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1. [bookmark: _Ref27419]Introduction
In RAN1 #116bis meeting, agreements on downlink/uplink channel/signal for Ambient IoT were reached in [1].
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices
· FFS: how to make the preamble compact
Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble
Agreement
For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed
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PRDCH generation
Agreement
For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed  
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PDRCH generation
Agreement
Reference signals including at least DMRS, PTRS, CSI-RS/TRS, are not further studied for R2D.
Agreement
Reference signals including DMRS, PTRS, SRS, are not further studied for D2R
· Note: This doesn’t preclude the possibility to study preamble, midamble, postamble for different purposes, e.g. channel/interference estimation and/or proximity determination
Agreement
Proximity determination based on device side measurements is not considered. 


[bookmark: OLE_LINK22]In this contribution, Ambient IoT physical layer design about downlink and uplink channel/signal is discussed.
2. Downlink(R2D) channel/signal
2.1. R2D Control information
· Contents of R2D control information
The control information should contain the information which A-IoT device should obtain before data receiving, for example, the scheduling information (e.g., coding information, repetition information, etc), the transmission type information.
In RFID system, PIE or Manchester code are used in downlink(R2D), and the data rate can be obtained according to the chip length according to the preamble. 
In A-IoT system, due to the diverse use cases and coverage requirements, more flexible and adaptable coding schemes should be considered. For example, one information bit can be encoded into M bits, which correspond to different code rates. This flexibility allows for the utilization of different code rates for the target use case or coverage requirement. If A-IoT device does not know the coding information, the A-IoT device cannot correctly decode the downlink data. Thus, if multiple coding schemes are used in A-IoT downlink system, the applied scheme should be conveyed in control information.
Similar as downlink, the information of uplink (e.g., uplink frequency offset, uplink encoding scheme) can also be considered in downlink control information, so that the A-IoT device understands how to respond to DL inventory/command. Since D2R transmission is triggered by downlink command, uplink scheduling information can also be placed in DL MAC layer.
[bookmark: _Toc27654][bookmark: _Toc22742][bookmark: _Toc30523][bookmark: _Toc16416][bookmark: _Toc27717][bookmark: _Toc166269124]The DL control information at least includes coding schemes (e.g., code rate) for DL transmission. FFS: Uplink frequency offset, uplink encoding scheme for UL transmission.
A-IoT devices have low energy storage, reducing unnecessary energy consumption and charging time is beneficial for latency reduction.
Referring to signaling design in NR, downlink signaling can be divided into three types of transmission: unicast, multicast, and broadcast. The transmission type can also be categorized according to the device types (i.e., type 1, type 2A, or type 2B) and each transmission may target different device types. If the device can know the type of transmission in advance, it can avoid unnecessary receiving and decoding, and reduce power consumption. This transmission type information can be included in control information. 
[bookmark: _Toc11650][bookmark: _Toc6029][bookmark: _Toc1260][bookmark: _Toc23791][bookmark: _Toc17897][bookmark: _Toc23159][bookmark: _Toc166269125]Transmission type information (e.g., unicast, multicast, or broadcast information; device type 1, device type 2A, or device type 2B) can be included in control information to save the power of A-IoT device.
The content carried in the control information is not limited to the above information, other scheduling information (e.g., repetition number) can also be considered in the control information if needed.
· Channel of R2D control information
Given the diverse control information to be transmitted before data, it is challenging to convey it via preamble. Therefore, a more suitable approach is to incorporate the control information in PRDCH and map it before data.
[bookmark: _Toc4037][bookmark: _Toc22173][bookmark: _Toc17022][bookmark: _Toc17031][bookmark: _Toc17457][bookmark: _Toc166269126]Control information should be transmitted in PRDCH.
It should be noted that, not all information needs to be transmitted at the physical layer, some downlink information (e.g., commands) can be transmitted in MAC CE.
