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1. Introduction
In RAN1#116 meeting, following agreements were made for R2D and D2R channel/signal aspects [1]. In RAN1 #116bis meeting, more agreements, which are referred to in different clauses in this contribution, have been made.
	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 focus on R2D and D2R signal/channel aspects based on previous agreements. In addition, proximity determination is also discussed.
2. R2D signal channel aspects 
2.1. Physical channel for R2D control information
During the previous meeting, whether to introduce a PDCCH-like channel to transmit control information for R2D transmission was discussed. The following two options are on the table.
· Opt-1: PDCCH-like channel for control information+ PRDCH channel for higher layer data
· Opt-2: PRDCH channel to deliver both higher layer data & the corresponding control information
Option 1 could offer higher flexibility as the control information and higher layer data are separated into a PDCCH-like channel and a PRDCH channel with different reliabilities/transmission schemes, respectively. This separation aligns with the NR framework and allows the device to drop the following PRDCH reception if the PDCCH-like channel indicates that the PRDCH transmission is only for other devices. However, considering that AIoT targets DT/DO-DTT cases where the TBS/R2D control information is typically of a fixed/small size, and considering the low complexity of devices, there is no strong motivation to support a separate channel for control information. In addition, even with option2, if the control information is transmitted in a format of L1 header in the early part of the PRDCH, it can still use a transmission scheme, e.g., coding rate, chip length, different from those used for subsequent payload part. Furthermore, the aforementioned early termination can also be achieved by option2 if the control information including the target device ID is carried in header mapped on PRDCH. 
[bookmark: _Ref166246965]Proposal 1: A dedicated physical channel for R2D, e.g. PDCCH-like channel, is not considered for study.
2.2. PRDCH Channel design
	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
[image: ] 
PRDCH generation


The process for generating PRDCH was agreed in the last meeting. How to map the generated bits on PRDCH should be further discussed. One possible design of PRDCH, i.e., Option 1, is to include only one payload generated based on R2D information bits and a CRC. Within the payload part, there may be one or more L2 headers carrying the corresponding control information. Another possible design, i.e., Option 2, involves one or more L1 headers before the payload part, with at least some of the control information carried in these headers. Figure 1 and Figure 2 provide an example of Option1/Option2 where the CRC is shared by both the payload part and control info part. Besides that, depending on the structure design, the control info part may or may not have a separate CRC. It was also discussed that the preamble can be used to carry part of the control information, but this method would complex the preamble design as well as the detection complexity, e.g., the device may need to blind decode the potential preamble patterns.


[bookmark: _Ref166147478]Figure 1 Example of Option1. Control info is carried by MAC CE or L2 header 


[bookmark: _Ref166147291]Figure 2 Example of Option2. Control info is carried by L1 header preceding the payload
In both Figures, although the header in both options is appended with a CRC together with the payload, the device can still decode the header first before CRC checking. Header may contain one or more device IDs as well as the length or the end of the R2D transmission, a device can stop PRDCH receiving after processing the header if it finds that it is not the target of the PRDCH transmission. In contrast, if it is the target device of the PRDCH transmission, based on the provided transmission length or the end of PRDCH, the device further proceeds with the following payload reception and finally performs an overall CRC check. If there was any error in the header decoding, the reception of the following payload part would fail as well. If the header decoding was successful, and if in the end, the PRDCH passes the CRC check, the message carried by payload part can be determined regularly. Thus, performing header decoding before the CRC check does not impact the outcome of integrity checking.
The difference between the two options lies in two aspects: 1) whether the control information must have the same transmission schemes as the payload part; 2) which layer determines the control information carried in the control infor part. In option 1, the higher layer control information uses the same transmission schemes as the payload part. After decoding the header in L1 with pipeline behavior, L1 acquires raw bits and submits them to the MAC layer to determine the control information (e.g., the transmission length/end). On the other hand, in option 2, the transmission scheme of the control info part may or may not be the same as the payload part, and the entire decoding and determination process takes place within L1. Compared with Option 2, Option 1 involves additional inter-layer interaction and latency. 
[bookmark: _Ref166246970]Proposal 2: PRDCH in a R2D transmission can be used to deliver the control information (if any) and higher layer data, where 
· Control information including the scheduling information and command can be delivered in L1 header in PRDCH
· Higher layer data including higher layer command can be delivered by MAC-PDU in PRDCH
2.3. PRDCH preamble design
	Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.
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


