the other hand, any scheme that requires a device to report an implementation specific data such as reflection loss is not preferred from a vendor perspective.  
Observation 3: Any scheme that requires a measurement and a report by a device or reporting implementation specific information, such as a reflection loss, to a reader for proximity determination is not preferred.    
A straightforward approach for proximity determination may be an RTT-based scheme as illustrated below. 

[image: ]
[bookmark: _Ref157342936]Figure 7 Single-Sided Two Way Ranging (SS-TWR)

Figure 7 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 4: The plain SS-TWR scheme based on RTT measurement at a reader is susceptible to the timing drift error.    
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: ]
[bookmark: _GoBack]Figure 8 SS-TWR via immediate reflection eliminating timing error

In the 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 small, while the accuracy will be high compared to the plain scheme. 
Observation 5: The SS-TWR scheme via immediate reflection has negligible complexity at a device, while it is expected to provide high accuracy compared to the plain SS-TWR scheme.    
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 9: 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 9 Double-Sided Two Way Ranging (DS-TWR) in IEEE 802.15.4z [7]

Figure 9 illustrates DS-TWR scheme considered in IEEE 802.15.4z [7]. 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 6: The DS-TWR provides improved accuracy compared to the plain SS-TWR when there exists a clock drift error.
Proposal 10: 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: Study a basic PRDCH and PDRCH structure comprised of delimiter, preamble, header, and payload.  
Observation 2: Synchronization drift can cause incorrect demodulation and degrade BER performance. Without assuming any advanced receiver algorithm, e.g., equalizer design for compensating SFO, the maximum payload size is limited at a given SFO assumption, e.g. up to 13 bits with SFO of 104 ppm, and up to 125 bits with SFO of 103 ppm.
Proposal 3: Study the synchronization drift and its impact on the maximum payload size at an assumed SFO.
Proposal 4: For R2D, study the following aspects:
· The necessity of inserting midamble in a PRDCH transmission.
· Study line coding schemes that is also beneficial to maintain chip synchronization, e.g., Manchester encoding.
Proposal 5: For D2R, study the following aspects:
· At least for a single device or TDM case, the necessity of inserting midamble in a PDRCH transmission.
· Study line coding schemes that is also beneficial to maintain chip synchronization, e.g. FM0, Miller encoding.
· For FDM/TDM cases, study the impact of synchronization misalignment between devices and possible solutions for synchronization drift from multiplexed devices.
Proposal 6: Study a PRDCH providing a signaling for a group of devices to improve the overall A-IoT system efficiency.   
Proposal 7: Study the feasibility and the potential gain of frequency hopping for PRDCH/PDRCH transmission.
Proposal 8: For D2T2, study the necessity of a gNB controlling an intermediate node for A-IoT D2R/R2D data transfer and CW transmission, if transmitted by the intermediate node. 
Observation 3: Any scheme that requires a measurement and a report by a device or reporting implementation specific information, such as a reflection loss, to a reader for proximity determination is not preferred.    
Observation 4: The plain SS-TWR scheme based on RTT measurement at a reader is susceptible to the timing drift error.    
Observation 5: The SS-TWR scheme via immediate reflection has negligible complexity at a device, while it is expected to provide high accuracy compared to the plain SS-TWR scheme.    
Proposal 9: 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 6: The DS-TWR provides improved accuracy compared to the plain SS-TWR when there exists a clock drift error.
Proposal 10: 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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