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1. Introduction
In RAN#102 meeting, a new SID “Study on solutions for Ambient IoT (Internet of Things) in NR” was approved and revised SID in RAN#103 meeting is [1]. The objectives are as follows.
	The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.



In this contribution, we discuss device architectures for A-IoT device. Note that at the RAN1#116 meeting, following definition of device type was agreed and followings are discussed based on the definition.
	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.



2. Discussion
2.1.	Frequency shifter for each device type
At the RAN1#116 and Ran1#116-bis meeting, applicability of frequency shift for A-IoT device architecture was discussed while no consensus has been achieved.
There was a discussion for two types of frequency shifter, i.e., small frequency shifter and large frequency shifter, and we discuss small frequency shifter first. The small frequency shifter is intended to be used for the frequency shift inside DL/UL spectrum which carrier wave is provided. With the small frequency shift, the CW interference would be alleviated. Especially for D2R for passive device, i.e., device 1/2a, backscatter loss would be concerned and the D2R coverage/performance would be degraded. To mitigate the impact on CW interference, small frequency shift can be one possible solution. In addition, it can provide the possibility of FDMA for D2R multiple access which is desired to ensure the multiplexing capacity. Therefore, in terms of necessity, small frequency shift should be considered to mitigate CW interference and ensure the multiplexing capacity by FDMA.
Observation 1: The small frequency shift (e.g., up to a few MHz) is beneficial to mitigate CW interference for D2R and ensure the multiplexing capacity with FDMA.
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Fig.1: Small frequency shift for CW interference mitigation and FDMA.

For the feasibility on small frequency shift for each device type, it depends on how the small frequency shift can be realized. Meanwhile it is not clearly captured in the agreed device architecture of device 1, it was pointed that existing RFID can support FM0 encoding which is equivalent to frequency shift in baseband operation, and even device 1 can support small (e.g., up to a few MHz) frequency shift. In addition, it was argued that the small frequency shift can be realized by square wave generation as well without applying line coding. In our view, with either way of small frequency shift, it can be realized by the BB processing and would not increase the device complexity. Therefore, we suggest to consider small frequency shift for both device 1 and 2a and further study how to realize small frequency shift.
Observation 2: The small frequency shift (e.g., up to a few MHz) can be realized by BB processing such as line coding or square wave modulation for both device 1 and 2a.
Proposal 1: For both device 1 and 2a, consider the small frequency shift (e.g., up to a few MHz).
· Study how to realize the small frequency shift.
· Study the impact on harmonics/image suppression

In addition to the small frequency shift, it is captured as FFS in the agreement at the RAN1#116 meeting whether device 2a with RF-ED receiver can support large (e.g., tens of MHz) frequency shifter in its architecture.
	Agreement
Study at least following blocks for device 2a architecture w/ RF-ED receiver.
· …
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics.
· FFS: Large Frequency shifter (e.g., tens of MHz) for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency).



Regarding the large frequency shift, it will provide the frequency shift of up to tens of MHz and A-IoT device can switch the reception in DL spectrum to transmission in UL spectrum. Therefore, the large frequency shift can potentially avoid the self-link interference and cross-link interference which is desired especially for the co-existing/co-site operation with NR for in band operation.
Observation 3: The large frequency shift (e.g., up to tens of MHz) is beneficial to mitigate the self/cross-link interference to/from A-IoT/NR. 
Unlike small frequency shift, the large power consumption would be required for large frequency shifter block and may not be feasible for device 1 while it can be supported for device 2a. However, with a large frequency shift by A-IoT device, it is concerned that it would cause interference due to harmonics or out band emission, and hence should be studied as well as feasibility from power consumption of device 2a.
Proposal 2: Study large frequency shifter for device 2a at least from power consumption, impact on harmonics/out band emission aspects.

To support large frequency shift, it should be discussed whether single side band transmission can be supported by A-IoT device. SSB transmission is beneficial from spectrum efficiency perspective, however, to perform SSB transmission from A-IoT device, it would increase the device complexity. In addition, impact on the noise power calculation should be considered which affects to the evaluation assumption.
Proposal 3: Study both DSB and SSB transmission for D2R considering the feasibility on SSB transmission for D2R, spectrum efficiency, impact on SNR.