In the last meeting, RAN1 agreed that the PRDCH preamble should consist of two parts: a clock-acquisition part and a start-indicator part. There are still some FFS on the two parts.
Start-indicator part
Considering the low complexity and low power consumption of some AIoT devices, the design of delimiter in R2T preamble in RFID can be considered as a baseline for the start indicator part. As shown in Figure 3, the delimiter consists of low-voltage transmission with a fixed length. With a start indicator in low voltage, devices can easily identify the start of preamble through the energy detection. In contrast, if the start indicator part is more complex, such as alternating high-voltage and low-voltage transmissions according to a fixed/pre-defined pattern, it may cost more power for devices to identify the start indicator part, which would impose a significant burden on devices with low complexity/small capacitance, such as type1 devices. Thus, we suggest that the start indicator part should consist of low-voltage transmission only.

[image: ]
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[bookmark: _Ref165881652]Figure 3 preamble and frame-sync in RFID 
Regarding the length of the start indicator part, two options can be considered:
· Option1. low-voltage transmission with fixed length
· Option2. low-voltage transmission with variable length to ensure that the preamble remains of fixed length
Option 1 adopts the preamble design used for R2T transmission in RFID. It's worth noting that RAN1 agreed that the start of R2D transmission should align with NR symbol boundaries. If the preamble length is fixed in such a way that the end of the preamble is also aligned with OFDM symbol boundaries for easy CP handling, and if the number of chips in the clock acquisition part length is fixed to reduce blind detection but with variable length for different M values, the length of the start indicator part may also vary to ensure the preamble remains a fixed length.
[bookmark: _Ref166246981]Proposal 3: The start indicator part of the preamble of R2D transmission consists of low voltage transmissions, and two following options can be studied:
· Option1. the start indicator part consists of low-voltage transmission with fixed length
· Option2. the start indicator part consists of low-voltage transmission with variable length
Clock-acquisition part
Regarding the structure of the clock acquisition part, it may depend on the coding scheme. If PIE encoding is used, the clock acquisition part could follow the design of the preamble of RFID. As shown in Figure 3, the square wave following the delimiter in RFID includes a Tari of data-0, and R2Tcal. Furthermore, it can also include T2Rcal to derive BLF. Similarly, for A-IoT R2D clock acquisition part, it can include a transmission of data-0, a transmission for R2D calibration, and may also include a transmission for D2R calibration.
On the other hand, if Manchester encoding is used, the clock acquisition part may include X chips, where X can be fixed, for example, fixed as 2. In this case, the clock acquisition part includes a chip with low voltage followed by another chip with high voltage. As another option, X may be variable and may be related to the value of M.
Proposal 4: If PIE is used for R2D transmission, the design of the R2T preamble of RFID can be considered as baseline for R2D preamble, i.e., the clock acquisition part consists of a transmission of data-0, a transmission for R2D calibration, and may also include a transmission for D2R calibration.
Proposal 5: If Manchester is used for R2D transmission, the clock acquisition part of R2D preamble consists of X chips, where the length of a chip in the X chips is the same as the length of a chip of the following PRDCH.
· FFS whether X is fixed or variable, and the value of X
In the last meeting, concerns on whether clock acquisition is sufficient for all devices, especially for device 2b is raised. Since device 2b generates D2R signal through active transmission, the frequency error for the D2R transmission may need to be limited to a certain range. For example, if the maximum frequency offset for the LO is 200ppm, the max frequency error is 180kHz at 900MHz frequency, which may be acceptable depending on occupied/system BW for AIoT deployments. If the maximum frequency offset is 10000ppm, the max frequency error is 9MHz at 900MHz frequency, which may fall out of the FDD spectrum. 
Observation 1: Whether clock-acquisition part is sufficient for device 2b depends on the assumption on the maximum frequency offset of LO in device 2b and BW allocated for AIoT deployments.
According to SID, the SFO is assumed as 10^X ppm. For device 1 and device 2a, the local clock frequency is typically a few MHz. The SFO is typically between 10^4-10^5. The frequency error for the backscatter signal is calculated based on backscatter link frequency, which is up to several tens of kHz, e.g., 1%~10% of 640kHz in RFID. Thus, there could be several tens of kHz frequency error for backscatter signal, which does not lead to excessive occupation of frequency resources.
While SFO is not applicable for devices with LO working at radio frequency, e.g., 900MHz. According to 3GPP TR 38.869 for LP-WUS, the max frequency offset of LO at low power devices is typically up to 200ppm. Thus, up to 180kHz frequency error can be assumed for device 2b. 
Observation 2: Whether clock acquisition is sufficient for device 2b should be based on CFO of LO, e.g., at a few hundred ppm, rather than SFO of  ppm assumed for device 1 and device 2a.
Impact of CP on preamble
RAN1 agreed that R2D transmission is based on OOK-1/OOK-4 modulation with OFDM waveform generation. CP insertion may introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and first OOK chip in OFDM symbol n. The false edge before or in the middle of preamble OFDM symbols would result in inaccurate OOK chip length estimation as well as miss-aligned preamble pattern thus false starting position of R2D transmission. As shown in the figure below, A-IoT device would average multiple chips in preamble part including the fake chip generated by CP, leading to relatively short chip duration. Furthermore, if A-IoT device derives end of preamble based on two OOK ON chips, the device would miss-take the end of first actual On chip1 as end of preamble, because the device counts in the fake chip of CP. 
To avoid impact of CP on preamble, the ON/OFF pattern in Clock-acquisition part should ensure the last OOK chip of an OFDM symbol carrying preamble has same state with at least Start-indicator part or the start of clock- acquisition part. For example, CP part is to be aligned with same state of delimiter, i.e., OFF state, then CP part does not impact on OOK chips duration in the OFDM symbol and no impact on determination of end of preamble, regardless CP handling method type 1 or type 2 discussed in agenda item 9.4.2.1 is used. This design principle can be applicable for both PIE and Manchester coding case.  
	

