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1. Introduction
In RAN #116b meeting, some significant points have been approved for further discussion, and the description is given as below [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
Proximity determination based on device side measurements is not considered. 


It is important to have a harmonized design for both the category of AIoT devices, thus, there is a basic principle of signal or channel design to minimize the impact on device’s architecture and performance. In this contribution, we will further discuss the channel/signal design based on above agreement for AIoT systems.
2. Synchronization signal
1. 
2. 
Clock-acquisition part is included in R2D preamble, and another part in R2D preamble is start-indicator, which can indicate the start of R2D transmission. 
· Start-indicator part
In RFID, delimeter as a start-indicator has been designed, which has all low-level (e.g., bit 0 messages based OOK demodulation) and fixed length (e.g., 12.5µs pulse width±5%). Also, one tari value or tari length is regulated in the range of 6.25 µs to 25 µs, which is close to the that of delimiter (e.g., 12.5µs pulse width±5%) when considering the impact of SFO [2]. For different type of devices, different start-indicator pattern and length should be considered. For example, device receives and demodulates R2D signal when meeting activation level. If start-indicator is all low-level like RFID, activation signal may be needed preceding preamble. In addition, when the length and pattern of start-indicator can be as an implicit indicating functionality, flexible length and pattern needs to be considered. 

As shown in figure 1, we give an example to explain our view. The first level of start-indication is high-level, which can be used for activation signal to activate device. And line code can be used in start-indicator for implicit indicated functionality, e.g. chip length and backscattering link frequency (BLF), etc. Thus, different M value discussed in subsection 9.4.2.1 can be used for implicit indicating, e.g., M={2, 4, 8, 10, 16}.


Fig.1 An example for preamble design 

Observation 1: There is a fixed length (e.g., 12.5µs pulse width±5%) and all low level (e.g., bit 0 messages based OOK demodulation) for delimeter in RFID.

Observation 2: If start-indicator is all low-level like RFID, activation signal may be needed preceding preamble.

Observation 3: Line code can be used in start-indicator for implicit indicated functionality, e.g. chip length and backscattering link frequency (BLF), etc.

Proposal 1: Discuss different function of start-indicator part with flexible length and pattern, including activation functionality and implicit indicated functionality for other signaling.

Proposal 2: Discuss the feasibility and function of different M values for start-indicator, e.g., M={2, 4, 8, 10, 16}.

· Clock-acquisition part
Here, we will discuss clock-acquisition part of preamble. As synchronization signal, it needs extra start-indicator to indicate the start of clock-acquisition, thus, we think start-indicator part should be preceded clock-acquisition part. 
In RFID, the length of R=>T calibration in preamble is [2.5Tari~3Tari] (one tari value or tari length is regulated in the range of 6.25 µs to 25 µs), which is longer than delimeter (star-indicator). In our understanding, limited by device sampling capability (e.g., only 1bit and 2bit sampling rate), if the length of clock-acquisition part is smaller than that of start-indicator part and same chip length is set in both, the synchronized accuracy will be affected. Considering the impact of SFO and limited sampling rate, we think the length of clock-acquisition part should not be smaller than that of start-indicator part. 
In addition, line code can be used in clock-acquisition part for implicit indicated functionality, e.g. chip length and backscattering link frequency (BLF), etc. Thus, as shown in figure 1, we think same line code way should be set in clock-acquisition part and start-indicator, including Manchester, PIE, etc.

Observation 4: In RFID, the length of R=>T calibration in preamble is [2.5Tari~3Tari] (one tari value or tari length is regulated in the range of 6.25 µs to 25 µs), which is longer than delimeter (star-indicator).

Observation 5: Line code can be used in clock-acquisition part for implicit indicated functionality, e.g. chip length and backscattering link frequency (BLF), etc.

Proposal 3: For preamble structure, start-indicator part should be preceded clock-acquisition part.

Proposal 4: The length of clock-acquisition part should not be smaller than that of start-indicator part.

Proposal 5: Same line code and chip length should be set in start-indicator part and clock-acquisition part.

· Other functionality of preamble
As shown in figure 2, optional part is inserted between start-indicator and clock-acquisition part. Extra functionality can be considered for optional part, including implicit indication combined with start-indicator and clock-acquisition part, explicit indication, mute functionality for interference estimation, etc.


