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1. Introduction
In RAN #102 meeting, the Rel-19 study item on Ambient internet of things (A-IoT) for NR has been approved in [1], and has been revised in [2], which includes the following RAN4 objectives:
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:

· Ambient IoT BS transmission and reception

· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception
This contribution mainly discuss on the objective of coexistence study based on the SID and related RAN1 agreements.
2.  Discussion
The general scope of the SID includes two kinds of deployment scenarios, frequency range and spectrum deployment as below excerpt:

· 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

· FR1 licensed spectrum in FDD.

· Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
· 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.
In topology 1 of TR 38.848, the Ambient IoT device directly and bidirectionally communicates with a basestation, as shown in figure 2-1:
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Figure 2-1: Topology 1

And the characteristics of deployment scenario 1 in TR 38.848 are listed in Table 2-1:
Table 2-1: Characteristics of deployment scenario 1

	Applicable representative use cases
	Characteristics
	Description

	Indoor inventory

Indoor sensor

Indoor positioning

Indoor command
	Environment (of device)
	Indoor

	
	Basestation characteristic (if any)
	Micro- or pico-cell

	
	Connectivity topology
	Topology (1), (2), (3)

	
	Spectrum
	Licensed FDD, licensed TDD, unlicensed

	
	Coexistence with existing 3GPP technologies
	Co-site or new site

	
	Traffic assumption
	DT and DO

	
	Device characteristic
	Device A or Device B or Device C


In the RAN1#116 meeting, the following agreements about Ambient IoT device architectures have been approved:

For the purpose of the study, RAN1 uses the following terminologies:

· Device 1: ~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.

· Device 2a: ≤ a few hundred µW peak power consumption, 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 is backscattered on a carrier wave provided externally.

· Device 2b: ≤ a few hundred µW peak power consumption, 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 is generated internally by the device.
Therefore, the characteristics of deployment scenario 1 with Topology 1 are listed in Table 2-2:

Table 2-2: Characteristics of deployment scenario 1 with Topology 1
	Applicable representative use cases
	Characteristics
	Description

	Indoor inventory

Indoor command
	Environment (of device)
	Indoor

	
	Basestation characteristic (if any)
	Micro-cell

	
	Connectivity topology
	Topology 1

	
	Spectrum
	Licensed FDD

	
	Coexistence with existing 3GPP technologies
	Co-site

	
	Traffic assumption
	DT and DO-DTT

	
	Device characteristic
	Device 1, Device 2a and Device 2b


In topology 2 of TR 38.848, the Ambient IoT device communicates bidirectionally with an intermediate node between the device and basestation. In this topology, the intermediate node can be a relay, IAB node, UE, repeater, etc. which is capable of Ambient IoT. The intermediate node transfers Ambient IoT data and/or signalling between BS and the Ambient IoT device, as shown in figure 2-2:
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Figure 2-2: Topology 2

And the characteristics of deployment scenario 2 in TR 38.848 are listed in Table 2-3:
Table 2-3: Characteristics of deployment scenario 2

	Applicable representative use cases
	Characteristics
	Description

	Indoor inventory

Indoor sensor

Indoor positioning

Indoor command
	Environment (of device)
	Indoor

	
	Basestation characteristic (if any)
	Macro- or Micro- cell BS

	
	Connectivity topology
	Topology (1), (2), (3)

Note: The location of intermediate or assisting node (if any) is indoor or outdoor

	
	Spectrum
	Licensed FDD, licensed TDD, unlicensed

	
	Coexistence with existing 3GPP technologies
	Co-site or new site

	
	Traffic assumption
	DT and DO-DTT

	
	Device characteristic
	Device C may support Topology (1), (2), (3),

Device A may support Topology (2), Device B may support Topology (2), (3)


Therefore, the characteristics of deployment scenario 2 with Topology 2 are listed in Table 2-4:
Table 2-4: Characteristics of deployment scenario 2 with Topology 2
	Applicable representative use cases
	Characteristics
	Description

	Indoor inventory

Indoor command
	Environment (of device)
	Indoor

	
	Basestation characteristic (if any)
	Macro-cell BS

	
	Connectivity topology
	Topology 2
Note: The location of intermediate node is indoor

	
	Spectrum
	Licensed FDD

	
	Coexistence with existing 3GPP technologies
	Co-site 

	
	Traffic assumption
	DT and DO-DTT

	
	Device characteristic
	Device 1, Device 2a and Device 2b


Proposal 1: Device 1, Device 2a and Device 2b can apply to both deployment scenario 1 with Topology 1 and deployment scenario 2 with Topology 2.
Proposal 2: RAN4 can consider the coexistence study based on characteristics listed in Table 2-2 and Table 2-4 for deployment scenario 1 with Topology 1 and deployment scenario 2 with Topology 2, separately.
As in the general scope, Ambient IoT system can be deployed in-band to NR, in guard-band to LTE/NR, or in standalone band(s). However, the introduction of new Ambient IoT frequencies into existing cellular networks may cause interference to public networks or other adjacent systems. In order to ensure the normal operation of each system, it is necessary to conduct in-depth research on the interference and coexistence problems between Ambient IoT system and other systems, and carry out system compatibility analysis. Therefore, the coexistence performance between the Ambient IoT system and another different system (LTE/NR), as well as among two Ambient IoT systems should be evaluated by system level evaluation.
Proposal 3: The coexistence performance can be evaluated based on the deployments:

· Between the Ambient IoT system and another different system (LTE/NR).
· Between two Ambient IoT systems.
In the SID, it just defined that transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum. But in RAN1 the discussion of where the BS transmits the carrier wave and/or command signalling has not yet reached any conclusion.
Therefore, RAN4 can first consider the co-existence evaluation cases in UL spectrum based on the transmission from Ambient IoT device for both of topology 1 and topology 2 between the Ambient IoT system and another different system (LTE/NR), as well as between two Ambient IoT systems. 

