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1. Introduction
In last meeting, following agreements were made for R2D and D2R channel/signal aspects [1].
	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 DL and UL signal/channel aspects based on privoius agreements. In addition, proximity determination is also discussed.
2. DL signal channel aspects 
2.1. Physical signal/channel needed for AIoT DL(R2D)
During the last meeting, whether to introduce a PDCCH-like channel to transmit control information for R2D transmission was briefly discussed. Following two options are on the table.
· Opt-1: PDCCH-like channel for control information+ PRDCH channel for data
· Opt-2: PRDCH channel to deliver both higher layer data & control information
It was argued that for DT and DO-DTT traffic, option1, where control information and higher layer data delivered to AIoT devices are contained in a PDCCH-like channel and PRDCH channel respectively, can be considered for higher flexibility. From the perspective of control information functionality, in NR, considering the flexibility of data transmission schemes (such as MCS, TBS, SCS, bandwidth, etc.), as well as the flexible timing relationship between data and control in NR Uu, PDCCH is deemed necessary. Additionally, it is also worth noting that another fundamental consideration for PDCCH lies in the distinct requirements of reliability or coverage between control channels and data channels. Specifically, in NR Uu, the required BLER of PDCCH is much lower than that of data channels. This discrepancy comes from that the control information cannot be retransmitted thus cannot be recovered from UE perspective but the failed data tranmisison can be recovered by the HARQ-ACK retransmissions with different RVs to improve the decoding performance.  Additionally, PDCCH serves not only for unicast scheduling but also for group common commands like SFI indication, TPC command etc., which further enforce stricter BLER requirements compared to data channels. 
However, the necessity of the above functionality for control information in AIoT systems is unclear. It is noted that in RFID C1Gen2 [2], there is no clear difference between the control channel and data channel for DL (reader->tag link) from a physical layer perspective. In RFID, the control information in our view can include Scheduling information for data transmission and Command similar to NR non-scheduling PDCCH or MAC CE. For example, the scheduling information of DR (TRcal divide ratio) and M (cycles per symbol) in RFID sets the T=>R link frequency, data rate, and modulation format, similar to NR scheduling PDCCH; The Commands such as Query/Read/Write having fixed control format which is similar as NR non-scheduling PDCCH or more like NR MAC CE. Different from NR PDCCH and PDSCH/PUSCH targeting for much highly capable devices, to accommodate for Tag with low complexity and low power, the control information and data from higher layers are contained in the same DL or UL transmission within the same channel (same modulation, coding, data rate is used for control information and data) to facilitate streamlining processes. No NR-like HARQ re-transmisison is supported in RFID. Each DL command has a unique command code that identifies its purpose. The command code is followed by parameters and data that are provided to the Tag. 
Similarly, for the AIoT system, the formats of control commands and data are far less flexible than in Uu DL scheduling, PDCCH-based flexible scheduling is not necessary. Second, in the AIoT system, due to the simplicity of A-IoT devices, HARQ or ARQ is not applicable for A-IoT based on the SID and complex blind detection and CCE estimates of the control channel is not feasible. Thereby, there is no clear motivation to introduce a PDCCH-like channel for R2D transmission.
Based on the aforementioned aspects, the following option can be considered for Ambient IoT R2D channel design.
· PRDCH is used to deliver both higher-layer data (if present) & control information
· Control information includes scheduling information and command.
· Higher layer data can be delivered by MAC-PDU in PRDCH
In this option, the control signaling can be transmitted in a header in PRDCH, and higher-layer signaling can be contained in MAC-PDU. 
[bookmark: PP1]Proposal 1: 
· A dedicated physical channel for R2D, e.g. PDCCH-like, is not considered for study.
· PRDCH is used to deliver the control information. 
· Control information including the scheduling information and command can be delivered by a Layer 1 or Layer 2 Header in PRDCH
· Higher layer data can be delivered by MAC-PDU in PRDCH
2.2. PRDCH channel design
· Channel structure of PRDCH
According to the discussion in [3], AIoT system is an asynchronous system, and a AIoT device can be synchronized with BS or UE intermediate node based on the received R2D physical channel. Hence, the R2D channel should contain a sync part (e.g., a R2D preamble) for timing acquisition signal to facilitate AIoT device to synchronize with DL transmission. The preamble should be transmitted in the front part of the R2D channel followed by the payload part. AIoT device may perform continuous R2D monitoring when it is energized. Only when preamble is detected, AIoT device starts to detect and decode the payload part. 
Due to power restriction, especially for 1 power consumption device, AIoT device is less likely to obtain sync with R2D transmission through performing correlation with the received signal. Instead, the synchronization is obtained by counting local clock cycles within a pulse length in the R2D timing acquisition signal, similar to RFID. 
As shown in [2], the preamble and sync frame for R=>T link (R2T) in UHF RFID C1Gen2, where the preamble and sync frame include a series of alternating ones and zeros starting with a delimiter. Both preamble and sync frame are used by the tag to synchronize with the Reader's clock, with the difference that the sync frame does not contain the TRcal symbol. When to use, a preamble shall precede a Query command, while the frame sync occurs at the beginning of all other R2T transmissions. The delimiter is fixed zeros that indicates the start of a frame. The pattern followed by a delimiter is used to indicate the pulse length of R2T transmissions. After the R2T channel is detected by tag, the tag becomes synchronized with DL commands, thereby determining the subsequent R2T reception and T2R transmission based on the obtained timing.
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Figure 1 preamble and frame-sync in RFID 
The sync part (i.e., preamble or frame-sync) is followed by the payload. A cyclic redundancy check (CRC) can be included at the end of R2T channel to verify the integrity of the frame data.
[bookmark: OB1]Observation 1: In RFID, a sync part (i.e., preamble or frame-sync) is needed in each reader to tag transmission.preamble or frame-sync) is needed in each reader to tag transmission.
[bookmark: OB2]Observation 2:AIoT device performs synchorinization by counting local clock cycles for the pulse width, rather than correlation with the sync part.