· CRC of control information
Considering the CRC overhead, it is unnecessary to add CRC to the control information when payload size is small (e.g., less than 10 bits). However, if the number of information bits carried in the control information is sufficiently large, adding CRC separately for controlling information can be considered. The necessity of CRC attachment for control information should also consider the content of control information. If a transmission type information is transmitted in control information, adding CRC can ensure the false alarm rate of control information. If the control information is only for downlink data transmission, it is more important for the device to know whether the data is decoded successfully. Thus, adding CRC for control information is not needed.
[bookmark: _Toc13971][bookmark: _Toc12620][bookmark: _Toc15863][bookmark: _Toc12155][bookmark: _Toc11440][bookmark: _Toc2754][bookmark: _Toc166269127]The necessity of CRC attachment for control information can be determined based on the number of control information bits and the content of control information.
· Coding method
As discussion above, both control information and downlink data are transmitted in PRDCH, and the control information can include code rate information of the data. 
It is obvious that, the coding method of control information should be pre-defined to enable the device to decode it correctly. Meanwhile and the coding method for data can be indicated by control information. Therefore, control information and data should be encoded independently, and they can be encoded by same coding methods but different code rate. 
[bookmark: _Toc22995][bookmark: _Toc4864][bookmark: _Toc807][bookmark: _Toc10870][bookmark: _Toc28763][bookmark: _Toc2500][bookmark: _Toc166269128]Control information and data are encoded independently. 
Furthermore, the control information encompasses both R2D (Reader to Device) and D2R (Device to Reader) scheduling information. The R2D scheduling information is of higher priority and requires more immediate attention than the D2R scheduling information, thus it should be prioritized in the mapping process. To facilitate rapid decoding of the R2D scheduling information, it is advisable to encode the R2D and D2R scheduling information separately.
[bookmark: _Toc30805][bookmark: _Toc15059][bookmark: _Toc166269129]The R2D control information with R2D and D2R scheduling information can be encoded independently. 
2.2. R2D data
For downlink data transmission, whether data segmentation is necessary or not needs to be discussed. In 18000-6C[2], a BlockPermalock may permalock between zero and 4080 memory blocks, which means the number of bits of ‘Mask’ field can be up to 4080, and CRC-16 is used.
	18000-6C [2]
6.3.2.12.3.10 BlockPermalock (optional) 
...
A BlockPermalock may permalock between zero and 4080 memory blocks.
...
Mask specifies which memory blocks a Tag permalocks. Mask depends on the Read/Lock bit as 
follows: 
□ Read/Lock=02: The Interrogator shall omit Mask from the BlockPermalock. 
□ Read/Lock=12: The Interrogator shall include a Mask of length 16×BlockRange bits in the 
BlockPermalock. The Mask bits shall be ordered from lower-order block to higher (i.e. if 
BlockPtr=00h then the leading Mask bit refers to block 0).
...
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[bookmark: _Toc13085][bookmark: _Toc3426][bookmark: _Toc4392][bookmark: _Toc13129][bookmark: _Toc166269120]In RFID, the length of downlink command can reach to thousands of bits, where data segmentation is not used.
According to TR 38.848, the design target of maximum message size to be received by the Ambient IoT device is approximate to 1000 bits. Given (1) the relatively small maximum message size, (2) absence of HARQ and DL channel estimation, (3) line code contains clock recovery information, the benefits of performing downlink data segmentation in A-IoT system are limited. Additionally, if data segmentation will be addressed at RAN 2, then it is unnecessary to duplicate this process at the physical layer.
[bookmark: _Toc3910][bookmark: _Toc4102][bookmark: _Toc11328][bookmark: _Toc30456][bookmark: _Toc166269121]The benefit of downlink data segmentation is limited.
In previous RAN1 meeting, for PRDCH generation at the reader, the structure is shown as below.
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Figure 1. PRDCH generation
Other blocks, such as scrambling, repetition should be further discussed. 
The function of scrambling includes conveying information and randomized interference. From the perspective of implementation complexity, the gNB can handle scrambling. However, for A-IoT devices, incorporating descrambling will increase the device complexity. If the device's complexity can accommodate descrambling, and the advantages of scrambling are attractive, then scrambling could be considered. 
