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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]Agreements reached so far are as follows:
	RAN1#116:

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

RAN1#116b:

Agreement
[bookmark: OLE_LINK5][bookmark: _Hlk164697579]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 
· [bookmark: OLE_LINK4]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

[bookmark: OLE_LINK8]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. 



In this contribution, we provide our views on preamble, midamble, and postamble in both D2R and R2D transmissions, control information, TB size, and proximity determination.
2 [bookmark: _Toc158642077][bookmark: _Toc158642078][bookmark: _Toc158642079]R2D and D2R synchronization
2.1 [bookmark: OLE_LINK25]R2D preamble
An R2D preamble with a start-indicator part and a clock-acquisition part was agreed in RAN1#116bis. In our understanding, the start-indicator (delimiter) is used to indicate the start of R2D transmission for some passive devices. For example, in RFID, after an RF power transfer session, a delimiter (a gap containing a “low” voltage signal) is inserted before the transmission of a preamble (a “normal” voltage signal) and the RFID tag can detect the start of the RFID preamble due to the difference in energy level of the two signals. A delimiter is appropriate for A-IoT devices which rely on RF energy harvesting but not for A-IoT devices which do not necessarily rely on RF energy harvesting.
[bookmark: _Toc166257140][bookmark: OLE_LINK16]A start-indicator (delimiter) can be used for A-IoT devices if there is an RF power transfer session before R2D preamble transmission. 
[bookmark: _Toc166257141]A start-indicator (delimiter) is not needed for A-IoT devices which do not necessarily rely on RF energy harvesting.
Proposal 1 [bookmark: _Toc165985843][bookmark: _Toc165991071][bookmark: _Toc166057074][bookmark: _Toc166057096][bookmark: _Toc166257162]Start-indicator part can be optional for some A-IoT devices.
RAN1 has agreed to consider OFDM-based OOK modulation for R2D data transmission with line coding based on either Manchester encoding or Pulse interval encoding. Since Manchester encoding results in a self-clocking signal thanks to regular rising/falling edges for every bit, it has also been proposed to be used for clock-acquisition signal. For clock acquisition signal, however, it is not necessary to include line coding, as the bit sequence of the OOK signal can be designed to ensure periodic rising/falling edges, e.g., transmitting a bit sequence of the form 010101 using OOK modulation will also result in a self-clocking signal. Depending on whether OOK-1 or OOK-4 is used, the reader can adjust the clock rate if needed.
[bookmark: _Toc166257142]It is not necessary to use line coding in the clock-acquisition signal as a pre-defined OOK sequence with regular ON/OFF transitions can be used as a clock signal.
Proposal 2 [bookmark: _Toc166257163]Clock-acquisition signal can be based on pre-defined OOK sequences.
If the chip duration for the subsequent R2D transmission is fixed and known to the device, there is no need to indicate it using the timing acquisition signal. If the chip duration for the subsequent R2D transmission is configurable, it can be indicated in the control information following timing acquisition signal. In case that the control information is not always transmitted following a preamble transmission, it can be considered whether to indicate the chip duration using the R2D preamble.
Proposal 3 [bookmark: _Toc166257164]If an R2D preamble transmission is followed by R2D control information, the chip duration can be indicated using the R2D control information.
It is not clear if the timing acquisition signal will be sufficient for acquiring frequency synchronization for all device types and architectures. Therefore, more RAN1 discussion is needed on this aspect.
Proposal 4 [bookmark: _Toc166257165]RAN1 to study if CFO correction can be acquired using the timing acquisition signal for all A-IoT device architectures.
2.2 D2R preamble
A D2R preamble preceding a PDRCH transmission will be received by the reader which can perform correlation-based sequence detection. Therefore, unlike the R2D preamble, it is possible to base the design of a D2R preamble on sequences. To select an appropriate sequence, there are several design criteria that need to be considered such as the number of sequences in the sequence set, the sequence length, the desired auto- and cross-correlation properties, etc.
Proposal 5 [bookmark: _Toc166257166]RAN1 to define the design criteria for selecting D2R preamble such as the number of sequences in the sequence set, the sequence length, and the desired auto- and cross-correlation properties.