2.2. Clock assumptions and timing error compensation
[bookmark: _Hlk166158076]For the study of timing error of A-IoT device, sampling frequency offset (SFO) and time drift model should be discussed. For the initial SFO, which corresponds to the timing error of initial reception without receiving corresponding timing acquisition/synchronization signal if any, should be discussed first. Based on the existing UHF-RFID, the timing error/tolerance can be 1% which corresponds to 104 ppm to 105 and this value can be the starting point. In addition, it should be discussed whether the initial SFO can be different depending on device type.
Proposal 4: Study initial sampling offset for each device type which corresponds to the SFO without receiving corresponding timing acquisition/synchronization signal.
· initial sampling offset can be [104 ppm to 105] as a starting point
· FFS: Whether/how initial SFO can be different depend on the device type
Based on the SFO at the reception timing, SFO can be compensated by the reception of timing acquisition/synchronization signal per our understanding. Therefore, we suggest studying such post-synchronization SFO which corresponds to the SFO after receiving timing acquisition/synchronization signal.
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Fig.2: Initial SFO and post-sync SFO.
In our understanding, meanwhile initial SFO is applied to the evaluation of timing acquisition signal or other synchronization signal itself if any, post-sync SFO should be applied to the evaluation of PRDCH or PDRCH which can be received/transmitted after the reception of timing acquisition/synchronization signal which would be related to the evaluation assumption discussed in 9.4.1.1 [2].
Proposal 5: Study post-synchronization sampling frequency offset for each device type which corresponds to the compensated SFO after receiving timing acquisition/synchronization signal.
· FFS: detailed value for each device
In our understanding, the timing error would be different depending on the clock speed, and the power consumption would be different depending on the clock speed. To clarify whether/how A-IoT device can compensate the timing error, the assumption on clock performance should be studied in addition to sampling frequency offset. According to the discussion at the previous RAN1 meetings, there is no common understanding on the clock assumption, e.g., whether A-IoT device supports multiple clocks with different characteristics of power consumption or clock accuracy etc. More specifically, due to the difference on target peak power consumption, the applicable clock speed may be different between device 1 and device 2a/2b, then the timing accuracy or timing error compensation capability may be different depending on the device type. In addition, a device may have multiple clocks, e.g., clock with low power consumption is used when inventory/command process is not on-going while clock with high power consumption is used when inventory/command process is on-going. In our view, the assumption on the clock and timing error compensation would affect the discussion on the frame structure and synchronization/timing acquisition, and hence it should be studied further.
Proposal 6: Study whether a device can have multiple clocks (e.g., for during inventory/command process and for before/after the process) or single clock.
· FFS: Power consumption and performance (clock speed, timing accuracy etc.) of each clock

2.3. Energy storage and charging time
At the RAN#103 meeting, it was agreed to assume the charging time of energy harvesting as up to 10s.
	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary



Based on the agreement, e.g., DRX cycle for charging by energy harvesting would be further studied. However, it is still unclear how long the device’s sustainable operation time, i.e., operation time without running out of energy. It was agreed that the charging time would be up to several 10s. However, e.g., depending on the assumption on capacitor size, charged energy with the charging time would be different. Thus, at least the applicable capacitor size should be studied to assess the device’s sustainable operation time.
Based on the above agreement, it can be assumed that A-IoT device cannot perform energy harvesting and communication in parallel, i.e., it is device’s unavailability time for communication during the energy harvesting. On the other hand, depending on the assumption on antenna, A-IoT device may be able to perform RF-EH and communication in parallel. Furthermore, with the energy harvesting other than RF-EH, A-IoT device may also be able to perform energy harvesting and communication in parallel. These aspects would be related to the sustainable device operation time, and hence it can be clarified further.
Proposal 7: Study the sustainable device operation time for an inventory/command process.
· Study the assumption on energy storage including applicable capacitor size.
· FFS: Whether A-IoT device cannot perform energy harvesting and communication in parallel

2.4. Multi-spectrum/band support
At the RAN1#116 meeting, it was agreed to study the following cases for the assumption of spectrum for carrier wave transmission and backscattered D2R reception. 
	Agreement
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, the following cases for CW transmission are studied.
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum

Agreement
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, the following cases for CW transmission are studied.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum 
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum



In addition, in our companion contribution[2], we discuss the possible deployment scenarios for evaluation of coverage and coexistence, including the possible spectrum for R2D reception.
According to the agreement and our proposal in [2], various assumption on the combinations of spectrum for CW, R2D and D2R transmission are on the table for each topology, and the feasibility and pros/cons of each scenario would be further studied. 
Regarding the assumption on the spectrum, it is unclear whether A-IoT device is capable of multiple assumption on the reception/transmission spectrum. According to the SID, it is captured that “For Topology 2, no difference in physical layer design from Topology 1.” Based on the description, physical layer design should be the same for Topology 1 and Topology 2 and whether the reader is BS or intermediate UE is transparent from A-IoT device perspective. However, we believe this does not intend that the same spectrum should be used for Topology 1 and Topology 2. For example, DL spectrum is used for CW transmission and D2R transmission for Topology 1 while UL spectrum can be used for Topology 2, while there seems no common understanding. Therefore, to discuss the feasibility of each deployment scenario for evaluation, it should be clarified whether A-IoT device is capable of using different spectrum for R2D, carrier wave and D2R depending on the deployment scenario/topology. 
To discuss this, it should be studied how A-IoT device can identify the frequency location of initial R2D reception, e.g., sync-raster concept in legacy NR, depending on the deployment scenario/topology. At least there are two possibilities; A-IoT device can support blind detection of initial frequency location or the initial frequency location is implemented to an A-IoT device in advance based on the deployment scenario for the A-IoT device and the initial frequency location is fixed permanently. In our view, it is not feasible to support the blind detection of initial frequency location similar to legacy NR UE from power consumption and cost/complexity of A-IoT device perspective. On the other hand, implementing initial frequency location in advance for each deployment scenario/topology would increase the operation burden to deploy A-IoT in NW and may not be preferable.
Proposal 8: Discuss whether A-IoT device is capable of different spectrum for R2D, carrier wave and D2R depending on the deployment scenario/topology.
· Discuss how A-IoT device can identify the frequency location of initial R2D reception, e.g., sync-raster concept in NR.

3. Conclusion
In this contribution, we discussed device architectures for A-IoT device. Based on the discussion, we made following observations and proposals.

Observation 1: The small frequency shift (e.g., up to a few MHz) is beneficial to mitigate CW interference for D2R and ensure the multiplexing capacity with FDMA.
Observation 2: The small frequency shift (e.g., up to a few MHz) can be realized by BB processing such as line coding or square wave modulation for both device 1 and 2a.
Observation 3: The large frequency shift (e.g., up to tens of MHz) is beneficial to mitigate the self/cross-link interference to/from A-IoT/NR. 

Proposal 1: For both device 1 and 2a, consider the small frequency shift (e.g., up to a few MHz).
· Study how to realize the small frequency shift.
· Study the impact on harmonics/image suppression
Proposal 2: Study large frequency shifter for device 2a at least from power consumption, impact on harmonics/out band emission aspects.
Proposal 3: Study both DSB and SSB transmission for D2R considering the feasibility on SSB transmission for D2R, spectrum efficiency, impact on SNR.
Proposal 4: Study initial sampling offset for each device type which corresponds to the SFO without receiving corresponding timing acquisition/synchronization signal.
· initial sampling offset can be [104 ppm to 105] as a starting point
· FFS: Whether/how initial SFO can be different depend on the device type
Proposal 5: Study post-synchronization sampling frequency offset for each device type which corresponds to the compensated SFO after receiving timing acquisition/synchronization signal.
· FFS: detailed value for each device
Proposal 6: Study whether a device can have multiple clocks (e.g., for during inventory/command process and for before/after the process) or single clock.
· FFS: Power consumption and performance (clock speed, timing accuracy etc.) of each clock
Proposal 7: Study the sustainable device operation time for an inventory/command process.
· Study the assumption on energy storage including applicable capacitor size.
· FFS: Whether A-IoT device cannot perform energy harvesting and communication in parallel
Proposal 8: Discuss whether A-IoT device is capable of different spectrum for R2D, carrier wave and D2R depending on the deployment scenario/topology.
· Discuss how A-IoT device can identify the frequency location of initial R2D reception, e.g., sync-raster concept in NR.
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