For A-IoT R2D, if only a single channel is defined, command codes located at the beginning of the payload part can be used to indicate how to decode or interpret the data part. 
[image: ]
Figure 2 DL Channel structure AIoT
[bookmark: PP2][bookmark: _Hlk163135084]Proposal 2: Channel structure of PRDCH consists of R2D preamble part +payload + CRC.
· Command codes in the payload part can be used to indicate how to decode or interpret the PRDCH.

· R2D preamble part of PRDCH
As discussed before, the R2D preamble part plays a crucial role in counting clock cycles as well as ensuring synchronization between the reader and AIoT devices. For this purpose, the R2D preamble part in R2D should include a specific pattern that enables the AIoT device to identify and count the clock cycles similar to RFID. Secondly, the R2D preamble part should start with a delimiter indicating the beginning of the R2D transmission, facilitating the synchronization process. 
[bookmark: PP3]Proposal 3: For the R2D preamble part of PRDCH, the following principles are considered: 
· The R2D preamble part begins with a delimiter. 
· The R2D preamble part is used to facilitate counting clock cycles.
[bookmark: _Hlk163136040]In addition, postamble has been proposed to mark the end of R2D transmission in the last meeting if a PDCCH-like channel is not supported. However, there are alternative ways to derive the end of R2D transmission. For example, for some commands with fixed formats like Query defined in RFID, the number of bits is fixed, thus the end of the R2D transmission can be inferred implicitly from chip length and coding scheme. In addition, the control information carried by PRDCH can indicate the length or end of the R2D transmission.
[bookmark: _Hlk163136144]Second, the proposal of postamble assumes that the length of a R2D transmission is variable, and once a device detects a postamble, it will cease the following R2D reception. However, postamble presents additional challenges. Firstly, the miss-detection of a postamble could lead devices to mistakenly continue monitoring R2D, resulting in decoding errors and additional power consumption. Secondly, mistaking data for postamble could lead to the reception being stopped at the device, thus losing the subsequent data. Conversely, indicating the length of R2D transmission through control information carried by PRDCH seems to offer a more efficient solution. Hence, it is suggested to refrain from introducing a postamble.
[bookmark: PP4]Proposal 4: Postamble is not considered for the PRDCH
· The length of the R2D transmission can be indicated in the control information in PRDCH

3. UL signal channel aspects 
3.1. Physical signal/channel needed for AIoT UL(D2R)
In previous 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


