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RAN approved a WG-level SI on solutions for Ambient IoT in NR [1]. Ambient IoT (AIoT) is a new 3GPP IoT technology which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications [1]. The overall objective is to study a harmonized air interface design with minimized differences to enable two types of devices, with peak power consumption of about 1 mW and below a few hundred mW, respectively. Other assumptions on deployment scenarios, spectrum and traffic types are listed in [1].
One objective of the SI is to study necessary and feasible solutions for Ambient IoT, including decisions on which functions and procedures are needed. In the RAN1#116bis meeting, R2D and D2R channel designs were discussed, and the agreements are captured in the Appendix.
This contribution discusses the following:
· Information payload. 
· Downlink and uplink channel design.
· Proximity determination. 
Downlink and uplink channels design
Information payload for R2D and D2R transmissions:
Ambient IoT traffic can be Device-terminated (DT) or Device-originated (DO) [2]. DO traffic includes DO autonomous (DO-A) or DO device-terminated triggered (DO-DTT). The traffic types approved in the SID are DO-DTT and DT with focus on rUC1 (indoor inventory) and rUC4 (indoor command). RAN can later assess whether to study additional traffic type for the study. The focus use cases for the SID are mapped to SA1 use cases as shown in the appendix. The different message sizes for rUC1 and rUC4 are listed in Table 2 and Table 3 respectively and can be found in [4]:
Table 1: Message sizes for rUC1
	rUC1 (indoor inventory)

	SA1 UCs/traffic scenarios
	Message size

	Automated warehousing
	96/128 bits

	Medical instruments inventory management and positioning
	176 bits

	Automobile manufacturing
	96 bits

	Airport terminal
	256 bits (UL)

	Smart laundry
	<100 bytes

	Automated supply chain distribution
	<100 bytes

	Fresh food supply chain
	<100 bits

	Flower auction
	96 bits

	Electronic shelf label
	100 bytes



Table 2: Message sizes for rUC4
	rUC4 (indoor command)

	SA1 UCs/traffic scenarios
	Message size

	Online modification of medical instruments status
	176 bits

	Elderly health care
	<100 bits

	Electronic shelf label
	100 bytes



As it is shown in Table 1 and 2, some use cases support a fixed message size (e.g., Automobile manufacturing) whereas other use cases support a range of message sizes (e.g., Automated supply chain distribution). Therefore, RAN1 should support multiple information payload sizes to be transmitted in the physical layer. There are two options on how to enable transmission of different information payload in the physical layer:
· Option 1: One fixed payload size for physical layer transmission. To achieve different information payload size, packet segmentation/padding in case larger/smaller size than the fixed payload size.
· Option 2: Variable payload size for physical layer transmission. This option requires an indication of the amount of time resources that will be used for downlink/uplink physical layer transmission. 

With the variety of message sizes, supporting a single payload size for all the transmission can create a frequent segmentation/padding and thus higher overhead. Option 2 can solve this issue, but it can add decoding complexity to the Ambient IoT devices as the device will have to monitor transmission with different payload sizes. To reduce the decoding complexity of the device, only a limited set of information payload sizes should be supported.
Proposal 1: Support variable payload size for R2D and D2R transmission.
The message sizes for rUC1 and rUC4 includes fixed sizes as well as a range of possible sizes. For the fixed size, the reader knows the required payload size and can schedule the device with D2R resource for the required payload. For the case where there is a range of possible payload sizes, the device should indicate to the reader the required payload size for D2R transmission. After receiving R2D command, the device can indicate to the reader the information payload size.
Proposal 2: The device can indicate the required D2R information payload after receiving R2D command.
The maximum payload size (or transport block size) should also be discussed as it is relevant to higher layer design, i.e. whether a segmentation functionality needs to be supported. Noting that TR 38.848 [5] identifies a design target of 1000 bits for the maximum message size for both R2D and D2R transmissions, there does not seem to be strong motivation to define a maximum transport block size much higher than this value and it can be considered as an upper bound from specification perspective.
Proposal 3: Ambient IoT specification to support a maximum transport block size of approximately 1000 bits. 
However, the maximum transport block size applicable to a device could still potentially be lower than this upper bound considering the following aspects:
· Timing drift (SFO) for D2R: This could result in reader losing synchronization with the device beyond a certain transmission duration. This problem could be addressed by periodic insertion of preamble in the D2R transmission. However, in case FDM is supported, the timing drift can lead to unsynchronized D2R transmissions from different FDM’ed devices even if they are initially aligned. As shown in our companion contribution [6], the performance of FDM multiplexing of D2R transmissions is sensitive to the timing difference between D2R transmissions. Such impact may lead to limit the maximum D2R transmission duration to keep the orthogonality between the FDMed transmission.
· Available energy: If the device relies on stored energy for reception and transmission, the amount of stored energy limits the duration (and thus TB size) of a transmission or reception.

