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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]The study item on solutions for Ambient IoT (Internet of Things) was approved in RAN#102 meeting [1] and revised in RAN#103 meeting [2]. In last RAN1 #116 meeting [3], the following agreements were achieved for downlink and uplink channel / signal aspects for Ambient IoT as follows:
	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 further discuss downlink and uplink channel / signal aspects for Ambient IoT.
Discussion on downlink and uplink channel / signal aspects for Ambient IoT
1.1     Downlink channel/signal
2.1 
2.1.1   Synchronization signal
Considering the ultra-low device capability and inventory/command use cases for A-IoT, it is identified to have some level of downlink synchronization rather than constant and periodic synchronization. From our perspective, the simple RFID-like way can be reused for downlink synchronization transmission of A-IoT devices.
For R=>T communication of RFID, an interrogator shall begin all signal transmission with either a preamble or frame-sync. A preamble would be signaled before Query command to indicate the start of an inventory round. The other data can be signaled after the frame-sync. The detailed values on delimiter, data-0, R->T calibration (RTcal) and T->R calibration (TRcal) can be found below in [4], as illustrated bellow.
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Fig 1. Illustration of R=>T preamble and frame-sync
For A-IoT R2D, preamble or fame-sync can be used to indicate the start of the transmission and achieve the clock timing alignment. The details of preamble or fame-sync sequence or design would be further study in AI 9.4.2.2. One controversial issue is whether to have postamble to indicate the end of data transmission. We think the necessity of postamble would be affected by deployment scenario, data size and command type. There may contain command like Select/QueryACK/NCK, and data like RN16/EPC/device ID as reused in RFID. Thus, we support RFID-like synchronization signal for A-IoT DL transmission as illustrated below. The postamble is used to tell the end of transmission for devices. Certainly, this mechanism is easy to implement with low performance, which may need to consider the additional optimized schemes to ensure the accuracy of timing synchronization.
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Fig 2. Illustration of DL transmission for A-IoT
Hence, we have the following proposals.
Proposal 1: Support RFID-like synchronization signal for A-IoT downlink transmission: Preamble/Sync + Data/Command + Postamble.
· FFS: Details on preamble/frame-sync and postamble, e.g., sequence or structure, if needed.
· FFS: whether to consider the additional optimized schemes to ensure the accuracy of timing synchronization.

2.1.2   Reference signal
Considering A-IoT devices with extremely restricted complexity and cost, it is unlikely to utilizing reference signal used in legacy NR downlink for measurement. The high overhead and large complexity would be unacceptable. Furthermore, with the constraints of initial sampling frequency offset (SFO) up to 10X ppm for both DL and/or UL amplification in the A-IoT device, the reference signal used in legacy NR system can’t be supported, including DMRS, CSI-RS, and PTRS. Hence, we have the following proposal.
Proposal 2: For A-IoT R2D, no need to support the reference signal utilizing legacy NR design, including DMRS, CSI-RS, and PTRS.

2.1.3   Data channel and control information
In last RAN1 #116 meeting, the following agreement on R2D data transmission was achieved [3]. A physical channel PRDCH is studied with FFS on whether/how control information is transmitted on PRDCH.
	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




Regarding the control information, there are two directions proposed during last RAN1#116 meeting. 
Direction 1: Define a specific PDCCH-like channel to transmit control information.
Direction 2: Both data payload and control information are transmitted via PRDCH.
In our perspective, there is no need to define an additional PDCCH-like channel with more complexity. It may be impossible to perform monitoring or detecting PDCCH-like channel for A-IoT devices with low complexity. The control information bits can be a kind of data, including physical control information and high-layer control information like MAC-CE used in NR PDSCH. Thus, we prefer Direction 2. The more details on control information can be further studied.
Proposal 3: For A-IoT R2D, study how to transmit control information via PRDCH.
· FFS: details on control information.