One remaining issue is whether a separate physical channel is needed for control information transmission, similar to PUCCH in NR. For AIoT D2R, the control information may include SR which is only useful for DO-A type traffic, BSR if supported, according to [4]. However, ACK/NACK should not be considered in the study since no HARQ, no ARQ for A-IoT operation based on the SID. 
Whether control information is needed can be up to RAN2/RAN1 protocol design. However, even if certain type of control information is needed for D2R link, it can be delivered also in PDRCH. Similarly, in NR, HARQ-ACK and CSI can be transmitted in PUSCH without UL-SCH, which means control information and data can be delivered in the same physical channel with proper design. To reduce the number of physical channels for AIoT D2R link, a unified physical channel is preferred for UL data and control information, if any. The PDRCH physical channel and information format can be properly designed to applicable to both control information and data.
[bookmark: PP5]Proposal 5: For AIoT D2R transmission only one unified physical channel, i.e., PDRCH, is preferred
· Control information for D2R, if defined, is also transmitted in PDRCH. 
3.2. PDRCH Channel Design
1. 
2. 
3. 
3.1. 
3.2. 
PDRCH for delivering data and potential control signalling transmission has been agreed in last meeting. In this section, we discuss the channel design for PDRCH.
3.2.1  Preamble design for PDRCH
In previous meeting, 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


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 with good cross-correlation properties.
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.
[bookmark: PP6]Proposal 6: A unique sequence can be considered for preamble sequence with a certain length for D2R transmission
· Sequence pool with multiple sequences with good cross-correlation properties is not needed.
[bookmark: PP7]Proposal 7: 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.

3.2.2 Channel structure for PDRCH
Similar to AIoT downlink, the PDRCH can be composed of D2R preamble + payload + CRC. The D2R preamble  part is followed by the payload and CRC attachment.
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, e.g., for PUCCH with less than 12bits. Similar logic widely used in wireless communication, which can be reused for AIoT UL.
[bookmark: PP8]Proposal 8: Channel structure of PDRCH consists of: D2R preamble part +payload + CRC(optional).
3.2.3  Necessity of midamble in PDRCH 
According to discussion in [5], the local clock of the AIoT device is not as stable as conventional local oscillator in UE. Hence, BS/UE receiver is required to handle the timing error for AIoT UL transmission. The issues caused by timing error are summarized as follows:
· Issue#1: The starting time of UL transmission is not constant. 
According to specification defined for RFID system, the starting time for backscattered transmission is within a certain time duration after DL command detection. Hence, reader needs to blindly detect the starting time of UL transmission after each DL transmission, as shown in Figure 3.
[image: ]
[bookmark: _Ref159254529]Figure 3 Link timing in UHF RFID C1Gen2
· Issue#2: The Pulse width may be not equal to the nominal OOK chip length.
According to [2], the backscatter link frequency error tolerance can be up to -/+22%, which means the OOK chip length varies up to -/+ 22% of the nominal OOK chip length, as shown in Figure 4. The OOK length error is caused by counting error of the number of clock cycles that the TRcal takes up [6] and discrete divide of the on-chip oscillator [7]. Hence, the BS/UE needs to determine the actual OOK chip length generated by AIoT device.
· Issue#3: The timing of the local clock may drift during the backscatter transmission.
In addition to chip length error, the chip length is not stable across the backscatter duration either. According to [2], up to -/+2.5% variation in addition to initial timing error may occur during the backscatter transmission. As shown in Figure 4. BS or UE not only need to determine the OOK length variation caused by discrete divide of local clock, but also need to track the OOK length variation during backscattering transmission.
[image: ]
[bookmark: _Ref158219544]Figure 4 Timing error and variation requirements defined in UHF RFID C1Gen2
[bookmark: OB3]Observation 3: Study following issues caused by timing errors that may occur in AIoT D2R transmission
· Issue#1: The starting time of D2R transmission is not constant. 
· Issue#2: The Pulse width is not equal to the nominal OOK chip length.
· Issue#3: The timing of the local clock may drift during the backscatter transmission.
To address issue#1 and issue#2 above, the D2R preamble part can be defined at the start of AIoT PDRCH channel, the preamble can be used for BS/UE to determine the actual starting time of D2R transmission through correlation. Note that, different from AIoT device which is not able to perform correlation to achieve R2D sync, BS/UE reader is able to achieve better timing with AIoT device through correlation. In addition, the actual OOK chip length can be derived based on preamble part, which can be used as a reference for detection of subsequent data part.
[bookmark: OB4]Observation 4: BS/UE reader can eliminate the uncertainty of starting time of the D2R transmission, and determine the actual OOK chip length variation due to clock impairments, based on the sync part of the UL channel.
For issue#3, following methods are proposed by companies to deal with the timing drift during backscatter transmission [4].
· Option-1: introduce midamble in middle of UL channel structure
· Option-2: use self-clocking line code for D2R transmission. 
·  Option-1: D2R midamble part inserted in middle of D2R channel structure
In [8], mid-amble is inserted as timing tracking signal in middle of backscattered transmission to facilitate the reader to track the chip length variation during the D2R transmission for high data rate stream transmissions as shown in Figure 5.


