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Introduction
In Rel-18, as a promising new IoT type devices/service, Ambient IoT was studied as an RAN SI. The study conclusions and observations on deployment scenarios, use cases, and RAN design targets are captured in TR 38.848 [1]. 
In RAN#102, Ambient IoT was successfully approved as a Rel-19 WG SI [2]. In the RAN1 #116 meeting and RAN1#116bis meeting, some agreements have been reached on general aspects of physical layer design for Ambient IoT.
In this contribution, we will focus on aspects of downlink/uplink channel/signals. The discussion on downlink and uplink channel/signal aspects is organized as follows:
· R2D preamble for timing acquisition
· Details of start-indicator part
· Details of clock acquisition
· Layer-1 R2D control information
· Control information mapping to physical channel
· Content of control information
· Intermedia UE for topology 2

Discussions
R2D preamble for timing acquisition
In RAN1#116bis meeting, following agreements regarding R2D preamble has been reached.
	[bookmark: _Hlk166000301]RAN1#116bis
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 
· [bookmark: _Hlk166188294]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




According to the agreements, R2D preamble for timing acquisition includes start-indicator part and clock-acquisition part. We will discuss the details of start-indicator part and clock-acquisition part in the following. 

Details of start- indicator part
To increase the probability of successful identification of the start of R2D transmission, the start-indicator in R2D preamble should be obviously different from line coding rule of PRDCH. For PRDCH, Manchester encoding is used for R2D transmissions which is agreed in RAN1#116 meeting. The high level and low level of a chip after Manchester encoding has the same duration. To enable devices to detect and identify the start of each R2D transmission, the duration of high/low level for a chip in start-indicator part can be different with that of R2D data, for example, the duration of high/low level is longer than that of codeword after Manchester encoding as shown in Figure 1. The start-indicator of R2D transmission preamble includes a longer low level before the rising edge in Figure 1 (a) or a longer high level before the falling edge in Figure 1 (b), so ambient devices can identify the start of each R2D transmission according to the longer duration of a chip. 


Figure 1. a diagram of start-indicator and clock-acquisition part in R2D preamble
Proposal 1: To increase the probability of successful identification of the start of R2D transmission, the start-indicator in R2D preamble should be obviously different from line coding rule of PRDCH. Two candidates can be considered:
· The start-indicator includes long duration of high level.
· The start-indicator includes long duration of low level.
[bookmark: _Hlk166186829][bookmark: _Hlk166186942]Whether the start-indicator in R2D preamble is identified by a long duration of high level or a long duration of low level needs to be further studied. Before the start indicator, a continuous signal of the level opposite to the long duration level of the start indicator is necessary for the detection of the start indicator. If the start-indicator is distinguished via a long duration of low level before rising edge, the R2D signal with always high level before the start of R2D transmission is required. For example, the reader transmits high-level when no need to transmit PRDCH or to receive PDRCH. In RFID, when tags enter the charging range of interrogators, tags will always be charged by high level electromagnetic wave, therefore, the delimiter of RFID treated as the start-indicator includes a duration of the low level before rising edge. Different from RFID, for the in-band spectrum deployment between AIoT and NR/LTE, AIoT readers cannot always transmit high level signal before the start of R2D transmission, since the readers need to handle interference with NR. Take the characteristic of in-band readers into consideration, it is more reasonable the start-indicator in R2D preamble includes the duration of high level before falling edge as shown in Figure 1 (b). Based on the discussion above, we have following observations and proposal:
Observation 1：Before the start indicator, a continuous signal of the level opposite to the long duration level of the start indicator is necessary for the detection of the start indicator, i.e.,
· If the start-indicator in R2D is identified by a long duration of low level, a continuous high-level R2D signal before the start of R2D transmission is needed. For example, the reader transmits high-level when no need to transmit PRDCH or to receive PDRCH.
· If the start-indicator in R2D is identified by a long duration of high level, a continuous low-level R2D signal before the start of R2D transmission is needed. For example, the reader is mute when no need to transmit PRDCH or to receive PDRCH.
Observation 2: The readers of ambient IoT cannot always transmit high level signal before the start of R2D transmission in in-band deployment scenario, which may increase the potential interference to coexisting NR.
Proposal 2: The start-indicator in R2D preamble includes a long duration of high level.

