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1. Background
This contribution addresses several aspects for ambient IoT device architectures for device 1 and 2a/2b.
2. Discussion
2.1. General device architecture 
The RF-ED architecture is being considered for devices 1 and 2a/2b due to its power efficiency. For device 2a, minimizing power consumption is crucial to extend usage time. While the possibility of using IF and ZIF ED is still under consideration, several drawbacks compared to RF-ED have been identified:
· ZIF and IF ED consume significantly more power than RF-ED, as evidenced by TR38.869
· Although ZIF and IF ED offer higher receiver sensitivity (activation threshold), this advantage may not translate into coverage improvements due to practical limitations such as bottleneck channels.
· The implementation of ZIF/IF ED is also constrained by the need for high oscillator accuracy, which presents its own set of challenges.
Given these considerations, it is recommended that for device 2a, IF and ZIF ED is not pursued considering more power-efficient solutions
Proposal 1:  IF and ZIF ED is not pursued for device 2a. Only RF ED is considered for device 2a in Rel-19 AIoT SI.
For device 2b, both RF-ED/IF-ED/ZIF is considered in the agreements and diagrams for each architecture are inserted. However, considering the following facts,
· Envelope detection has the lowest power consumption to coherent detection, 
· Harmonized physical layer design for different device architectures is pursued. Even though coherent detection can be implemented by Device 2b, it still relies on an envelope detection design.
Proposal 2:  PHY design based on envelope detection is considered for both RF/IF/ZIF device architecture for device 2b.
2.2. Reflection amplifier 
The following is agreed during RAN1#116bis,
Agreement
Further study reflection amplifier for Device 2a, considering following aspects:
· Types of reflection amplifier
· Uni-directional/one-way (for D2R)
· Bi-directional/two-way (for both R2D and D2R)
· FFS: switching loss (if applicable)
· One-way Amplification Gain
· E.g. [10, 15, 25] dB
· Considering stability, operating frequency, and power consumption characteristics
· Bandwidth

A gain of 10.2dB is reported by [7]. With higher noise figure (considering low power consumption requirements for RF-ED detector) and higher non-linearity effects for the low power devices, we expect the gain would not to be very high. Hence, 10 ~ 15 dB is more in practical considering existing literature. 
It is not necessary to limited the reflection amplifier to be Uni-directional/one-way. Amplifier for R2D might also be helpful for device 2a, considering for some cases that RF EH is not a bottleneck. Furthermore, switching loss may not be necessary since it is not restricted to use only one amplifier. 

Proposal 3:  Considering the amplifier for device 2a as follows,
· Bi-directional/two-way (for R2D and D2R), no switching loss, i.e., separate amplifier for R2D and D2R.
· 10~ 15 dB amplification Gain.
2.3. Frequency shift
Two types of frequency shift is considered, i.e., Small frequency shift and Large frequency shift. 
For Small frequency shift (SFS), it is operated in BB domain by a side carrier modulation. SFS should be considered for all AIoT devices. Not only for self-interference handling to avoid DC, but also FDM among devices. Considering the maximum SF is around 1-2Msps, it is considered that the SFS is around hundreds of kHz (less than 1MHz). Further studies are needed for the BW of each FDMed channel. 

For large frequency shift, additional hardware (such as oscillator) is needed. It is agreed that in RAN1#116bis,
Agreement
Further study the feasibility of large frequency shift (large FS, i.e. between DL/UL spectrum of an FDD band) for device 2a considering at least following aspects.
· Power consumption characteristics
· Frequency shift range and granularity
· Image suppression or SSB backscatter for large FS
· IF carrier frequency accuracy
· Harmonics suppression
Note: the necessity (including applicable potential scenarios) of large FS can still be discussed in other agendas of the SI.

The most benefit of Large frequency shift (LFS) is to avoid necessity of reader full duplex capability (together with better spectrum utilization). 
· Frequency shift range: Considering 900MHz FDD DL and UL gap, up to 50MHz is needed from flexibility usage perspective. 
· Power consumption characteristics: compared to 900MHz oscillator to generate active D2R signals, it is expected such 50MHz oscillator is still beneficial for device power consumption perspective. 
· Image suppression: additional image suppression need to be handled either by additional filter (cost and complexity) or a better solution is expected in digital domain processing.
· IF carrier frequency accuracy: it is expected that IF frequency accuracy would be better than 900MHz oscillator. 