The potential co-existence evaluation cases between the Ambient IoT system and another different system (LTE/NR) are illustrated in the Table 2-5:
Table 2-5 Evaluated coexistence cases in uplink between different systems
	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1 
	Stand-alone
	A-IoT- Device
	LTE-BS
	Uplink

	2 
	Stand-alone
	LTE- UE
	A-IoT-BS
	Uplink

	3 
	Stand-alone
	A-IoT- Device
	NR-BS
	Uplink

	4 
	Stand-alone
	NR- UE
	A-IoT-BS
	Uplink

	5 
	Guard band
	A-IoT- Device
	NR-BS
	Uplink

	6 
	Guard band
	NR-UE
	A-IoT-BS
	Uplink

	7 
	In-band
	A-IoT- Device
	NR-BS
	Uplink

	8 
	In-band
	NR-UE
	A-IoT-BS
	Uplink

	9 
	Stand-alone
	A-IoT-node
	LTE-BS
	Uplink

	10 
	Stand-alone
	LTE-UE
	A-IoT-node
	Uplink

	11 
	Stand-alone
	A-IoT- node
	NR-BS
	Uplink

	12 
	Stand-alone
	NR-UE
	A-IoT-node
	Uplink

	13 
	Guard band
	A-IoT-node
	NR-BS
	Uplink

	14 
	Guard band
	NR-UE
	A-IoT-node
	Uplink

	15 
	In-band
	A-IoT-node
	NR-BS
	Uplink

	16 
	In-band
	NR-UE
	A-IoT-node
	Uplink


The potential co-existence evaluation cases between two Ambient IoT systems are illustrated in the Table 2-6
Table 2-6 Evaluated coexistence cases in uplink between two Ambient IoT systems
	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	Stand-alone
	A-IoT- Device
	A-IoT- BS
	Uplink

	2
	Stand-alone
	A-IoT- node
	A-IoT-BS
	Uplink

	3
	Stand-alone
	A-IoT- Device
	A-IoT-node
	Uplink


Proposal 4: RAN4 can first consider the co-existence evaluation cases in UL spectrum based on the transmission from Ambient IoT device for both of topology 1 and topology 2. Other co-existence evaluation cases can be added further according to the following discussion in RAN 1.
Proposal 5: The potential co-existence evaluation cases illustrated in Table 2-5 and 2-6 can be as the starting point.
In the coexistence study of the adjacent frequency systems, the interference evaluation criteria of different wireless communication system are different. In LTE and NR systems, no more than 5% throughput loss of the system is the interference criteria, and can be still used for NR/LTE systems are interfered in by Ambient IoT. In Ambient IoT, the throughput is not a pursued KPI. Instead, BLER can be considered to reflect the co-existence performance for Ambient IoT. But how to decide the mapping between SINR and BLER need further discuss. Before this, RAN4 could first research the SINR degradation with different target ACS, ACLR and ACIR for Ambient IoT interfered in by Ambient IoT/ NR/LTE systems. 
Proposal 6: RAN4 can first research the SINR degradation with target ACS, ACLR and ACIR for Ambient IoT interfered in by Ambient IoT/ NR/LTE systems before deciding the mapping between SINR and BLER.
3. Conclusion

In this contribution, we discussed the coexistence study about the AmbientIoT and proposed:

Proposal 1: Device 1, Device 2a and Device 2b can apply to both deployment scenario 1 with Topology 1 and deployment scenario 2 with Topology 2.
Proposal 2: RAN4 can consider the coexistence study based on characteristics listed in Table 2-2 and Table 2-4 for deployment scenario 1 with Topology 1 and deployment scenario 2 with Topology 2, separately.

Proposal 3: The coexistence performance can be evaluated based on the deployments:

· Between the Ambient IoT system and another different system (LTE/NR).
· Between two Ambient IoT systems.
Proposal 4: RAN4 can first consider the co-existence evaluation cases in UL spectrum based on the transmission from Ambient IoT device for both of topology 1 and topology 2. Other co-existence evaluation cases can be added further according to the following discussion in RAN 1.

Proposal 5: The potential co-existence evaluation cases illustrated in Table 2-5 and 2-6 can be as the starting point.

Proposal 6: RAN4 can first research the SINR degradation with target ACS, ACLR and ACIR for Ambient IOT interfered in by Ambient IoT/ NR/LTE systems before deciding the mapping between SINR and BLER.
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