[bookmark: _Ref158219647]Figure 5 Example of channel structure with sync part in middle of backscatter communication [8]
· Option-2: self-clocking line code for D2R transmission. 
Self-clocking bit coding, also known as self-synchronizing coding, is a technique used in data communication to recover the clock signal from the data stream itself. In self-clocking coding, the transitions between consecutive bits are used to determine the timing and synchronization of the data. The typical line codes are widely used in backscatter transmission, including Manchester code, FM0 code, Miller code are self-clocking code [9].
· Manchester Encoding: In Manchester encoding, each bit is represented by a transition in the middle of the bit period. A high-to-low transition represents a binary 1, while a low-to-high transition represents a binary 0. 
· Frequency Modulation (FM0): In FM0 coding, a transition at the beginning of the bit period represents a binary 0, while the absence of a transition represents a binary 1. Besides, there is transition between any two adjacent symbols
· Miller Encoding: In Miller encoding, a binary 1 is represented by a high-to-low or a low to-high transition occurring in the middle of the bit window, and a binary 0 causes no change to the signal level unless it is followed by another 0, in which case a transition to the other level will take place at the end of the first bit period. An example is provided in Figure 6.
In self-clocking coding schemes, specific patterns or transitions in the data are used to indicate the timing information. This eliminates the need for a separate clock signal, reduces the overhead and simplifies the overall system design. Hence, in RFID, no additional sync part is introduced in the middle of backscatter transmission.


