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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN plenary level study item on Ambient IoT was approved in RAN plenary #97e meeting with the latest SID in [2]. The study aims 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 main objectives of the SI include device categorization, identification of the suitable deployment scenarios and their characteristics for use cases/services agreed in the related SA1 SI [3], formulation of set of RAN design targets, and identification of required functionality to be supported.
During the RAN plenary #99 meeting, progress was made on TR skeleton, grouping of SA1 use cases, deployment scenarios, connectivity topologies, and device categorization. 
In this contribution, we address the remaining open issues in the RAN SI and then present our views on the Rel-19 RAN-WG level study/work item.

Discussion 
Ambient IoT Device Categorization
According to TR 38.848, three Ambient IoT devices are categorized along with their energy storage and RF signal generation capabilities as presented in Table 1.
Table 1: Device categorization
	Ambient IoT Device
	Energy Storage
	Signal Generation Capability

	Device A
	No
	No capability to generate and amplify RF signals and rely on backscattering transmissions

	Device B
	Yes
	No capability to generate RF signals and rely on backscattering transmissions; however, it can amplify reflected signals through its stored energy

	Device C
	Yes
	Yes, it has independent active RF components to generate signals



Referring to Table 1, Devices A, B and C vary in their energy storage and RF signal generation capabilities, which will result in different design targets, considerations and approaches. Among the devices, Device C can achieve better coverage/range, data rates, latency and other performance requirements at the expense of higher cost, complexity and power consumption compared to Devices A and B. Refer to Section 2.4 for the complexity and power consumption of the devices.    
Network access procedures and upper layer protocols can be easily simplified and tailored to support Device C while Devices A and B may require a completely new/different design. 
Proposal 1: For the Rel-19 RAN-WG level study/work item, decide between Device A (and Device B) versus Device C.
Ambient IoT Deployment Scenarios
During RAN#99, five deployment scenarios were agreed and captured in TR 38.848. The column labelled as “Description” in Table 4.2.2.1-2 to Table 4.2.2.1-5 in TR 38.848 is empty. Note that Table 4.2.2.1-2 to Table 4.2.2.1-5 in TR 38.848 correspond to Deployment Scenarios 2 to 5. As a starting point, we propose to adopt the suggested modifications by Rapporteur in “Results of offline discussions on ambient IoT [6].   
Proposal 2: For the remaining issues/details in Deployment Scenarios 2 to 5, adopt the suggested modifications by Rapporteur in the offline discussion of RAN#99:
Deployment 2: Device indoors, base station outdoors
	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: topology (3) where either the uplink or the downlink coverage is extended

	
	Spectrum
	Licensed FDD, or Licensed TDD or unlicensed (for topology (2) and (3))

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

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device [A or B] or C



 Deployment 3: Device indoors, UE indoors based reader
	Applicable representative use cases
	Characteristics
	Description

	indoor inventory
[indoor sensor]
indoor positioning
indoor command
	Environment (of device)
	Indoor

	
	Basestation characteristic (if any)
	NoneNo base station in the topology

	
	Connectivity topology
	Topology (4)

	
	Spectrum
	Licensed FDD, Licensed TDD or Unlicensed

	
	Coexistence with existing 3GPP technologies
	FFS-[Legacy UE or new UE]

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device A or B or [C]
Note: a device C could also support such deployment



Deployment 4: Device outdoors, Outdoor base station outdoors
	Applicable representative use cases
	Characteristics
	Description

	outdoor inventory
outdoor sensor
outdoor positioning
outdoor command
	Environment (of device)
	Outdoor

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

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

	
	Spectrum
	Licensed FDD or Licensed TDD

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

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device [A or B] or C



Deployment 5: Device outdoors, UE outdoors based reader
	Applicable representative use cases
	Characteristics
	Description

	outdoor inventory
[outdoor sensor]
outdoor positioning
outdoor command
	Environment (of device)
	Outdoor

	
	Basestation characteristic (if any)
	No base station in the topologyNone

	
	Connectivity topology
	Topology (4)

	
	Spectrum
	Licensed FDD or Licensed TDD or Unlicensed

	
	Coexistence with existing 3GPP technologies
	FFS-[Legacy UE or new UE]

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device A or B or [C]



Examining all the deployment scenarios, we observe that Deployment Scenarios 3 and 5 are a special case of Deployment Scenarios 1, 2 and 4 because they can reuse the Topology 1 design for Topology 4.  
Proposal 3: For the Rel-19 RAN-WG level study/work item, focus on Deployment Scenarios 1, 2 and 4.

