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1. Introduction

In RAN#98e, a table capturing the characteristics of deployment scenarios for Ambient IoT has been agreed. 
	Agreement:
Capture deployment scenarios as follows:
Applicable representative use cases
Characteristic
Description
rUC1, rUC2, …, …
Environment (of device)

Basestation characteristic (if any)

Connectivity topology

Spectrum

Coexistence with existing 3GPP technologies

Traffic assumption

FFS: whether/which rows can be indicated with more than one value, e.g. Environment = Indoor/Outdoor

FFS: Possible values for each characteristic row (see following questions)

FFS: Whether device characteristic is added to the table.


This paper firstly discusses about the details of the characteristics table, such as the possible additional characteristics and the values for each characteristic row. Based on this, examples are given on how to identify practical deployment scenarios for representative use case group(s). The recommended deployment scenarios for each use case group discussed in [1] are given in the appendix.
2. Device characteristic

Three device of Device A, Device B and Device C have generally been agreed in RAN #98e. 
	Agreements:

The following set of Ambient IoT devices are considered in the SI:

· Device A: No energy storage, no independent signal generation, i.e. backscattering transmission

· Device B: Has energy storage, no independent signal generation, i.e. backscattering transmission. Use of stored energy can include amplification for reflected signals

· Device C: Has energy storage, has independent signal generation, i.e. active RF component for transmission

FFS: Whether to include device function

FFS: Whether to include a target maximum power consumption for each device

FFS: Whether/how to describe what stored energy is used for (in addition to the statement for Device B)

FFS: if combination of these devices will be considered.


In practical deployments, system end-to-end performance directly depends on the capability of different devices. As discussed in [2], there may be 3 device categories for Ambient IoT. Their capabilities are expected to be different from each other, especially between Device A and C.
· From the view of energy harvesting, the output power of RF energy harvester is usually at μW level or sub-μW level regarding to a transmission range of a few ten meters. Device A or B is capable of being powered by RF energy due to its μW level power consumption for transmitting or receiving. In the contrary, Device C may not be suitable to use RF energy for power supply. One critical issue is that the output power of RF energy harvester may be even lower than the self-discharging power of the supercapacitor used by Device C, which is usually a few μW or higher.
· From the view of coverage, it is hard for Device A or B to support direct link to outdoor macro- or micro-cell basestation, considering the required high service availability over large local area or wide area. To support outdoor continuous coverage, Device C is assumed to be more applicable at the cost of obviously higher power consumption for transmitting and receiving than Device A or B.
· From the view of traffic characteristics, Device A and B may not be suitable for the use cases involving device-originated traffic, as their uplink transmission are based on backscattering. With the capability of generating uplink RF signal by itself, Device C is assumed to support both device-terminated and device-originated traffic.
According to the above, the impact of Device A, B and C on the deployment scenarios of Ambient IoT can be expected. In other words, some other characteristics of deployment scenarios will be impacted by device A, B and C respectively. Consequently, it is reasonable to include device characteristic with values of Device A, Device B and Device C into the characteristic set of deployment scenarios.
Proposal 1: ‘Device characteristic’ is included as an element of a deployment scenario, with possible values can be ‘Device A’, ‘Device B’, ‘Device C’, or more than one from the three.
3. Other characteristics of deployment scenarios
1.1 Connectivity topology

4 topologies have generally been agreed in RAN #98e.

	Agreement:

· Topology (1): BS <-> Ambient IoT device

· NOTE 1: Includes the possibility of BS Rx and BS Tx in different BSs
· Topology (2): BS <-> intermediate node <-> Ambient IoT device

· NOTE 1: Intermediate node can be relay, IAB, UE, repeater, etc. which is capable of ambient IoT
· Topology (3): BS <-> assisting node <-> Ambient IoT device <-> BS

· NOTE 1: Assisting node can be relay, IAB, UE, repeater, etc. which is capable of ambient IoT 
· FFS: If the two BS can be different

· Topology (4): UE <-> Ambient IoT device

· FFS: Topology (5) UE <-> Ambient IoT device <-> {BS or UE}

NOTE: For potential topology (5), discuss its relation with other topologies, its necessity, etc. in RAN#99.

NOTE for all topologies: The Ambient IoT device may be provided with carrier wave from another node(s) either inside or outside the topology

NOTE for all topologies: The links in each topology may be bidirectional or unidirectional

FFS: Whether to consider combination of different topologies in the study.

FFS: BS, UE, or assisting node could be multiple BSs, UEs or assisting nodes, respectively.


