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Introduction
According to the SID [1] in RAN #102, 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]Downlink/Uplink channel/signal design
According to the SID [1], both topology 1 and topology 2 are within the scope of the study phase and there is no difference in physical layer design. As in figure1, the Downlink/Uplink channel/signal discussed in this section refers to the link between the BS and A-IoT device in topology 1, as well as the link between the intermediate node and A-IoT device in topology 2. The downlink can be A-DL, and the uplink can be A-UL.


Topology 1                     Topology 2
Figure 1. Topology 1 and Topology 2 for A-IoT
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 2 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 2. RFID basic frame structure
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 [2]. The synchronization method in RFID can be considered as the starting point, that the synchronization preamble transmission is accompanied by each data transmission. And the synchronization preamble can be further studied.
Proposal 1: The synchronization preamble should be studied for A-IoT.
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 2. Then, before SOF, 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. 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 A-DL transmission of A-IoT, a delimiter is also necessary to inform the device the start of A-DL transmission. The transmission of A-UL can be based on scheduling or trigger from BS or intermediate node, so delimiters may not be required. EOF can be omitted in some cases, such as when the length of the data channel is known.
Proposal 2: DL delimiter is supported for A-DL transmission, and EOF can be further studied.
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 NR, PDCCH is used to carry control information for scheduling data channel transmission/reception. The similar approach can be used to improve the flexibility and reliability of A-IoT. Therefore, control channel and data channel should be introduced for both A-DL and A-UL. A possible transmission structure is shown in Figure 3, control channel can accompany data channel. Meanwhile, in some actual transmission cases, there may not be a data channel.
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Figure 3. A possible transmission structure of A-IoT
Proposal 2: The control channel and data channel should be supported for A-IoT.

Information payload 
Information payload between intermediate note and A-IoT device
· A-DL
Different control channel formats can be defined for different purposes, such as for access/inventory procedure and transmission with dedicated device.
For the access procedure, BS/intermediate nodes send commands by broadcast, and the control channel needs to indicate at least the time and frequency resources used by the device for A-UL feedback. The time domain resource can be the time offset between A-DL and A-UL, as T2 in Figure4.
For the transmission with dedicated device, when the BS/intermediate node obtains the device's ID information, it can perform point-to-point communication. Therefore, the control channel needs to indicate at least device's ID information and time and frequency resource information for A-UL feedback. Others contents of control channel should be further studied. 


Figure4. Time domain resource indication in control channel
Proposal 4: In the A-DL control channel, at least the following contents should be included. 
· The time-frequency resources for access/ inventory procedure.
· The device's ID information and time-frequency resource information for the transmission with dedicated device.
· A-UL
In NR, ACK/NACK feedback is a great way to improve transmission reliability. In A-IoT, when the BS or intermediate node sends A-DL transmission to the device, if the device does not respond, the BS and intermediate node cannot determine whether the transmission is successful. Therefore, for the transmission with dedicated device in A-DL, UL response is necessary.
Proposal 5: Support UL response for the transmission with dedicated device in A-DL.
Information payload 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 T3 between A-UL reception and UL transmission of the intermediate node, as in Figure5.
· A-DL time-frequency domain resource indication: It’s used for intermediate node to communicate with A-IoT device(s) in A-DL. The time domain resource indication can be the offset T1 between DCI and A-DL transmission, as in Figure5.
· A-UL time-frequency domain resource indication: It’s used for feedback of A-IoT device in A-UL. The time domain resource indication can be the time offset T2 between A-DL reception and A-UL transmission, as in Figure5.
· Device’s ID indication: For dedicated A-IoT device transmission, the ID information of the device needs to be indicated.


Figure5. Time domain resource indication in DCI
Proposal 6: 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
· A-DL time-frequency domain resource indication
· A-UL 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 7: Support UL response from intermediate node to BS to indicate inventory status or A-UL reception. 
[bookmark: OLE_LINK35]Time/Frequency domain resource
In RFID, the length of data “0” is indicated in preamble part which is the reference time interval Tari, the length of data “1” also can be obtained from preamble. Tag uses these information to decode data part. There is no time domain resource indication. 
Because the receiver architecture of device A-IoT is very simple, it cannot achieve accurate timing. A similar solution that in RFID can be considered, which is to introduce a flexible time interval TRU for each transmission, as shown in Figure 7(b). It can be a determined in the preamble for decoding control and data. On the other hand, as shown in Figure 7(a), TRU can also be one or more fixed lengths, including short or long intervals for different data rate requirements. The number of TRUs occupied by data transmission can be indicated in the control, or EOF can be used to indicate the end of the transmission. In frequency domain, the FRU can be a single tone or multi-tones to combat frequency selective fading.



(a) Fixed time interval                   (b) Flexible time interval
Figure 7: TRU and FRU in A-IoT
Proposal 8: TRU and FRU design in A-IoT should be studied.

Others
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.
In A-IoT, BS can also use the similar method to filter A-IoT devices, but this does not have spec impact. Moreover, if carrier wave (CW) is generated by a standalone emitter, the RSSI measured by the BS cannot accurately reflect the distance of A-IoT device, because the distance of emitter is different for different devices and the transmission loss of CW is not considered.
Proposal 9: Feasibility and spec impact for proximity determination should be studied.

Conclusions
Proposal 1: The synchronization preamble should be studied for A-IoT.
Proposal 2: DL delimiter is supported for A-DL transmission, and EOF can be further studied. 
Proposal 3: The control channel and data channel should be supported for A-IoT.
Proposal 4: In the A-DL control channel, at least the following contents should be included. 
· The time-frequency resources for access/ inventory procedure.
· The device's ID information and time-frequency resource information for the transmission with dedicated device.
Proposal 5: Support UL response for the transmission with dedicated device in A-DL.
Proposal 6: 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
· A-DL time-frequency domain resource indication
· A-UL time-frequency domain resource indication
· Device’s ID indication 
Proposal 7: Support UL response from intermediate node to BS to indicate inventory status or A-UL reception. 
Proposal 8: TRU and FRU design in A-IoT should be studied.
Proposal 9: Feasibility and spec impact for proximity determination should be studied.
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