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1	Introduction
[bookmark: _Hlk157954850]In TSG RAN Meeting #102, a new SID of studying on solutions for Ambient IoT in NR has been agreed [1]. Part of general scope and objectives are listed below.
	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).
       …
The following objectives are set, within the General Scope:
1. Evaluation assumptions
…
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 (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.



In this paper, we discuss and give our views on frame structure and timing for ambient IoT.

2	Discussion
2.1 	Frame structure and synchronization
In the first stage, FR1 licensed spectrum in FDD is used for ambient IoT. D2D, V2X and sidelink device transmits signal only on UL spectrum in FDD. There are some reasons to do so, for example due to device’s transmission power and interference management or due to some regulation request of the RF spectrum usage. The situation for ambient IoT device is similar that it should transmits UL signal on legacy UL spectrum in FDD.
For the DL transmission for ambient IoT, the transmitter is network device for topology 1 and is UE for topology 2. NW has transmission RF chain on legacy DL spectrum in FDD and UE has transmission RF chain on legacy UL spectrum in FDD. If DL spectrum for ambient IoT is on the legacy UL spectrum in FDD, it implies NW should have a new RF chain to transmit signal on legacy UL spectrum, and vice versa. It needs to study which spectrum is used for DL transmission for ambient IoT.
Proposal 1: Ambient IoT UL signal is transmitted on legacy UL spectrum in FDD. FFS: Ambient IoT DL signal is transmitted on either legacy DL spectrum or UL spectrum in FDD.
Frame structure in NR is used for better and effective resource allocation and coordination among different UEs or different transmission direction of one UE. Ambient IoT can reuse the frame structure of NR. However, NR UE may consume powers even in the idle state to maintain to synchronise with network’s the frame. Synchronization with network is required for some idle mode tasks, such as cell reselection, paging and system information monitoring. Since there is no mobility management for ambient IoT device, it may not be required for ambient IoT device to synchronise with network all the time. Ambient IoT device could synchronise to network at the beginning of each reception and transmission burst. It implies synchronization signal, for example preamble, is required before each transmission and reception burst.
Proposal 2: Ambient IoT can reuse the frame structure of NR. Ambient IoT device is not required to synchronise with network all the time, i.e., synchronization signal is required before each transmission and reception burst.

2.2	Random access
One of the advantages of ambient IoT technology over RFID technology is to support more devices. NR can support huge number of simultaneous accesses is its high effective RACH procedure. Msg 1 transmission provides plenty of orthogonal access resources by time-frequency orthogonal through RACH Occasion and code quasi-orthogonal through preamble. After detection of preamble, NW then provide resources for msg 3 based on the demand of msg 1 request. Such on demand resource allocation can reduce the resource wastes during random access procedure. In the end, msg 4 can provide contention resolution message for potential conflict transmission that different devices randomly select the same resource.
Four steps RACH can allow more device access without providing too much resources by providing plenty resources to carry small payload in msg 1 and providing on demand resources to carry large payload in msg 3.
Proposal 3: Legacy four steps RACH can be the baseline of ambient IoT’s access procedure, where msg1 provides plenty of (quasi-)orthogonal resources to reduce contention probability and msg3 provides on demand resources to carry access information.
Due to limited device complexity, ambient IoT cannot support legacy RACH preamble transmission. Ambient IoT device may adopt OOK signal. Different OOK signal/preamble may not be orthogonal to each other very well thus preamble based quasi-orthogonal resources is not suitable for ambient IoT. At least TDM resources on different time occasions could be used as the orthogonal random access resources.
Proposal 4: Different OOK signal/preamble may not be orthogonal to each other very well. At least different time occasions could be used as the orthogonal random access resources.

3	Conclusion
In this contribution, we give our views on frame structure and timing for ambient IoT, and propose that:
Proposal 1: Ambient IoT UL signal is transmitted on legacy UL spectrum in FDD. FFS: Ambient IoT DL signal is transmitted on either legacy DL spectrum or UL spectrum in FDD.
Proposal 2: Ambient IoT can reuse the frame structure of NR. Ambient IoT device is not required to synchronise with network all the time, i.e., synchronization signal is required before each transmission and reception burst.
Proposal 3: Legacy four steps RACH can be the baseline of ambient IoT’s access procedure, where msg1 provides plenty of (quasi-)orthogonal resources to reduce contention probability and msg3 provides on demand resources to carry access information.
Proposal 4: Different OOK signal/preamble may not be orthogonal to each other very well. At least different time occasions could be used as the orthogonal random access resources.
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