Figure 2. Preamble structure with optional part

Proposal 6: Optional part in preamble can be considered for other functionality, including implicit indication and explicit indication, mute functionality for interference estimation, etc.

· Other synchronization ways
RAN 1 #116b has agreed that study the necessity of midamble at least for the purpose of performing timing/frequency tracking if Manchester encoding is not used. Relative description is given as below,
	Agreement
For D2R transmission, study the necessity of midamble at least for the purpose of performing timing/frequency tracking or channel estimation or interference estimation, considering at least the following: 
· Modulation and Coding schemes, e.g., data modulation, line/channel coding 
· Receiving methods, e.g., coherent or non-coherent
· D2R transmission length/packet size
· Midamble overhead
· Timing/frequency accuracy
· Phase accuracy

Agreement
RAN1 study the R2D transmission without midamble as the baseline if Manchester encoding is used.
· FFS the necessity for the R2D transmission with midamble if PIE is used. 



Self-clocking using line coding like Manchester may be used for DL/UL transmission for the purpose of performing timing/frequency tracking. However, it should be postponed to discuss until the line coding types and charging/consuming schemes are decided. Here, we only discuss midamble for R2D/D2R transmission as the purpose of performing timing/frequency tracking. 

To conveniently identify midamble during R2D/D2R signal at device side, different modulation and coding schemes should be used. For example, preamble and control signal/data signal in PRDCH use OOK-4 with Manchester coding, then OOK-1 with PIE coding can be used for midamble to be identified at device side. 

[bookmark: _Hlk166071634]In addition, we think the length and number of midamble is decided by R2D/D2R TBS or packet size. If R2D signal is only one value used for random access (like Q value), midamble is not necessary. 

Observation 6: Different modulation and coding schemes can be used for midamble to be identified at device side more conveniently. 
Observation 7: The length and number of midamble is decided by R2D/D2R TBS or packet size. 

Proposal 7: Self-clocking using line coding should be postponed to discuss until the line coding types and charging/consuming schemes are decided. 
Proposal 8: The length of Midamble should be postponed to decide until R2D/D2R TBS or packet size is decided if Midamble is supported.
Proposal 9:Discuss the feasibility of midamble using OOK-1 waveform and PIE coding for R2D transmission if Midamble is supported.
3. Control channel and data channel
Slotted-aloha based access scheme has been agreed in RAN 1#116 for AIoT contention-based access procedure, which is similar with RFID-based access procedure. Paging-like select/challenge command may be sent by reader, which should be carried by PRDCH. In addition, other command like preamble/query/ACK/scheduling information are also carried by PRDCH. 
In addition, RN 16-like local ID or EPC-like device ID can be carried by PDRCH. 
In this contribution, we will further the control channel and data channel for DL/UL transmission.
3.1 Control channel
Two types of use cases including inventory and command has been discussed. Write/rewrite/kill (like RFID) may be considered for these services, which is carried by R2D control channel. In addition, scheduling information for AIoT should be considered to align the time and frequency domain resources of NR, e.g, at least symbol-level alignment for DL transmission or at least slot-level alignment for UL transmission. Thus, we think control information is included at least in PRDCH. 
[bookmark: _Hlk162878710]AIoT DL multiple access has been discussed at least including TDM(A). Time-domain scheduling should be considered in control information. If FDM(A) is supported for DL multiple access in SI, the frequency-domain scheduling needs to be considered in control channel. However, [3] gives some negative views about FDM(A). Filter can be used for extracting different R2D signal being simultaneously sent in adjacent channels, which seems FDM(A) is suitable for AIoT R2D multiple access if filter bandwidth adjustable. However, RF filter with adjustable bandwidth is difficult to be configurated for AIoT device 1/2a/2b. Thus, multiple different R2D channels with frequency-domain scheduling for FDM(A) should be deprioritized. 
For UL transmission, only RN 16-like local ID or EPC-like device ID need to be sent to reader. We think control information is not necessary for PDRCH because of the limited data size.

Observation 8: AIoT R2D signals may be considered to align the time and frequency domain resources of NR.
Observation 9: Multiple different channels with frequency-domain scheduling for FDM(A) should be deprioritized.