[bookmark: _Toc10540][bookmark: _Toc26327][bookmark: _Toc166269130]Whether A-IoT devices can support descrambling should be discussed.
Repeating transmission can enhance the reliability of signal transmission. However, the occupied resource will be increased and A-IoT may not be able to perform soft combining of the repeated transmission. For downlink transmission with high reliability requirements, repeated transmission can be studied.

2.3. R2D signals
2.3.1. Preamble (timing acquisition signal)
Based on the agreements in previous RAN1 meeting, a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part is studied, where the start-indicator part immediately precedes the clock-acquisition part. Start-indicator part provides the start of the R2D transmission and clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission. In this section, the details of start-indicator part and clock-acquisition part are provided.
Beyond to the chip length, the necessity of providing additional information through the preamble should also be evaluated. In previous RAN1 meetings, R2D CP handling for OFDM based OOK waveform was discussed. If the A-IoT device needs to remove the CP before decoding, it must possess the capability to determine both the position and length of the CP. Given that CP is appended at the beginning of the OFDM symbol, its location can be inferred either from the length of OFDM symbol or through the chip length and M values. M is the number of chips in one OFDM symbol. For the case of M is a fixed value, the CP position can be obtained by chip length and M value. However, if M>1 and M value is unknown before receiving R2D signal (e.g., randomly select a M value), more information, such as the length of the OFDM symbol, CP length, or M value may be needed. This information can assist the A-IoT device in removing the CP before decoding the R2D transmission.
[bookmark: _Toc21392][bookmark: _Toc6954][bookmark: _Toc27352][bookmark: _Toc166269131]In addition to chip duration, the preamble may also consider including the following information: the CP length, the length of OFDM symbol, or the M value.

· Start-indicator part
The usage of start-indicator part is to provide the start of the R2D transmission, which can be achieved by a predefined sequence. When the A-IoT device detects the predefined sequence, it identifies the commencement of the R2D transmission.
[bookmark: _Toc14782][bookmark: _Toc5092][bookmark: _Toc166269122]A predefined sequence can be used as start-indicator part.
One form of the predefined sequence involves a series of a low voltage., which is essentially equivalent to not transmitting any signals. Consequently, if nothing (such as no EH signal) precedes the R2D transmission, the A-IoT device cannot distinguish the start-indicator with a low voltage with a fixed duration, as depicted in Figure 2 as below. In such a scenario, the start-indicator part becomes ineffective.
[image: ]
Figure 2 Fixed duration of low voltage with no EH signal
[bookmark: _Toc23608][bookmark: _Toc20078][bookmark: _Toc166269123]Fixed duration of low voltage cannot be used as start-indicator part if EH signal (or high voltage) is not transmitted before it.
As a consequence, binary sequences, such as m sequence, can also be considered for start-indicator aside from fixed duration of low voltage form. The crucial aspect is to determine the length of the start indicator part first.
Furthermore, the handling of cyclic prefix (CP) should also be addressed in the design of the start-indicator part. 
[bookmark: _Toc13390][bookmark: _Toc25310][bookmark: _Toc10062][bookmark: _Toc26849][bookmark: _Toc166269132]For the start-indicator part, the following factors should be taken into account: 
· [bookmark: _Toc1892][bookmark: _Toc12298][bookmark: _Toc30250][bookmark: _Toc32105][bookmark: _Toc166269133]whether the EH signal (or high voltage) is transmitted before R2D transmission, 
· [bookmark: _Toc2674][bookmark: _Toc19983][bookmark: _Toc31789][bookmark: _Toc10520][bookmark: _Toc166269134]the length of the start-indicator part, 
· [bookmark: _Toc15500][bookmark: _Toc26966][bookmark: _Toc27919][bookmark: _Toc27307][bookmark: _Toc166269135]the CP handling.
· [bookmark: _Toc16790][bookmark: _Toc5826][bookmark: _Toc166269136]FFS: whether to indicates the following information: the CP length, the length of OFDM symbol, or the M value.

· Clock-acquisition part
The usage of clock-acquisition part is providing at least the chip synchronization of the subsequent physical channel transmission. This allows the A-IoT device to determine the chip duration of the subsequent physical channel transmission. 