As discussed in our connectivity topology paper, the 4 topologies agreed in RAN #98e can be applied for the possible values, with Topology (5) not being necessary. The combination of different topologies can be regarded as a network planning issue. To identify deployment scenarios for a use case group, it is assumed to focus on the corresponding basic connectivity topology, and there is no need to define all possible combinations of topologies.
There can be the case of multiple connectivity topologies applicable to one use case group. In general, different connectivity topologies may lead to obvious different values for the other characteristics of deployment scenarios, such as basestation characteristic and device characteristic. However, if those other characteristics can be the same, the value of connectivity topology for the corresponding deployment scenario can be more than one.
Proposal 2: The possible values for ‘Connectivity topology’ can be ‘Topology (1)’, ‘Topology (2)’, ‘Topology (3)’, Topology (4).

Proposal 3: No need to define combinations of topologies.

1.2 Spectrum 
	Agreement:
 Spectrum in a deployment scenario is: licensed FDD, licensed TDD, unlicensed.
· Note: Further discuss if the study should apply any limitations to the cases for which unlicensed spectrum is studied.


In RAN #98e, it is agreed that three types of spectrum can be considered for Ambient IoT. Regarding unlicensed spectrum, there are two issues to be considered.

· The first issue is the possible uncontrollable interference. If the unlicensed band is not dedicated for Ambient IoT, there may be inter-system interference from nearby nodes or devices of different systems, where cross-system interference coordination is usually uneasy. Even in a dedicated band, intra-system interference is assumed to be non-negligible between the nodes or devices without coordination, especially between independent private networks for different applications in public areas.
· Another challenge with unlicensed spectrum is the constraint on transmit power. For example, in the UHF ISM band for RFID, the transmit power of RFID reader is not allowed to exceed 2 W (e.r.p.) in most countries [3]. The limited downlink transmit power will lead to limited coverage of both energy transmission and data transmission.

For Ambient IoT network in outdoor scenarios, it is hard to solve the above two issues, especially the possible severe interference. In indoor scenarios, the outdoor-to-indoor interference can be suppressed to some degree due to the penetration loss of building. For industry-oriented or home-oriented applications, there can be some schemes to coordinate the wireless equipment in the same enclosed space for interference management, as the nodes and devices may all belong to the same user. Besides, the coverage issue is also weakened in indoor scenarios, as the required communication range is relative shorter due to the smaller typical inter-site distance for indoor nodes. Consequently, it is proposed that the study of unlicensed spectrum for Ambient IoT is limited to indoor scenarios.
Proposal 4: The study on unlicensed spectrum for Ambient IoT is limited to indoor scenarios.
Proposal 5: A deployment scenario can be assigned more than one value from the three types of spectrum.
1.3 Coexistence with existing 3GPP technologies
The coexistence between Ambient IoT and existing 3GPP technologies was agreed as follows
	Agreement:

The study considers Ambient IoT deployment in-band to NR, in guard-band of NR, and standalone band from NR, and FFS: relationship to deployment scenarios.

· Note: Prioritization among them can be discussed in later meetings. 
Agreement:

For basestation deployments (when present), “Coexistence with existing 3GPP technologies” can be:

· Deployed on the same sites as an existing 3GPP deployment corresponding to the basestation type.

· Deployed on new sites without an assumption of an existing 3GPP deployment.


For the case base station deployments is involved, we understand a deployment scenario could be assigned one or more values from “co-site” which means co-deployed on the same sites of existing basestation deployment and “new site” which means no assumption of an existing basestation. But for the case base station deployments is not present, we understand it mostly refers to UE based solution. In this case, we think the values of “Coexistence with existing 3GPP technologies” can be “legacy UE” with no hardware impact, or “new UE” with potential hardware impact. There also be other case both base station and UE are involved for a deployment scenario. Overall, we have the following proposal
Proposal 6: The possible values for ‘Coexistence with existing 3GPP technologies’ are:

· When basestation deployment is present: ‘co-site’, ‘new site’ (as per RAN#98-e)

· When basestation deployment is not present: ‘legacy UE’, ‘new UE’ 
· More than one of the above.
1.4 Traffic assumption
	Conclusion:
FFS: whether the TR will describe different types of device-terminated traffic, e.g. Device-Terminated command and Device-Terminated reporting trigger, and whether to describe relationships between device-originated and device-terminated traffic, etc. 