	


	Figure 4-a Impact of CP on Preamble part 
	Figure 4-b No impact of CP on Preamble part


Proposal 6: Study the design of preamble to reduce impact of CP on chip length estimation and end of preamble determination, e.g., the last OOK chip of an OFDM symbol carrying clock acquisition part of preamble is OOK OFF state. 
3. D2R signal channel aspects 
3.1. Physical channel for D2R control information
In RAN1#116 meeting, following agreement has been made for AIoT D2R Channel definition.
	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 RAN1#116bis meeting, control information types and the channel to carry the control information if supported are further discussed for D2R, however no conseus was reached given the necessity of each type of control information and the definition of the control information are not clear.
For AIoT D2R, the control information being discussed among companies may include SR, BSR, ACK/NACK, CSI. In our understanding, SR is only for DO-A type traffic which is not in scope for now. BSR for AIoT is still being discussed in RAN2 and can be considered if supported by RAN2. ACK/NACK should not be considered in the study since neither HARQ nor ARQ would be supported for A-IoT operation based on the SID. For CSI, it would be hard for AIoT device especially the type 1 device to perform measurement based on reception of R2D signals and thereby is not preferred.
Proposal 7: SR, ACK/NACK, CSI are not considered for AIoT D2R control information study in NR Rel-19, whether BSR can be considered in the study is up to RAN2. 
If certain type of control information is needed for D2R link, it can be carried in PDRCH, which is similar to NR where HARQ-ACK and CSI can be transmitted in PUSCH without UL-SCH. To reduce the number of physical channels for AIoT D2R link, a unified physical channel is preferred for UL data and control information if supported. The PDRCH and the corresponding message format to be supported in PDRCH can be properly designed to support the transmission of both control information and data.
[bookmark: PP3]Proposal 8: For AIoT D2R transmission study, only one unified physical channel, i.e., PDRCH, is considered
· Control information for D2R, if any and supported, is also transmitted in PDRCH. 
3.2. D2R signal and channel design
1. 
2. 
3. 
3.1. 
3.2. 
PDRCH for D2R link data and potential control signalling transmission has been agreed in previous meetings. In this section, we discuss the signal and channel design for PDRCH transmission.
3.2.1 Preamble design for PDRCH transmission
In previous meetings, following agreements are made on PDRCH channel design
	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 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


