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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]. RAN1 #116 meeting was the first WG meeting of AIoT SI. In this meeting, the following agreements were reached under this agenda.

	RAN1#116
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 will focus on whether physical channel for control information is necessary or not.

Discussions
Regarding to whether physical channels dedicated to control information in R2D/D2R link is necessary or not, we have following observation:
[bookmark: _Ref162970448]Observation 1: Whether physical channels dedicated to control information in R2D/D2R link are necessary or not depends on:
1. What kind of control information is necessary.
2. Whether the control information should be transmitted in PHY layer or not.

PHY control channel in R2D link
According to Observation 1, we would like to discuss item1, i.e., what kind of control information is necessary for the transmission in R2D link which is highly relevant to the discussion in 9.4.2.2. More specifically, whether scheduling-based transmission is supported or not is a key factor to whether a PHY downlink (R2D link) control channel is needed or not.
If scheduling-based data transmission is not supported, the data transmission must be operated in an asynchronous way. As introduced in section 2.1 of our accompanied contribution [3], an asynchronous way means that a reader serves a device at a time. That is, during a certain duration, there is no ambiguity about which device is the termination of a R2D transmission and which device is the source of a D2R transmission. Both the termination of R2D transmissions and the source of D2R transmissions can only be the device being served by the reader during the duration. More specifically,
· In R2D link, during the duration for a certain device, a reader can transmit a command to the device at any time. The command is also an indication to require a reply from the device.
· In D2R link, after receiving the command from the reader and before a waiting timer expires at reader side, the device can transmit the reply at any time.
Because the basic principle of asynchronous transmission is that transmissions can start at any time, the reader does not need to indicate the start of both R2D transmissions and D2R transmissions. Usually, before the transmission in both links, preambles are transmitted to mark the start of transmissions. And,
· If a post-amble is supported for transmissions in both links, the reader does not need to indicate the duration of a transmission (how long the transmission is). The post-amble can mark the end of a transmission in both links.
· If a post-amble is not supported for transmissions in both links, the reader may need to indicate the device the duration (or the transport block size) of a transmission to increase the probability of successfully decoding the information carried by the transmission.
Regarding other potential control information for transmissions in both links, such as line code/modulation manner etc., our view is that they don’t need to inform per transmission and higher layer control information is enough for them.
Observation 2: If scheduling-based data transmission is not supported (transmissions between a reader and a device are operated in an asynchronous way),
· If a post-amble is supported, PHY layer control information is not needed.
· If a post-amble is not supported, the duration (or the transport block size) of a transmission in either R2D or D2R link may need to be indicated to devices via a PHY layer control channel.
If scheduling-based data transmission is supported in either 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). 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, the potential control information could be:
· The information is for R2D link scheduling or D2R link scheduling,
· The start of the transmission,
· The end/duration/transport block size of the transmission.
Regarding item 2 given in Observation 1 that whether the above control information should be transmitted in PHY layer or not, we think the answer should be “Yes”. The reason that the dynamic memory of AIoT devices is very limited. 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.
Observation 3: If scheduling-based data transmission is supported in either D2R link or R2D link, following control information are needed:
· The information is for R2D link scheduling or D2R link scheduling,
· The start of the transmission,
· The end/duration/transport block size of the transmission.
Observation 4: Transmitting the control information of scheduling a transmission in either D2R link or R2D link in PHY layer requires fewer dynamic memories and shorten the required storage time compared with transmitting them in higher layer.
Referring to the discussion in [3], we propose to support scheduling-based transmission for AIoT devices at least in D2R link to improve the spectrum efficiency compared with traditional RFID system. Hence, we have following proposal:
Proposal #1: A physical control channel in R2D link is supported to carry the scheduling information of at least R2D link.