[bookmark: _Toc26031][bookmark: _Toc32423]Similar as the design of start-indicator part, the length of the clock-acquisition part and how to handle the CP should also be discussed. 
[bookmark: _Toc15240][bookmark: _Toc18166][bookmark: _Toc17404][bookmark: _Toc166269137]When designing the clock-acquisition part, the following factors should be taken into account: 
· [bookmark: _Toc30977][bookmark: _Toc8504][bookmark: _Toc23550][bookmark: _Toc166269138]the length of the clock-acquisition part, 
· [bookmark: _Toc25722][bookmark: _Toc9175][bookmark: _Toc22610][bookmark: _Toc166269139]the CP handling.
· [bookmark: _Toc9974][bookmark: _Toc27642][bookmark: _Toc166269140]FFS: whether to indicates the following information: the CP length, the length of OFDM symbol, or the M value.
One possible form of clock-acquisition part is using multiple Manchester 1 or Manchester 0. It should be noted that, A level flip should occur between the start-indicator part and the first chip of clock-acquisition part to distinguish the two parts.
[bookmark: _Toc9907]Another possible form of clock-acquisition part is using multiple segments of high and low voltage to indicate various information (such as CP length, OFDM symbol length, or chip length). Each segment is associated with a specific length, with voltage transitions occurring between different segments. 
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Figure 3 One example of clock-acquisition part
For example, as shown in Figure 3, in this example, the first segment corresponds to high voltage and signifies the length of OFDM symbol, the second segment is low voltage, and the length is equal to length of one chip add CP, and the third segment is high voltage and the length is equal to length of one chip. The last low voltage is used to ensure the CP is low voltage which is same as the second segment. Using the clock-acquisition part, A-IoT device can obtain the lengths of OFDM symbol, chip and CP.
[bookmark: _Toc7870][bookmark: _Toc23102][bookmark: _Toc32527]In addition, each segment can be repeatedly multiple times. For example, by employing consecutive high and low voltage signals to represent chip duration, the duration of each voltage signal is the same as the chip length.
[bookmark: _Toc13333][bookmark: _Toc20750][bookmark: _Toc2834]One of the issues to be further studied is whether/how to make the preamble compact, i.e., the start-indicator part and the clock-acquisition part may not be separate part. This means that a single sequence can serve both purposes of indicating the start of the R2D transmission and ensuring at least chip synchronization for the subsequent physical channel transmission. For example, if the chip durations within one OFDM symbol after CP insertion are the same, one predefined sequence is sufficient to provide the information of the start of R2D transmission and chip duration/synchronization.
2.3.2. Postamble
During the previous RAN1 meeting, there was a discussion regarding the necessity of a postamble, but consensus was not reached. 
	Agreement
To determine or derive the end of PRDCH transmission, study at least following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.


Option 2 is using TBS indication within the R2D control information to specify the payload size. However, TBS indication is limited in its ability to represent a range of TBS values. The more TBS values can be indicated, the larger payload is required. In contrast, employing a postamble enables greater flexibility in accommodating various payload sizes. Therefore, Option 1 is the preferred choice. It should be noted that, the overhead of postamble should not be large compared with Option 2
[bookmark: _Toc12782][bookmark: _Toc30720][bookmark: _Toc16405][bookmark: _Toc22024][bookmark: _Toc166269141]To determine or derive the end of PRDCH transmission, study R2D postamble immediately following the PRDCH. 
· [bookmark: _Toc5150][bookmark: _Toc11259][bookmark: _Toc166269142]Note： The overhead of postamble should not be large compared with TBS indication.
One comment in the previous meetings is that for a small transport block containing only a few bits, having a lengthy postamble results in significant resource overhead. To reduce the resource overhead, whether to attach postamble after PRDCH transmission can be also determined by the payload size, which is similar with the discussion about the attachment of CRC that is influenced by the length of R2D data. Specifically, if CRC is attached for the R2D transmission, the postamble is appended at the end of the R2D transmission as well. Otherwise, the postamble is omitted.
