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1.	Introduction
Ambient IoT SID [1] initiates a discussion on new type of system. The SID guides RAN4 to study necessary and feasible solutions:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception

A-IoT introduces multiple system components in RAN. Namely, there is device that provides the Forward Link (FL) signal to the tag and tag responds the Backward Link (BL). The receiver for the BL may also be different than the component sending FL. FL is sometimes referred to as R2D (reader to device) and BL as D2R transmissions. There is also the tag or A-IoT device, which is the end point of the RAN in this scope. This paper discusses RF requirements for the tag and what are their impacts on the other components.  
2. 	Discussion
2.1	General 
Due to extensive workload in RAN4 and thereafter set TU limitation for this SI, RAN4 will not discuss too much RF aspects yet but RAN1 work is progressing and from their work RAN4 can benefit in understanding what would be important areas within RAN4 scope. We refer in this paper to two Qualcomm RAN1 submissions [2], [3], that provide general views and concrete information on device structures and system functionality expectations.  The downloadable links are provided in the reference section below.
2.2	Tag reference plane
The interesting parts are in section 2.4 of [2] about TX modulator and it gives some indication how backscattering works, see Figure 5 of [2], and it is replicated as Figure 1 below. Apart from device 2b, which is assumed to have its own reference clock, device 1 and device 2a architecture is such that they modulate the impedance seem by the antenna. The impedance is either matched to antenna or then it is such that makes the antenna reflect the incoming wave back. The pace of the impedance changes are used to create the modulated BL waveform. It can be assumed that the connection point between the impedance modulator and antenna is not 50 ohm reference but can be assume to be implementation specific.  

Figure 1 (Figuyre 5 from [2]) Example TX architctures. They are originally from [4]
This then raises the question how to test a back scattering device. 
Observation 1: RAN4 to study how to test a backscattering device, considering OTA methods and feasibility for conducted testing
It could be in theory possible to test the tag in conducted domain and observe the impedance changes but is that correct way to define for example spectral purity or output power or sensitivity is not obvious.
Reference [3] provides also MS Excel SS with calculations for link budget. There are allocations for all essential components but this paper and RAN1 in general do not take position what should be the reference plan for example for energy harvester or FL sensitivity for the tag.   
2.3	Spectral masks
[2] discusses also feasibility of SSB and DSB. While it is beneficial to let RAN1 discuss this modulation aspect, RAN4 could study how to define a emission requirements. The RFID harmonised standard [5] defines a spectral mask for the RFID devices. The masks is copy pasted in Figure 2. 3GPP intention is to enable more than one “channel” i.e. more than one offset from the CW where the BL transmission would be placed. See section 2.6 of [2] for “D2R FDM” where impact of harmonics is discussed. Even if this will not be specified, there should be a way to indicate how much spectrum one BL transmission occupies.  

Figure 2. RFID ETSI harmonised standard spectral mask for RFID device
This mask then will also need a reference plane and it may not be accurate to measure absolute dBm values from device internal conducted interface without a standardized impedance.
Observation 2: Frequency confinement of a backscatter device and its definitions should be studies in RAN4 
It should also be noted that that the same harmonised standard defines the mask for the reader for the FL. 
2.4	Energy delivery related.
There was a discussion with agreements related to the energy harvesting in RAN#103. Agreement says energy signal/waveform is out of scope of the study. This means RAN4 does not need to discuss reference plane or signal power as part of the study and omit that part in the regulatory study. 
Observation 3: RF energy sources or energy harvesting of the tag are not in scope of the study 
RAN1 may conclude something on the procedures for reader to wait for the tag to wakeup after energy harvesting periods
Conclusion
We discussed reference plane aspects for the backscatter devices, frequency usage aspects and energy signal aspect and made the following observations:
Observation 1: RAN4 to study how to test a backscattering device, considering OTA methods and feasibility for conducted testing
Observation 2: Frequency confinement of a backscatter device and its definitions should be studies in RAN4 
Observation 3: RF energy sources or energy harvesting of the tag are not in scope of the study 
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Appendix: Agreements from RAN#103 regarding energy harvesting
RP-240854	Moderator's summary on R19 Ambient IoT	Huawei
Replaces 
RP-240827
	conclusion: proposal 3v2 is endorsed, proposal 2 is endorsed, proposal v5v2 is endorsed
	
	MCC: these are clarifications to the SID?
	Huawei: yes
	Futurewei: Huawei clarified this already orally

From RP-240854:
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
· One device’s 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

Proposal 3v2
· Regarding the objective in the SID: Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation.
· This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary

Proposal 5v2
· RAN design targets for user experienced data rate, maximum message size, and moving speed of device: those can be used as assumptions in coverage evaluations, i.e. the coverage evaluations are done under the conditions that meet those targets.
· Evaluations of RAN design targets for latency and connection/device density are allowed by the Rel-19 SID and observations on those evaluations can be captured in the TR38.769 in relation to the candidate techniques being studied for meeting those targets. 
· Note: evaluations for latency and connection/device density are expected to be provided by analysis rather than by system-level simulations.
· Note: this is as per the SID: “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.”
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NOTE 1: fc is the centre frequency of the carrier transmitted by the interrogator.
NOTE 2: The transmit channel occupied by the interrogator is shown in grey.
NOTE 3: All power levels in the unwanted domain relate to the resolution bandwidths in figure 10.
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