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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-bis meeting [3], the following agreements were achieved for downlink and uplink channel / signal aspects for Ambient IoT as follows:
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices
· FFS: how to make the preamble compact

Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble

Agreement
For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed
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PRDCH generation
Agreement
For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed  
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PDRCH generation

Agreement
Reference signals including at least DMRS, PTRS, CSI-RS/TRS, are not further studied for R2D.

Agreement
Reference signals including DMRS, PTRS, SRS, are not further studied for D2R
· Note: This doesn’t preclude the possibility to study preamble, midamble, postamble for different purposes, e.g. channel/interference estimation and/or proximity determination

Agreement
Proximity determination based on device side measurements is not considered. 




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
In last RAN1 #116-bis meeting, the agreement on preamble for R2D timing acquisition signal has been made [3].
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices
· FFS: how to make the preamble compact




As agreed in last RAN1 #116-bis meeting [3], the R2D timing acquisition signal (e.g. R2D preamble) is included at least two parts of Start-indicator and Clock-acquisition for timing acquisition and indicating the start of the R2D transmission in the time domain. Considering A-IoT devices with ultra-low complexity, it may not be able to support some complex operations such as cross-correlations that require multipliers. Hence, the timing based on sequence correlation can be very difficult to implement. Thus, using sequence for the preamble design may be not suitable for R2D transmission.
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. More details can be found in [5], as illustrated bellow.
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Fig 1. Illustration of R=>T preamble and frame-sync

In RFID system, a preamble is composed of three or four fixed-length components and mainly used for symbol-level time unit alignment. For example, delimiter is used to indicate the start of R2D transmission and initiate the round. The data-0 component is utilized to describe the duration of a normal symbol, and the R=>T calibration (RTCal) or T=>R calibration (TRCal) is used for further calibration. Since sequence-based preamble design is not appropriate due to hardware limitations in R2D transmission, a similar preamble design like RFID can be considered for A-IoT.
[bookmark: PP1]Proposal 1: Symbol-level time unit alignment related design in RFID can be utilized for preamble design in R2D transmission.

[bookmark: _Hlk166242811]Based on RFID design, the potential preamble design contains at least two parts, including a Start-indicator part and a Clock-acquisition part. The Start-indicator part is utilized for cleaning functions, which can be understood as an announcement that ‘please quiet, there will be something to transmission’. Since the need to silence the transmission duration, the Start-indicator part may be just an empty time duration without any inputs. The second part can be just called the Clock-acquisition part, which is utilized to describe the time duration of a normal symbol. Considering the timing offset and timing error may be large if only one symbol is used for alignment, the Clock-acquisition part may consist of several chips with the repetition of a single chip. It can be known by A-IoT devices to acquire the single symbol duration by averaging the number of repetitions. Furthermore, additional calibration can be designed as ‘R2D Cal’, if necessary. As designed in RFID preamble structure, an RT calibration is utilized for further calibration if the timing offset is still large and cannot be corrected by the Clock-acquisition part. To guarantee the transmission performance, the similar design can also be utilized for further calibration in A-IoT system. The R2D Cal part may consist of several symbols, several durations or just the repetition of the Clock-acquisition part, which is optionally needed based on the timing error level. Hence, we have the following proposals on the detailed design for R2D preamble.


     
Fig 2. Two potential preamble structures for R2D transmission

Proposal 2: Two potential preamble designs for R2D transmission can be considered:
· Type 1: Preamble consists of Start-indicator part + Clock-acquisition part.
· Type 2: Preamble consists of Start-indicator part + Clock-acquisition part + R2D Cal part.
Proposal 3: The Start-indicator part may consist of an empty time duration for cleaning functions.
Proposal 4: The Clock-acquisition part may consist of several chips with the repetition of a single chip.
Proposal 5: The R2D Cal may consist of several symbols, several durations or just the repetition of the Clock-acquisition part, which is optionally needed based on the timing error level.

2.1.2   Data channel and control information
Regarding the control information, there are two directions proposed. 
[bookmark: _Hlk166090252]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. 
Proposal 6: For A-IoT R2D, no need to define a specific PDCCH-like channel to transmit control information.
Proposal 7: For A-IoT R2D, study how to transmit control information via PRDCH.

