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Introduction
According to the SID [1] in RAN #103, the Ambient IoT will be studied in R19, and the followings are RAN1-led.
	· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.


In this contribution, we will provide our considerations on the downlink and uplink channel/signal aspects for Ambient IoT.   

Discussion

[bookmark: OLE_LINK25]R2D Channel/signal design
Preamble and postamble
In RFID, the link between reader and tag are divided into T=>R link and R=>T link, and the following basic frame structure in figure 1 is used for each transmission. The SOF part is mainly used to transmit preamble for the synchronization process. There is no absolute time synchronization. The command and data part varies depending on the specific commands from reader or tag.
[image: ]
Figure 1. RFID basic frame structure
In RAN1#116, time domain frame structure for A-IoT R2D and D2R transmission has been discussed, and the following agreement was achieved [2]. 
	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 A-IoT, the synchronization process is necessary for the alignment of transmission and reception between BS/intermediate node and device. Due to the limited receiver capability of the device, it’s also hard to achieve absolute time synchronization, which is analyzed in another contribution [3]. The synchronization method in RFID can be considered as the starting point. We have agreed 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.
Therefore, two parts should be included in the timing acquisition signal, i.e., the delimiter signal used for indicating the start of the R2D transmission in time domain and another part of the preamble is used for timing acquisition. In RFID, the reader should ensure that an unmodulated carrier has been generated before sending a data frame, with a duration of at least 300 μs which is named Quiet in Figure 1. Then, a level jump that from high level stage to low level stage will be indicated to mark the beginning of a data frame and wake up the tag to receive the data frame. The similar way shown in figure 2 can be considered. What’s more, sequence correlation cannot be supported by device1 with ~1 µW peak power consumption. To achieve a harmonized design, following by the delimiter signal, the preamble should be designed for simple RF envelope detector to achieve timing synchronization, which can be a square-wave like signal. For example, an OOK/ASK sequence with line code (e.g., Manchester coding) would be a promising option for discussion. The length of the high / low voltage can be proportional to the chip length used for the following PR2DCH transmission.


Figure 2. R2D preamble structure
Proposal 1: Two parts should be included in the R2D preamble:
· Part 1: delimiter signal with a design of a low voltage signal
· Part 2: synchronization preamble based on OOK/ASK sequence with line code (e.g., Manchester coding) 
In RFID, after the data frame transmission, an EOF will be sent immediately to mark the end of transmission. If the tag does not receive data within a time greater than EOF, the tag should change to the ready state and wait for another SOF.
In R2D transmission of A-IoT, a postamble is also necessary to inform the device the end of R2D transmission. And, postamble can be omitted in some cases, such as when the length of the data channel is known.
Proposal 2: Postamble is supported for R2D transmission.
Control and data channel
In RAN1#116, it has been agreed that a physical channel (PRDCH) is studied, and whether/how control information is transmitted on the PRDCH should be further discussed.
	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



Control channel
In RFID, there is no control channel and scheduling indication, and the protocol specifies dedicated signaling for different purposes. This mechanism does not have high flexibility which is not suitable for A-IoT. In A-IoT, some control information can be considered to improve the flexibility. For example, The time-frequency resources for R2D transmission, device's ID information for command procedure and other necessary scheduling information.
In NR, PDCCH is used to carry control information for scheduling data channel transmission/reception. But, PDCCH or PDCCH-like channel should not be considered in A-IoT. Because it’s not feasible for a low-complexity device to perform monitoring/reception of PDCCH. The control information can be conveyed in PRDCH.
Proposal 3: Control information is needed and it should be transmitted on the PRDCH.
Data channel
According to the analysis in section 2.1.1, a feasible and simple way to determine the transmission length or the end of PRDCH is postamble. Other ways can also be studied. One way is to indicate the PRDCH transmission length in the control information (such as using chip length as a unit), and another way is to consider the special design of the preamble (including delimiter) to implicitly determine whether there is a postamble. If there is no postamble, then the PRDCH transmission length is indicated in the control information. For the former, when the data packet is large, a significant amount of control information overhead is needed. For the latter, control information can be used to indicate when the data packet is small, and when the data packet is large, it can be determined through a postamble which can improve flexibility. However, the new design for preamble to convey some information should be further studied. One possible R2D transmission structure with postamble is shown in figure 3.