Another question is whether the preamble sequence is generated by the CW node or in the A-IoT device. For instance, for passive A-IoT devices, it is possible to send the preamble sequence in the frequency domain via the subcarrier tones, and the A-IoT device can backscatter the signal. If D2R preamble is generated at the CW node, both complex-valued and real-valued sequences can be considered. Another possibility is that the A-IoT device generates the D2R preamble, i.e., it is not embedded by the CW node within the carrier wave signal. In this case, a binary sequence can be considered if the D2R preamble is generated at the A-IoT device to reduce device complexity. 
[bookmark: _Toc166257143]If the D2R preamble is generated by the CW node, both binary and complex sequences can be considered for D2R preamble design. 
[bookmark: _Toc166257144]If the D2R preamble is generated by the A-IoT device, binary sequences can be considered for D2R preamble design.
Proposal 6 [bookmark: _Toc166257167]RAN1 to decide if D2R preamble is generated by the A-IoT device or the reader/CWT.
2.3 Midamble
Ideally, the timing acquisition signal which precedes the D2R or R2D transmission is sufficient for the reader or device to acquire synchronization and successfully receive the transmission. Midambles may still be needed in some 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 symbol duration throughout the D2R transmission, and 3) to assist the reader in performing channel estimation.
For R2D transmission, the baseline design will not include midambles if Manchester encoding is used. For D2R transmission, midambles can be useful for tracking the device’s timing and for channel estimation. 
Proposal 7 [bookmark: _Toc166257168]For D2R transmission, midambles should not be precluded as they can help the reader track the device’s timing amid timing drift and perform channel estimation.
2.4 Postamble
It was proposed that postamble for R2D and D2R can be used to indicate the end of data transmission. For R2D transmission, the preamble signal will indicate the start of R2D data transmission and control information can indicate the payload size of the subsequent R2D data transmission. Therefore, the A-IoT device will know when the R2D transmission will end. In this case, there is no need for a postamble to explicitly indicate the end of R2D data transmission. A similar reasoning applies to a D2R transmission, where readers schedule or configure time resources and payload sizes for D2R transmissions and therefore know when the transmission ends.
[bookmark: _Toc166257145]If the purpose of a postamble is to indicate the end of a D2R/R2D transmission, there is no need for an explicit indication through a postamble, if the payload size of the subsequent D2R/R2D data transmission is configured/indicated by readers to devices. 
However, another purpose of a postamble may be to serve as an additional timing acquisition signal. If the timing drift, generated from the time a device acquires synchronization from the R2D preamble to the time of D2R transmission, causes a reader to be unable to successfully receive the D2R transmission, a postamble may act as an additional timing acquisition signal.
Proposal 8 [bookmark: _Toc166257169]RAN1 to study whether a PRDCH postamble can serve as an additional timing acquisition signal prior to a PDRCH transmission depending on the device’s timing capability.
2.5 [bookmark: OLE_LINK23]Aperiodic only or periodic synchronization signals
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. This implies that R2D timing acquisition signal precedes an PRDCH. In this case, it can be viewed as an aperiodic synchronization signal. However, if the time interval between an R2D transmission and the corresponding following D2R transmission 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 a periodic synchronization signal or another aperiodic timing acquisition before the D2R transmission is needed.
[bookmark: _Toc166257146]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 the R2D timing acquisition signal due to timing drift at the time for the D2R transmission.
Proposal 9 [bookmark: _Toc163244030][bookmark: _Toc163253891][bookmark: _Toc163244031][bookmark: _Toc163253892][bookmark: _Toc163244032][bookmark: _Toc163253893][bookmark: _Toc166257170][bookmark: OLE_LINK18]Study periodic and aperiodic synchronization signals for A-IoT devices.
3 R2D control information and PRDCH
In the previous RAN1 meeting, the following proposal was discussed. In this section, we provide our views on topics related to this proposal.
	[bookmark: OLE_LINK14]RAN1#116bis:
Proposal 2.1.2-1B
· For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Time domain resource allocation
· MCS/code rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Frequency domain resource allocation
· Reader ID
· For the study of each of the above R2D control information, at least following aspects are considered:
· Whether the control information is needed/predefined or not
· For control information that is not fixed, whether it is signaled as L1 control information and/or via higher-layer signaling (e.g. MAC CE, RRC)
· Whether the control information is unicast, groupcast, broadcast


