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1. Introduction
In this contribution, we discuss some aspects related to downlink and uplink transmission in Rel-19 Ambient IoT (A-IoT). 3GPP has discussed A-IoT for a while across different TSGs. SA1 developed a technical report TR 228.840 [1] to dig in a number of use cases, traffic scenarios, device constraints, potential service requirements and KPIs for A-IoT. In Rel-18, there was a SI worked by RAN, which eventually brings out representative use cases, deployment scenarios, connectivity topologies and also some left works for WGs to complete. RAN also achieved a technical report on A-IoT [2]. Following these works, RAN Plenary has agreed to study A-IoT in WG level as shown in Rel-19 A-IoT SID [3]. In previous RAN1 meeting(s), RAN1 has agreed some agreements related to A-IoT device and agreements related to downlink and uplink transmission, which are listed below [4]. In the following sections, we provide some thinking and observations from our side on downlink and uplink transmission aspects. 
	
RAN1 #116
Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.

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




2. Discussion
As listed in Rel-19 A-IoT SID, some targets assigned for RAN1 include the following aspects, where one of them aims at studying downlink channel/signal aspects and uplink channel/signal aspects. This would probably include information payload, time/frequency domain resource, feasibility and required functionalities for proximity determination. 
	· 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 Rel-19 A-IoT SID, two types of devices have been defined, i.e., Type 1 and Type 2. In previous RAN1 meeting(s), Type 2 device has been separated into Type 2a and Type 2b devices. Type 1 device does not have capability of amplifying DL reception or UL transmission. The UL transmission from the Type 1 device can only rely on backscattering carrier wave from an external node, due to lack of capability of generating UL signal by itself. On the other hand, Type 2a and Type 2b devices have the capability of amplifying DL reception or UL transmission. It is noted that Type 2a device still requires the carrier wave to backscatter UL signal for transmission. However, Type 2b device is capable of generating UL signal by itself. 
As shown above, in previous RAN1 meeting(s), a PRDCH has been agreed to be studied for R2D transmission. Currently, it was agreed that at least system information can be transmitted via the PRDCH, which means no dedicated PBCH for A-IoT devices. Meanwhile, it has been argued that whether to support a dedicated channel for L1 control information, which is similar to PDCCH in legacy NR. In our views, we suggest not supporting a dedicated physical channel for transmitting L1 control information. First, we think it is important to simply and unify A-IoT design. One physical channel for R2D transmission would be enough. Second, L1 control information for R2D transmission or D2R transmission would include much less information than that for legacy. It is doubtful whether it is worth supporting a dedicated physical channel for such L1 control information. 
Proposal 1: For A-IoT study, a dedicated channel for transmitting R2D L1 control information is not considered.  
In addition, we consider that for device-specific R2D data transmission, we can also use the PRDCH to transmit it. Meanwhile, if there is L1 control information needed to transmit to an A-IoT device, it can be included in a PRDCH as well. Specifically, a PRDCH can be used to transmit R2D data or to transmit both R2D data and R2D L1 control. 
Proposal 2: Support a PRDCH can be used to transmit R2D data or to transmit both R2D data and R2D L1 control (if R2D L1 control is identified as needed).  
Since a PRDCH channel can be used to transmit cell-specific data (e.g., system information) or device-specific data, an A-IoT device needs to know whether the data conveyed in a PRDCH is intended for itself. In other words, there should be a way to prevent A-IoT device receiving data not intended for itself. 
Proposal 3: Study how an A-IoT device understands whether the data conveyed in a PRDCH is cell-specific or device-specific.  
For D2R transmission, similarly, a PDRCH has been supported for A-IoT study. It was agreed to utilize this channel to transmit, to the reader, the response during contention-based access procedure. We also propose to unify design of D2R channel and propose to transmit D2R data and D2R L1 control (like UCI), if supported in the PDRCH. 