Connectivity topologies
In relation to the ambient IoT network architecture, four connectivity topologies are captured in TR 38.848 as shown in Figure 1.
Topology 1: BS ↔ Ambient IoT device
Topology 2: BS ↔ intermediate node ↔ Ambient IoT device
Topology 3: BS ↔ assisting node ↔ Ambient IoT device ↔ BS (with downlink assistance)
Topology 3: BS ↔ assisting node ↔ Ambient IoT device ↔ BS (with uplink assistance)
Topology 4: UE ↔ Ambient IoT device

Figure 1: Connectivity topologies (from TR 38.848)
It is important to point out that Topology 1 is the basic topology among the four connectivity topologies. It can be reused as a component for Topologies 2 and 4. In Topology 3, the link between the BS (and assisting node) and the Ambient IoT can also be similar to that of Topology 1 while the further details of Topology 3 are yet to be clarified. 
Topology 4 can be viewed as a special case of Topologies 2 without the BS, and the intermediate node corresponds to the UE. However, it is not clear how to establish a link between the Ambient IoT device and the UE when the BS is absent. 
Based on the above discussion, RAN WG should start with the basic topology (i.e., Topology 1) in Rel-19 SI. Technical studies on Topologies 2, 3 and 4 can start once the study on Topology 1 is completed. 
Proposal 4: For the Rel-19 RAN-WG level study/work item, focus on (or prioritize) the basic topology (Topology 1: BS  Ambient IoT device).
RAN Design Targets for Ambient IoT
At the RAN#99 meeting, a consensus was reached on a set of design target parameters for Ambient IoT in the RAN study item. The set of design target parameters is captured in TR 38.848, Section 5, as summarized in Table 2.
Table 2: RAN design targets (from TR 38.848)
	RAN Design Parameter
	RAN Design Target 

	




Device power consumption 
	Device A: 
The power consumption target during transmitting/receiving is [≤ 1 μW] or [≤ 10 μW]

	
	Device B: 
Device A power consumption ≪ Device B power consumption < Device C power consumption, or 
Device A power consumption ≤ Device B power consumption < Device C power consumption

	
	Device C: 
≤ 1 mW to ≤ 10 mW

	Device complexity
	Device A: 
The complexity target is to be comparable to UHF RFID ISO18000-6C (EPC C1G2).

	
	Device B:
Device A complexity < Device B complexity < Device C complexity

	
	Device C: 
The complexity target is to be orders-of-magnitude lower than NB-IoT

	Coverage
	No consensus

	User experienced data rate
	At least for uplink, maximum not less than 5 kbps, and minimum not less than 0.1 kbps

	Maximum message size (or maximum ‘TB’ size)
	No consensus

	Latency
	No consensus

	Positioning accuracy 
	No consensus

	Connection/device density
	No consensus

	Moving speed of device
	No consensus


 
As can be observed from Table 2, a number of RAN design targets, except for the ‘Device power consumption’, ‘Device complexity’ and ‘User experienced data rate’, are not resolved. Herein, we further evaluate and provide our views on the RAN design targets.   
· Coverage: In view of the low power consumption characteristics of an Ambient IoT device, its transmission power is very low. In addition, in the case of energy harvesting from RF signals, the distance between the power source node and the device needs to be short. Furthermore, the processing power at the device will also be very limited to ensure very low cost. All these contribute to potentially very short communication range. On the other hand, it is technically and commercially desirable to extend the range. Overall, from radio access perspective, the target communication range is likely the most fundamental (and yet sometimes trickiest) parameter of the design. It also depends on other targets, for example data rate, latency, deployment scenarios (indoors or outdoors) and reliability as secondary factors. Consequently, such a parameter should be evaluated and determined by the RAN WG after initial study and evaluation. 
· Maximum message size: It depends on use cases and deployment scenarios (indoors or outdoors).
· Latency: In general, latency depends on data rates, signalling protocol overhead, use cases and deployment scenarios (indoors or outdoors). 
· Positioning accuracy: Positioning service-related requirements are for a subset of use cases, not necessarily relying on Ambient IoT technology, and likely putting unnecessary burden and complexity to the design. Therefore, they are not at this stage fundamental to the RAN design.
· Connection/device density: can be heavily dependent on deployment choices, resource availability, etc.
· Moving speed of device: For most of the use cases, the Ambient IoT device is either static or with low velocity, and continuous service is not required when moving across service/coverage areas of the network. Therefore, mobility (as currently understood) is not a basic design target. 
Based on the above analysis, we make the following proposal: 
Proposal 5: The final design targets should be left to the RAN-19 RAN WG level study/work item as part of the evaluation methodology and KPI definitions.