[bookmark: _Ref158988403]Figure 6  Example of Miller-2 coding with self-clocking 
It is raised by companies that midamble can also be used for channel estimation and interference estimation, i.e., used as DMRS in PDRCH. However, the necessity for channel estimation for OOK modulated backscatter transmission is questionable, since only amplitude/power detection on each chip is needed, instead of relying phase information from channel estimation. 
Besides, the prerequisite of performing channel estimation is that the AIoT device can maintain phase continuity during backscatter transmission. For NR UE, the phase continuity can not be maintained if there is gap between two PUSCH repetitions. However, the capability of maintaining phase continuity at AIoT device is also doubtful during backscatter transmission, since there are ‘off’ states in middle of ‘on’ states, when AIoT devices switching between the two impedances.
[bookmark: OB5]Observation 5: Feasibility of channel estimation on midamble generated through backscatter, and how to exploit the benfits of midamble should be clarified.
On the other hand, for SFO/timing tracking purpose, self-clocking line code has advantages on lower overhead compared with using midamble in PDRCH channel structure. Besides, self-clocking line code, e.g., FM0 and Miller code, can also be used to improve the detection performance for D2R link [10].
[bookmark: OB6]Observation 6: Introducing midamble in PDRCH would lead to higher overhead. Besides, feasibility of channel estimation using midamble should be clarified since the capability of maintaining phase continuity for AIoT device is doubtful when AIoT devices switching between the two impedances.
[bookmark: PP9]Proposal 9: For SFO/timing tracking purpose,  self-clocking line code, e.g., FM0 and Miller code, can be considered for PDRCH as baseline instead of using midamble.
3.2.4  Necessity of postamble for PDRCH
For R2D or D2R transmission, it was proposed to use postamble for indicating the end of the R2D or D2R transmission. Alternatively, there are also other ways to explicitly or implicitly indicate the end of the transmission. Take R2D transmission as an example, in case the R2D transmission is kind of DL command like Query, the TBS can be predefined in the specification, the end of DL command transmission can be determined by other transmission parameters such as the R2D chip length and coding scheme. While in case the R2D transmission includes the data packet, the end of R2D transmission can be indicated or determined by the parameter(s) of the scheduling information, for example, the end of R2D transmission can be indicated by transmission length or can be determined by other transmission parameters like TBS, coding rate etc,. 
Similar to discussion for PRDCH, false alarm or mis-detected of postamble make the length of PRDCH may not correctly determined. Since the PDRCH is any way triggered by PRDCH, the length information can be indicated in PRDCH. Hence, postamble of PDRCH can be avoided.
[bookmark: PP10]Proposal 10: Length of PDRCH can be explicitly indicated in PRDCH 
· Postamble transmitted at the end of the PDRCH is not needed.
3.3. D2R frequency domain resource allocation
The FDMed multiplexing in uplink is widely used for active transmission devices, and it can also be considered for active AIoT device. In addition, for backscattered transmission, it is also feasible to multiplexing backscatter transmission from multiple AIoT devices. In UHF RFID C1Gen2, BLF is defined for backscattered transmission. The BLF can be considered as centre frequency of backscattered signal. For example, {BLF= 320kHz with miller 8} and {BLF=80kHz with miller 2} have the same data rate but different center frequency. By allocating AIoT devices with different BLF, FDMed multiplexing between AIoT devices can be achieved for D2R transmission.  To improve the inventory/random access efficiency, frequency domain resource allocation can be considered for AIoT D2R transmissions.


[bookmark: _Ref158219480]Figure 7 Example of frequency domain resource allocations (different BLFs) applied for FDMed Devices
Due to frequency error and transmission impariments at AIoT device, enough guard gap between frequency resources for different AIoT devices should be reserved to avoid performance degradation.
[image: ]
Figure 8 Performance comparison between FDMed and TDMed devices
As shown in Figure 7, FDMed multiplexing between AIoT devices using backscattered transmission is feasible, although detection performance is slightly degraded for higher data rate cases compared with TDMed multiplexing.
[bookmark: PP11]Proposal 11: Study FDMed multiplexing of different A-IoT devices for PDRCH transmissions.
4. Proximity determination
At the RAN#102 meeting, the SID on Study on solutions for Ambient IoT was approved including the following objective related to proximity determination. In this section, our views are presented.
	Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).


Firstly, considering restriction by power consumption and complexity on AIoT devices, it is less likely for AIoT devices to be capable of performing measurements on DL signals. Hence, for proximity determination study, no measurement at ambient IoT device should be supported. 
[bookmark: PP12]Proposal 12: For proximity determination study, no measurement at ambient IoT device should be supported.

Then, the meaning of ‘proximity determination’ is clarified in RAN#103 with the following change in SID. 
	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). 


