[bookmark: _Hlk145670493][bookmark: _GoBack]3GPP TSG RAN WG1 #116			R1-2401261
Athens, Greece, February 26th – March 1st, 2024

Agenda Item:	9.4.2.4
Source:	Google
Title:	Discussion on waveform characteristics of carrier-wave provided externally to the Ambient IoT device
Document for: 	Discussion
1. Introduction
In this contribution, we discuss some aspects related to waveform characteristics of carrier-wave in Rel-19 Ambient IoT (A-IoT). 3GPP has discussed A-IoT for a while across different TSGs. SA1 developed a technical report TR 228.840 [1] to dig in a number of use cases, traffic scenarios, device constraints, potential service requirements and KPIs for A-IoT. In Rel-18, there was a SI worked by RAN, which eventually brings out representative use cases, deployment scenarios, connectivity topologies and also some left works for WGs to complete. RAN also achieved a technical report on A-IoT [2]. Following these works, RAN Plenary has agreed to study A-IoT in WG level as shown in Rel-19 A-IoT SID [3] as below. In the following sections, we provide some thinking and observations from our side on waveform characteristics of carrier-wave provided externally to the Ambient IoT device. 
	
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
This study targets a further assessment at RAN WG-level of Ambient IoT, a new 3GPP IoT technology, suitable for deployment in a 3GPP system, 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.
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.

The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
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.
NOTE: strive to minimize evaluation cases in RAN1.




2. Discussion
As listed in Rel-19 A-IoT SID, some targets assigned for RAN1 include the following aspects, where one of them aims at studying 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 base station. 
	· 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 Rel-19 A-IoT SID, two types of devices have been defined. Type 1 device does not have capability of amplifying DL reception or UL transmission. The UL transmission from the Type 1 device can only rely on backscattering carrier wave from an external node, due to lack of capability of generating UL signal by itself. On the other hand, Type 2 device has the capability of amplifying DL reception or UL transmission. In addition, Type 2 device is also capable of generating UL signal by itself. In some scenarios, Type 2 device may be also benefited from the carrier wave to backscatter UL signal. 
We can see that carrier wave is crucial for A-IoT devices, regardless of Type 1 or Type 2 device. Meanwhile, the external node to transmit the carrier wave would be also important to certain level. For example, whether the external node is base station, an intermediate node in Topology 2, or an additional node dedicated for transmitting the carrier wave. In addition, whether it would be transparent to the A-IoT device should be also discussed. 
Observation 1: The type of the external node for providing carrier wave to A-IoT device can have impact on A-IoT study and further specification. 
Proposal 1: RAN1 to discuss the external node to transmit carrier wave, including the node type and whether it has specification impact.  
In addition to the external node for transmitting carrier wave, which frequency band to transmit the carrier wave is also crucial. As indicated in the Rel-19 A-IoT SID, FDD spectrum is assumed for the A-IoT study, which comprises DL band and UL band. For A-IoT devices relying on backscattering for UL transmission, especially Type 1 device, the UL transmission would be backscattered in the same band, upon receiving the carrier wave. In other words, if the carrier wave is received in DL band, the basic operation is the transmission from the A-IoT device would be backscattered in DL band as well. However, this would cause interference or performance degradation to base station and/or other A-IoT devices. 
Observation 2: The band to transmit carrier wave in FDD spectrum would have impact on interference handling. 
On the other hand, if an A-IoT device can be equipped with component of shifting frequency of the carrier wave, the A-IoT device could perform the corresponding transmission in UL band, upon receiving the carrier wave. Therefore, whether the A-IoT device is capable of shifting frequency of UL transmission via backscattering carrier wave can have impact on subsequent study on A-IoT device. 
Observation 3: Whether an A-IoT device can be capable of shifting frequency of the carrier wave would be a factor of deciding which band to transmit carrier wave. 
From above discussions and observations, we have the following proposals for transmitting the carrier wave. 
Proposal 2: RAN1 to discuss which band in FDD spectrum to transmit the carrier wave for A-IoT devices.  
Proposal 3: RAN1 to study whether an A-IoT device can be capable of shifting frequency of the carrier wave, upon receiving the carrier wave for backscattering.  
3. Conclusion
According to the above discussion(s), we have the following observation(s) and/or proposal(s). 
Observation 1: The type of the external node for providing carrier wave to A-IoT device can have impact on A-IoT study and further specification. 
Observation 2: The band to transmit carrier wave in FDD spectrum would have impact on interference handling. 
Observation 3: Whether an A-IoT device can be capable of shifting frequency of the carrier wave would be a factor of deciding which band to transmit carrier wave. 
Proposal 1: RAN1 to discuss the external node to transmit carrier wave, including the node type and whether it has specification impact.  
Proposal 2: RAN1 to discuss which band in FDD spectrum to transmit the carrier wave for A-IoT devices.  
Proposal 3: RAN1 to study whether an A-IoT device can be capable of shifting frequency of the carrier wave, upon receiving the carrier wave for backscattering.  
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