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1. Introduction
In recent years, IoT has gained much attraction in the domain of wireless communications. It is expected that more things will be interconnected to increase productivity, efficiency, and the comfort of life and reduce the stress on the existing infrastructure. In most of the existing technologies, the devices are battery-powered, which have a limited life cycle or need to be charged manually. It is impossible to power all these devices or things through batteries, which leads to environmental issues and high maintenance costs. 
Existing technologies are not suitable for meeting the requirements of the target use case. Hence, in Rel-18, an SA and RAN Plenary level study was conducted to study the use case and the requirements of a new IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low-end IoT applications. In Rel-19, a study on a new device class called Ambient IoT (AIoT) is going on, which can meet the strict complexity and power consumption requirements of these use cases defined in TR 22.840.
In the RAN1 #116 meeting and RAN1#116_bis, general aspects of physical layer design for AIoT devices were discussed.
In this contribution, we discuss the remaining issues for general aspects of physical layer design, including waveform and modulation, coding, and multiple access.
2. Discussion
2.1 Design Principle for AIoT
As per the SID for Rel-19 Ambient IoT agenda, three device classes are to be studied. These device types are classified based on the device complexity and the power consumption. Following are the device class definitions.
	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.



For the Rel-19 Ambient IoT study, it is up to the working groups to decide the specific design requirements. To study the candidate physical layer signals, methods, and procedures, it is necessary to determine the KPIs for the AIoT device. 
Proposal 1: RAN1 should define the SFO drift values [10X ppm] for different Ambient IoT device types for further study on physical layer signals, methods, and procedures.  
2.2 Waveform and Modulation
2.2.1 Waveform and Modulation for R2D
From the reader's perspective, a reader can work in two modes. The first one is the standalone mode, where the reader only serves the AIoT device. In this case, it is up to the reader's implementation to use an OFDM-based signal for an R2D link. In the second mode of operation, the reader is either a base station or an intermediate UE, where the reader is simultaneously serving legacy NR UEs and an AIoT UE. In this case, if the reader uses the same transmission chain to transmit the legacy NR signals and AIoT signals, an OFDM-based wave is required for the transmission on the R2D link. Handling the cyclic prefix (CP) for the AIoT receiver will be difficult. It will be mandatory for the AIoT device to be capable of CP identification.  
CP in R2D transmission can cause a false rising or falling edge, and if not handled, it can corrupt the transmission. In the RAN1#116_bis meeting, the following agreement was reached to handle the CP-related issues. 
	Agreement
For R2D CP handling for OFDM based OOK waveform:
1. For potential down-selection, study among the following candidate methods
0. Method Type 1: Removal of CP at device without specified transmit-side 
0. FFS: How device determines the CP location
0. FFS: Impact on feasibility of device SFO
0. FFS: relation to M, if any
0. Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
1. FFS: Whether/how to arrange that OOK chips have equal length after CP insertion
1. FFS: relation to M, if any
1. FFS: Detail of relationship to line code codewords
1. FFS: Impact on feasibility of device SFO
0. [Other method types are not precluded]
1. Study of the methods should include e.g.:
1. CP impact on R2D timing acquisition, and decoding & performance of PRDCH
1. Reader and device implementation complexities
1. Interference between R2D and NR DL/UL if in the same NR band
1. Spectrum efficiency



Proposal 2: Consider the following methods to handle the CP in R2D transmission. 
Method for CP removal at the transmitter side. 
Option 1: It could be handled on the reader side, where BS or UE acting as a reader node could use different Tx chains for the R2D signal generation and NR signal generation, leaving the issue of CP handling up to the reader’s implementation. 
Option 2: In the case of M chip OOK 4-based waveform, the use of a guard bit at every OFDM symbol boundary can ensure no false rising /falling edge at the OFDM symbol boundary.
Option 3: Using OOK 1 waveform for OFDM-based transmission, i.e., when the single chip is transmitted per OFDM symbol. In this case, there would not be a transition within OFDM symbol duration.
Option 4: Some combination of option 2 and option 3. 
Method for CP removal at the receiver side. 
Option 1: The AIoT device could sample the R2D signal and discard the CP sample. Further study on how to convey the CP duration to the AIoT device.

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



Given the power consumption of the Ambient IoT in the SID, a type 1 device has a peak power consumption of ~1 µW, and a type 2 device has a peak power consumption of a few hundred µW, and the device complexity is lower than the NB-IoT device. The last meeting discussed simple-to-implement line codes, such as Manchester code and Pulse Interval Encoding, which were considered to meet the strict power consumption and complexity requirements of AIoT devices.
In the Pulse Intervals encode, the bit 0 and bit 1 are transmitted with different lengths of signal duration. This leads to random signal transmission time and may not be suitable for high-traffic scenarios. Further, unlike PIE, Manchester decoding is not dependent on thresholding; the decoder design for Manchester coding is simpler based on comparing the left and right sides of the envelope. 