Details of clock acquisition
It was agreed in last meeting that clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission. The simplest method of R2D chip synchronization for ambient IoT is indicating the chip duration of the PRDCH transmission by clock-acquisition part of R2D preamble. 
Proposal 3: The chip duration of subsequent PRDCH is indicated by the clock-acquisition part of R2D preamble.
If Manchester code is adopted for PRDCH, the clock-acquisition part in R2D preamble consists of at least two successive “1” bits or two successive “0” bits after line coding. If Manchester encoding is used for R2D transmissions, two successive “1” bits or two successive “0” bits in clock-acquisition part will comprise at least two transition edges for line coding, also, the interval between two adjacent transition edge equals to the duration of single R2D chip so that devices can obtain the chip length of R2D transmissions. As shown in Figure 1 (b), the clock-acquisition part in R2D preamble consists of two successive “1” bits, the duration between two transition edges is single chip duration of the R2D transmission. 
[bookmark: _Hlk166255003]Proposal 4: If Manchester code is adopted for PRDCH, the clock-acquisition part of R2D preamble could be at least two successive “1” bits or two successive “0” bits.
[bookmark: _Hlk166190289][bookmark: _Hlk166142963]For the FFS of other functionalities in the agreements about clock-acquisition part made in RAN1#116bis, whether the chip duration of subsequent PDRCH transmission can be derived from the clock-acquisition part in R2D preamble needs to be further discussed. 
If the chip length of PDRCH can be derived from R2D preamble, the data rate of each D2R transmission can be determined according to the R2D preamble, which is adaptive with variable data rate of PDRCH. However, how to align R2D preamble with OFDM-symbol needs to be solved if variable chip length is included in clock-acquisition part. In addition, the chip length of PDRCH also can be indicated in R2D control information. Based on above discussion, we have following proposal:
Proposal 5: Whether the chip duration of subsequent PDRCH is indicated by the clock-acquisition part of R2D preamble needs to be further discussed.

Layer-1 R2D control information
A physical control information in R2D link is supported at least for the scheduling information of R2D/D2R link.
As we discussed in [3], the biggest advantages of scheduling-based transmissions are:
· To increase the spectrum efficiency, e.g., the reader can schedule more than one device during a certain duration.
· To save the power of a device, e.g., the device doesn’t need to receive every transmission in D2R link because the device knows where its transmission is based on the scheduling information.
If scheduling-based data transmission is supported for D2R link or R2D link, the most important scheduling information is where the transmission is, such as the start of the transmission and the end of the transmission (or, the duration/transport block of the transmission), which should be included in control information in R2D link.
Also, the reason why control information should be transmitted in PHY layer rather than higher layer is discussed in [4] , that transmitting the above control information via PHY layer can require less memories and shorten the required storage time compared with transmitting them via higher layer. Referring to above discussion, we have following observations and proposal:
Observation 3: If scheduling-based R2D data transmission is supported, the scheduling information should be as control information.
Observation 4: Delivering the control information for scheduling PRDCH in PHY layer requires fewer dynamic memories and shorter processing time compared with what required when delivering the control information via higher layer.
Proposal 6: 
· Support PHY layer (L1) control information.
· The L1 control information at least includes the scheduling information of PRDCH/PDRCH.
For layer-1 control information carrying scheduling information of R2D/D2R transmissions, both device-specific and common scheduling information are studied in Rel-19 SI. 
RAN1 study focus on two use case of ambient IoT, rUC1 (indoor inventory) and rUC4 (indoor command) is captured in Rel-19 WG SI [2]. For the UC of inventory, at least the contention-based D2R transmission needs to be supported. The common scheduling information in R2D control information is necessary to be studied for the contention-based D2R transmission. For UC of command, device-specific scheduling information in control information can be studied for the command aimed at a specific device.
[bookmark: _Hlk166257760][bookmark: _Hlk166084232]Proposal 7: Study both device-specific and common scheduling information for PRDCH and PDRCH in Rel-19 SI.

