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Introduction
This contribution discusses the frame structure and timing aspects, mainly on the potential states of an ambient IoT device. 

Discussion
The following general scope has been specified by RAN102 in RP-234058.
	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.



Targeting for ultra-low complexity devices with ultra-low power consumption, the ambient IoT devices should be based on low-end hardware and simple circuitries. As there’s no RRC states nor mobility for A-IoT devices, we think it will be necessary to design a general framework of states for A-IoT devices’ different status and different power levels, including the transition conditions and timing aspects. Note that this state transition is for the device modelling purpose in the standardization and the actual implementation states could be different. An example could be as the following illustration with potential states power off, charging and communication. 

[image: ]
Figure 1: Potential A-IoT States

[bookmark: _Toc158896592]Proposal 1: Ambient IoT device should have a general framework of different states for the standardized modelling including the transition conditions and timing aspects. 

The different states are reflecting the different status and power levels of an A-IoT device with different UE behaviours. Therefore, in each state, there should be some parameters to be specified. For instance, minimum/maximum power, minimum/maximum timing that a UE need to stay in this state, amount of transmission data, etc. 
Moreover, the condition which triggers the transition from one state to another also need to be specified. The triggering conditions could be external signaling from gNB or other UE, or internal triggering events. The minimum transiting time and/or maximum allowed transiting time can also be specified. 
[bookmark: _Toc158896593]Proposal 2: Triggering conditions for state transition and UE behaviours for each state need to be specified.

Although the general scope has listed two types of UEs, a harmonized air interface design with minimized differences is requested by SID.The framework of states also can be targeted to be harmonized. The difference of type ii compared with type i is UL transmission may be generated internally by the device. It may be reflected that power off states are not required in type ii but it still needs to be discussed whether power off state in type ii is useful for power saving and harmonization. For instance, the power off state can be defined as the A-IoT circuitries are switched off, even there’s sufficient power. In this case, after a transmission, type ii device can skip the state of power off and directly turn into the state of charging if there is a subsequent transmission. Additionally, checking whether circuitries have sufficient power can be applied as the triggering condition from communication to power off or charging. 
[image: ]
Figure 2: Potential state diagram for Type i and Type ii devices

[bookmark: _Toc158896594]Proposal 3: Harmonized state transition between type i and type ii should be targeted. There can be the difference on paths and/or the triggering conditions.

Conclusion 
In this contribution, followings proposals are made: 

Proposal 1: Ambient IoT device should have a general framework of different states for the standardized modelling including the transition conditions and timing aspects.
Proposal 2: Triggering conditions for state transition and UE behaviours for each state need to be specified.
Proposal 3: Harmonized state transition between type i and type ii should be targeted. There can be the difference on paths and/or the triggering conditions.
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