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1. [bookmark: _Ref118382196]Introduction
[bookmark: OLE_LINK4]In RAN#102 meeting the SID on solutions for Ambient IoT was endorsed including following general scope and objections set for evaluation assumptions [1]:
[bookmark: _Hlk156923414]General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~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.
ii. ≤ a few hundred µW peak power consumption1, 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 may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.

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 paper we discuss the basic blocks/components of possible A-IoT device architectures.

2. Discussion
In the last meeting following terminologies are defined for the purpose of study [2]:
	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.


2.1 Device 1 
In the last meeting following architecture for device 1 was agreed for further study [2]:
	Agreement
Study at least the following blocks for device 1 architecture.
· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reception related blocks
· RF BPF for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· RF Envelope Detector converts RF signal to baseband.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.
· Depending on implementation, it may not exist. Presence of BB LPF is assumed for the study.
· Comparator determines high/low of input signal.
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.




One open issue is whether small frequency shifting can be considered for device 1. Small frequency shifting can be used to facilitate CW cancelation in case of CW node is inside topology, or to implement FDM among devices. For the former the device only needs to support a clock with only one frequency, but for the later the device needs to support a clock with multiple controllable frequencies, which is expected to consume more power. Small frequency shifting is supported in RFID where 40 kHz~640KHz frequency shifting can be achieved. However, RFID does not rely on stored energy for backscattering, on the contrary, device 1 may rely on stored energy such that peak power consumption is limited to ~1 µW.  According to [3] the power consumption of a clock with 100’s kHz and 1% error is <1 µW. Therefore, it is feasible to support a small frequency shift with an offset of 100’s kHz. But it should be further investigated on the possibility of multiple controllable small frequency shifting offsets.
[bookmark: _Toc163122513]Proposal 1: Small frequency shift with an offset of 100’s kHz is considered for Device 1, FFS small frequency shift with multiple controllable shifting offsets. 
To support large frequency shifting with offset in order of 10’s of MHz, a device at least needs to support a local oscillator with same frequency and a mixer. The accuracy of the oscillator should be sufficiently high, e.g., <1%, to avoid intra/inter system co-existence issue. The peak power consumption of such an oscillator is up to 10’s µW [4]. The device should also be able to reject the image generated in the mixer, such as to avoid the interference to other channels, this would increase the complexity, cost, and power consumption of the device dramatically.
[bookmark: _Toc163122514]Proposal 2: Large frequency shift with an offset of 10’s MHz is not considered for Device 1. 
According to literatures the SFO of Device 1 can be assumed in the range of [10^4ppm, 10^5 ppm].
[bookmark: _Toc163122515]Proposal 3: SFO of device 1 is 10^4~10^5 ppm. 
[bookmark: _Hlk158209740][bookmark: _Hlk158209595]2.2 Device 2 
[bookmark: _Hlk158095288]Under the further clarification of different devices, the Device 2 may consider the impact of energy harvester characteristic to the Ambient operation. We give our view in the section. The architectures discussion is then split into energy harvesting, receiver side and backscattering/transmitting side. We also give our view for frequency shifting in backscattering part.
Energy harvester for Device 2:
It’s commonly accepted that Energy harvester mechanism will be outside of the Ambient IoT communication study. However, the Energy harvester will impact the communication, e.g., intermittent communication would be adopted if certain type of harvesting is used. When we consider to model the Energy harvester type, as studied in RAN [5], energy sources for energy harvesting reported by companies include RF, solar/light, piezoelectric (kinetic/vibration), electromagnetic, electrostatic, heat/thermal, thermoelectric, magnetic, wind/water, acoustic, etc.  The reader and/or carrier wave node can provide RF energy to A-IoT whenever needed, thus RF can be considered as controllable energy source, which can be integrated with Ambient IoT communication system. The other energy source cannot be guaranteed and would be hard to modelled in the evaluation.
[bookmark: _Hlk163050492]In that sense, we can simply model the RF energy harvesting for RAN WGs’ study purpose.  The RF energy harvester will be the only scheme that can be considered in the ambient IoT communication study. Thus, the proposal of RF harvesting module can be included in the architecture of Device 2a/2b.
[bookmark: _Hlk163050554]Further, regarding the RF energy harvesting characteristic, it would be needed to give parameters for study. We can consider the minimal harvesting power of [-25dBm] with [10%] efficiency, as the efficiency of RF energy conversion is low when the incident power is close to -30dBm [6].   Several different set of power and efficiency can be provided in different coverage. 
[bookmark: _Toc163122516]Proposal 4: The RF harvesting module can be included in the architecture of Device 2a/2b. The evaluation introducing minimal harvesting power of [-25dBm] with [10%] efficiency. 
Receiver:
For receiver, several low power receiver types studied before can be reused: RF envelope detection, Heterodyne architecture with IF envelope detection, and homodyne (zero-IF) detector. Note for some of the components like RF BPF, it is OK to make it optional due to the complexity issue. However, as the requirement of co-existence is still open, it should not be removed. 
[image: ]
Figure 1 Heterodyne and Homodyne detector
As for the receiver sensitivity, the Heterodyne and Homodyne detection are better than RF envelope detection. The cost is mainly for the higher power consumed by LO and PLL. To support those 2 types of receivers, we consider the “a few hundred µW” for peak power consumption should be explicitly listed as “~500µW”. Further, it should be possible to use FLL to replace the PLL. The LO part can achieve sufficient low power consumption by allowing relaxing of accuracy and stability. After taking the simplification into account, for device 2a and 2b, SFO <=1000 ppm can be achieved after calibration. That is, X=3.
[bookmark: _Toc163122517]
Proposal 5: For Device 2a/2b:
· [bookmark: _Toc158224494]All 3 receiver types are supported: RF envelope detector (w/o LO), Heterodyne RX, and homodyne RX. 
· Less than or equal to 1000 ppm for SFO is assumed. 
· The Device explicitly listed as ~500µW for peak power consumption.
As for the power amplification, Device 2 should be able to support. Receiver side can introduce 1 or 2 level of LNA for enhancing the sensitivity. The overall signal amplification can be considered as 15~20dB. That would allow higher than -90dBm decoding sensitivity. And the power consumption will not exceed the limit.
[bookmark: _Toc158224495][bookmark: _Toc163122518]Proposal 6: Receiver of Device 2a/b can introduce 1 or 2 level of LNA for enhancing the sensitivity. The overall signal amplification can be considered as 15~20dB.
Backscattering:
In the feasibility perspective, as discussed above, small frequency shifting (<1 MHz) can be supported. That is to enable the FDM multiplexing of D2R signals. The extra power consumption by small frequency shifter can be less than 100µW and be possible supported by Device 2a.
Large frequency shifting, e.g., in 10s MHz or higher, should not be considered as the power consumption and complexity will exceed for Device 2a.
In contrast to the backscatter architecture for Device 1, the backscattering signal can be boosted by amplifier for Device 2. It can be seen from the link budget analysis hat the UL coverage can be improved significantly thanks to the introduction of LNA. The Backscattered UL coverage is interdependent to DL coverage. When DL carrier wave signal is strong, it scatters strong signal back. The amplification can improve the overall coverage. Thus, we also suggest introducing LNA in the backscattering chain. 