Proposal 4:  for Small frequency shift (SFS) and Large frequency shift (LFS), the following is proposed,
· SFS around hundreds of kHz (less than 1MHz) is considered for all devices. 
· LFS is beneficial for Power consumption and IF carrier frequency accuracy compared to active D2R signal generation. However, additional image suppression need to be handled.
· FFS for LFS around up to 50MHz

2.4. Sequence detector and power detector 
For R2D, implementing complex signal processing in the digital domain for preamble correlation may be impractical due to the stringent power consumption limit of approximately 1 µW peak power, especially for device 1 with its constrained register resources. Designing a sequence detector capable of such correlation operations becomes challenging under these constraints.
As a more feasible alternative, power detectors and/or edge detectors that identify rising or falling edges are commonly adopted for devices with such stringent power limitations. These simpler detection mechanisms are better suited to the available resources and can effectively perform the necessary signal detection tasks without exceeding the power budget.
Proposal 5: for R2D, Sequence detector is not considered. Only power detector and/or raising/fall edge detector are considered for all devices for R2D.
2.5. Clock assumptions
For device 1, 
· The Sampling Clock is provided by a on-chip oscillator with typically around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO. [5]
· There is no Local Oscillator (LO), no Phase-Locked Loop (PLL) and Frequency-Locked Loop (FLL).
· No clock is not running when power off .

For device 2a/2b, a better SFO is expected to improve the performance. Hence, it can be considered in the evaluation. From harmonized design perspective, an uniform assumption is pursued. 
For CFO which are used for device 2b, it could be quite similar to the legacy UE architectures but without some power consuming components, such as FFT processing, PLL, FLL. Ring oscillator with lower power consumption can be considered but with bad CFO. Such assumptions which has been discussed in LP-WUS/WUR can be considered, such as Table 6.2-3 (Freuqnecy error/drifting) in TR38.869. 200ppm can be considered as start point which is similar to the assumption using ring oscillator.
Proposal 6: For design of the A-IoT R2D and D2R link, sampling Clock with around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO is considered.
2.6. Receiver sensitivity 
For device 1,
· RF energy harvesting: 
· With typically around -20dBm threshold for RF energy harvesting, an on-chip capacitor with limited energy storage is applicable for such case. [3][4]
· However, with 10s RF energy harvesting time, 1uF off-chip capacitor, 5% harvesting efficiency, the estimated threshold for RF energy harvesting can be up to -30dBm so that the capacitor can be filled up during 10 seconds. 
· RF ED: 
· Typically, an RF ED circuit consists of a rectifier circuit followed by a low-pass filter. Since the rectifier circuit is composed of diodes, a certain voltage condition must be met for the diodes to conduct without signal amplification. [6] shows an example of ED threshold -36dBm . 
For device 2, 
Amplifier is used (analog domain) with 10-15 dB gain. Such that the detection threshold can be extended to around -45dBm, with 10dB amplifier compared to device 1.
Proposal 7: The following receiver sensitivity are considered,
· -30dBm for device 1 (RF-EH)
· -36dBm for device 1 (R2D RF-ED)
· -45dBm for device 2 (R2D RF-ED)

3. Summary of the assumptions
Table 3. Summary of the assumptions for ambient IoT devices.
	
	Device 1
	Device  2a
	Device 2b

	Receiver Sensitivity
	-36dBm
	-45dBm
	Depending on device architecture

	DL amplifier
	No
	Yes, ~10dB
	Yes, ~10dB

	UL amplifier
	No
	Yes, 10-15dB
	N/A

	SFO and sampling freq
	Harmonized design assuming 104 ~ 105 ppm, and 1.92Msps

	Energy Storage
	~1uF
	~10uF
	

	Power 
	~1uW
	~100uW
	Several hundreds uW

	Energy Harvester
	-30dBm to fully charge capacitor in 10s by RF-EH
	FFS
	FFS


Proposal 8: Table 3 in R1-2402566 is used for further study.
4. Conclusions
Proposal 1:  IF and ZIF ED is not pursued for device 2a. Only RF ED is considered for device 2a in Rel-16 AIoT SI.
Proposal 2:  PHY design based on envelope detection is considered for both RF/IF/ZIF device architecture for device 2b.
Proposal 3:  Considering the amplifier for device 2a as follows,
· Bi-directional/two-way (for R2D and D2R), no switching loss, i.e., separate amplifier for R2D and D2R.
· 10~ 15 dB amplification Gain.
Proposal 4:  for Small frequency shift (SFS) and Large frequency shift (LFS), the following is proposed,
· SFS around hundreds of kHz (less than 1MHz) is considered for all devices. 
· LFS is beneficial for Power consumption and IF carrier frequency accuracy compared to active D2R signal generation. However, additional image suppression need to be handled.
· FFS for LFS around up to 50MHz
Proposal 5: for R2D, Sequence detector is not considered. Only power detector and/or raising/fall edge detector are considered for all devices for R2D.
Proposal 6: For design of the A-IoT R2D and D2R link, sampling Clock with around 1-2 Msps and maximum 10^4 ~ 10^5 ppm SFO is considered.
Proposal 7: The following receiver sensitivity are considered,
· -30dBm for device 1 (RF-EH)
· -36dBm for device 1 (R2D RF-ED)
· -45dBm for device 2 (R2D RF-ED)
Proposal 8: Table 3 in R1-2402566 is used for further study.
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