1.2     Uplink channel/signal
2.2 
2.2.1   Synchronization signal
From our perspective, the simple RFID-like way can be reused for uplink synchronization transmission of A-IoT devices. For T=>R communication of RFID, there is only the preamble mechanism to achieve timing synchronization. The UL transmission data is immediately signaled after the preamble. Two types of the preamble formats are supported by RFID devices, i.e., FM0 preamble and Miller preamble. According to the TRext value specified in Query command, e.g., TRext = 0 or TRext = 1, it can choose the FM0/Miller preamble or FM0/Miller extended preamble with pilot tone. The details can be found below in [4].
It can reuse the simple RFID-like way of “Preamble + Data + Postamble” for uplink transmission of A-IoT devices. The postamble is used to indicate the end of data transmission with necessary. Furthermore, for long data transmission, it may need to use midamble to divide UL transmission data into small segments. If it is a short UL transmission, the overhead of midamble may be unexpected. Thus, we should define different synchronization signal structures for short UL transmission and long UL transmission, respectively. The detailed consideration and design on preamble, midamble and postamble can be further studied. The following figures are illustrated on short and long UL transmission for A-IoT devices.
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Fig 3. Illustration of short UL transmission for A-IoT

[image: ]
Fig 4. Illustration of long UL transmission for A-IoT

Proposal 4: For short UL transmission of A-IoT devices, support “Preamble + Data + Postamble”. 
· FFS: Details on preamble and postamble, e.g., FM0 or Miller.
Proposal 5: For long UL transmission of A-IoT devices, support “Preamble + Data + Midamble + Data + Postamble”. 
· Reuse the details on preamble and postamble implied for short UL transmission of A-IoT devices.
· FFS: Details on midamble.

2.2.2   Reference signal
We have the similar view on reference signal for A-IoT R2D. Considering A-IoT devices with extremely restricted complexity and cost, there is no strong motivation to support reference signal used in legacy NR for A-IoT D2R. The high overhead and large complexity would be unacceptable. Furthermore, with the constraints of initial sampling frequency offset (SFO) up to 10X ppm for both DL and/or UL amplification in the A-IoT device, the reference signal used in legacy NR system can’t be supported, including DMRS, SRS, and PTRS. Hence, we have the following proposal.
Proposal 6: For A-IoT D2R, no need to support the reference signal utilizing legacy NR design, including DMRS, SRS, and PTRS.

2.2.3   Data channel and control information
In last RAN1 #116 meeting, the following agreement on D2R data transmission was achieved [3]. A physical channel PDRCH is studied with FFS on whether/how/what D2R control information is transmitted on PDRCH.
	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




Similar with R2D control information, there are two directions proposed during last RAN1#116 meeting. 
Direction 1: Define a specific PUCCH-like channel to transmit control information.
Direction 2: Both data payload and control information are transmitted via PDRCH.
Based on the discussion during last RAN1#116 meeting, the majority companies think that the need for PUCCH-link channel is not justified. In NR system, PUCCH is used to carry UCI including HARQ-ACK, CSI and SR. However, there may be no need to transmit UCI information for A-IoT devices. If any uplink control information is identified, it can be transmitted via PRDCH together with UL data. Thus, we prefer Direction 2. The more details on control information can be further studied.
Proposal 7: For A-IoT D2R, study how to transmit control information via PDRCH.
· FFS: details on control information

Conclusions
In this contribution, we have the following proposals:
Proposal 1: Support RFID-like synchronization signal for A-IoT downlink transmission: Preamble/Sync + Data/Command + Postamble.
· FFS: Details on preamble/frame-sync and postamble, e.g., sequence or structure, if needed.
· FFS: whether to consider the additional optimized schemes to ensure the accuracy of timing synchronization.
Proposal 2: For A-IoT R2D, no need to support the reference signal utilizing legacy NR design, including DMRS, CSI-RS, and PTRS.
Proposal 3: For A-IoT R2D, study how to transmit control information via PRDCH.
· FFS: details on control information.
Proposal 4: For short UL transmission of A-IoT devices, support “Preamble + Data + Postamble”. 
· FFS: Details on preamble and postamble, e.g., FM0 or Miller.
Proposal 5: For long UL transmission of A-IoT devices, support “Preamble + Data + Midamble + Data + Postamble”. 
· Reuse the details on preamble and postamble implied for short UL transmission of A-IoT devices.
· FFS: Details on midamble.
Proposal 6: For A-IoT D2R, no need to support the reference signal utilizing legacy NR design, including DMRS, SRS, and PTRS.
Proposal 7: For A-IoT D2R, study how to transmit control information via PDRCH.
· FFS: details on control information
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Figure 6.4: R=>T preamble and frame-sync
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