In UHF RFID C1Gen2, the preamble design for tag to reader link use a single sequence pattern. Due to large SFO in backscattered signals, it is difficult to recover T=>R transmissions when there are two tags backscatter in the same time/frequency resource for OOK waveform, sequence pool with multiple preamble sequences with good cross-correlation properties, e.g., NR PSS sequences and ZC sequences for PRACH preamble, is not needed. For example, in RFID C1Gen2, the preamble for miller coded tag to reader transmission, is simple 1-0-1-0… alternating sequence with predefined length, and the unique preamble sequence can be different coded according to the line code scheme used for information payload for tag to reader link.
[bookmark: _Hlk162893443]For AIoT D2R link, the same design principle as that in RFID can be considered in preamble design for R2D link, i.e., a unique sequence is used instead of introducing multiple sequences. In addition, a preamble with good auto-correlation may need to be considered given the reader in AIoT communication system may be more capable of doing correlation based detection compared to reader in RFID system.
The length of preamble sequence for D2R can be determined by timeline of the D2R transmission. If the D2R transmission occurs immediately after the DL command, e.g., within a few tens of us, it is not difficult for reader to capture the preamble sequence. However, if D2R transmission may start within a long duration, e.g., 20 ms, after receiving R2D command, the reader needs to perform sliding correlation in the long-time duration, which increase the false alarm rate of the preamble detection. In this case, longer preamble sequence is needed to facilitate the reader to capture the preamble sequence, and reduce false alarm rate. Hence, different preamble length can be considered for different D2R transmission timeline.
Proposal 9: A unique sequence can be considered for preamble sequence with a certain length for D2R transmission
· Sequence pool with multiple sequences with required correlation properties is not needed.
Proposal 10: Different preamble length can be considered for different D2R response time.
· If the D2R response occurs immediately after the PRDCH, e.g., within a few tens of us, a shorter length preamble can be considered.
· If the D2R response may occur within a long duration after the PRDCH, e.g., tens of ms, a longer length preamble can be considered.
In our understanding, the PDRCH transmission should be controlled by reader via R2D control or scheduling information, which means that there’s no need to design a sepcific D2R preamble part to indicate the start of PDRCH transmission. Therefore, other than D2R timing acquisition, no additional functionalities of the preamble are necessary.
Observation 3: Other than D2R timing acquisition functionality, no additional functionalities of the preamble are necessary for D2R transmissions.
3.2.2 Necessity of postamble in PDRCH 
In previous meetings, postamble has been discussed for different purposes including, synchronization, end of transmission indication by postamble. The necessity of postamble for synchronization purpose is discussed in AI 9.4.2.2. In this subclause, we discuss the necessity of postamble for end of D2R transmission indication.
[bookmark: PP6]In RAN1 #116bis meeting, following agreements have been made on the indication of the end of a D2R transmission.
	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