Figure 3. One possible R2D transmission structure

Proposal 4: How to determine PRDCH transmission length should be studied, and at least the following options can be considered.
· Option 1: using postamble to indicate the end of PRDCH transmission.
· Option 2: PRDCH transmission length is indicated in control information.

D2R Channel/signal design
Preamble and postamble
Preamble
For D2R synchronization signal design, based on the agreement, 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. As coherent detection can be achieved on reader, different from the R2D preamble, the design of the D2R preamble can be a binary sequence-based signal to let reader obtain more precise carrier frequency synchronization information.
Proposal 5: The D2R preamble design can take the binary sequence-based signal as a starting point for discussion.   
Postamble
Similar to the motivation of postamble for R2D, postamble for D2R can be used to indicate to the reader the end of an D2R transmission. 
Proposal 6: Postamble is supported for D2R transmission.
Control and data channel
In RAN1#116, it has been agreed that a physical channel (PDRCH) is studied, and whether/how control information is transmitted on the PRDCH should be further discussed.
	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



Control channel
PUCCH is used for carrying UCI including HARQ-ACK, CSI and SR. For A-IoT device, since HARQ is not supported, no HARQ-ACK is needed. CSI-RS is not required and the measurement at device side is not expected, so CSI feedback is not needed. Because the D2R transmission is is triggered by network, so it is not expected to have any SR. Therefore, the PUCCH-like control channel is not required in D2R. For the D2R control information, it can be further studied whether it is needed. The control information can be transmitted on the PDRCH. 

Proposal 7: The PUCCH-like control channel is not supported in D2R, and control information can be transmitted on the PDRCH.
Reference signal
For R2D, due to the limited capabilities of the device, it is very hard to support measurement at receiver side, especially for device type 1. Therefore, it is not suitable to introduce reference signal in the R2D. But for D2R, the receiver is a reader, and the reader is a base station or a regular UE with stronger capabilities than the device. The reader side can perform measurements. Therefore, it is possible to consider introducing a D2R reference signal for channel estimation at the reader side. And further study is needed on the design of reference signal and how to meet the sequence orthogonality of different device transmissions. It can be a new design of reference signal or an enhanced design of the preamble. One possible D2R transmission structure is shown in figure 4.


Figure 4. One possible D2R transmission structure
Proposal 8: D2R reference signal can be studied.

Proximity determination
In RFID, some special reader support RSSI measurement. The larger value of RSSI means the distance is shorter between tag and reader, thereby achieving tag filtering function. For example, in some short range recognition application scenarios, tags far away from reader may also response, affecting tags management. Therefore, tag filtering can be achieved through RSSI, and only tags with RSSI greater than the threshold can be recognized.
Proximity determination at reader side
In A-IoT, in CW inside topology case, reader can also use the similar method to determine whether the devices are “near” or “far”, but this should not have much spec impact on how to do measurement and new RS should not be introduced to support proximity determination. At least one measurement threshold need to be introduced. When the measurement result is greater than the threshold, it is determined as “near”, and when it is less than the threshold, it is determined as “far”. The value of threshold can be further studied.
However, in CW outside topology case, the RSSI measured by the reader cannot accurately reflect the distance between reader and A-IoT device, because the distance of emitter is different for different devices and the transmission loss of CW should be considered. Therefore, the feasibility of proximity determination should be further studied for CW outside topology case. 
Proposal 9: Proximity determination at reader side can be studied, and the measurement threshold to determine “near” or “far” need to be introduced.
Proposal 10: For CW outside topology case, the feasibility of proximity determination should be further studied.
Proximity determination at device side
Due to the limited capabilities of the device, it is very hard to support measurement at device side, especially for device type 1. Therefore, it is not suitable to do proximity determination at device side.
Proposal 11: Proximity determination at device side is not supported. 