Proposal 10: Control information is included at least in PRDCH.
Proposal 11: For PRDCH, time-domain scheduling should be considered in R2D control information, and multiple different R2D channels with frequency-domain scheduling for FDM(A) should be deprioritized.
Proposal 12: For PDRCH, the D2R control information is not necessary for UL transmission.
3.2 Data channel
More control information seems need to be transmitted in PRDCH, e.g., paging/ select/ challenge/ activation/ deactivation/other scheduling information, etc. Query-like R2D data can also be included in R2D control information. However, more data information seems need to be transmitted in PDRCH, e.g., RN 8/RN 16/device ID (EPC). If extra access channel is not considered for AIoT UL random access, we think data channel is at least needed. 
For D2R multiple access, FDMA is generally discussed in RAN 1#116 by using line-code to provide frequency shifts among devices. Also, RFID has considered the FDMA in low frequency device. However, the scheduling information for D2R FDMA is sent by R2D control information. Thus, there is no necessity to consider the D2R control channel. Enven if there are few control commands, it could be included in data channel.

Observation 10: More data information seems need to be transmitted in PDRCH, e.g., RN 8/RN 16/device ID (EPC).
Proposal 13: Data channel should be at least studied for D2R transmission.

4. Reference signal 
From RAN 1#116b agreement, NR reference signals like DMRS, PTRS, SRS, CSI-RS/TRS has been discussed and are not considered for further studied in R2D/D2R transmission. The description is given as below
	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



Some functionalities like channel estimation/interference estimation/proximity determination need to be considered for AIoT. New reference signals need to be considered because of no considering NR reference signal. Based on backscattering characteristic, device can modulate a new reference signal pattern based on external CW. For example, physical resource and functionality for D2R reference signal modulating can be allocated and indicated by R2D signal, then device modulates reference signal pattern according to indicator. 

Proposal 14: Consider possible reference signal patterns by backscatter modulation, including channel estimation pattern, interference estimation pattern, proximity determination pattern, etc.
1. 
2. 
3. 
5. Proximity determination
From RAN 1#116b agreement, device side measurement is not considered for proximity determination.  

In TS 23.703, proximity determination for two UEs is in terms of geographical location and the radio link feasibility [4]. Two phases have been proposed for coarse geographical location information and relative distance information. Similar to TS 23.703, device registration is firstly needed, which is related with RAN2. Then location report request and communication request are common requirements. In AIoT, communication request is more about inventory and command request. Reader initiates communication procedure of proximity determination service-like by scheduling radio frequency, transmission power, and R2D/D2R radio resource.
Observation 11: In TS 23.703, proximity determination for two UEs is in terms of geographical location and the radio link feasibility.

The proximity determination can be calculated by relative distance or binary distance. Reader evaluates the tag’s location within a limited coverage range by receiving and detecting D2R signal with device ID. By measuring the signal strength like RSRP or RSSI, the relative distance or the binary distance can be calculated. One way for improving the location accuracy is to combine with multiple reader (e.g., UE) to detect the strength of D2R signal. 
[bookmark: _Hlk131521101][5] gives that the target accuracy is 1~3 meters @ 90% indoor location and several tens of meters @ 90% outdoor location. If binary distance between the reader and the ambient IoT device is used for the calculation, then inventory or command transmission may cover the requirement, which is not to meet the target accuracy (e.g., 1~3 meters @ 90% indoor location [5]). In defined use cases, relative distance may be suitable to calculate the distance between reader and device, e.g., indoor positioning at shopping centers and paring areas. 
Observation 12: If binary distance between the reader and the ambient IoT device is used for the calculation, then inventory or command transmission may cover the requirement.
Proposal 15: Clarify the mean of proximity determination with relative distance and binary distance.
Proposal 16: It is preferred using the relative distance to calculate the distance between reader and device.

RSRP-based method is suitable for binary distance. However, extra reference signal for RSRP measurement at reader side may be considered. Three methods can be considered:
· Inventory commands as measured signal like RN 16
· Reader sends reference signal and device does full-backscattering using OOK-modulation
· Note: Full-backscattering needs extra indication information to indicate device send bit “1” using OOK. There is no any small frequency shift for D2R full-backscattering. Thus, self-interference and cross-link interference need to be considered.
· Device modulates reference signal used for measuring at reader side based on external CW

Proposal 17: Discuss potential methods for RSRP-based binary distance, including inventory commands as measured signal, full-backscattering and modulated reference signal.