Regarding the detailed design on control information, we think Proposal 2.1.2-1B in RAN1 #116-bis meeting can be agreed as a starting point. Other information is not precluded if necessary. Hence, we have the following proposal.
Proposal 8: For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Time and frequency domain resource allocation
· MCS/code rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Reader ID

1.2     Uplink channel/signal
2.2 
2.2.1   Synchronization signal
In last RAN1 #116-bis meeting, the agreement on preamble for D2R timing acquisition signal has been made [3].
	Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble




Based on the above agreement, a preamble is also needed for D2R transmission. Different from R2D transmission, the Clock-acquisition part is not needed since the duration of a normal symbol has been known by gNB. In addition, D2R calibration is also not needed since symbol duration information can be tracked by gNB. Therefore, the preamble part shall be designed separately preceding each PDRCH transmission. 
Since the symbol duration information given by the devices is not trusted by gNB, the devices should provide sequence information so that gNB can obtain the corresponding sequence information and confirm the starting occasion through the cross-correlation operation. Two options can be considered for the preamble sequence generation method:
· Option 1: The sequence is generated by some predefined generation method, i.e., ZC, m, PN.
· Option 2: The sequence is fixed and can be selected based on some characteristics or principles.
For option 1, the legacy sequence generation method can be reused with less spec impact. However, considering some generation parameters (e.g., u, v value for low PAPR sequence) need to be configured by gNB, the pre-configuration procedure may be needed before UL transmission, e.g., using the first R2D transmission or the R2D transmission before this UL transmission to indicate such configuration parameters. Otherwise, the sequence shall be generated based on pre-defined parameters to avoid such a procedure. In addition, since the complexity of devices is ultra-low, whether the generation process like the ZC sequence can be supported based on the current device structure needs further discussion.
For option 2, the configuration parameters are not necessary to be considered, and several characteristics can be considered for the pre-defined sequence. In IEEE 802.11ba, the potential sequence design is listed based on anti-multipath fading, nearly constant envelope and power distribution, and the trade-off between anti-fading and low PAPR [6]. Since the coverage performance is a key point for A-IoT system, at least the anti-multipath fading design should be considered. In addition, considering the channel differentiation between the WIFI system and the mobile communication system, the corresponding simulation and evaluation may be needed. It is worth noting that a corresponding generation parameter indication is not necessary if a fixed sequence is supported.


Fig 2. Potential preamble design for D2R transmission
[bookmark: PP4]Proposal 9: It can reuse the legacy NR sequence or select some fixed sequence for the potential preamble sequence in D2R transmission.
· Pre-configuration signalling and device complexity should be considered if reusing the legacy NR sequence.
· Evaluation performance on the fixed sequence if any.

2.2.2   Data channel and control information
Similar with R2D control information, there are two directions proposed for D2R transmission. 
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 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 ACK/NACK, CSI and SR. However, there may be no need to transmit CSI and SR for A-IoT devices. Whether ACK/NACK feedback from device to reader is needed or not can be further study. Furthermore, if any uplink control information is identified, it can be transmitted via PDRCH together with UL data. Thus, we have the following proposals.
Proposal 10: For A-IoT D2R, no need to define a specific PUCCH-like channel to transmit control information.
Proposal 11: For A-IoT D2R, study how to transmit control information (if any) via PDRCH.
· CSI feedback and SR are not considered for D2R control information.
· FFS: ACK/NACK from device to reader.

Conclusions
In this contribution, we have the following proposals:
Proposal 1: Symbol-level time unit alignment related design in RFID can be utilized for preamble design in R2D transmission.
Proposal 2: Two potential preamble designs for R2D transmission can be considered:
· Type 1: Preamble consists of Start-indicator part + Clock-acquisition part.
· Type 2: Preamble consists of Start-indicator part + Clock-acquisition part + R2D Cal part.
Proposal 3: The Start-indicator part may consist of an empty time duration for cleaning functions.
Proposal 4: The Clock-acquisition part may consist of several chips with the repetition of a single chip.
Proposal 5: The R2D Cal may consist of several symbols, several durations or just the repetition of the Clock-acquisition part, which is optionally needed based on the timing error level.
Proposal 6: For A-IoT R2D, no need to define a specific PDCCH-like channel to transmit control information.
Proposal 7: For A-IoT R2D, study how to transmit control information via PRDCH.
Proposal 8: For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Time and frequency domain resource allocation
· MCS/code rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Reader ID
Proposal 9: It can reuse the legacy NR sequence or select some fixed sequence for the potential preamble sequence in D2R transmission.
· Pre-configuration signalling and device complexity should be considered if reusing the legacy NR sequence.
· Evaluation performance on the fixed sequence if any.
Proposal 10: For A-IoT D2R, no need to define a specific PUCCH-like channel to transmit control information.
Proposal 11: For A-IoT D2R, study how to transmit control information (if any) via PDRCH.
· CSI feedback and SR are not considered for D2R control information.
· FFS: ACK/NACK from device to reader.
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Figure 6.4: R=>T preamble and frame-sync




image4.emf
Start-

indicator

Clock-

acquisition

R2D transmission

Preamble


Microsoft_Visio_Drawing.vsdx
Start-indicator
Clock-acquisition
R2D transmission
Preamble



image5.emf
R2D Cal

Start-

indicator

Clock-

acquisition

R2D transmission

Preamble


Microsoft_Visio_Drawing1.vsdx
R2D Cal
Start-indicator
Clock-acquisition
R2D transmission
Preamble



image6.emf
D2R transmission

Preamble 

sequence


Microsoft_Visio_Drawing2.vsdx
D2R transmission
Preamble sequence



