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1 Introduction
[bookmark: _Hlk127258902]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 no energy storage or 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]. 
Considering the low complexity requirements and limited sizes of A-IoT devices, an expectable output power from harvesting energy from an ambient renewable energy source is typically from 1µW to a few hundreds of µW, which is orders of magnitude lower than a normal user equipment (UE) having peak power consumption higher than 10mW [4]. This requires a radically new wireless access technology and device architectures for A-IoT, which cannot be fulfilled by the existing cellular technologies such as NB-IoT and eMTC.
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]General aspects for DL/UL signals and channels
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. A companion contribution [5] discusses two possible synchronization and timing options for A-IoT, namely network-triggered asynchronous system with relative timing and network-triggered locally synchronous system, that can work with A-IoT devices lacking a precise timing capability. This section considers DL/UL signal/channel structures for the proposed system design concepts.  
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[bookmark: _Ref157177022]Figure 1 General DL/UL signal structure
 
Figure 1 illustrates a general DL/UL signal structure. Considering the low complexity requirements of A-IoT devices, support for multiple different types of physical downlink or uplink channels requiring different handling at the A-IoT devices is not envisioned. A general DL/UL signal structure, which can be reused for transmitting or receiving different types of DL/UL information, is instead considered. For instance, for DL transmission, a control element (CE) in a signal can indicate whether the signal is for DL control information (DCI), system information (SI), or DL data. Similarly, for UL transmission, a CE can indicate whether a signal is for UL control information (UCI), or UL data. To this end, only one physical channel for downlink and only one physical channel for uplink may be defined, which can be referred to as:
· Physical A-IoT downlink channel (PADCH)
· PADCH serves the purposes of PDSCH, PDCCH, PBCH from NR standpoint. 
· Physical A-IoT uplink channel (PAUCH)
· PAUCH serves the purposes of PUSCH, PUCCH, PRACH from NR standpoint.
It is expected that reusing a common signal structure and indicating different signal types using a CE will significantly simplify the baseband processing of A-IoT devices compared to defining multiple different types of physical channels as in NR.   
Proposal 1: Study one general purpose physical DL channel, and one general purpose physical UL channel for low complexity implementation of A-IoT devices. Deprioritize supporting multiple different physical channels requiring different handling at the A-IoT devices, i.e., do not pursue channels similar to PDCCH/PUCCH in NR.
The components comprising the signal structure in Figure 1 are the following. 
· Delimiter: Start-of-signal and end-of-signal indication. It may be a shorter lower complexity signal for detection compared to the preamble. In some design, the preamble may also serve the purpose and then the delimiters may not be needed.   
· Preamble: A signal for low-complexity presence detection, which can be implemented using shift registers. 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 CE and payload. It may be also used for channel estimation, e.g., for setting up the AGC, etc.  
· Control element (CE): The CE field carries necessary information for DL reception or UL transmission similar to NR DCI formats. Some additional control information may be contained in the payload and that handling may be similar to NR MAC CE and MAC SDU. CE may include the following sub-elements. 
· Signal type: Indicator for the signal type conveyed in the payload, e.g., DCI, UCI, DL data, UL data, SI, etc.
· Source ID: Transmitter ID of the signal. For DL, it’s the serving gNB’s ID, i.e., PCI. For UL, it’s a device ID, which may be an assigned ID from the gNB or an ID associated with the device itself. 
· Destination ID: ID of the intended receiver of the signal. For UL, it’s the serving gNB’s ID, i.e., PCI. For DL, it may indicate an associated ID of a specific A-IoT device or a group ID for a specific set of A-IoT devices. For broadcast information, e.g., system information, this field may indicate NULL or PCI, which is intended to be received by all the devices served by the gNB.
· Length: This field indicates the length of the following payload.
· Payload: In accordance with the indicated signal type in the CE, i.e., it can be DCI, UCI, DL data, UL data, SI, etc. 
Proposal 2: Study a general DL/UL signal structure which may include delimiter, preamble, control element, and payload.  
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 due to a timing drift or successive 0’s and 1’s depending on the modulation scheme. Therefore, a midamble may be needed to help the receiver to maintain the chip synchronization as illustrated in the figure below. 
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[bookmark: _Ref158727669]Figure 2 DL/UL signal structure with midamble

Proposal 3: Study a DL/UL signal structure with midamble including its necessity and the conditions for midamble, if needed.   
[bookmark: _Hlk158736750]On the other hand, given that the A-IoT devices are powered by harvesting energy, a device may be running out of power for DL reception or UL transmission. Therefore, it should be considered whether the gNB should take the energy availability at an A-IoT device for DL/UL scheduling or whether that may be transparent and left for gNB implementation. 
Proposal 4: Study whether the gNB should consider the energy availability at an A-IoT device for DL/UL scheduling.  

Beacon signal and system information
A companion contribution [5] discusses two possible synchronization options for A-IoT communication, as illustrated below. 
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[bookmark: _Ref157237180][bookmark: _Hlk157237202]Figure 3 Possible synchronization modes for A-IoT communication [5]

In the case of the network-triggered asynchronous system, the beacon signal serves as an indication that A-IoT communication session is activated and on-going as well as a container for providing system information. In addition to those, the beacon signal may also serve as a timing reference signal in the case of network-triggered locally synchronous system. The beacon signal may be also utilized for DL pathloss/RSRP measurement and UL power control.
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[bookmark: _Ref157238239]Figure 4 Beacon signal structure

Figure 4 illustrates an example beacon signal, whose structure is largely based on the general signal structure provided in Figure 1, except the possible presence of a sync signal. The basic property of sync signal is similar to that of preamble; the sync signal can be a known sequence transmitted in time domain. The sync signal may be present to provide more accurate timing synchronization for the case of network-triggered locally synchronous system. To provide fine synchronization, the length of the sync signal may be longer than that of the preamble, and it may include multiple repetitions of the preamble signal. The sync signal may not be present if the preamble signal is designed to provide sufficient timing synchronization, especially for the network-triggered asynchronous system with relative timing. 
The beacon signal may also include system information (SI) as illustrated in Figure 4. The CE in the signal indicates that the following payload conveys SI. The SI in the payload can indicate the PCI, if the sync signal does not provide the PCI, as well as other essential information, as necessary.
Proposal 5: Study the necessity of a beacon signal providing an indication that A-IoT communication session is initiated and on-going as well as system information, as necessary. 
  
