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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
[bookmark: OLE_LINK1][bookmark: _Hlk158200967]According to the A-IoT SID [1], two new device types that somewhat different to the device categorization in TR 38.848 [2] (A, B and C) are define and included for the RAN WG study. For simplicity, we referred them in this contribution as Type i and Type ii device. Both Device i and Device ii should have an energy harvesting and storage component to supply power to the transmission/backscattering and receiving circuit. Due to the extremely limited form factor a battery cannot be installed into an A-IoT device rather a capacity is to be used for energy storage. Energy harvesting should also be supported by the A-IoT device to charge the capacitor. As studied in RAN[2] 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. Although the reader and carrier wave node can provide RF to A-IoT whenever needed, it is not so desirable to rely on RF energy source only as the efficiency of RF energy conversion is relatively low, in particular when the incident power is lower than -30dBm [3]. As A-IoT devices are expected to be applied in various scenarios, where other energy sources may be easier to be used as only energy source, or as complement to RF energy source. Therefore, all these energy sources should be considered in this study item.
[bookmark: _Toc158224490]Proposal 1: Both Device i and Device ii should include an energy harvesting and storage component, both RF energy source and other energy source, including solar, piezoelectric, thermal, etc., should be considered in this SI. 
2.1 Device i 
The power consumption of Device i is in the order of several µW, to guarantee such power consumption level the Device i should consist of at least a backscattering module. As shown in Figure 1, the backscattering module of a A-IoT device receives the wireless signal from the reader or carrier wave node and modulates the wireless signal according to the information to be sent, and then scatter the modulated signal from the antenna. Modulation of the backscattering module is implemented by adjusting and control the impedance of the tag circuit. The modulation technology mainly includes resistance-based modulation and capacitance-based modulation. 


[bookmark: _Ref158201477]Figure 1 Architecture of backscattering module.
In resistance-based modulation, the load is connected in parallel with a resistor that is switched on or off based on the control of the binary data stream, as shown in Figure 2 below. This modulation scheme can be used to achieve ASK (including OOK) modulation. Specifically, low-level backscattering signal can be achieved by adjusting the circuit impedance to matching state when the incident RF signal is mostly absorbed by the terminal. On the contrary, high-level backscattering can be achieved by adjusting the circuit impedance to mismatch state, thus a part of the RF signal is reflected. Thus, a device can realize ASK modulation in the UL by impedance switching. 


[bookmark: _Ref158201501]Figure 2 Resistance-based modulation.
For capacitor-based modulation, a capacitor is connected in parallel with the load to replace the load modulation resistor. The A-IoT device can change the response frequency of the circuit by adjusting the capacitance of the circuit to implement FSK modulation. 
[bookmark: _Toc158224491]Proposal 2: Device i should include a backscattering module, either resistance-based modulation or capacitor-based modulation can be considered for the backscattering module. 
To satisfy the power consumption target Device i should not be equipped with local oscillator, amplifier, and high-Q matching network. If OOK modulation is used for the transmission to an A-IoT device, the RF envelope detector studied in LP-WUS SI, which generally consumes much low power comparing with receiver with LO and PLL, can be reused with following exceptions, as shown in Figure 3 below:
-	RF LNA and/or BB AMP are not applied.
-	High-Q matching network is not applied.


[bookmark: _Ref158201528]Figure 3 RF envelope detector for Device i
[bookmark: _Toc158224492]Proposal 3: If OOK is used for the transmission to a A-IoT device, RF envelope detector should be used for the A-IoT device, the RF envelope detector should not include RF and BB amplifier, neither high-Q matching network. 
If FSK is used for the transmission to an A-IoT device, as discussed in our companion contribution[4], zero-crossing detector can be used.
[bookmark: _Toc158224493]Proposal 4: If FSK is used for the transmission to a A-IoT device, zero-crossing detector can be considered for the A-IoT device. 
[bookmark: _Hlk158209740][bookmark: _Hlk158209595]2.2 Device ii 
[bookmark: _Hlk158095288]For Devices ii with higher power than that for Devices i, backscattering can still be one option for transmitting UL information. The corresponding architectures considering 2 sides: receiver side and backscattering/transmitting side.
Receiver:
For receiver, the several low power receiver types studied for LP-WUS can be reused: RF envelope detection, Heterodyne architecture with IF envelope detection, and homodyne (zero-IF) detector.
[bookmark: _Hlk158054727]As for the receiver sensitivity, the latter 2 is 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. We consider 100 ppm for the initial sampling frequency offset for the Device type.
[bookmark: _Toc158224494]Proposal 5: All 3 receiver types are supported for Device ii: RF envelope detector (w/o LO), Heterodyne RX, or homodyne RX. The Device explicitly listed as ~500µW for peak power consumption. 100 ppm for the initial sampling frequency offset is assumed when LO is present. 

[image: ]
Figure 4 Heterodyne and Homodyne detector
As for the power amplification, Device ii 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]Proposal 6: Receiver of Device ii with backscattering can introduce 1 or 2 level of LNA for enhancing the sensitivity. The overall signal amplification can be considered as 15~20dB. 

Backscattering:
In contrast to the backscatter architecture for Device i, the backscattering signal can be boosted by amplifier for Device ii. It can be seen from the link budget analysis in our companion contribution [5] that 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]Proposal 7: For the Backscatter of Device ii, it also introduces 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 5. 


[bookmark: _Ref158223136][bookmark: _Ref158222975]Figure 5 Diagram of active transmitter.
[bookmark: _Toc158224497]Proposal 8: For the active transmitter of Device ii, it should include a LO and optionally LNA or PA.
3 Conclusion
In this contribution, we discussed device architecture of device i and Device ii define in the SID, we have following proposals:
Proposal 1: Both Device i and Device ii should include an energy harvesting and storage component, both RF energy source and other energy source, including solar, piezoelectric, thermal, etc., should be considered in this SI.
Proposal 2: Device i should include a backscattering module, either resistance-based modulation or capacitor-based modulation can be considered for the backscattering module.
Proposal 3: If OOK is used for the transmission to a A-IoT device, RF envelope detector should be used for the A-IoT device, the RF envelope detector should not include RF and BB amplifier, neither high-Q matching network.
Proposal 4: If FSK is used for the transmission to a A-IoT device, zero-crossing detector can be considered for the A-IoT device.
Proposal 5: All 3 receiver types are supported for Device ii: RF envelope detector (w/o LO), Heterodyne RX, or homodyne RX. The Device explicitly listed as ~500µW for peak power consumption. 100 ppm for the initial sampling frequency offset is assumed when LO is present.
Proposal 6: Receiver of Device ii with backscattering 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 ii, it also introduces LNA in the backscattering chain.
Proposal 8: For the active transmitter of Device ii, it should include a LO and optionally LNA or PA.
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