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1 Introduction
In RANP#103 Maastricht, the study item on Ambient IoT was updated [1], including the following objective:
	2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· 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. 
       For Topology 2, no difference in physical layer design from Topology 1.




The SID identifies that the following are within the general scope:
	C. [bookmark: _Hlk162544812]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.



In RAN1#116 [2], the following were agreed.
	Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study

Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
Note: the naming of PDRCH is used for the sake of the study



In this document, we discuss the following aspects:
· Proximity determination
· Time / frequency domain resource within an NR carrier duplex

2 Proximity determination 
It would be desirable to determine the location of Ambient IoT devices. For example, items in a warehouse could be located and retrieved if Ambient IoT supported positioning.
Initial releases of eMTC and NB-IoT did not support sophisticated positioning techniques: OTDOA and UTDOA were not supported in these initial releases. An Ambient IoT device should be less complex than NB-IoT, hence we do not expect there to be sophisticated positioning support in the device. At the reader side more complexity can be considered to get a better understanding of the tag location.
Coarser proximity determination may be supported by Ambient IoT. We envisage that the rough location of an Ambient IoT device can be determined by its proximity to another network node. The following proximity detection mechanisms should be considered for further study:
· Base station proximity - The Ambient IoT device can be coarsely located by its proximity to an Ambient IoT base station. If the device has communicated with an Ambient IoT base station, it is close to that base station.
· Intermediate node proximity - The ambient IoT device can be coarsely located on the basis of an intermediate node (such as a reader / interrogator) that the ambient IoT device communicates with. The intermediate node would need to signal its location to the network in order for the network to be able to locate the Ambient IoT device.
· Carrier wave emitter proximity - In a large deployment, there may be multiple carrier wave emitters, where only some of the carrier wave emitters are turned on at a time in order to allow the multiplexing of the Ambient IoT tags (energizing only a fraction of the carrier wave emitters means that only a fraction of the Ambient IoT tags will respond, easing the random access load on the system). The Ambient IoT tag can be located as being close to the carrier wave emitter that successfully backscatters the Ambient IoT’s transmission.
In addition to the coarser proximity determination methods of above it could be considered to investigate usage of at least reader received signal power or possibly also a “round trip” time like measurement or Reader->Ambient IoT device->Reader to enhance the localization accuracy. It would also be possible for a reader to measure the difference in the time of flight of the direct carrier wave and the backscattered signal from a tag to determine the additional path distance between the carrier wave emitter, tag and receiver. Combining multiple such measurements (either power measurements or time of flight measurements from other carrier wave emitters) would allow the reader to refine the tag location. Even though the system impact might increase, the impact on the device for such methods may remain low. 
Proposal 1: At least study the following methods for proximity determination:
· Proximity to Ambient IoT base station
· Proximity to intermediate node
· Proximity to carrier wave emitter

Proposal 2: Study methods to enhance the localization accuracy without increasing device complexity.
3 Time / frequency domain resource 
The section considers mainly the frequency domain resource within an NR carrier that is used for the transmission of R2D, D2R and CW signals.
The SID assumes operation in FR1 licensed spectrum. It also assumes that the transmission from the Ambient IoT device (including when backscattering is used) can occur at least in UL spectrum.
For an active device generating its UL transmission internally, it is reasonably clear that the UL transmission would occur in the UL spectrum. For a passive device Type 1, and Type 2a backscattering device, it needs to be studied whether the transmission from the device will occur in the UL or DL spectrum. This raises the related question of which spectrum will be used for the carrier wave signal (to energise the device and provide a signal from which backscattering can occur). 
CW signal in DL spectrum. 
· The CWS can directly power the Ambient IoT device when the device is receiving DL signalling. There may be potential issues of interference between the CWS and a DL command signal, if transmitted separately. The CWS would have to remain active while a passive device is backscattering.
· CWS does not create interference to backscattered UL signals.
· A gNodeB can provide a CWS without hardware modification since it can already transmit in the DL. A legacy UE would require hardware modification to transmit CWS.
· The Ambient IoT device would have to backscatter the CWS into the UL portion of the FDD duplex. The frequency of the backscattered signal would need to be shifted significantly in this case. It needs to be studied if this frequency shift is feasible, as discussed in [3]. 
· An Ambient IoT device that passively backscatters the CWS in DL may be seen as a “reflection” and should be allowed in a FDD DL. It should be investigated if Type 2a backscattering with amplification can be allowed in FDD DL.
CW signal in UL spectrum. 
· The CWS has to be activated for the Ambient IoT tag to receive DL signals even when there is no UL transmission from the device. 
· CWS interferes with the backscattered signal. The base station can employ interference cancellation techniques (such as filtering the CWS transmit frequency if the backscattered signal is frequency-shifted away from the CWS). Interference cancellation would be facilitated when the characteristics of the CWS are known.
· A gNodeB would require hardware modification to transmit CWS in UL spectrum. A legacy UE could potentially transmit CWS in UL spectrum either by software upgrade or via appropriate scheduling (depending on the CWS characteristics).
· A passive Ambient IoT device could backscatter the CWS directly into the UL spectrum. Frequency shifting would only be required to multiplex ambient IoT devices in any frequency division multiplexing scheme.
· An active Ambient IoT device could harvest energy from the carrier wave signal and transmit actively in another part of the UL carrier.
Proposal 3: It should be studied if backscattering in FDD DL spectrum with amplification is allowed and feasible.
Proposal 4: For both backscattering device type 1 and 2a, the feasibility of backscattering in UL spectrum given a CWS in DL should be studied given the power consumption SID objective and the power consumption of a large frequency shifter.
Proposal 5: For device type 2a active devices, a CWS used for energy harvesting could be transmitted in DL spectrum. 
Proposal 6: For Type-2b active devices, the Ambient IoT device should transmit in UL spectrum

4 Conclusion 
This document has considered time / frequency resource, the carrier wave channel and proximity determination for Ambient IoT. The following proposals are made:
Proposal 1: At least study the following methods for proximity determination:
· Proximity to Ambient IoT base station
· Proximity to intermediate node
· Proximity to carrier wave emitter

Proposal 2: Study methods to enhance the localization accuracy without increasing device complexity.
Proposal 3: It should be studied if backscattering in FDD DL spectrum with amplification is allowed and feasible.
Proposal 4: For both backscattering device type 1 and 2a, the feasibility of backscattering in UL spectrum given a CWS in DL should be studied given the power consumption SID objective and the power consumption of a large frequency shifter.
Proposal 5: For device type 2a active devices, a CWS used for energy harvesting could be transmitted in DL spectrum. 
Proposal 6: For Type-2b active devices, the Ambient IoT device should transmit in UL spectrum
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