How to determine ‘near’ or ‘far’? In our view, it 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 13: Proximity determination can be supported by CW power control.
5. Conclusion
Based on the discussion on R2D and D2R channel for AIoT and proximity determination above, we have the following observations and proposals.
Proposal 1: 
· A dedicated physical channel for R2D, e.g. PDCCH-like, is not considered for study.
· PRDCH is used to deliver the control information. 
· Control information including the scheduling information and command can be delivered by a Layer 1 or Layer 2 Header in PRDCH
· Higher layer data can be delivered by MAC-PDU in PRDCH
Observation 1: In RFID, a sync part (i.e., preamble or frame-sync) is needed in each reader to tag transmission.preamble or frame-sync) is needed in each reader to tag transmission.
Observation 2:AIoT device performs synchorinization by counting local clock cycles for the pulse width, rather than correlation with the sync part.
错误!未指定书签。Proposal 2: Channel structure of PRDCH consists of R2D preamble part +payload + CRC.
· Command codes in the payload part can be used to indicate how to decode or interpret the PRDCH.
Proposal 3: For the R2D preamble part of PRDCH, the following principles are considered: 
· The R2D preamble part begins with a delimiter. 
· The R2D preamble part is used to facilitate counting clock cycles.
Proposal 4: Postamble is not considered for the PRDCH
· The length of the R2D transmission can be indicated in the control information in PRDCH
Proposal 5: For AIoT D2R transmission only one unified physical channel, i.e., PDRCH, is preferred
· Control information for D2R, if defined, is also transmitted in PDRCH. 
Proposal 6: A unique sequence can be considered for preamble sequence with a certain length for D2R transmission
· Sequence pool with multiple sequences with good cross-correlation properties is not needed.
Proposal 7: 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 8: Channel structure of PDRCH consists of: D2R preamble part +payload + CRC(optional).
Observation 3: Study following issues caused by timing errors that may occur in AIoT D2R transmission
· Issue#1: The starting time of D2R transmission is not constant. 
· Issue#2: The Pulse width is not equal to the nominal OOK chip length.
· Issue#3: The timing of the local clock may drift during the backscatter transmission.
Observation 4: BS/UE reader can eliminate the uncertainty of starting time of the D2R transmission, and determine the actual OOK chip length variation due to clock impairments, based on the sync part of the UL channel.
Observation 5: Feasibility of channel estimation on midamble generated through backscatter, and how to exploit the benfits of midamble should be clarified.
Observation 6: Introducing midamble in PDRCH would lead to higher overhead. Besides, feasibility of channel estimation using midamble should be clarified since the capability of maintaining phase continuity for AIoT device is doubtful when AIoT devices switching between the two impedances.
Proposal 9: For SFO/timing tracking purpose,  self-clocking line code, e.g., FM0 and Miller code, can be considered for PDRCH as baseline instead of using midamble.
Proposal 10: Length of PDRCH can be explicitly indicated in PRDCH 
· Postamble transmitted at the end of the PDRCH is not needed.
Proposal 11: Study FDMed multiplexing of different A-IoT devices for PDRCH transmissions.
Proposal 12: For proximity determination study, no measurement at ambient IoT device should be supported.
Proposal 13: Proximity determination can be supported by CW power control.
[bookmark: _GoBack]
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Introduction


 


I


n last meeting, following agreements were made for R2D and D2R 


channel/signal aspects


 


[1]


.


 


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,


 


o


 


System information (if defined) is transmitted on the PRDCH


 


o


 


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 ambi


ent IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along 


with the following,
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based access procedure is transmitted 
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o


 


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 DL and UL signal/channel aspects 


based on privoius agreements


. In addition,


 


proximity determination is also discussed.
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channel needed for AIoT 


D


L(


R


2


D


)


 


During the last meeting, whether


 


to introduce


 


a PDCCH
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o transmit


 


control information 


for


 


R2D 


transmission 


was briefly 


discussed.


 


Following 
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options are on the table.
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are


 


contained in a PDCCH
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like


 


channel 


and P


RDCH


 


channel


 


respectively


, can be consid


e


red


 


for 


higher flexib


i


lity. 


From the perspective of control information functionality, 


in


 


NR, 


considering the flexibility 


of


 


data 


transmission schemes (such as MCS, TBS, SCS, bandwidth, etc.), as well as the flexible timing relationship 


between data and control


 


in NR Uu


, PDCCH is deemed necessary


. Additionally, it is also worth 


noting


 


that
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no


ther


 


fundamental consideration for PDCCH


 


lies in the distinct requirements of reliability or coverage between control 
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, the required BLER
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is 


much 


lower than that of data 


channels. This discrepancy


 


comes from that the 


control information


 


cannot be retransmitted thus cannot be 


recovered from UE perspective but


 


the failed


 


data 


tranmisison can be recovered by the HARQ


-


ACK 


retransmissions with different RVs to improve the decoding performance.  


Additiona
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for 
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scheduling but also for group common commands like SFI indication


,


 


TPC command etc., 


which 


further enforce stricter BLER requirements compared to data channels. 


 


However, the necessity of 


the above
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for c


ontrol information 
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o


T systems 


is 


unclear.


 


It is noted 


that


 


in


 


RFID C1Gen2


 


[2]


, there is no clear difference between the control channel and data channel for DL
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