[bookmark: _Toc3337][bookmark: _Toc7479][bookmark: _Toc1082][bookmark: _Toc9281][bookmark: _Toc166269143]If CRC is attached for the R2D transmission, the postamble is appended at the end of the R2D transmission; otherwise, the postamble is omitted.
3. Uplink(D2R) channel/signal
3.1. D2R Control information
In previous RAN1 meetings, whether a D2R control information is transmitted via PDRCH was not addressed. It is essential to discuss the necessity of control information before determining how to transmit it.
In NR, UCI is carried in PUCCH which indicates DL HARQ-ACK feedback, SR or channel measurement results. According to SID, there is no HARQ, no ARQ in A-IoT system. And per discussed above, it is too complicated to perform channel measurements by A-IoT device. In addition, the D2R signaling is triggered by the R2D commands. Consequently, SR seems unnecessary in A-IoT system. In most cases, the scheduling information of D2R data is transmitted to A-IoT device from reader, and no D2R control information is needed. 
However, if the A-IoT system allows the A-IoT device to autonomously select certain scheduling parameters (such as encoding method), it is feasible to carry corresponding information in the D2R control information. Should the requirement for Device-to-Reader (D2R) control information arise, the coding method and modulation method of the D2R control information should be a predefined method to ensure the reader's ability to accurately decode it.
[bookmark: _Toc14780][bookmark: _Toc7281][bookmark: _Toc28339][bookmark: _Toc27356][bookmark: _Toc24302][bookmark: _Toc27074][bookmark: _Toc166269144]The necessity of D2R control information in D2R transmission should be clarified firstly.

3.2. D2R data
Similar as downlink, whether data segmentation is needed in D2R data should also be discussed. In TR 38.848, approximately 1000 bits are to be transmitted from the Ambient IoT device to reader. Same as R2D link, the D2R data transmission is affected by SFO. As most companies proposed in last RAN1 meeting, the SFO of A-IoT device may range from 103 to105, potentially causing variations in the length of D2R symbols, which can impact data transmission performance.
To mitigate the impact of SFO, data segmentation can be considered. The D2R data can be divided into multiple segments, with midamble inserted between two adjacent segments. This midamble can be used to calibrate the length of D2R symbols and aids D2R data decoding. It should be noted that the reader can perform the channel measurement based on D2R signal. Therefore, the midamble can function as D2R reference signal and assist reader to perform channel measurement. Leveraging the results of channel estimation, reader can improve the decoding performance of D2R data transmission.
[bookmark: _Toc7660][bookmark: _Toc24056][bookmark: _Toc5661][bookmark: _Toc26555][bookmark: _Toc16043][bookmark: _Toc30777][bookmark: _Toc166269145]Data segmentation in D2R data transmission can be considered.
Each segment should be encoded separately, with CRC generated for each segment and attached afterward. Through independent encoding, the reader can identify which data segments are correctly decoded and which need to be retransmitted. The overhead of retransmission can be reduced.
[bookmark: _Toc19407][bookmark: _Toc32375][bookmark: _Toc22803][bookmark: _Toc9896][bookmark: _Toc15639][bookmark: _Toc12818][bookmark: _Toc166269146]Each segment should be encoded separately with CRC generated for each segment and attached afterward.
In previous RAN1 meeting, for PDRCH generation at the device, the structure is shown in Figure 4 as below.
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Figure 4. PDRCH generation
Other blocks, such as repetition, which can increase the reliability can also be considered.

3.3. Random access channel
In previous RAN1 meeting, for random access(D2R), whether the PRACH-like is needed was not addressed.
In contrast to D2R data transmission, during contention-based access procedure, the access response has small and fixed payload size. This may necessitate a distinct approach to time/frequency domain resource allocation compared to D2R data transmission. To facilitate the access of numerous devices within a limited time duration, employing specific modulation and multiplexing methods may be advantageous. Therefore, further investigation into the potential utilization of a PRACH-like mechanism is warranted.