PHY control channel in D2R link
Also, following Observation 1, we would like to check which control information is needed in D2R link.
In NR, PUCCH is usually utilized for HARQ-feedback, CSI feedback and SR. Based on the observations given in our previous contribution [4] and the description in the SID [2], no control information is necessary in D2R link:
· No CSI feedback is needed for AIoT devices.
· CSI feedback in NR is mainly for CL-Loop MIMO adjustment/scheduling/MCS selection. NR is a wideband system. NR UEs in a wideband system often experience a frequency-selective fading channel. Different NR UEs are multiplexed in deferent frequency resources; hence they may experience different fading over the whole frequency domain resource. In this case, CSI feedback can help the gNB to schedule every served UE with a properly selected frequency resource and consequently improve the overall spectrum efficiency of the system (water-filling).
· CSI feedback is not necessary for AIoT devices, because:
· MIMO is not necessary for AIoT devices,
· Device does not support more than one antenna and cannot identify antennas at the reader side.
· AIoT system could be based on single-carrier waveform rather than OFDM/SC-FDM waveform,
· The bandwidth of AIoT can be obviously narrower than that of 5G NR, and 
· The fading channel can vary very slowly because the moving speed of AIoT devices is expected to be low (e.g., 10 km/h, at least for indoor scenarios, in [1]).
· No HARQ feedback or ACK/NACK is necessary in PHY layer.
· As described in [2], no ARQ and no HARQ is the basic assumption for AIoT devices. Hence, no HARQ feedback is necessary in PHY layer.
· SR is not necessary in PHY layer.
· AIoT devices may not need to require D2R resources by themselves. The D2R resources allocated by the gNB could be enough since all traffics are assumed to be triggered by the gNB/ start from R2D transmission for now. 
· The traffic type of DO-A has not been captured in Rel-19 SI scopes yet. According to [2], whether DO-A would be in Rel-19 scopes or not will be further discussed in RAN#104.
· Even if DO-A is considered in Rel-19, the PHY layer request for UL resource is not necessary as well.
· In NR, SR is mainly for the transmission of BRS and the urgent uplink traffic. 
· In AIoT system, almost all services are very tolerant with transmission latency compared with traditional eMBB. AIoT devices can wait for available D2R resources to report the need for UL resources, or the gNB can regularly ask DO-A devices to report their need for UL resources.
Observation 5: For AIoT devices, no D2R control information is needed.
· No CSI feedback is needed for AIoT devices.
· No HARQ feedback is necessary.
· SR is not necessary.
Based on Observation 5, we propose,
Proposal #2: No physical control channel in D2R link is supported for AIoT.

Conclusion
In this contribution, we consider the aspects of downlink (R2D link) and uplink (D2R link) channel/signal. We have following observations and proposals:
Observation 1: Whether physical channels dedicated to control information in R2D/D2R link are necessary or not depends on:
1. What kind of control information is necessary.
2. Whether the control information should be transmitted in PHY layer or not.
Observation 2: If scheduling-based data transmission is not supported (transmissions between a reader and a device are operated in an asynchronous way),
· If a post-amble is supported, PHY layer control information is not needed.
· If a post-amble is not supported, the duration (or the transport block size) of a transmission in either R2D or D2R link may need to be indicated to devices via a PHY layer control channel.
Observation 3: If scheduling-based data transmission is supported in either D2R link or R2D link, following control information are needed:
· The information is for R2D link scheduling or D2R link scheduling,
· The start of the transmission,
· The end/duration/transport block size of the transmission.
Observation 4: Transmitting the control information of scheduling a transmission in either D2R link or R2D link in PHY layer requires fewer dynamic memories and shorten the required storage time compared with transmitting them in higher layer.
Proposal #1: A physical control channel in R2D link is supported to carry the scheduling information of at least R2D link.

Observation 5: For AIoT devices, no D2R control information is needed.
· No CSI feedback is needed for AIoT devices.
· No HARQ-feedback is necessary.
· SR is not necessary.
Proposal #2: No physical control channel in D2R link is supported for AIoT.
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