From the view of functionality, both inventory and command involve device terminated traffic. Considering there may be little impact on the deployment scenarios, both the two cases can be regarded as ‘Device-terminated’ traffic at this initial stage. 
From the view air interface design and implementation, the device-originated traffic may be supported by the signalling procedure of device-terminated traffic. For example, if a node periodically triggers a device to report with a period shorter than the required latency, the device-originated traffic can be satisfied. However, the price can be the higher device power consumption and some wasted air interface resources. Consequently, it is proposed to keep both ‘device-terminated’ and ‘device-originated’ traffic in the study. Besides, both ‘device-terminated’ and ‘device-originated’ traffics exist in some use cases involving the functionality of sensor. 
Proposal 7: The possible values for ‘Traffic assumption’ can be ‘Device-terminated’, ‘Device-originated’, and ‘Device-terminated or Device-originated’.
4. Illustration of identifying deployment scenarios for Ambient IoT
The target use cases of Ambient IoT have been sorted into 6 representative use case groups in our use case grouping paper [1]. By taking 2 out of the 6 groups as examples, this section illustrates how to identify practical deployment scenarios by choosing suitable value from the corresponding set of candidates for each characteristic discussed in section 3. More examples of deployment scenario table with applicable representative use cases are summarized in the followings.
1.5 Example of deployment scenario for rUC1 (indoor large service area with continuous coverage)
There are 11 SA1 use cases requesting indoor continuous coverage over large service area. The practical deployment scenarios corresponding to this use case group can be identified as follows.
· Environment (of device): Indoor

Ambient IoT device is located indoor in the corresponding use cases.

· Spectrum: Licensed FDD or unlicensed

Licensed FDD spectrum is preferred for the case due to the smaller path loss in low frequency bands than licensed TDD, higher legal maximum power than unlicensed spectrum, and no mandatory license-before-talk or frequency hopping regulation.

Unlicensed spectrum can also be considered for indoor industry-oriented use cases, as the interference can be controllable to a certain extent in the private closed space.

· Connectivity topology: Topology (1)

Cellular network based on a certain scale of basestations is expected to be the optimal solution for continuous coverage over large areas. Considering the typical inter-site distance of 20~30 meters for indoor 3GPP networks, direct link between Ambient IoT device and basestation is feasible, as discussed in our feasibility assessment paper [4].

· Basestation characteristic: Indoor micro- or pico-cell basestation

For indoor deployment, micro- or pico-cell basestation is expected to be used, considering the required coverage and the corresponding transmit power.

· Device characteristic: Device A or B

For a large portion of use cases involving the functionality of inventory in indoor scenarios, such as automated warehousing and intralogistics in manufacturing, there are two basic requirements on the device. The first is that the device cost is recommended to be comparable to the thermal paper for barcode or at least similar to RFID tag. The other is that no battery for the device. For indoor Ambient IoT cellular network, RF energy harvesting is expected to an optimal solution for device. The RF energy provided by basestations is manageable, and robust against NLOS propagation. To achieve ultra-low cost and support being powered by RF energy, Device A or Device B by the integration of Device A and capacitor is recommended.

· Coexistence with existing 3GPP technologies: Co-site deployment or new site
When the other 3GPP technologies have already been deployed in the service area, co-site deployment with existing 3GPP indoor micro- or pico-cell basestation could be assumed. If no 3GPP technology deployed, new site deployment will be assumed.
· Traffic assumption: Device terminated and device originated

Regarding the use cases in the group, device terminated traffic is common. For part of use cases involving the functionality of sensor, there also exists device originated traffic. Both device terminated and device originated traffic are assumed to be supported by a single network.

According to the above, the recommended deployment scenario for the use case group of Indoor 1 is listed in Table 1.
Table 1 Deployment scenarios for the use case group of rUC1 (indoor large service area with continuous coverage)

	Applicable representative use cases
	Characteristics
	Description

	rUC1: Indoor large service area
	Environment (of device)
	Indoor

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

	
	Connectivity topology
	Topology (1)

	
	Spectrum
	Licensed FDD or Unlicensed

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

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device A or B


1.6 Example of deployment scenario for rUC4 (outdoor large service area with continuous coverage)
There are 11 SA1 use cases requiring outdoor continuous coverage over large local or wide service area. The practical deployment scenarios corresponding to this use case group can be identified as follows.
· Environment: Outdoor

Ambient IoT device works outdoor in the corresponding use cases.

· Spectrum: Licensed FDD

Licensed FDD spectrum is preferred due to the smaller path loss in low frequency bands than licensed TDD, higher legal maximum transmit power than unlicensed spectrum, and no mandatory listen-before-talk or frequency hopping regulation.

Unlicensed spectrum is unsuitable for the representative case due to the strict constraint on maximum transmit power, and uncontrollable intra- or inter-system interference in outdoor scenarios, especially in public areas.