[bookmark: _Toc158224496]Figure 2 Diagram of back scattering for Device 2b.
[bookmark: _Toc163122519]Proposal 7: For the Backscatter of Device 2a, small frequency shifting (<1 MHz) can be supported. The device can introduce LNA in the backscattering chain.

Active transmitter:
To support active transmission the device should include a LO which can be shared with the heterodyne or homodyne receiver. LNA or PA can be optionally applied to boost the transmit power, as shown in Figure . 


[bookmark: _Ref158223136][bookmark: _Ref158222975]Figure 3 Diagram of active transmitter.
[bookmark: _Toc163122520]Proposal 8: For the active transmitter of Device 2b, it should include a LO and optionally LNA or PA.

3 Conclusion
In this contribution, we discussed device architecture of device 1 and Device 2a/b define in the SID, we have following proposals:
Proposal 1: Small frequency shift with an offset of 100’s kHz is considered for Device 1, FFS small frequency shift with multiple controllable shifting offsets.
Proposal 2: Large frequency shift with an offset of 10’s MHz is not considered for Device 1.
Proposal 3: SFO of device 1 is 10^4~10^5 ppm.
Proposal 4: The RF harvesting module can be included in the architecture of Device 2a/2b. The evaluation introducing minimal harvesting power of [-25dBm] with [10%] efficiency.
Proposal 5: For Device 2a/2b:
· All 3 receiver types are supported: RF envelope detector (w/o LO), Heterodyne RX, and homodyne RX. 
· Less than or equal to 1000 ppm for SFO is assumed. 
· The Device explicitly listed as ~500µW for peak power consumption.
Proposal 6: Receiver of Device 2a/b can introduce 1 or 2 level of LNA for enhancing the sensitivity. The overall signal amplification can be considered as 15~20dB.
Proposal 7: For the Backscatter of Device 2a, small frequency shifting (<1 MHz) can be supported. The device can introduce LNA in the backscattering chain.
Proposal 8: For the active transmitter of Device 2b, it should include a LO and optionally LNA or PA.
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