Proposal 4: Support a PDRCH can be used to transmit D2R data or to transmit both D2R data and D2R L1 control (if D2R L1 control is identified as needed).  
For R2D transmission or D2R transmission, we expect the TB size for A-IoT device is extremely low, similar to or lower than that for other low complexity device, e.g., NB-IoT. From this perspective, RAN1 would need to evaluate the maximum length of TB size supported by A-IoT device. In addition, the modulation scheme introduced for A-IoT device should be reliable, considering no retransmission procedure is supported for A-IoT device. 
Observation 1: Low TB size and reliable modulation scheme is needed for A-IoT device when designing data transmission/reception.  
Proposal 5: RAN1 to discuss maximum TB size and candidate modulation scheme to be supported by A-IoT device.  
From the type definition in the SID and previous RAN1 meeting(s), we can see that A-IoT device only has ultra-low power consumption and ultra-low device complexity. It makes it very difficult to perform periodic or semi-persistent reception or measurement, at least for Type 1 A-IoT device. On the other hand, for such low complexity device, it seems unnecessary to report CSI or difficult to maintain synchronization. Such purpose can be even supported by R2D preamble(s), if deemed needed. 
Observation 2: At least Type 1 A-IoT device may not be able to receive periodic or semi-persistent R2D reference signal as legacy UE. 
Proposal 6: At least for Type 1 A-IoT device, periodic or semi-persistent R2D reference signal for measurement is not considered for A-IoT study.  
Similar to R2D part, for D2R transmission, we can see that Type 1 and Type 2a devices rely on a carrier wave to perform a D2R transmission toward gNB. Therefore, it would be difficult for A-IoT device, at least Type 1 and Type 2a device, to support periodic or semi-persistent D2R transmission. It is due to that periodic or semi-persistent D2R transmission may overly consume transmission power of A-IoT device. 
Furthermore, even it is D2R transmission triggered/commanded by gNB, gNB needs to make sure that an A-IoT device receives a carrier wave immediately before the A-IoT device is going to send a message. Hence, how to provide a carrier wave for A-IoT sending messages in appropriate timing is needed to be discussed. 
Observation 3: At least Type 1 A-IoT device and Type 2a A-IoT device may not be able to transmit periodic or semi-persistent D2R reference signal as legacy UE. 
Proposal 7: At least for Type 1 A-IoT device and Type 2a A-IoT device, periodic or semi-persistent D2R reference signal for measurement is not considered for A-IoT study.  
Proposal 8: RAN1 to discuss how base station can make sure at least Type 1 and Type 2a A-IoT device receive a carrier wave before A-IoT device is going to perform a D2R transmission. 
3. Conclusion
According to the above discussion(s), we have the following observation(s) and/or proposal(s). 
Observation 1: Low TB size and reliable modulation scheme is needed for A-IoT device when designing data transmission/reception.  
Observation 2: At least Type 1 A-IoT device may not be able to receive periodic or semi-persistent R2D reference signal as legacy UE. 
Observation 3: At least Type 1 A-IoT device and Type 2a A-IoT device may not be able to transmit periodic or semi-persistent D2R reference signal as legacy UE. 
Proposal 1: For A-IoT study, a dedicated channel for transmitting R2D L1 control information is not considered.  
Proposal 2: Support a PRDCH can be used to transmit R2D data or to transmit both R2D data and R2D L1 control (if R2D L1 control is identified as needed).  
Proposal 3: Study how an A-IoT device understands whether the data conveyed in a PRDCH is cell-specific or device-specific.  
Proposal 4: Support a PDRCH can be used to transmit D2R data or to transmit both D2R data and D2R L1 control (if D2R L1 control is identified as needed).  
Proposal 5: RAN1 to discuss maximum TB size and candidate modulation scheme to be supported by A-IoT device.  
Proposal 6: At least for Type 1 A-IoT device, periodic or semi-persistent R2D reference signal for measurement is not considered for A-IoT study.  
Proposal 7: At least for Type 1 A-IoT device and Type 2a A-IoT device, periodic or semi-persistent D2R reference signal for measurement is not considered for A-IoT study.  
Proposal 8: RAN1 to discuss how base station can make sure at least Type 1 and Type 2a A-IoT device receive a carrier wave before A-IoT device is going to perform a D2R transmission. 
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