Control information mapping to PRDCH
In RAN1#116 meeting, following agreements about control information have been reached.
	RAN1#116
Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PR2DCH) is studied,
· System information (if defined) is transmitted on the PR2DCH
· FFS Whether/how control information is transmitted on the PR2DCH
· Note: the naming of PR2DCH is used for the sake of the study



[bookmark: OLE_LINK2]Layer-1 control information is transmitted on PRDCH. Limited by the low precision of local clock, devices cannot perform synchronous monitoring since devices cannot maintain the synchronization with the search space for PDCCH monitor like normal UEs. So PDCCH-like control channel is not supported for ambient IoT since ambient IoT device cannot perform PDCCH monitor consider the ultra-low complexity and ultra-low power consumption of devices. For the perspective of standardization effort, no need to design different physical channel PRDCH for layer-1 control information and data, so dedicated physical control channel in R2D link is not studied for ambient IoT devices. Based on the discussion above, we have following proposal:
Proposal 8: L1 control information is transmitted on PRDCH in Rel-19 SI.
If layer-1 control information is transmitted on PRDCH, how control information is mapped on PRDCH needs to be studied. There are two methods of mapping layer-1 control information on PRDCH. 
· Alt. 1: L1 control information and R2D data are carried by separate PRDCHs. An example shown in Figure 2 (a), control information and R2D data are separately carried by PRDCH. In the scenario the control information does not schedule the subsequent R2D data, the control information needs to be transmitted separately with the R2D data. In this case, control information mapped with R2D data will confuse devices to receive the subsequent R2D data.
· Alt. 2: L1 control information is carried by PRDCH together with R2D data. An example shown in Figure 2 (b), control information is transmitted on PRDCH along with R2D data. By the method of mapping control information with R2D data, devices can directly receive R2D data scheduled by control information preceding the R2D data, which costs few dynamic memories of the AIoT device and save the power consumed by reading/writing memory of the AIoT device.

 
Figure 2. Methods of differentiation the control information with data transmitted on PRDCH
Based on the discussion above, about how to map control information on PRDCH if layer-1 control information is transmitted on PRDCH, we have following proposal:
Proposal 9: If L1 control information is transmitted on PRDCH, two options can be considered for control information transmission:
· L1 control information and R2D data are carried by separate PRDCHs.
· FFS: the relation between the PRDCH carrying L1 control information and the PRDCH carrying R2D data.
· One PRDCH carry both L1 control information and R2D data.

Content of control information
In last meeting, offline discussions about the content in control information fields is as follows.
	Updated Proposal 2.1.2-1
· For R2D control information, 
Transmission on PRDCH can be considered
· Note: How to map R2D control information in PRDCH including encoding of data and/or control information is studied under the PRDCH design details
· At least the following R2D control information fields (for PRDCH and/or PDRCH) are studied:
· Time domain resource allocation
· MCS
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Frequency domain resource allocation
· Reader ID
· For the study of each of the above R2D control information, at least following aspects are considered:
· Whether the control information is needed/predefined or not
· For control information that is not fixed, whether it is signaled as L1 control information and/or via higher-layer signaling (e.g. MAC CE, RRC)
· Whether the control information is unicast, groupcast, broadcast