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: _Toc166257147]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: _Toc166257148]The R2D control information for A-IoT devices should be designed flexibly to cater to both active and passive device types.
If the payload size of the control information is fixed, then it can be transmitted using physical layer signaling. However, if a certain type of control information is optional or if it has a variable payload size, then it may be transmitted using higher layer signaling.
Proposal 10 [bookmark: _Toc166257171]If a certain control information has a fixed payload length, it can be transmitted using physical layer signaling. If it is optional or has a variable payload length, it can be transmitted using higher layer signaling.
We are open to considering a dedicated control channel or reusing PRDCH for transmitting control information.
Proposal 11 [bookmark: _Toc166257172]RAN1 to discuss whether to reuse PRDCH or to define a dedicated channel for transmitting R2D control information to A-IoT devices.
It was agreed in RAN1#116 that a dedicated physical broadcast channel for R2D, e.g., PBCH-like, is not considered for study, therefore system information 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: _Toc166257149]Use of control information, preamble partitioning, and scrambling are some of the ways to distinguish between different types of PRDCH.
Proposal 12 [bookmark: _Toc166257173]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.
The SI may need to be broadcast to A-IoT devices. In addition, the reader may intend to transmit the control information addressed to a particular A-IoT device or a group of devices. Therefore, both unicast and multicast should be supported for control information. If a common channel (PRDCH) is used to carry SI and control information, unicast, multicast and broadcast should all be supported.
Proposal 13 [bookmark: _Toc166257174]The control/system information can be transmitted using unicast, multicast and broadcast.
Proposal 14 [bookmark: _Toc165991082][bookmark: _Toc166057087][bookmark: _Toc166057109][bookmark: _Toc166257175]RAN1 to discuss the potential R2D control information for PRDCH and PDRCH that needs to be transmitted for each A-IoT device type such as time domain and frequency domain resource allocation, TBS, MCS (coding rate), modulation related information, repetition configuration, device type, device ID, group ID, cast type, reader ID.
4 D2R control information 
In the previous RAN1 meeting, the following proposals were discussed. In this section, we provide our views on topics related to these proposals.
	RAN1#116bis:
Proposal 2.2.2-1B
· For D2R control information, the following D2R control information are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
· FFS: Whether ACK/NACK feedback from device to reader is needed or not
· Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation
Proposal 2.2.2-2
· For D2R, transmission of D2R control information on PDRCH is studied (if any D2R control information is needed)
· Note: How to map D2R control information (if needed) in PDRCH is further studied under the PDRCH design details