Other methods of getting relative distance, including TOA/RTT and phase-based techniques, have been proposed in RFID. However, limited by device capability, suitable methods need to be further identified. Phase-based technique allows coherent signal processing and can achieve better performance than RSRP-based. Also, phase difference can be measured at reader side by dual sideband backscattering signals. However, phase measured accuracy and phase wrapping problem, phase ambiguity problem all need to be discussed and solved. 

Observation 10: Other methods of getting relative distance, including TOA/RTT and phase-based techniques, have been proposed in RFID.
Proposal 18: Consider suitable method for getting relative distance, like RTT and phase-based method.

6. Conclusion
In this contribution, we provide our views on the feasibility and required functionalities of DL/UL physical signal for AIoT. The observations and proposals are listed as below:

Observation 1: There is a fixed length (e.g., 12.5µs pulse width±5%) and all low level (e.g., bit 0 messages based OOK demodulation) for delimeter in RFID.
Observation 2: If start-indicator is all low-level like RFID, activation signal may be needed preceding preamble.
Observation 3: Line code can be used in start-indicator for implicit indicated functionality, e.g. chip length and backscattering link frequency (BLF), etc.
Observation 4: In RFID, the length of R=>T calibration in preamble is [2.5Tari~3Tari] (one tari value or tari length is regulated in the range of 6.25 µs to 25 µs), which is longer than delimeter (star-indicator).
Observation 5: Line code can be used in clock-acquisition part for implicit indicated functionality, e.g. chip length and backscattering link frequency (BLF), etc.
Observation 6: Different modulation and coding schemes can be used for midamble to be identified at device side more conveniently. 
Observation 7: The length and number of midamble is decided by R2D/D2R TBS or packet size. 
Observation 8: AIoT R2D signals may be considered to align the time and frequency domain resources of NR.
Observation 9: Multiple different channels with frequency-domain scheduling for FDM(A) should be deprioritized.
Observation 10: More data information seems need to be transmitted in PDRCH, e.g., RN 8/RN 16/device ID (EPC).
Observation 11: If binary distance between the reader and the ambient IoT device is used for the calculation, then inventory or command transmission may cover the requirement.
Observation 12: Other methods of getting relative distance, including TOA/RTT and phase-based techniques, have been proposed in RFID.

Proposal 1: Discuss different function of start-indicator part with flexible length and pattern, including activation functionality and implicit indicated functionality for chip length or other signaling.
Proposal 2: Discuss the feasibility and function of different M values for start-indicator, e.g., M={2, 4, 8, 10, 16}.
Proposal 3: For preamble structure, start-indicator part should be preceded clock-acquisition part.
Proposal 4: The length of clock-acquisition part should not be smaller than that of start-indicator part.
Proposal 5: Same line code and chip length should be set in start-indicator part and clock-acquisition part.
Proposal 6: Optional part in preamble can be considered for other functionality, including implicit indication and explicit indication, mute functionality for interference estimation, etc.
Proposal 7: Self-clocking using line coding should be postponed to discuss until the line coding types and charging/consuming schemes are decided. 
Proposal 8: The length of Midamble should be postponed to decide until R2D/D2R TBS or packet size is decided if Midamble is supported.
Proposal 9: Discuss the feasibility of midamble using OOK-1 waveform and PIE coding for R2D transmission if Midamble is supported.
Proposal 10: Control information is included at least in PRDCH.
Proposal 11: For PRDCH, time-domain scheduling should be considered in R2D control information, and multiple different R2D channels with frequency-domain scheduling for FDM(A) should be deprioritized.
Proposal 12: For PDRCH, the D2R control information is not necessary for UL transmission.
Proposal 13: Data channel should be at least studied for D2R transmission.
Proposal 14: Consider possible reference signal patterns by backscatter modulation, including channel estimation pattern, interference estimation pattern, proximity determination pattern, etc.
Proposal 15: Clarify the mean of proximity determination with relative distance and binary distance.
Proposal 16: It is preferred using the relative distance to calculate the distance between reader and device.
Proposal 17: Discuss potential methods for RSRP-based binary distance, including inventory commands as measured signal, full-backscattering and modulated reference signal.
Proposal 18: Consider suitable method for getting relative distance, like RTT and phase-based method.
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