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1 Introduction
The “Study on solutions for Ambient IoT (Internet of Things) in NR” [1][2][3] targets a further assessment at RAN WG level of Ambient IoT (A-IoT), a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very low-end IoT applications. The study follows an initial study captured in TR 38.848 [4].
[bookmark: _Hlk163061289]RAN1#116 was the first meeting in this study item. For this agenda item, we provided our initial views in [5], and the RAN1 discussion was captured in the feature lead summary in [6] with the following agreements.
	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

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



In this contribution, we provide our views on control information, system information, and timing acquisition signal in both D2R and R2D transmissions and discussed proximity determination.
2 [bookmark: _Toc158642077][bookmark: _Toc158642078][bookmark: _Toc158642079]R2D control and system information 
According to the above agreements, SI can potentially be transmitted on PRDCH. As PRDCH may be used to carry different types of information (including SI, control, and data), a special structure or payload format can be defined to distinguish between and carry the different types of information transmitted on the PRDCH. For example, control information can indicate the type of information in the R2D data transmission. Studies are needed on the required control fields, the number of control bits, and the position of control information in a PRDCH, e.g., after the preamble in every PRDCH message. Alternatively, whether distinct starting preambles can be used to indicate the PRDCH format type can also be studied. Moreover, it will be pertinent to discuss the possibility of using radio network temporary identifiers (RNTI) for scrambling the contents of PRDCH (e.g., CRC bits) to distinguish between A-IoT devices or to let the device distinguish between the different types of PRDCH messages.
[bookmark: _Toc163235057]Using control information, preamble partitioning, and scrambling are some of the ways to distinguish between different types of PRDCH.
Proposal 1 [bookmark: _Toc163235068]RAN1 to discuss how to transmit and distinguish between the different types of information (e.g., SI, control, and data) on PRDCH.
PRDCH should support a simple yet scalable design to keep the decoding complexity low at the A-IoT device depending on the device capability. This means that blind decoding should be avoided as much as possible. Moreover, the design should be scalable to the decoding capabilities of different device types. For example, the decoding capability of Devices 2a and 2b will potentially be superior to that of Device 1.
RAN1 needs to discuss the content of R2D control information that needs to be transmitted. For example, the payload size, modulation scheme to be used by the active and passive devices on PDRCH, information about time and frequency resources to be used by the device, etc. Some control information will be device-type agnostic and applicable to all device types whereas other control information may be device-type specific and applicable to a certain device type only. For example, any control information related to backscatter communication on PDRCH will be relevant for the passive devices whereas other control information related to PDRCH transmission configuration (e.g., waveform, modulation format etc.) for active transmission will be useful for the active devices. Therefore, the R2D control information design should be flexible enough to address the needs of both active and passive devices.
[bookmark: _Toc163235058]Some R2D control information will be A-IoT device-type agnostic and generally applicable to all device types whereas other may be A-IoT device-type specific.
[bookmark: _Toc163235059]The R2D control information for A-IoT devices should be designed flexibly to cater to both active and passive device types.
Proposal 2 [bookmark: _Toc163235069]RAN1 to discuss the potential R2D control information that needs to be transmitted for each A-IoT device type.
We are open to considering a dedicated control channel or reusing PRDCH for transmitting control information.
Proposal 3 [bookmark: _Toc163235070]RAN1 to discuss whether to reuse PRDCH or to define a dedicated channel for transmitting R2D control information to A-IoT devices.
3 D2R control information
A key question is what kind of D2R control information needs to be transmitted by an A-IoT device. Our view is that D2R control information should not be ruled out at this stage. Some examples of D2R control information may include:
· Confirmatory response for the R2D message 
· Information related to proximity determination 
· Coarse channel quality indication based on PRDCH signal strength
· Information about energy availability to assist the reader with scheduling and resource allocation
· Maximum number of PDRCH transmissions that the device can support before requiring a recharge
· Estimated time taken by the A-IoT device to recharge by harvesting energy