In the control information fields, time and frequency domain resource allocation, MCS, TBS, cast type and repetition of R2D/D2R transmissions are discussed, in addition, whether device ID and/or device group ID for the determination of which reader transmit the R2D transmissions and which device receive the D2R transmissions is included in control information fields.
· TDRA (time domain resource allocation) for R2D and/or D2R transmissions is necessary for schedule. 
· As we discussed above, to support scheduling-based transmissions, the TDRA must be included, information for scheduling may include the start of the transmission, the end/duration/transport block size of the transmission.
· FDRA (frequency domain resource allocation) needs to be further discussed. For D2R transmissions, it is premature to discuss this issue before FDRA in control information before how to achieve frequency domain multiple access among devices is determined. 
· For device 1/2a, frequency shift in baseband can be achieved by square wave modulation like Miller-modulated subcarrier in RFID, then frequency domain shift can obtained by indicating parameters of line code.
· For device 2b, who has frequency shift capability, frequency domain resource allocation is necessary if frequency domain multiple access is supported.
· MCS needs to be further discussed. 
· For R2D transmissions, it was agreed in RAN1#116 meeting that Manchester encoding and PIE is studied for R2D line codes, OOK-1 and OOK-4 modulation is studied for OFDM-based waveform. If there are many combinations of line coding and modulation for R2D transmissions, the MCS including line encoding information and modulation related information needs to be included in control information. 
· For D2R transmissions, if multiple types of modulation are supported e.g., ASK, BFSK, BPSK, at least the modulation type for D2R transmission is necessary to be included in corresponding control information. 
· TBS is not necessary to be included in control information.
· For non-scheduling-based transmission, TBS can be derived from the preamble and postamble and data/chip rate of R2D transmissions. 
· For scheduling-based transmission, TBS can be derived from data/chip rate and the time duration of allocated time resource.
· Cast type of PRDCH is not necessary to be included in control information.
· Cast type of PRDCH can be implicitly determined according to the type of corresponding control information. PRDCH scheduled by device-specific control information is unicast, PRDCH scheduled by group-common control information is multi-cast, and PRDCH scheduled by cell-common control information is broadcast.
· Device ID/device group ID:
· Device ID is necessary to be included in control information for device-specific scheduling, so that the corresponding device can recognize the PRDCH according to device ID. How to define the device ID in control information needs to be further discussed.
· Device group ID needs to be further discussed. In the first, what is device group ID used for needs to be clarified. Is device group ID used to acquaint devices with the group it belongs to or to indicate the control information is of group-common type. For the first purpose, device group ID is included in device-specific control information. For the second purpose, device group ID is included in group-common control information.
Based on the discussion above, about the content in the control information fields, we have following proposal:
Proposal 10: For R2D control information,
· At least support:
· TDRA information for R2D/D2R transmissions,
· Device ID for device-specific scheduling;
· Do not support:
· TBS,
· Cast type;
· Further study:
· FDRA for D2R transmissions,
· MCS,
· Device group ID.

Intermedia UE for topology 2
In topology 2, as shown in Figure 3, UE as intermedia node is under network control which is captured in Rel-19 SI [2]. Intermedia UE as reader in topology 2 will perform R2D transmission or D2R reception which is completely different with UL transmissions or DL receptions via Uu interface with gNB. 
[image: ]
Figure 3. topology 2 for ambient IoT
For intermedia UE, the significant thing is to understand how perform R2D transmission and D2R reception. gNB informs intermedia UE about how to transmit R2D data and receive D2R data via Uu interface, for example, through higher layer signaling or physical layer signaling.
To perform R2D transmission, intermedia UE needs to know how to generate PRDCH and where to transmit R2D data. For the first issue, the procedure of generating PRDCH is shown in Figure 4. Information related to PRDCH generation, such as the CRC generation, line coding, modulation, etc., needs to be clear for intermedia UE. For example, the information related to PRDCH generation can be indicated/configured by gNB or determined by predefined rules for intermedia UE. For the second issue, information for time and frequency resource allocation of R2D transmission needs to be indicated/configured by gNB for intermedia UE.