For D2R transmission, it is possible to use postamble for indicating the end of the transmission. Alternatively, there are also other ways to explicitly or implicitly indicate the end of the transmission. Since the PDRCH is triggered by PRDCH, the length information can be indicated in PRDCH, with TBS explicitly indicated, the postamble for ending inciation can be avoided. Besides, the postamble should be properly designed to achieve low false alarm/mis-detection rate. If false alarm/mis-detection of the postamble occurs, the PDRCH can not be corrected detected.
Assuming 1000bits as the maximum TB size for PDRCH, and typically the TB size is typically integer multiples of 8 bits/byte, up to 125bytes can be assumed. In this case, a control field with up to 7 bits is sufficient for TB size indication. The required control field length will be reduced if the maximum TBS is less than 1000bits, e.g., a few hundred bits. On the other hand, to achieve a required mis-detection/ false alarm rate of postamble detection, the overhead or length of postamble may need to be large, comparable with or even larger than that for control field no matter whether the TBS is large or small. Therefore, TBS indication via a control field is more resource efficient and does not require additional postamble design as well as its performance evaluation.
Observation 4: If postamble is used to determine the ending of PDRCH transmission, mis-detection and false alarm of postambe detection will lead to PDRCH not decodable. 
Observation 5: Assuming 1000bits as the maximum TB size for PDRCH, a control field with up to 7 bits is sufficient for TB size indication.
· To achieve a required mis-detection/ false alarm rate of postamble detection, the overhead or length of postamble may need to be large, comparable with or even larger than that for control field no matter whether the TBS is large or small.
[bookmark: PP10]Proposal 11: PDRCH payload size can be explicitly indicated in the scheduling PRDCH, and postamble is not supported for PDRCH transmission.
3.2.3 Channel structure for PDRCH transmission
Similar to AIoT downlink, a D2R transmission can be composed of D2R preamble part (though this part is not part of PDRCH channel itself), payload part, and CRC part. And according to the discussions in previous clauses, postamble is not necessary and the necessity of midamble should be further discussed, meaning that these 3 parts may or may be not enough for a D2R transmission depending on the midamble discussions in agenda 9.4.2.2.
A cyclic redundancy check (CRC) can be included at the end of PDRCH to verify the validity of the frame data. The CRC bits and polynomial for CRC generation varies for different physical channel and different payload size. Typically, the shorter CRC attachment is used for small payload size. For transmission with very small payload size, the CRC attachment can be absent.
According to above, we have following proposal.
Proposal 12: Study the channel structure of a D2R transmission consisting of preamble part, payload part and optionally CRC part, as a baseline.
4. TBS for PRDCH and PDRCH
The design target of message size for AIoT R2D and D2R is approximately 1000 bits according to [2].
In RFID, the payload size for reader to tag link is typically a few hundred bits. Reader is also able to control the payload size of the R2D commands. For example, payload size of ‘select’ command is up to 320 bits, and the reader can transmit the information of criterion to filter the target tags using multiple ‘select’ commands. In other words, it is feasible to segment a R2D command to several transport blocks. Reader can control the payload size for R2D link by implementation. 
For D2R, the message size for a certain use case is known at reader, and reader can control the number of information bits of PDRCH to be transmitted by AIoT device. The TB size for PDRCH should also take the time duration of the transmission into consideration. Considering the the lowest data rate is 100bps, a PDRCH transmission requires at least 10 seconds if the message size is 1000 bits, which may lead to excessive long time occupation of channel resources. 
On the other hand, the sustainable time for AIoT device is typically less than 2.5 seconds assuming 10uF capacitance and 1uw power consumption, according to our evaluation results provided in [3]. In this case, the message should be segmented to several PDRCH/PRDCH transmissions to make sure each transmission can be successfully transmitted before the AIoT device runs out of energy. 
In order to enable such controllability and flexibility at the reader side, reader should determine and indicate the TBS for each R2D and D2R transmission. Segmentation would be required if the TBS determined is smaller than the message size from higher layer. If segment of a message is supported in up layer, the maximum TB size could be less than the maximum message size. The message can be segment to several transmissions. 
Observation 6: For a PRDCH/PDRCH with low data rate and large payload size, following disadvantages are observed
· Excessive long time occupation of channel resources.
· The AIoT device may be not able to finish transmission/reception if the duration for the PDRCH/PRDCH exceeds the sustainable time of AIoT device due to limited energy storage.
Observation 7: If segmentation of a message is supported in higher layer, the maximum TB size could be smaller than the maximum message size.
Proposal 13: TBS for PRDCH and PDRCH is controlled by reader, and indicated to AIoT device.
With proper configuration, it is possible to finish PDRCH transmission with maximum message size, e.g.,up to 1000 bits, within short time duration. The maximum TB size for PRDCH/PDRCH can be set to 1000 bits. Even if  RAN1 agrees to use 1000 bits as maximum TBS, it is up to reader ro determine the TB size for PRDCH and PDRCH. It does not necessarily mean a message has to be delivered in one transmission.
Observation 8: Even if RAN1 would agree to use maximum message size as maximum TBS, it is still up to reader to determine the TB size for PRDCH and PDRCH. It does not necessarily mean a message can not be delivered in multiple transmissions with multiple TBs with TB size less than the max TB size.
5. Proximity determination
At RAN#103 meeting, it was agreed to revise the SID to further clarify the meaning of proximity determination as the following. 
	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). 