Thus, we have the following observation.
[bookmark: _Toc163064325][bookmark: _Toc163159896][bookmark: _Toc163160046][bookmark: _Toc163160228][bookmark: _Toc163235060]Potential D2R control information may include confirmatory response for PRDCH, number of PDRCH transmissions before requiring a recharge, time taken by A-IoT device to recharge, and coarse channel quality information. 
Therefore, we propose the following.
Proposal 4 [bookmark: _Toc163235071]RAN1 to discuss the potential D2R control information that needs to be transmitted for each A-IoT device type.
Our view is that a dedicated uplink control channel may not be needed for A-IoT devices, i.e., D2R control information can be transmitted on PDRCH. This will be similar to NB-IoT where the uplink control information is carried by NPUSCH as there is no dedicated uplink control channel.
Proposal 5 [bookmark: _Toc163235072]D2R control information transmitted by A-IoT devices can be carried by PDRCH.
4 R2D and D2R synchronization
4.1	Aperiodic only or periodic synchronization signals
The following proposal related to periodic R2D synchronization signals can be found in the FLS [6]:
	Proposal 2.1.1-1:
· For ambient IoT devices, periodic downlink synchronization signal is not considered.




It was agreed that a R2D timing acquisition signal (e.g., R2D preamble) is used at least for timing acquisition and for indicating the start of the R2D transmission in time domain. It implies that R2D timing acquisition signal precedes an R2D transmission. In this case, it can be considered as an aperiodic synchronization signal. However, if the time interval between an R2D transmission and the corresponding D2R transmission following it is too long, devices may lose the timing obtained from R2D timing acquisition signal due to timing drift at the time for D2R transmission. In this sense, either periodic synchronization signal or another aperiodic timing acquisition before the D2R transmission is needed.
[bookmark: _Toc163235061]If the time interval between an R2D transmission and the corresponding D2R transmission following it is too long, devices may lose the timing obtained from R2D timing acquisition signal due to timing drift at the time for the D2R transmission.
Proposal 6 [bookmark: _Toc163244030][bookmark: _Toc163253891][bookmark: _Toc163244031][bookmark: _Toc163253892][bookmark: _Toc163244032][bookmark: _Toc163253893][bookmark: _Toc163235073]Study periodic and aperiodic synchronization signals for A-IoT devices.
4.2	Delimiters, midambles, and postambles
The following related proposals can be found in the FLS [6]:
	Proposal 2.1.1-3:
· For ambient IoT devices, if preamble-based downlink synchronization is considered, then one of the following options is considered for delimiter for downlink transmission.
· Alt. 1: Delimiter is not needed, and preamble can serve the purpose of delimiter, i.e., to signal the start of downlink reception.
· Alt. 2: Delimiter is considered and embedded within the preamble.
· Alt. 3: Delimiter is considered and added separately before the preamble.

[bookmark: OLE_LINK17]Proposal 2.1.1-5:
· For ambient IoT devices, midamble for downlink transmissions is not considered.

Proposal 2.2.1-3:
· For ambient IoT devices, consider following options for midamble for uplink transmissions.
· Alt. 1: Midamble is not considered.
· Alt. 2: Midamble is considered for adding between uplink transmissions/segments.
· FFS: Design details

Proposal 2.2.1-2:
· For ambient IoT devices, consider following options for postamble for downlink transmissions.
· Alt. 1: Postamble is not considered.
· Alt. 2: Postamble is considered for adding at the end of the uplink transmission to signal the termination of uplink.
· FFS: Design details
  