Observation 1: PIE can ensure high reliability, though it is sensitive to synchronization errors.
Proposal 3: For the R2D link, the Manchester code should be prioritized for AIoT devices. 
2.3 Multiple Access
The frequency domain, time domain, and code domain multiplexing in ambient IoT should be studied to cater to the high device density. 
2.3.1 Multiple Access for R2D Link
According to the device architectures discussed in our companion contribution [2], considering the device complexity of device type 1, the passive device has no active RF components. It is designed to operate in a static frequency band. Device type 2 can have higher complexity and power consumption, enabling it to have active RF components that provide an additional degree of freedom. Further, type 2 devices could tune to various frequencies. In our understanding, both time division multiplexing TDM and frequency division multiplexing FDM should be considered to serve multiple AIoT devices in the network on the R2D link. 
Proposal 4: Both Time Division Multiplexing and Frequency Division Multiplexing should be studied for the method of Multiple Access on the R2D link.
Given the complexity and power constraints of the AIoT device, decoding CDM-ed information would not be possible for the AIoT on the R2D link. 
Observation 2: Code division multiplexing is unsuitable for the AIoT device on the R2D link. 
2.3.2 Multiple Access for D2R Link 
According to the device architectures discussed in our companion contribution [2], considering the device complexity of Device Type 1, the passive device has no active RF components. It is designed to operate in a static frequency band. Device type 2 can have higher complexity and power consumption, enabling it to have active RF components that provide an additional degree of freedom. Further, type 2 devices could tune to various frequencies. In our understanding, time division multiplexing TDM, frequency division multiplexing FDM, and code division multiplexing CDM should be considered for catering to multiple AIoT devices on the D2R link. 
In the previous meeting, the following agreements were reached regarding multiplexing on the D2R link.
	Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.
Agreement
Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.
Agreement
Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.



For the contention-based AIoT transmission on the D2R link, TDM could work fine in low-device density, but as the device density increases, the inventory query cycle time will increase significantly, ultimately increasing latency. Slotted-Aloha access was agreed to be studied for AIoT, but in this approach, the device may need to decode the response corresponding to every slot period, which may impact the device availability due to the limited energy storage. 
Proposal 5: At least slotted Aloha-based TMA should be considered for D2R transmission. Further studying the impact of the TDM approach on device availability. 

To cater to high device density deployment, FDM can be considered either a small frequency shift using baseband processing or a larger frequency shift using dedicated hardware could be introduced. Further details on multiplexing devices need to be studied like whether the users to be multiplexed around a single carrier like a group or device will be modulated on separate carriers (CWs) to achieve FDM. 
Proposal 6: Frequency Division Multiplexing should be considered for D2R transmission. Further studying the details of device multiplexing on the carrier.
Code division multiplexing could further increase the capacity of the system without increasing the device complexity significantly. An AIoT device could be programmed with a unique orthogonal code, which could be used to make transmitted data orthogonal. This approach could be especially beneficial in the case of contention-free D2R transmission.
Proposal 7: For contention-free D2R transmission, code domain multiplexing should be considered. 

3. Conclusion
This paper provides the following observations and proposals:
Proposal 1: RAN1 should define the SFO drift values [10X ppm] for different Ambient IoT device types for further study on physical layer signals, methods, and procedures.  
Proposal 2: Consider the following methods to handle the CP in R2D transmission. 
Method for CP removal at the transmitter side. 
Option 1: It could be handled on the reader side, where BS or UE acting as a reader node could use different Tx chains for the R2D signal generation and NR signal generation, leaving the issue of CP handling up to the reader’s implementation. 
Option 2: In the case of M chip OOK 4-based waveform, the use of a guard bit at every OFDM symbol boundary can ensure no false rising /falling edge at the OFDM symbol boundary.
Option 3: Using OOK 1 waveform for OFDM-based transmission, i.e., when the single chip is transmitted per OFDM symbol. In this case, there would not be a transition within OFDM symbol duration.
Option 4: Some combination of option 2 and option 3. 
Method for CP removal at the receiver side. 
Option 1: The AIoT device could sample the R2D signal and discard the CP sample. Further study on how to convey the CP duration to the AIoT device.
Observation 1: PIE can ensure high reliability, though it is sensitive to synchronization errors.
Proposal 3: For the R2D link, the Manchester code should be prioritized for AIoT devices. 
Proposal 4: Both Time Division Multiplexing and Frequency Division Multiplexing should be studied for the method of Multiple Access on the R2D link
Observation 2: Code division multiplexing is unsuitable for the AIoT device on the R2D link. 
Proposal 5: At least slotted Aloha-based TMA should be considered for D2R transmission. Further studying the impact of the TDM approach on device availability. 
Proposal 6: Frequency Division Multiplexing should be considered for D2R transmission. Further studying the details of device multiplexing on the carrier.
Proposal 7: For contention-free D2R transmission, code domain multiplexing should be considered. 
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