At RAN1#116bis meeting, considering low device capability and complexity, it was also agreed the proximity determination based on device side measurements is not considered. 
	Agreement
Proximity determination based on device side measurements is not considered.


So, based on the above conclusions, another issue is how to determine whether the device is near the reader or not. At the last meeting, the following FL proposal was discussed, however, no conclusion was made.
	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]


In our view, for Option 1, proximity can be determined via adjusting the reader transmission power, and checking whether the ambient IoT can be inventoried/identified. For example, if the CW transmission power is low, only nearly devices can be inventoried. Devices with longer distance can be identified by increasing reader transmission power. Whether AIoT device is near to BS and UE intermediate node can be determined accordingly.
[bookmark: PP13]Proposal 14: Proximity determination can be supported by CW power control.
Option 2 is based on reader’s measurement e.g., Rx power measurement and pre-defined threshold, and a device is determined to be ‘near’ or ‘far’ by comparing the measurement quality with the threshold. However, even though reader can perform some measurements, considering proximity is determined by the reader itself, it seems that the measurements from reader are intermediate results which don’t need to be explicitly defined, but instead up to reader’s implementation to use. This is similar to ‘LOS/NLOS indicator’ report in NR positioning as the following, that is, the UE only needs to determine the ‘LOS/NLOS indicator’, but the details of the determination, such as based on which measurement results, are up to the UE implementation.
	[bookmark: _Toc163032599]–	LOS-NLOS-Indicator
The IE LOS-NLOS-Indicator provides information on the likelihood of a Line-of-Sight (LOS) propagation path from the source to the receiver.
-- ASN1START
LOS-NLOS-Indicator-r17 ::= SEQUENCE {
	indicator-r17			CHOICE {
			soft-r17				INTEGER (0..10),
			hard-r17				BOOLEAN
			},
	...
}
-- ASN1STOP