For example, the following Table shows the minimum amount of energy in mJ that would be required for transmitting 1000 bits for different data rates and power consumption levels:
	
	Power consumption (mW)
[Device 1]
	Power consumption (mW)
[Device 2]

	
	0.5
	1.0
	1.5
	50
	100
	150

	Data rate (kbps)
	Minimum amount of energy for transmitting 1000 bits (mJ)

	5
	0.10
	0.20
	0.3
	10
	20
	30

	10
	0.05
	0.10
	0.15
	5.0
	10
	15

	20
	0.03
	0.05
	0.08
	2.5
	5.0
	7.5

	40
	0.01
	0.025
	0.04
	1.25
	2.5
	3.75


Table 1. Minimum amount of energy for transmitting 1000 bits
Table 1 shows that some combinations of data rate and assumed power consumption could be challenging to meet with realistic capacitor size (e.g. 10 mF for device 2 results in 2.5mJ of available stored energy). The assumed power consumption values used in the table are intended to represent typical values for D2R transmission. There would be additional energy required for receiving R2D transmission and it also does not account for multiple R2D-D2R exchanges that would be required for a contention-based procedure.
Observation 1: The maximum transport block size for a device can be limited at least by its available stored energy.
If the transport block size is limited by available stored energy, the protocol needs to take that fact into account otherwise there would be outage and/or wasted resources due to repeated failed transmissions.
Proposal 4: The maximum transport block size for D2R transmission is device-specific and depends on at least the available energy of the device.
Reader-to-Device channel
R2D channel coding was discussed during the RAN1#116 meeting and the following were agreed under AI 9.4.2.1:

	Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.

Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline

Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target




It was agreed that the study assumes the use of CRC for R2D transmission and to further study if any cases can be transmitted without CRC. With variable payload size, the CRC size could change depending on the payload size of the R2D transmission. Large CRC size can be associated with large payload to provide better error detection. 
For small transmission payload, adding CRC will result in high overhead for the transmission. In addition, the error probability for short payload is lower compared to long payload and may not require CRC. The CRC bits can be instead used to repeat the coded bits.

Observation 2: Including CRC for small payload size will result in high overhead without clear benefit. 
In the RAN1#116 meeting, R2D channels was discussed, and it was agreed to introduce a physical R2D channel for at least data transmission:

	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




As discussed in our companion contribution [7], different types of PDRCH transmission can be used in AIoT. For example, a first type of PRDCH can trigger contention-based transmission and indicate contention resolution messages, a second type of PRDCH can be used for synchronization and alignment of the activity cycle and a third type to transmit unicast/broadcast data. In addition, system information can be carried on PRDCH. For simplicity, all types of R2D transmission can be transmitted using one physical channel. An explicit indication at the beginning of the physical channel can be used to indicate the transmission type.
Proposal 5: Support a single R2D physical channel for all types of transmission. 
In the last RAN1 meeting, it was left for further study whether to include control information on the PRDCH. There are two options to carry R2D control information: a first option is to have separate channels for control and data transmission, similar to NR systems, where a R2D control channel carries information related to data channel. This option requires the reader to send a first preamble prior to control channel and a second preamble prior to data channel. The AIoT devices will then wake up twice regardless of whether the transmission is intended to the device or not and consequently more power consumption at the device side. A second option is to have a single R2D channel that consist of control and data. With this option, only a single preamble is transmitted resulting in less power consumption from the AIoT device. The R2D control information can be transmitted at the start of the PRDCH transmission followed by data transmission. The R2D control information can indicate the PRDCH transmission type.

Proposal 6: Support transmission of R2D control information on PRDCH.  
Proposal 7: R2D control information is transmitted at the beginning of PRDCH.  
To maximize the resource utilization, multiplexing multiple channels is desired. In time domain, it should be possible to multiplex R2D transmissions by scheduling devices in different time instance. For frequency domain multiplexing, it requires having a filter at the receiver side to separate the multiplexed signal. The filtering operations will require additional power consumption. It is therefore challenging to support filtering different frequency at the AIoT device while minimizing the power consumption. 
Proposal 8: Physical R2D channel supports multiplexing of transmissions only in time domain. 
Device-to-Reader channel
A new physical D2R channel was agreed to be studied in the RAN1#116 meeting:

	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



For simplicity, similar to R2D, a single D2R channel to be supported to carry both data/control transmission as well as contention-based related transmissions. 
Proposal 9: Support a single D2R physical channel for all types of transmission. 
D2R control information can for example include responses to contention-based procedure during initial access to indicate the device ID or Temporary ID. Another example could be to acknowledgement the reader’s transmission during the query procedure or synchronization and alignment signals. The D2R control information can be transmitted on the PDRCH channel. 
Proposal 10: Support transmission of D2R control information on PDRCH.  
Both time domain and frequency domain multiplexing can be supported for D2R transmissions.  To achieve frequency domain multiplexing for D2R transmissions, XNOR operation between the encoded bits and a periodic on-off sequence can be used. This operation can also shift the frequency of the transmission. By applying different sequence, the frequency of the transmitted signal can have different frequency shift. The reader can separate the multiplexed D2R transmissions using a filter. More detailed analysis can be found in our companion contribution [6].
Proposal 11: Physical D2R channel supports multiplexing of transmissions in time and frequency domains. 
To achieve the coverage requirement of Ambient IoT, repetition can be considered for D2R transmissions. There are two ways to perform repetitions: a first alternative is to have chip repetition and transmit each encoded bit using longer duration. Such alternative can be considered when designing the coding for PDRCH. Another alternative is to have TB repetitions. The repeated TB can be transmitted using multiple PDRCH transmission. The reader can indicate the number of repetitions for scheduled D2R transmission.
Proposal 12: The reader can configure a device with PDRCH repetitions.
With poor synchronization capability of AIoT devices, the timing of the device can drift when transmitting D2R repetitions. To help the reader determining the timing drift of the device, a midamble can be transmitted in between PDRCH repetitions.  
Proposal 13: AIoT device transmits midamble between PDRCH repetitions. 
Proximity determination
In the RAN#103, a revised SID [1] was agreed to clarify the functionality of proximity determination:
	“Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).”