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 (e.g., ACK) for the R2D message. This does not mean that HARQ operation needs to be supported. This can especially benefit command traffic.
· Coarse channel quality indication based on PRDCH signal strength, e.g., a 1-bit information to indicate if the channel is “good” or “bad”.
· Information about energy availability to assist the reader with scheduling and resource allocation, for example:
· Estimated 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. 

Therefore, we have the following observations:
[bookmark: _Toc163064325][bookmark: _Toc163159896][bookmark: _Toc163160046][bookmark: _Toc163160228][bookmark: _Toc166257150]PMI and RI will not be needed but a coarse channel quality indicator (e.g., a 1-bit indicator to qualify the channel as “good” or “bad”) can be considered for A-IoT devices.
[bookmark: _Toc166257151]HARQ operation is not supported but a confirmatory response (e.g., using an ACK) for R2D transmission can be considered. 
[bookmark: _Toc166257152]To assist the reader with scheduling and resource allocation, the device can indicate the estimated number of PDRCH transmissions that can be supported before requiring a recharge and the estimated time taken by A-IoT device to recharge by harvesting energy. 
[bookmark: _Toc166257153]Not all D2R control information needs to be supported by all device types.
Therefore, we propose the following:
Proposal 15 [bookmark: _Toc166257176]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 16 [bookmark: _Toc166257177]D2R control information transmitted by A-IoT devices can be carried by PDRCH.
5 [bookmark: _Toc163062071][bookmark: _Toc163062072][bookmark: OLE_LINK22]TB size
The maximum message size considered in this study is 1000 bits [4]. The message size can vary depending on the use case. For example, inventory may require a larger UL message size but a smaller DL message size than DL command. In our RAN2 contribution [5], we make initial estimates of the message size required for the inventory and DL command use cases:
[bookmark: _Toc166257154]UL message size for inventory reporting is in the range of 144-408 bits assuming the application-level device ID (EPC-like ID) of 96-256 bits.
[bookmark: _Toc166257155]DL message size for command use case can be up to 944 bits assuming a 100-byte DL command.
If the coverage evaluation (under agenda item 9.4.1.1) concludes that it would be too challenging to transmit the entire message in a single transport block (TB), which may especially be the case if transmissions are done without much redundancy, segmentation into multiple smaller transport blocks can be considered.
[bookmark: _Toc166257156]The maximum TB size will depend on whether messages can be segmented into multiple smaller transport blocks or not.
The discussion on the TB sizes can be postponed until there is more progress on coverage evaluation.
Proposal 17 [bookmark: _Toc166257178]RAN1 to wait for coverage evaluation results before discussing the possible values for TB size.
6 Proximity determination
[bookmark: _Hlk162257931]Definition of proximity determination was clarified in RAN#103 [1] and is copied below. This is for 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]If a reader’s coverage is 10~50 m, a proximity threshold, namely the dividing line between near and far, can be any value from 0 m to the reader’s coverage, e.g., 50 m. The large value range is not helpful for the discussion on methods, because methods would be different depending on if the threshold is 1 m or 49 m. 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 accordingly, e.g., 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: _Toc166257157]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 18 [bookmark: _Toc166257179]RAN1 to clarify the use case of proximity determination and the proximity range.
[bookmark: OLE_LINK26]Proposal 2.3-3A was discussed in RAN1#116bis and reduced to the following agreement. 
	RAN1#116b:
Agreement
Proximity determination based on device side measurements is not considered.