Figure 4. procedure of PRDCH generation
To perform D2R reception, the same issues for intermedia UE should be solved. The first issue is how to receive D2R data, for intermedia UE, including demodulation, and/or channel decoding, and/or CRC check, etc. In the same way, the information related to D2R reception can be indicated/configured by gNB or determined by predefined rules for intermedia UE. The second issue is where to receive D2R data for intermedia UE. To solve this issue, information for time and frequency resource allocation of D2R reception needs to be indicated/configured by gNB for intermedia UE.
In conclusion, at least time-frequency resource allocation information of R2D transmission or D2R reception indicated/configured by gNB is studied for intermedia UE. According to above discussions, we have following proposal: 
[bookmark: _Hlk166257832]Proposal 11: The gNB configure the intermedia UE via Uu interface.
· At least the time-frequency resource allocation for R2D and D2R transmission are configured.

Conclusion
In this contribution, we consider the aspects of downlink (R2D link) and uplink (D2R link) channel/signal. We have following observations and proposals:
Proposal 1: To increase the probability of successful identification of the start of R2D transmission, the start-indicator in R2D preamble should be obviously different from line coding rule of PRDCH. Two candidates can be considered:
· The start-indicator includes long duration of high level.
· The start-indicator includes long duration of low level.
Observation 1：Before the start indicator, a continuous signal of the level opposite to the long duration level of the start indicator is necessary for the detection of the start indicator, i.e.,
· If the start-indicator in R2D is identified by a long duration of low level, a continuous high-level R2D signal before the start of R2D transmission is needed. For example, the reader transmits high-level when no need to transmit PRDCH or to receive PDRCH.
· If the start-indicator in R2D is identified by a long duration of high level, a continuous low-level R2D signal before the start of R2D transmission is needed. For example, the reader is mute when no need to transmit PRDCH or to receive PDRCH.
Observation 2: The readers of ambient IoT cannot always transmit high level signal before the start of R2D transmission in in-band deployment scenario, which may increase the potential interference to coexisting NR.
Proposal 2: The start-indicator in R2D preamble includes a long duration of high level.
Proposal 3: The chip duration of subsequent PRDCH is indicated by the clock-acquisition part of R2D preamble.
Proposal 4: If Manchester code is adopted for PRDCH, the clock-acquisition part of R2D preamble could be at least two successive “1” bits or two successive “0” bits.
Proposal 5: Whether the chip duration of subsequent PDRCH is indicated by the clock-acquisition part of R2D preamble needs to be further discussed.
Observation 3: If scheduling-based R2D data transmission is supported, the scheduling information should be as control information.
Observation 4: Delivering the control information for scheduling PRDCH in PHY layer requires fewer dynamic memories and shorter processing time compared with what required when delivering the control information via higher layer.
Proposal 6: 
· Support PHY layer (L1) control information.
· The L1 control information at least includes the scheduling information of PRDCH/PDRCH.
Proposal 7: Study both device-specific and common scheduling information for PRDCH and PDRCH in Rel-19 SI.
Proposal 8: L1 control information is transmitted on PRDCH in Rel-19 SI.
Proposal 9: If L1 control information is transmitted on PRDCH, two options can be considered for control information transmission:
· L1 control information and R2D data are carried by separate PRDCHs.
· FFS: the relation between the PRDCH carrying L1 control information and the PRDCH carrying R2D data.
· One PRDCH carry both L1 control information and R2D data.
Proposal 10: For R2D control information,
· At least support:
· TDRA information for R2D/D2R transmissions,
· Device ID for device-specific scheduling;
· Do not support:
· TBS,
· Cast type;
· Further study:
· FDRA for D2R transmissions,
· MCS,
· Device group ID.
Proposal 11: The gNB configure the intermedia UE via Uu interface.
· At least the time-frequency resource allocation for R2D and D2R transmission are configured.
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