Observation 9: Considering proximity is determined by the reader itself, the measurements are intermediate results which don’t need to be explicitly defined and are up to reader implementation.
6. Conclusion
In this contribution we discuss the R2D and D2R channel for AIoT and proximity determination. According to the discussions, we have the following observations and proposals.
Observation 1: Whether clock-acquisition part is sufficient for device 2b depends on the assumption on the maximum frequency offset of LO in device 2b and BW allocated for AIoT deployments.
Observation 2: Whether clock acquisition is sufficient for device 2b should be based on CFO of LO, e.g., at a few hundred ppm, rather than SFO of  ppm assumed for device 1 and device 2a.
Observation 3: Other than D2R timing acquisition functionality, no additional functionalities of the preamble are necessary for D2R transmissions.
Observation 4: If postamble is used to determine the ending of PDRCH transmission, mis-detection and false alarm of postambe detection will lead to PDRCH not decodable. 
Observation 5: Assuming 1000bits as the maximum TB size for PDRCH, a control field with up to 7 bits is sufficient for TB size indication.
· To achieve a required mis-detection/ false alarm rate of postamble detection, the overhead or length of postamble may need to be large, comparable with or even larger than that for control field no matter whether the TBS is large or small.
Observation 6: For a PRDCH/PDRCH with low data rate and large payload size, following disadvantages are observed
· Excessive long time occupation of channel resources.
· The AIoT device may be not able to finish transmission/reception if the duration for the PDRCH/PRDCH exceeds the sustainable time of AIoT device due to limited energy storage.
Observation 7: If segmentation of a message is supported in higher layer, the maximum TB size could be smaller than the maximum message size.
Observation 8: Even if RAN1 would agree to use maximum message size as maximum TBS, it is still up to reader to determine the TB size for PRDCH and PDRCH. It does not necessarily mean a message can not be delivered in multiple transmissions with multiple TBs with TB size less than the max TB size.
Observation 9: Considering proximity is determined by the reader itself, the measurements are intermediate results which don’t need to be explicitly defined and are up to reader implementation.
Proposal 1: A dedicated physical channel for R2D, e.g. PDCCH-like channel, is not considered for study.
Proposal 2: PRDCH in a R2D transmission can be used to deliver the control information (if any) and higher layer data, where 
· Control information including the scheduling information and command can be delivered in L1 header in PRDCH
· Higher layer data including higher layer command can be delivered by MAC-PDU in PRDCH
Proposal 3: The start indicator part of the preamble of R2D transmission consists of low voltage transmissions, and two following options can be studied:
· Option1. the start indicator part consists of low-voltage transmission with fixed length
· Option2. the start indicator part consists of low-voltage transmission with variable length
Proposal 4: If PIE is used for R2D transmission, the design of the R2T preamble of RFID can be considered as baseline for R2D preamble, i.e., the clock acquisition part consists of a transmission of data-0, a transmission for R2D calibration, and may also include a transmission for D2R calibration.
Proposal 5: If Manchester is used for R2D transmission, the clock acquisition part of R2D preamble consists of X chips, where the length of a chip in the X chips is the same as the length of a chip of the following PRDCH.
· FFS whether X is fixed or variable, and the value of X
Proposal 6: Study the design of preamble to reduce impact of CP on chip length estimation and end of preamble determination, e.g., the last OOK chip of an OFDM symbol carrying clock acquisition part of preamble is OOK OFF state. 
Proposal 7: SR, ACK/NACK, CSI are not considered for AIoT D2R control information study in NR Rel-19, whether BSR can be considered in the study is up to RAN2. 
Proposal 8: For AIoT D2R transmission study, only one unified physical channel, i.e., PDRCH, is considered
· Control information for D2R, if any and supported, is also transmitted in PDRCH. 
Proposal 9: A unique sequence can be considered for preamble sequence with a certain length for D2R transmission
· Sequence pool with multiple sequences with required correlation properties is not needed.
Proposal 10: Different preamble length can be considered for different D2R response time.
· If the D2R response occurs immediately after the PRDCH, e.g., within a few tens of us, a shorter length preamble can be considered.
· If the D2R response may occur within a long duration after the PRDCH, e.g., tens of ms, a longer length preamble can be considered.
Proposal 11: PDRCH payload size can be explicitly indicated in the scheduling PRDCH, and postamble is not supported for PDRCH transmission.
Proposal 12: Study the channel structure of a D2R transmission consisting of preamble part, payload part and optionally CRC part, as a baseline.
Proposal 13: TBS for PRDCH and PDRCH is controlled by reader, and indicated to AIoT device.
Proposal 14: Proximity determination can be supported by CW power control.
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