· Connectivity topology: Topology (1)

Cellular network based on a certain scale of basestations is expected to be the optimal solution for outdoor continuous coverage over large local or even wide area. The feasibility of supporting direct link between Ambient IoT device and basestation under the assumption co-site deployment with existing 3GPP macro- or micro- cell BS is discussed in our feasibility assessment paper [4].
· Basestation characteristic: Outdoor macro- or micro-cell basestation

For outdoor deployment, macro- or micro-cell basestation is expected to be used, considering the required coverage and transmit power.

· Device characteristic: Device C
The receiving and transmitting capability are both limited for Device A and B, which is assumed to be incompatible with the high requirement on communication range for direct link to outdoor basestation, especially macro-cell basestation. The robustness against complicated interference in outdoor scenarios may be insufficient.
Device C is assumed to have improved receiver sensitivity and robustness against interference due to the possible heterodyne/homodyne transceiver architecture. Besides, the transmit power of Device C does not rely on the received signal power, as no backscattering for uplink transmission. The maximum transmit power can reach -10dBm or higher, which depends on the power consumption and efficiency of power amplifier. The capability of active transmission in uplink may also be needed for some functionalities, such as mobility.
· Coexistence with existing 3GPP technologies: Co-site deployment

To reduce infrastructure cost, co-site deployment with existing 3GPP macro- or micro-cell basestation is critical for Ambient IoT network in outdoor scenarios.

· Traffic assumption: Device terminated and device originated

As most of the use cases involving the functionality of sensor, both device-terminated and device-originated traffic are assumed to be supported by Ambient IoT network.

According to the above, the recommended deployment scenario for the use case group of Outdoor 1 is listed in Table 2.

Table 2 Deployment scenarios for the use case group of rUC4 (outdoor large service area)

	Applicable representative use cases
	Characteristics
	Description

	rUC4: Outdoor large service area
	Environment (of device)
	Outdoor

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

	
	Connectivity topology
	Topology (1)

	
	Spectrum
	Licensed FDD

	
	Coexistence with existing 3GPP technologies
	Co-site

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device C


1.7 Summary of example deployment scenarios for all rUCs

We do the analysis for all rUCs by use the similar method as above in section 4.1 and section 4.2, and summarize the deployment scenario tables for all representative use cases as follows in Appendix A. For those rUCs which require same deployment topology, we merge them into one deployment table. In short, one table represent a deployment scenario with unique topology for the ambient IoT device which may be located indoor or outdoor respectively. 
Proposal 8: Capture in TR 38.848 the example deployment scenarios in Appendix A, i.e. the tables for:
· Deployment scenario for (indoor device, indoor BS)

· Deployment scenario for (indoor device, outdoor BS)

· Deployment scenario for (indoor device, intermediate node to outdoor BS)

· Deployment scenario for (indoor device, UE as reader)
· Deployment scenario for (outdoor device, outdoor BS)

· Deployment scenario for (outdoor device, intermediate node to outdoor BS)

· Deployment scenario for (outdoor device, outdoor BS with assisting node)

· Deployment scenario for (outdoor device, UE as reader)

5. Conclusions

The observations and proposals in this paper are summarized as follows.
Proposal 1: ‘Device characteristic’ is included as an element of a deployment scenario, with possible values can be ‘Device A’, ‘Device B’, ‘Device C’, or more than one from the three.
Proposal 2: The possible values for ‘Connectivity topology’ can be ‘Topology (1)’, ‘Topology (2)’, ‘Topology (3)’, Topology (4).

Proposal 3: No need to define combinations of topologies.

Proposal 4: The study on unlicensed spectrum for Ambient IoT is limited to indoor scenarios.

Proposal 5: A deployment scenario can be assigned more than one value from the three types of spectrum.
Proposal 6: The possible values for ‘Coexistence with existing 3GPP technologies’ are:

· When basestation deployment is present: ‘co-site’, ‘new site’ (as per RAN#98-e)

· When basestation deployment is not present: ‘legacy UE’, ‘new UE’ 

· More than one of the above.