The agreed clarification defines the proximity determination outcome as whether a device is near the reader or not. This process involves determining the device ID and whether it is in proximity of the reader or not. To obtain the device ID, the reader should successfully decode PDRCH transmission.
Observation 3: Proximity determination procedure requires successful decoding of PDRCH transmission. 
One approach to trigger proximity determination procedure is to have the reader requesting devices to identify themselves by transmitting D2R transmission.
Proposal 14: The reader can request the device to transmit a PDRCH to initiate proximity detection procedures.
To determine the device proximity, two options can be considered. First option is to rely on the decoding of PDRCH transmission. If the reader can decode the PDRCH transmission, the reader can assume that the device is in proximity. Otherwise, the reader can assume that the device is not in the proximity. With this option the reader could adjust the transmission power to detect more (or less) devices. However, successful reception from a device does not deterministically translate into a certain average path loss or distance because the channel is time-varying and the outcome of the decoding depends on instantaneous channel conditions as well as interference. 
Another option could be to have the reader performs measurements on the received PDRCH transmission to determine if the identified device is within a configured distance or average path loss. For example, the reader can measure the RSRP of PDRCH transmission and if the RSRP is above a threshold, the device can be assumed to be in proximity to the reader. A possible benefit of this option is that the RSRP measurement can be averaged over a long duration and be more representative of the average channel conditions and distance. It may also be less sensitive to interference.
Proposal 15: The reader determines the device proximity using the measurement of the received PDRCH.
Conclusion
This contribution discusses the information payload, downlink and uplink channels design and proximity determination. The following observation and proposals are made: 

Observation 1: The maximum transport block size for a device can be limited at least by its available stored energy.
Observation 2: Including CRC for small payload size will result in high overhead without clear benefit. 
Observation 3: Proximity determination procedure requires successful decoding of PDRCH transmission. 

Proposal 1: Support variable payload size for R2D and D2R transmission.
Proposal 2: The device can indicate the required D2R information payload after receiving R2D command.
Proposal 3: Ambient IoT specification to support a maximum transport block size of approximately 1000 bits. 
Proposal 4: The maximum transport block size for D2R transmission is device-specific and depends on at least the available energy of the device.
Proposal 5: Support a single R2D physical channel for all types of transmission. 
Proposal 6: Support transmission of R2D control information on PRDCH.  
Proposal 7: R2D control information is transmitted at the beginning of PRDCH.  
Proposal 8: Physical R2D channel supports multiplexing of transmissions only in time domain. 
Proposal 9: Support a single D2R physical channel for all types of transmission. 
Proposal 10: Support transmission of D2R control information on PDRCH.  
Proposal 11: Physical D2R channel supports multiplexing of transmissions in time and frequency domains. 
Proposal 12: The reader can configure a device with PDRCH repetitions.
Proposal 13: AIoT device transmits midamble between PDRCH repetitions. 
Proposal 14: The reader can request the device to transmit a PDRCH to initiate proximity detection procedures.
Proposal 15: The reader determines the device proximity using the measurement of the received PDRCH.
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Traffic scenarios
Table 3: Mapping between SID use cases and SA1 use cases
	rUC
	Applicable SA1 UCs / traffic scenarios

	rUC1: Indoor inventory
	5.1 Automated warehousing
5.2 Medical instruments inventory management and positioning
5.4 Non-Public Network for logistics
5.5 Automobile manufacturing
5.7 Airport terminal / shipping port
5.15 Smart laundry
5.16 Automated supply chain distribution
5.18 Fresh food supply chain
5.27 End-to-end logistics
6.1 Flower auction
6.3 Electronic shelf label

	rUC4: Indoor command
	5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.29 Device Permanent Deactivation
6.3 Electronic shelf label



RAN1#116bis agreements on downlink and uplink channel aspects of AIoT (9.4.2.3)
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

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

[image: ] 
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  

 [image: ]

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. 

RAN1#116 agreements on general aspects of physical layer design for AIoT (9.4.2.1):
Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.
Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.

Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.

Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline

Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
At least the following bandwidths for R2D are defined for the purpose of the study:
· Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS

RAN1#116 agreements on downlink and uplink channel aspects of AIoT (9.4.2.3):
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
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