Others
ACK/NACK response of device for the command procedure
In NR, ACK/NACK feedback is a great way to improve transmission reliability. In A-IoT, when the BS or intermediate node sends R2D transmission to the device in the command procedure, if the device does not respond ACK/NACK, the BS or intermediate node cannot determine whether the transmission is successful. Therefore, in the command procedure, ACK/NACK response of device is necessary.
Proposal 12: Support ACK/NACK response of device in the command procedure. 
Scheduling between BS and intermediate note
· DL
According to the SID, the intermediate node is a UE. Therefore, for topology 2, it is necessary for the BS to schedule the A-IoT transmission through DL to intermediate nodes. A new DCI format needs to be introduced for A-IoT transmission, which should include at least the following content:
· UL time-frequency domain resource indication: It’s used for intermediate node to provide feedback on UL, where the time domain resource indication can be the time offset L3 between D2R reception and UL transmission of the intermediate node, as in Figure5.
· R2D time-frequency domain resource indication: It’s used for intermediate node to communicate with A-IoT device(s) in R2D. The time domain resource indication can be the offset L1 between DCI and R2D transmission, as in Figure5.
· D2R time-frequency domain resource indication: It’s used for feedback of A-IoT device in D2R. The time domain resource indication can be the time offset L2 between R2D reception and D2R transmission, as in Figure5.
· Device’s ID indication: For command procedure transmission, the ID information of the device needs to be indicated.


Figure5. Time domain resource indication in DCI
Proposal 13: A new DCI format for A-IoT topology 2 can be studied. And at least the following contents should be included.
· UL time-frequency domain resource indication
· R2D time-frequency domain resource indication
· D2R time-frequency domain resource indication
· Device’s ID indication 

· UL
For the inventory procedure, the intermediate node needs to provide feedback about the inventory results to the BS. Therefore, it is necessary to introduce A-IoT device(s) status indicator to indicate the increase or decrease of devices after inventory procedure. For example, as shown in case 1 of figure 6, if the device(s) status is the same as that after the last inventory procedure, that is, there is no lost or additional device(s), intermediate node can generate ACK to BS; When the inventory status is different from the previous one (such as adding or reducing device(s)), intermediate node can generate NACK to BS. 
For the transmission with dedicated A-IoT device, ACK/NACK feedback (case 2) or A-UL information forwarding (case 3) from intermediate node to BS should be studied. 


Case1: Inventory procedure


Case2: Transmission for dedicated A-IoT device with ACK/NACK feedback in UL


Case3: Transmission for dedicated A-IoT device with forwarding in UL
Figure 6: UL transmission from intermediate node in topology 2

Proposal 14: Support UL response from intermediate node to BS to indicate inventory status or A-UL reception. 
Conclusions
Proposal 1: Two parts should be included in the R2D preamble:
· Part 1: delimiter signal with a design of a low voltage signal
· Part 2: synchronization preamble based on OOK/ASK sequence with line code (e.g., Manchester coding) 
Proposal 2: Postamble is supported for R2D transmission.
Proposal 3: Control information is needed and it should be transmitted on the PRDCH.
Proposal 4: How to determine PRDCH transmission length should be studied, and at least the following options can be considered.
· Option 1: using postamble to indicate the end of PRDCH transmission.
· Option 2: PRDCH transmission length is indicated in control information.
Proposal 5: The D2R preamble design can take the binary sequence-based signal as a starting point for discussion.
Proposal 6: Postamble is supported for D2R transmission.
Proposal 7: The PUCCH-like control channel is not supported in D2R, and control information can be transmitted on the PRDCH.
Proposal 8: D2R reference signal can be studied.
Proposal 9: Proximity determination at reader side can be studied, and the measurement threshold to determine “near” or “far” need to be introduced.
[bookmark: _GoBack]Proposal 10: For CW outside topology case, the feasibility of proximity determination should be further studied.
Proposal 11: Proximity determination at device side is not supported. 
Proposal 12: Support ACK/NACK response of device in the command procedure. 
Proposal 13: A new DCI format for A-IoT topology 2 can be studied. And at least the following contents should be included.
· UL time-frequency domain resource indication
· R2D time-frequency domain resource indication
· D2R time-frequency domain resource indication
· Device’s ID indication 
Proposal 14: Support UL response from intermediate node to BS to indicate inventory status or A-UL reception. 
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