Proposal 7: The possible values for ‘Traffic assumption’ can be ‘Device-terminated’, ‘Device-originated’, and ‘Device-terminated or Device-originated’.
Proposal 8: Capture in TR 38.848 the example deployment scenarios in Appendix A, i.e. the tables for:

· Deployment scenario for (indoor device, indoor BS)

· Deployment scenario for (indoor device, outdoor BS)

· Deployment scenario for (indoor device, intermediate node to outdoor BS)

· Deployment scenario for (indoor device, UE as reader)
· Deployment scenario for (outdoor device, outdoor BS)

· Deployment scenario for (outdoor device, intermediate node to outdoor BS)

· Deployment scenario for (outdoor device, outdoor BS with assisting node)

· Deployment scenario for (outdoor device, UE as reader)
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Appendix A:  Deployment scenarios for Ambient IoT
A.1 Indoor scenarios
A.1.1 Basestation based deployment
Table A1-1 Deployment scenario for (indoor Device, indoor BS)
	Applicable representative use cases
	Characteristics
	Description

	rUC1: indoor large service area

rUC2: indoor small service area
	Environment (of device)
	Indoor

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

	
	Connectivity topology
	Topology (1)

	
	Spectrum
	Licensed FDD or Unlicensed

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

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device A or B


Table A1-2 Deployment scenario for (indoor Device, outdoor BS)
	Applicable representative use cases
	Characteristics
	Description

	rUC2: indoor small service area
	Environment (of device)
	Indoor

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

	
	Connectivity topology
	Topology (1)

	
	Spectrum
	Licensed FDD

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

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device C


Table A1-3 Deployment scenario for (indoor Device, intermediate node to outdoor BS)
	Applicable representative use cases
	Characteristics
	Description

	rUC2: indoor small service area

rUC3: indoor home or personal area
	Environment (of device)
	Indoor

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

	
	Connectivity topology
	Topology (2)

	
	Spectrum
	Licensed FDD

	
	Coexistence with existing 3GPP technologies
	Co-site or new site, new UE, legacy UE

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device A or B or C


A.1.2 UE based deployment
Table A1-4 Deployment scenario for (indoor Device, UE as reader)
	Applicable representative use cases
	Characteristics
	Description

	rUC2: indoor small service area
rUC3: indoor home or personal area
	Environment (of device)
	Indoor

	
	Basestation characteristic (if any)
	None

	
	Connectivity topology
	Topology (4)

	
	Spectrum
	Licensed FDD or Unlicensed

	
	Coexistence with existing 3GPP technologies
	legacy UE or new UE

	
	Traffic assumption
	Device terminated and originated

	
	Device characteristic
	Device A or B or C


A.2 Outdoor scenarios
A.2.1 Basestation based deployment 
Table A2-1 Deployment scenario for (outdoor Device, outdoor BS)
	Applicable representative use cases
	Characteristics
	Description

	rUC4: outdoor large service area
	Environment (of device)
	Outdoor

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

	
	Connectivity topology
	Topology (1)

	
	Spectrum
	Licensed FDD

	
	Coexistence with existing 3GPP technologies
	Co-site deployment

	
	Traffic assumption
	Device terminated or originated

	
	Device characteristic
	Device C


Table A2-2 Deployment scenario for (outdoor Device, intermediate node to outdoor BS)
	Applicable representative use cases
	Characteristics
	Description

	rUC5: outdoor small service area

rUC6: outdoor personal area
	Environment (of device)
	Outdoor

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

	
	Connectivity topology
	Topology (2)

	
	Spectrum
	Licensed FDD or Unlicensed

	
	Coexistence with existing 3GPP technologies
	Co-site, new site, new UE, legacy UE 

	
	Traffic assumption
	Device terminated

	
	Device characteristic
	Device A or B or C


Table A2-3 Deployment scenario for (outdoor Device, outdoor BS with assisting node)
	Applicable representative use cases
	Characteristics
	Description

	rUC5: outdoor small service area

rUC6: outdoor personal area
	Environment (of device)
	Outdoor

	
	Basestation characteristic (if any)
	Outdoor macro- or micro-cell BS

	
	Connectivity topology
	Topology (3)

	
	Spectrum
	Licensed FDD

	
	Coexistence with existing 3GPP technologies
	Co-site, new site, new UE, legacy UE 

	
	Traffic assumption
	Device terminated

	
	Device characteristic
	Device C


A.2.2 UE based deployment
Table A2-4 Deployment scenario for (outdoor Device, UE as reader)
	Applicable representative use cases
	Characteristics
	Description

	rUC5: outdoor small service area

rUC6: outdoor personal area
	Environment (of device)
	Outdoor

	
	Basestation characteristic (if any)
	None

	
	Device characteristic
	Device A or B or C

	
	Connectivity topology
	Topology (4)

	
	Spectrum
	Licensed FDD or Unlicensed

	
	Coexistence with existing 3GPP technologies
	new UE, legacy UE

	
	Traffic assumption
	Device terminated