[bookmark: _Toc17898][bookmark: _Toc24383][bookmark: _Toc9736][bookmark: _Toc21623][bookmark: _Toc24920][bookmark: _Toc3641][bookmark: _Toc166269147]For ambient IoT device, for D2R random access, a separate channel for random access, like PRACH can be studied.

3.4. D2R signals
In A-IoT system, channel estimation or proximity determination should be performed by reader. And D2R reference signal to assist channel estimation or proximity determination can be considered. The preamble, postamble or midamble can be used as D2R reference signal for channel measurement or proximity determination.
3.4.1. Preamble (timing acquisition signal)
The D2R preamble can serve the dual purpose of facilitating channel estimation and signaling the start of D2R transmission. It can consist of one or multiple sequences. Leveraging multiple orthogonal sequences enables support for multi-user multiplexing, thereby reducing latency and minimizing interference between different cells.
Similar as R2D preamble, the crucial aspect is determining the length of the preamble first. 
The primary objectives of employing a preamble are to achieve synchronization between the reader and the device, as well as to facilitate channel measurement. To assess the performance of the preamble, indicators such as synchronization accuracy, channel measurement outcomes, and the BLER of the data with the preamble can be utilized.
[bookmark: _Toc26642][bookmark: _Toc10682][bookmark: _Toc27828][bookmark: _Toc28767][bookmark: _Toc166269148]One or multiple sequences can be studied for the D2R preamble. And the length of D2R preamble should be determined based on the sequence.
3.4.2. Midamble
In the case of midamble, the difference between midamble and preamble should be discussed. Utilizing the same sequence as preamble for the midamble is a viable option. Other sequence, such as orthogonal sequences distinct from the preamble could also be considered. More discussion on D2R midamble can be found in our accompanying contribution [3].
3.4.3. Postamble
During the previous RAN1 meeting, there was a discussion regarding the necessity of a postamble, but consensus was not reached. 
	Agreement
For the reader to acquire the end of PDRCH transmission, study at least following options:  
· Option 1: D2R postamble immediately follows the PDRCH
· Option 2: Based on control information


Option 2 is using TBS indication within the R2D or D2R control information to specify the payload size. Similar as R2D, TBS indication is limited in its ability to represent a range of TBS values. In contrast, employing a postamble enables greater flexibility in accommodating various payload sizes. Therefore, Option 1 is the preferred choice. 
[bookmark: _Toc3435][bookmark: _Toc20533][bookmark: _Toc7732][bookmark: _Toc27401][bookmark: _Toc166269149]To determine or derive the end of PRDCH transmission, study D2R postamble immediately following the PDRCH. 
[bookmark: _Toc6949][bookmark: _Toc18668]One simple implementation method of postamble is using a fixed duration of low voltage.
Similar with R2D transmission, if CRC is attached for the D2R transmission, the postamble is appended at the end of the D2R transmission; otherwise, the postamble is omitted.
[bookmark: _Toc7977][bookmark: _Toc6417][bookmark: _Toc2932][bookmark: _Toc29202][bookmark: _Toc166269150]If CRC is attached for the D2R transmission, the postamble is appended at the end of the D2R transmission; otherwise, the postamble is omitted.
It should be noted that, the overhead of postamble should not be large.

4. Proximity determination
In previous RAN1 meeting, the following proposal was discussed offline, but only the last bullet is agreed. 
	[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 


In addition to determining the most suitable option, it is essential to clarify scenarios involving proximity determination. One possible case is multi-reader deployment. In such a setup, where multiple readers are deployed in the same area, they can reduce interference to each other by communicating only with A-IoT devices in close proximity. In this context, device is determined to be near the reader based on measurements at the reader side is more appropriate. This allows the reader to adjust transmission power according to the measurement results, thereby reducing interference between devices.
The approach in Option 1 is an implementation solution that doesn't necessitate standardization. And the opposite of option 1, i.e., reader fails to receive D2R transmission from the device, doesn’t mean the device is far from the reader. It may be also resulted by the transmission collision among multiple devices.
Conversely, Option 2 offers additional information, such as RSSI or RSRP measurement results, making it the more favorable choice.