In this section, we provide our views on the open issue from the previous meeting.
In our understanding, one purpose of the delimiter is to indicate the start of an R2D transmission. We think that more clarity on the role of a delimiter will be helpful. For example, does it help the A-IoT device acquire some coarse synchronization before the device attempts to attain a finer synchronization by detecting the timing acquisition signal? 
Proposal 7 [bookmark: _Toc163244034][bookmark: _Toc163253895][bookmark: _Toc163244035][bookmark: _Toc163253896][bookmark: _Toc163244036][bookmark: _Toc163253897][bookmark: _Toc163244037][bookmark: _Toc163253898][bookmark: _Toc163244038][bookmark: _Toc163253899][bookmark: _Toc163235074]RAN1 to clarify the role of a delimiter in a R2D signal: (a) indicate the start of transmission based on the received signal energy; (b) assist the device in achieving coarse synchronization before acquiring a finer synchronization by detecting the preamble; (c) both (a) and (b).
Once the role of a delimiter is clarified, we can decide whether it is needed or not, and if needed, whether it can either be defined as a separate entity transmitted before the preamble or embedded into the preamble.
[bookmark: _Toc163235062]If a delimiter is needed in a R2D signal, it can be embedded within the preamble or transmitted separately before the preamble. 
Ideally the timing acquisition signal which precedes the D2R or R2D transmission is sufficient for the reader or device to get synchronization and successfully receive the transmission. Midambles may be needed in several cases: 1) if there is a time gap in a R2D or D2R transmission, similar to NR PUSCH repetition type A with L smaller than 14 symbols; 2) timing drift changes the duration of symbols throughout the D2R transmission. 
Proposal 8 [bookmark: _Toc163235075]Study the need for midambles, including whether there would be a time gap in a R2D or D2R transmission and whether timing drift may change the duration of symbols throughout a D2R transmission and affect the reliable reception.
One purpose of postamble for R2D and D2R is to indicate the end of data transmission. For R2D postambles, given timing acquisition signal indicates the start of R2D data, if control information can indicate the payload size of the subsequent R2D data transmission, the devices know where the transmission will end. In this case, there is no need for a postamble to explicitly indicate the end of R2D data. This is similar to D2R transmission, where readers schedule or configure time resources and payload sizes for D2R transmissions and therefore know when the transmission ends.
[bookmark: _Toc163235063]If the purpose of a postamble is to indicate the end of a D2R/R2D transmission, there is no need for an explicit indication, if the payload size of the subsequent D2R/R2D data transmission is configured/indicated by readers to devices. 
However, another purpose for postamble may be to provide timing signal as an additional timing acquisition signal. If the timing drift, generated from the time devices get synchronization from the timing acquisition signal to the time of D2R transmission, causes a reader to unable to successfully receive the R2D transmission, a postamble as an additional timing acquisition can be considered.
Proposal 9 [bookmark: _Toc163235076]RAN1 to study whether postambles can serve as additional timing acquisition signal taking into account the duration of the PRDCH and device timing capability.
5 R2D and D2R reference signals 
[bookmark: OLE_LINK18]Depending on the waveforms and modulation adopted for Ambient IoT physical channels, PRDCH and PDRCH, it may not be possible to reuse the legacy NR reference signals. Any measurement, if needed, can be performed by leveraging the preamble or by embedding other known pilot/reference sequences in the A-IoT physical channels.
[bookmark: _Toc163235064]Depending on the waveform and modulation supported for A-IoT physical channels, it may not be feasible to reuse the legacy NR reference signals in A-IoT. 
Proposal 10 [bookmark: _Toc163235077]A-IoT device may perform measurements using a known pilot or reference sequence embedded within the PRDCH signal. The reader may perform measurements using a known pilot or reference sequence embedded within the PDRCH signal.
Proposal 11 [bookmark: _Toc163244043][bookmark: _Toc163253904][bookmark: _Toc163235078]Discussion on reference signal design can be deferred until more progress on the waveform and modulation supported by PRDCH and PDRCH.
6 [bookmark: _Toc163062071][bookmark: _Toc163062072][bookmark: OLE_LINK22]Definition/scope of proximity determination
[bookmark: _Hlk162257931]Definition of proximity determination was clarified in RAN#103 [1] and copied below. This is the distance between an Ambient IoT reader and a device. However, it is unclear what is the value range of proximity threshold, the dividing line between near and far (or “not near”).
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).
[bookmark: _Hlk162257917][bookmark: OLE_LINK20]A reader’s coverage is 10~50m. A proximity threshold, namely the dividing line between near and far, can be any value from 0m to the reader’s coverage, e.g., 50m. The large value range is not helpful for the discussion on methods, because methods would be different if the threshold is 1m or 49m. Its specific value depends on the use cases of proximity determination. In one case, proximity determination can be used for coverage enhancement. It can provide a distribution of devices in a reader’s coverage area, e.g., how many devices are near and their percentage. MNO can adjust a reader, if a large percentage of devices are far from it. In this sense, the proximity threshold between near and far is analogous to cell center and cell edge. 
[bookmark: _Toc163235065]Proximity threshold, namely the dividing line between near and far, depends on the use cases of proximity determination. From coverage perspective, the proximity threshold between near and far is analogous to cell center and cell edge.