Proposal 2.3-3A
· [For proximity determination at the reader, at least the following two options are studied :
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· FFS: Whether the near determination is different for devices transmitting with different power
· Note: other options are not precluded for study]
· Proximity determination based on device side measurements is not considered for further study 


Option 1 is based on that for DO-DTT traffic, a D2R transmission follows R2D transmission. After a PRDCH, if a reader doesn’t receive a response, namely the expected D2R transmission, it may be because the preceding PRDCH is not successfully received by the device. This proximity determination can be triggered with a PRDCH, which can be an inventory query command or a unicast PRDCH. 
[bookmark: _Toc166257158]With Option 1, proximity determination is triggered by a PRDCH, such as an inventory query command or a unicast PRDCH.
With Option 1, if PDRCH from a device is not successfully received by a reader, it would not be considered as nearby. This may happen in many cases. Firstly, due to collision of PDRCH from multiple devices, PDRCH from a device may not be successfully received by a reader due to collision. This can be solved by unicast PRDCH or another round of proximity determination. Secondly, due to the imbalance between D2R and R2D coverage, it is possible that some devices receive the PRDCH but fail to get their PDRCH successfully received by the reader. In both cases, since the reader is unaware of the PDRCH from these devices, they are not identified as near. 
[bookmark: _Toc166257159]With Option 1, if PDRCH from a device is not successfully received by a reader, it would not be considered as near, for example in the case of collision of PDRCH from multiple devices or imbalanced D2R and R2D coverage.
An implementation of Option 1 is that a reader changes the transmission power of the PRDCH in order to estimate the distribution of devices in its coverage. If the PRDCH is transmitted with high power, N responses are received. With a lower transmission power of PRDCH, M responses are received. It can estimate that M devices are nearer than the other N-M devices.
[bookmark: _Toc166257160]With different transmission power of PRDCH for proximity determination, a reader can estimate the distribution of devices.
Another straightforward indicator of distance is pathloss. It is the rationale of Option 2. If a reader can estimate the pathloss based on received power of D2R transmission power, it can derive its distance to the device. For passive devices, 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.
[bookmark: _Toc159245456][bookmark: _Toc166257161]The power of backscattered PDRCH 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.
This problem of uncertain backscattered transmission power also applies to Option 1 and was added as FFS in the above proposal. In our view, proximity determination based on the presence or received power of a PDRCH should consider the transmission power of the PDRCH. For example, device type can be used as a gross indicator of D2R transmission power, which is subject to peak power consumption. 
Proposal 19 [bookmark: _Toc166257180]Proximity determination based on the presence or received power of a PDRCH should consider the transmission power of the PDRCH. For example, device type can be used as a gross indicator of D2R transmission power, which is subject to peak power consumption.
7 Conclusion
In the previous sections we made the following observations: 
Observation 1	A start-indicator (delimiter) can be used for A-IoT devices if there is an RF power transfer session before R2D preamble transmission.
Observation 2	A start-indicator (delimiter) is not needed for A-IoT devices which do not necessarily rely on RF energy harvesting.
Observation 3	It is not necessary to use line coding in the clock-acquisition signal as a pre-defined OOK sequence with regular ON/OFF transitions can be used as a clock signal.
Observation 4	If the D2R preamble is generated by the CW node, both binary and complex sequences can be considered for D2R preamble design.
Observation 5	If the D2R preamble is generated by the A-IoT device, binary sequences can be considered for D2R preamble design.
Observation 6	If the purpose of a postamble is to indicate the end of a D2R/R2D transmission, there is no need for an explicit indication through a postamble, if the payload size of the subsequent D2R/R2D data transmission is configured/indicated by readers to devices.
Observation 7	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 the R2D timing acquisition signal due to timing drift at the time for the D2R transmission.
Observation 8	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 9	The R2D control information for A-IoT devices should be designed flexibly to cater to both active and passive device types.
Observation 10	Use of control information, preamble partitioning, and scrambling are some of the ways to distinguish between different types of PRDCH.
Observation 11	PMI and RI will not be needed but a coarse channel quality indicator (e.g., a 1-bit indicator to qualify the channel as “good” or “bad”) can be considered for A-IoT devices.
Observation 12	HARQ operation is not supported but a confirmatory response (e.g., using an ACK) for R2D transmission can be considered.
Observation 13	To assist the reader with scheduling and resource allocation, the device can indicate the estimated number of PDRCH transmissions that can be supported before requiring a recharge and the estimated time taken by A-IoT device to recharge by harvesting energy.
Observation 14	Not all D2R control information needs to be supported by all device types.
Observation 15	UL message size for inventory reporting is in the range of 144-408 bits assuming the application-level device ID (EPC-like ID) of 96-256 bits.
Observation 16	DL message size for command use case can be up to 944 bits assuming a 100-byte DL command.
Observation 17	The maximum TB size will depend on whether messages can be segmented into multiple smaller transport blocks or not.
Observation 18	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 19	With Option 1, proximity determination is triggered by a PRDCH, such as an inventory query command or a unicast PRDCH.
Observation 20	With Option 1, if PDRCH from a device is not successfully received by a reader, it would not be considered as near, for example in the case of collision of PDRCH from multiple devices or imbalanced D2R and R2D coverage.
Observation 21	With different transmission power of PRDCH for proximity determination, a reader can estimate the distribution of devices.
Observation 22	The power of backscattered PDRCH 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	Start-indicator part can be optional for some A-IoT devices.
Proposal 2	Clock-acquisition signal can be based on pre-defined OOK sequences.
Proposal 3	If an R2D preamble transmission is followed by R2D control information, the chip duration can be indicated using the R2D control information.
Proposal 4	RAN1 to study if CFO correction can be acquired using the timing acquisition signal for all A-IoT device architectures.
Proposal 5	RAN1 to define the design criteria for selecting D2R preamble such as the number of sequences in the sequence set, the sequence length, and the desired auto- and cross-correlation properties.
Proposal 6	RAN1 to decide if D2R preamble is generated by the A-IoT device or the reader/CWT.
Proposal 7	For D2R transmission, midambles should not be precluded as they can help the reader track the device’s timing amid timing drift and perform channel estimation.
Proposal 8	RAN1 to study whether a PRDCH postamble can serve as an additional timing acquisition signal prior to a PDRCH transmission depending on the device’s timing capability.
Proposal 9	Study periodic and aperiodic synchronization signals for A-IoT devices.
Proposal 10	If a certain control information has a fixed payload length, it can be transmitted using physical layer signaling. If it is optional or has a variable payload length, it can be transmitted using higher layer signaling.
Proposal 11	RAN1 to discuss whether to reuse PRDCH or to define a dedicated channel for transmitting R2D control information to A-IoT devices.
Proposal 12	RAN1 to discuss how to transmit and distinguish between the different types of information (e.g., SI, control, and data) on PRDCH.
Proposal 13	The control/system information can be transmitted using unicast, multicast and broadcast.
Proposal 14	RAN1 to discuss the potential R2D control information for PRDCH and PDRCH that needs to be transmitted for each A-IoT device type such as time domain and frequency domain resource allocation, TBS, MCS (coding rate), modulation related information, repetition configuration, device type, device ID, group ID, cast type, reader ID.
Proposal 15	RAN1 to discuss the potential D2R control information that needs to be transmitted for each A-IoT device type.
Proposal 16	D2R control information transmitted by A-IoT devices can be carried by PDRCH.
Proposal 17	RAN1 to wait for coverage evaluation results before discussing the possible values for TB size.
Proposal 18	RAN1 to clarify the use case of proximity determination and the proximity range.
Proposal 19	Proximity determination based on the presence or received power of a PDRCH should consider the transmission power of the PDRCH. For example, device type can be used as a gross indicator of D2R transmission power, which is subject to peak power consumption.
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