Moreover, the approach for acquiring measurement results, such as RSSI or RSRP, should also be discussed. Potential strategies include:
· Measurement based on D2R preamble;
· Measurement based on PDRCH;
· Measurement based on D2R preamble and PDRCH.
[bookmark: _Toc22025][bookmark: _Toc14908][bookmark: _Toc20237][bookmark: _Toc14946][bookmark: _Toc29398][bookmark: _Toc15771][bookmark: _Toc166269151]For proximity determination at the reader, Option 2 can be studied, i.e., Device is determined to be near the reader based on measurements at the reader side 
· [bookmark: _Toc2732][bookmark: _Toc9257][bookmark: _Toc166269152]FFS: How to perform measurements at the reader side, for example, based on D2R preamble and/or PDRCH.
5. Conclusion
In this contribution, the downlink and uplink signal/channels are discussed for A-IoT. We have the following observations and proposals.
Observation 1: In RFID, the length of downlink command can reach to thousands of bits, where data segmentation is not used.
Observation 2: The benefit of downlink data segmentation is limited.
Observation 3: A predefined sequence can be used as start-indicator part.
Observation 4: Fixed duration of low voltage cannot be used as start-indicator part if EH signal (or high voltage) is not transmitted before it.

Proposal 1:	The DL control information at least includes coding schemes (e.g., code rate) for DL transmission. FFS: Uplink frequency offset, uplink encoding scheme for UL transmission.
Proposal 2:	Transmission type information (e.g., unicast, multicast, or broadcast information; device type 1, device type 2A, or device type 2B) can be included in control information to save the power of A-IoT device.
Proposal 3:	Control information should be transmitted in PRDCH.
Proposal 4:	The necessity of CRC attachment for control information can be determined based on the number of control information bits and the content of control information.
Proposal 5:	Control information and data are encoded independently.
Proposal 6:	The R2D control information with R2D and D2R scheduling information can be encoded independently.
Proposal 7:	Whether A-IoT devices can support descrambling should be discussed.
Proposal 8:	In addition to chip duration, the preamble may also consider including the following information: the CP length, the length of OFDM symbol, or the M value.
Proposal 9:	For the start-indicator part, the following factors should be taken into account:
-	whether the EH signal (or high voltage) is transmitted before R2D transmission,
-	the length of the start-indicator part,
-	the CP handling.
-	FFS: whether to indicates the following information: the CP length, the length of OFDM symbol, or the M value.
Proposal 10:	When designing the clock-acquisition part, the following factors should be taken into account:
-	the length of the clock-acquisition part,
-	the CP handling.
-	FFS: whether to indicates the following information: the CP length, the length of OFDM symbol, or the M value.
Proposal 11:	To determine or derive the end of PRDCH transmission, study R2D postamble immediately following the PRDCH.
-	Note： The overhead of postamble should not be large compared with TBS indication.
Proposal 12:	If CRC is attached for the R2D transmission, the postamble is appended at the end of the R2D transmission; otherwise, the postamble is omitted.
Proposal 13:	The necessity of D2R control information in D2R transmission should be clarified firstly.
Proposal 14:	Data segmentation in D2R data transmission can be considered.
Proposal 15:	Each segment should be encoded separately with CRC generated for each segment and attached afterward.
Proposal 16:	For ambient IoT device, for D2R random access, a separate channel for random access, like PRACH can be studied.
Proposal 17:	One or multiple sequences can be studied for the D2R preamble. And the length of D2R preamble should be determined based on the sequence.
Proposal 18:	To determine or derive the end of PRDCH transmission, study D2R postamble immediately following the PDRCH.
Proposal 19:	If CRC is attached for the D2R transmission, the postamble is appended at the end of the D2R transmission; otherwise, the postamble is omitted.
Proposal 20:	For proximity determination at the reader, Option 2 can be studied, i.e., Device is determined to be near the reader based on measurements at the reader side
-	FFS: How to perform measurements at the reader side, for example, based on D2R preamble and/or PDRCH.
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Table 6-67: BlockPermalock command
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