Conclusions
We make the following proposals to address the remaining details in the RAN SI.  
Proposal 1: For the Rel-19 RAN-WG level study/work item, decide between Device A (and Device B) versus Device C.
Proposal 2: For the remaining issues/details in Deployment Scenarios 2 to 5, adopt the suggested modifications by Rapporteur in the offline discussion of RAN#99:
Deployment 2: Device indoors, base station outdoors
	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: topology (3) where either the uplink or the downlink coverage is extended

	
	Spectrum
	Licensed FDD, or Licensed TDD or unlicensed (for topology (2) and (3))

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

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device [A or B] or C



 Deployment 3: Device indoors, UE indoors based reader
	Applicable representative use cases
	Characteristics
	Description

	indoor inventory
[indoor sensor]
indoor positioning
indoor command
	Environment (of device)
	Indoor

	
	Basestation characteristic (if any)
	NoneNo base station in the topology

	
	Connectivity topology
	Topology (4)

	
	Spectrum
	Licensed FDD, Licensed TDD or Unlicensed

	
	Coexistence with existing 3GPP technologies
	FFS-[Legacy UE or new UE]

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device A or B or [C]
Note: a device C could also support such deployment



Deployment 4: Device outdoors, Outdoor base station outdoors
	Applicable representative use cases
	Characteristics
	Description

	outdoor inventory
outdoor sensor
outdoor positioning
outdoor command
	Environment (of device)
	Outdoor

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

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

	
	Spectrum
	Licensed FDD or Licensed TDD

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

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device [A or B] or C



Deployment 5: Device outdoors, UE outdoors based reader
	Applicable representative use cases
	Characteristics
	Description

	outdoor inventory
[outdoor sensor]
outdoor positioning
outdoor command
	Environment (of device)
	Outdoor

	
	Basestation characteristic (if any)
	No base station in the topologyNone

	
	Connectivity topology
	Topology (4)

	
	Spectrum
	Licensed FDD or Licensed TDD or Unlicensed

	
	Coexistence with existing 3GPP technologies
	FFS-[Legacy UE or new UE]

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device A or B or [C]



Proposal 3: For the Rel-19 RAN-WG level study/work item, focus on Deployment Scenarios 1, 2 and 4.
Proposal 4: For the Rel-19 RAN-WG level study/work item, focus on (or prioritize) the basic topology (Topology 1: BS  Ambient IoT device).
[bookmark: _Ref129681832]Proposal 5: The final design targets should be left to the RAN-19 RAN WG level study/work item as part of the evaluation methodology and KPI definitions.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
RP-230572, Views on Ambient IoT towards focused RAN work, Futurewei
RP-223396, SID revision: Study on Ambient IoT, Huawei, HiSilicon
[bookmark: _Ref120783958]3GPP TR 22.840 V1.1.0 (2023-03), Study on Ambient power-enabled Internet of Things (Release 19)
[bookmark: _Ref120785959]RP-223402, Workplan for RAN Study on Ambient IoT, Huawei
RP-230795, Results of offline discussions on ambient IoT, Moderator (Huawei)
RP-230801, Results of offline discussions on ambient IoT, Moderator (Huawei)
image3.emf

image4.emf

image5.png
——>  Ambient IoT data/signaling

BS Amhie!\t loT
device




image6.png
——>  Ambient loT data/signaling

(p)
\@

Ambient loT

BS device




image7.png
—>  Ambient loT data/signaling

()

intermedvlh D)
)

node
Ambient loT

BS
device




image8.emf

image9.emf

image10.png
——>  Ambient IoT data/signaling

BS Amhie!\t loT
device




image1.png
——>  Ambient loT data/signaling

(p)
\@

Ambient loT

BS device




image2.png
—>  Ambient loT data/signaling

()

intermedvlh D)
)

node
Ambient loT

BS
device