Proposal 12 [bookmark: _Toc163235079]RAN1 to clarify the use case of proximity determination and the proximity range.
7 Methods for proximity determination 
[bookmark: OLE_LINK26]A straightforward indicator of distance between a reader and a device is the pathloss. If a device’s transmission power is known by a reader, it can derive the pathloss and therefore the distance based on received transmission power. However, some problems need consideration for Devices 1 and 2a. The received signal strength of a backscattered signal at a reader is subject to transmission power of a CW node, the propagation loss from the CW node to the reader via a device, and the backscatter loss. The distance between the reader and the device, which is the target of proximity determination, only partially contributes to the total pathloss. Further studies are needed on whether and how to determine proximity from the received backscattered transmission.
[bookmark: _Toc163235066][bookmark: _Toc159245456]For D2R transmission by a Type 2b device, the UL transmission power received by a reader can be an indicator of the distance between the device and the reader.
[bookmark: _Toc163235067]For D2R transmission from a Type 1 or Type 2a device, the backscattered transmission power received by a reader can partially indicate a device’s proximity, which is subject to the propagation loss between a CW node and the device and its backscatter loss.
Proposal 13 [bookmark: _Toc163235080]Study how to determine proximity from the received backscattered transmission.
8 Conclusion
In the previous sections we made the following observations: 
Observation 1	Using control information, preamble partitioning, and scrambling are some of the ways to distinguish between different types of PRDCH.
Observation 2	Some R2D control information will be A-IoT device-type agnostic and generally applicable to all device types whereas other may be A-IoT device-type specific.
Observation 3	The R2D control information for A-IoT devices should be designed flexibly to cater to both active and passive device types.
Observation 4	Potential D2R control information may include confirmatory response for PRDCH, number of PDRCH transmissions before requiring a recharge, time taken by A-IoT device to recharge, and coarse channel quality information.
Observation 5	If the time interval between an R2D transmission and the corresponding D2R transmission following it is too long, devices may lose the timing obtained from R2D timing acquisition signal due to timing drift at the time for the D2R transmission.
Observation 6	If a delimiter is needed in a R2D signal, it can be embedded within the preamble or transmitted separately before the preamble.
Observation 7	If the purpose of a postamble is to indicate the end of a D2R/R2D transmission, there is no need for an explicit indication, if the payload size of the subsequent D2R/R2D data transmission is configured/indicated by readers to devices.
Observation 8	Depending on the waveform and modulation supported for A-IoT physical channels, it may not be feasible to reuse the legacy NR reference signals in A-IoT.
Observation 9	Proximity threshold, namely the dividing line between near and far, depends on the use cases of proximity determination. From coverage perspective, the proximity threshold between near and far is analogous to cell center and cell edge.
Observation 10	For D2R transmission by a Type 2b device, the UL transmission power received by a reader can be an indicator of the distance between the device and the reader.
Observation 11	For D2R transmission from a Type 1 or Type 2a device, the backscattered transmission power received by a reader can partially indicate a device’s proximity, which is subject to the propagation loss between a CW node and the device and its backscatter loss.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to discuss how to transmit and distinguish between the different types of information (e.g., SI, control, and data) on PRDCH.
Proposal 2	RAN1 to discuss the potential R2D control information that needs to be transmitted for each A-IoT device type.
Proposal 3	RAN1 to discuss whether to reuse PRDCH or to define a dedicated channel for transmitting R2D control information to A-IoT devices.
Proposal 4	RAN1 to discuss the potential D2R control information that needs to be transmitted for each A-IoT device type.
Proposal 5	D2R control information transmitted by A-IoT devices can be carried by PDRCH.
Proposal 6	Study periodic and aperiodic synchronization signals for A-IoT devices.
Proposal 7	RAN1 to clarify the role of a delimiter in a R2D signal: (a) indicate the start of transmission based on the received signal energy; (b) assist the device in achieving coarse synchronization before acquiring a finer synchronization by detecting the preamble; (c) both (a) and (b).
Proposal 8	Study the need for midambles, including whether there would be a time gap in a R2D or D2R transmission and whether timing drift may change the duration of symbols throughout a D2R transmission and affect the reliable reception.
Proposal 9	RAN1 to study whether postambles can serve as additional timing acquisition signal taking into account the duration of the PRDCH and device timing capability.
Proposal 10	A-IoT device may perform measurements using a known pilot or reference sequence embedded within the PRDCH signal. The reader may perform measurements using a known pilot or reference sequence embedded within the PDRCH signal.
Proposal 11	Discussion on reference signal design can be deferred until more progress on the waveform and modulation supported by PRDCH and PDRCH.
Proposal 12	RAN1 to clarify the use case of proximity determination and the proximity range.
Proposal 13	Study how to determine proximity from the received backscattered transmission.
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