Frequency hopping of DL/UL signals and channels
Given that A-IoT system supports neither HARQ nor ARQ functions as captured by SID, other possible methods on reliability improvement should be considered. Ambient IoT DL transmission and UL 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 DL and UL transmissions to combat channel fading should be considered for A-IoT system design.
· DL: For DL signals/channels, frequency hopping can be performed during signal generation and mapping procedure within A-IoT DL bandwidth based on a certain pre-defined hopping pattern. From a tag perspective, the DL frequency hopping can be transparent as the envelope detection at the tag receiver side can be performed on the overall A-IoT DL bandwidth.
· UL: For low-end devices, i.e., Type-1 device, 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., Type-2 active device, or by performing frequency shift when backscattering, i.e., Type-2 backscatter device. 

Proposal 6: Study the feasibility and the potential gain of frequency hopping for transmitting DL/UL signals/channels considering narrowband A-IoT system.
3 Considerations for Intermediate node
3 
In Topology 2, the 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 note needs to be clarified. For the intermediate node, it should be studied how the network controls the intermediate node to transfer A-IoT DL/UL data between gNB and A-IoT device. Furthermore, given that the CW needs to be provisioned at least during UL backscattering and may be also for energy harvesting, it should also be studied how to control the transmission of CW by the intermediate node, if the CW is transmitted by the intermediate node, to ensure stable UL backscattering and power supply for A-IoT devices. 
At least when the intermediate node is a L1 repeater, it is possible that signals/channels for A-IoT system are controlled by gNB implementation and the repeater forwards them transparently. However, for other general types of intermediate node, explicit control of the intermediate node is needed for A-IoT DL/UL data transfer.  Therefore, it should be studied whether and how the network controls an intermediate node for A-IoT DL/UL 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 7: For Topology 2, study the necessity of the gNB controlling the intermediate node for A-IoT DL/UL data transfer and transmission of CW. 

4 
4 [bookmark: _Hlk146136562][bookmark: _Hlk142650394]Considerations for proximity determination 
This section considers general aspects for 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 single TRP. Given the low complexity requirement for A-IoT devices, any scheme that requires computations at the A-IoT devices is not preferred. On the other hand, solutions based on relative signal reception time difference, such as UL TDOA and DL TDOA, and those based on angles, such as UL AoA and DL AoD, are not applicable for proximity determination using single TRP. Even for positioning, assuming the involvement of more than one TRPs, UL AoA and DL TDOA schemes are infeasible or not preferred given the number of receive antennas expected at the A-IoT devices and the measurements of multiple DL signals and time difference calculations required to be performed by A-IoT devices, respectively. 
Proposal 8: Any proximity determination scheme that requires computations or accurate measurements at the A-IoT devices should be deprioritized considering low complexity and low power consumption requirements.   
To this end, an RTT-based scheme can be considered for proximity determination with single TRP as illustrated below. 
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[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 high SFO. For backscattering devices, the reply time delay, Treply, may be eliminated by having CW signal as DL signal and the backscattered CW signal as UL signal.
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[bookmark: _Ref157344632][bookmark: _Hlk157344667]Figure 6 Double-Sided Two Way Ranging (DS-TWR) in IEEE 802.15.4z [6]

Figure 6 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 shown that the accuracy of the DS-TWR is significantly higher compared to SS-TWR. The DS-TWR can be considered as one reference for designing a proximity determination scheme for A-IoT. 
Proposal 9: Study an RTT-based proximity determination scheme for A-IoT considering low accuracy clock at the A-IoT devices and backscattering type UL transmission. 

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:
Proposal 1: Study one general purpose physical DL channel, and one general purpose physical UL channel for low complexity implementation of A-IoT devices. Deprioritize supporting multiple different physical channels requiring different handling at the A-IoT devices, i.e., do not pursue channels similar to PDCCH/PUCCH in NR.
Proposal 2: Study a general DL/UL signal structure which may include delimiter, preamble, control element, and payload.  
Proposal 3: Study a DL/UL signal structure with midamble including its necessity and the conditions for midamble, if needed.   
Proposal 4: Study whether the gNB should consider the energy availability at an A-IoT device for DL/UL scheduling.  
Proposal 5: Study the necessity of a beacon signal providing an indication that A-IoT communication session is initiated and on-going as well as system information, as necessary. 
[bookmark: _GoBack]Proposal 6: Study the feasibility and the potential gain of frequency hopping for transmitting DL/UL signals/channels considering narrowband A-IoT system.
Proposal 7: For Topology 2, study the necessity of the gNB controlling the intermediate node for A-IoT DL/UL data transfer and transmission of CW. 
Proposal 8: Any proximity determination scheme that requires computations or accurate measurements at the A-IoT devices should be deprioritized considering low complexity and low power consumption requirements.   
Proposal 9: Study an RTT-based proximity determination scheme for A-IoT considering low accuracy clock at the A-IoT devices and backscattering type UL transmission. 
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