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Introduction
In RAN#97-e, a RAN SID for ambient power enabled IoT has been approved and further revised in RAN#98-e with following objectives:
This study targets at a new 3GPP IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
In RAN#101-e, a decision on TUs were arrived at and work scoping was done. The following recommendations were discussed.
[bookmark: _Hlk145613043]It is concluded in preliminary feasibility analysis at TSG-RAN level that Ambient IoT is feasible and beneficial, and further WG-level study is recommended prior to normative work.
[bookmark: _Hlk145596711]For the initial WG-level study of Ambient IoT
-	RAN is recommended to down-select further starting from:
-	Deployment scenario 1 with Topology 1
-	Deployment scenario 2 with Topology 1
-	Deployment scenario 2 with Topology 2
-	Deployment scenario 4 with Topology 1
-	Deployment scenario 4 with Topology 3
-	FR1 licensed spectrum is recommended
-	Note: selection or prioritization between FDD and FDD/TDD is to be decided
-	RAN is recommended to down-select to one or more of:
-	Spectrum in-band to NR, in guard-band to LTE/NR, and in standalone band(s)
In this contribution, we discuss on the various RAN aspects related with ambient IoT and the modifications required to support the ambient IoT devices.   

Discussion
In this section discussion on various requirements from RAN perspective to support ambient IoT devices in a cellular network and enable coexistence with legacy UEs are presented and thereby the required scope for work is supported.
2.1 Scope of work
Ambient IoT devices are used in applications involving inventory, sensor, positioning and command. Inventory use case requires indoor operation predominantly. However, tracking of goods movement from factory warehouse also means that outdoors are involved. In terms of positioning, lost item tracking is a primary use case, which is predominantly out doors. This implies that both device indoor and device outdoor scenarios are important.  For cases of warehousing with enormous devices, there is a possibility that a private network is employed. This necessitates, reader indoor scenario. For sensor and positioning applications, there is a need to communicate with a reader that is outdoors. 
In terms of Topology, Topology (1) and (2) are necessary as they enable working with existing infrastructures. Topology (3) is needed, as it enables working with current TDD configurations without the need for full duplex capabilities or any new modifications.
The above discussions imply that all the down selected deployment scenarios are to be prioritized for the study. 
The current IoT study is scoped for lower bands that are primarily FDD in nature. This is owing to the wider coverage possible at those bands.  Device A and device B are backscattering based, and the backscattering is bound to happen immediately, i.e., will happen in the DL slot itself.  Therefore, this would be missed by the reader which would still remain in DL mode. This necessitates careful study and analysis. Therefore, it is justified to prioritize FDD and then take up TDD. 
Proposal 1: Support the study of all scenarios down selected in RAN#101.	
Proposal 2: Support prioritization of FDD scenario
2.2 Coexistence
The issues of coexistence were already discussed, both for the case when BS is present and for the case, when BS is absent. For the scenario where the BS is present, two cases, ‘co-site’ and ‘new-site’ were considered. In case of ‘co-site’, the legacy 3GPP BS is reused, while in the case of ‘new-site’, a new BS is employed. 
The case of ‘New site’ is open and provides a lot of flexibility. However, this involves starting the design from scratch. Reusing existing BS functionality might put some restrictions on the design. However, it would be a good baseline to start with. Existing transmit signal design can be effectively reused. Reusing the existing design will reduce standardization impact. This also ensures a quick start and enables early roll out of the devices. 
Proposal 3: Support prioritizing the study of ‘Co-site’ for Topology (1).
2.3 New RAT
Ambient IoT devices are aimed at very low end applications that involve transmission of just ID value (as in inventor) or few hundreds of bytes of data, based on need. In most cases the device may ebe expected to just perform backscattering with some modulation. Devices would be designed with much lower complexity. Therefore, a simple transmission schemes and ultra light protocol stack are required.
Also, much simpler initial access and RACH mechanism is preferred for devices with sub milliwatt power capacity to get latched on the network.
Proposal 4: Support study of new RAT with simple Initial access mechanism, modified physical signals and channels
2.4 Clock design
In addition to the RAN design aspects that were discussed above, the design of the transmission time and listen time should also be designed. The BS or a reader would transmit signals to the IOT device in order to trigger the device. The device would harvest energy during this period. Then the ID information or a stored value in the memory of the IOT device would be transmitted. However, the transmissions from the device should start after some duration after the end of the transmit signal and should be contained within a predefined window. This is to ensure that the BS/reader is ready for reception when the IOT device is transmitting and also to avoid collisions with the other UL transmissions from the legacy UEs. The duration of signal transmission from the BS should also be studied as this may impact the energy harvesting performed at the IOT device
Proposal 5: Support clock design for synchronization
The study of the design aspects related to ambient IoT devices, followed by the analysis of specification impacts will fasten the rollout of the devices (at least with basic features). Therefore, a SI followed by a WI is supported.
Proposal 6: Support SI followed by a WI
Conclusions
This document presents an explanation of various aspects of study associated with Ambient IOT devices. The following proposals are made:
Proposal 1: Support the study of all scenarios down selected in RAN#101.
Proposal 2: Support prioritization of FDD scenario
Proposal 3: Support prioritizing the study of ‘Co-site’ for all Topologies of interest.
Proposal 4: Support study of new RAT with simple Initial access mechanism, modified physical signals and channels
Proposal 5: Support clock design for synchronization
Proposal 6: Support SI followed by a WI
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