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1. Introduction

In RAN#98e and #99, agreements have been reached on the possible values for most characteristics of deployment scenarios [1]. Five deployment scenarios and the corresponding framework to capture them in TR 38.848 have also been identified. This paper discusses about the possible values for the remaining characteristics, including coexistence with existing 3GPP technologies and traffic assumption. On this basis, the details of each identified deployment scenario are discussed. 
2. Discussions on the possible values for remaining deployment characteristics
2.1 Coexistence with existing 3GPP technologies
In RAN#98e, the following agreements have been reached on the values for “Coexistence with existing 3GPP technologies”.
	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.


A remaining issue is the values corresponding to the case of basestation not present. In the connectivity topologies other than Topology (4), UE type node can be used to both transmit to and receive from Ambient IoT device. The UE type node can be a dedicated Ambient IoT node or integrated into personal cell phone. The value corresponding to the case can be ‘Not relevant’, as ‘coexistence with existing 3GPP technologies’ referring to the reusing of network infrastructure.
Proposal 1: The possible values for ‘Coexistence with existing 3GPP technologies’ are:

· When basestation deployment is present: ‘Co-site’, ‘New site’

· When basestation deployment is not present: ‘Not relevant’
2.2 Traffic assumption

In RAN#99, the following agreements have been reached on traffic assumption.

	Agreements:

Traffic assumption of Device-Originated (DO) is further clarified as including Device-Originated autonomous (DO-DOA) and Device-Terminated triggered (DO-DTT), in the study.

Note: this makes no assumption on whether an Ambient-IoT device may have only Tx capability.


Regarding the possible values for traffic assumption, considering all types of traffic being assumed to be supported in each deployment scenario, a general description with two values of ‘Device-terminated’ and ‘Device-originated’ is sufficient, with no need of more detailed classification. The more-detailed descriptions can be left as currently provided in TR 38.848 Table 4.2-1, without needing to be selected for inclusion in deployment scenario tables.
Proposal 2: Deployment scenario tables use values for ‘Traffic assumption’ of ‘Device-terminated’ and ‘Device-originated’. DO-A and DO-DTT are retained as more-detailed descriptions in Table 4.2-1 only.
3. Discussions on the details of identified deployment scenarios
In RAN#99, 5 deployment scenarios have been identified, with the characteristics of Deployment 1 agreed as follows.

	Agreements:

Deployment 1: Device indoors, base station indoors
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 BS

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



3.1 Add “Recommendation for first WG study”
Besides the possible values identified for each characteristic of each deployment scenarios, we suggest including a recommendation of what should be the first version of that deployment to be studied at RAN WG level, in whichever release it is taken forward. For the purpose, an additional column of “Recommendation for first WG study” is added to each deployment scenario table. Companies may have different views on which Release the deployment scenario should be explored in, and we suggest taking that discussion under the TR conclusions, and/or in the Rel-19 RAN workshop, etc.
Proposal 3: Add a column of “Recommendation for first WG study” for each deployment scenario.
For the spectrum usage in practical deployments, it is likely that BSs should use licensed spectrum referring to conventional 3GPP cellular networks. Licensed spectrum should be used at BS side in all deployment scenarios. Unlicensed spectrum may be used in short-range communication between non-BS nodes (e.g. UE) and the Ambient IoT device.
Proposal 4: For Ambient IoT, it is assumed that basestation (if any) uses licensed spectrum in all deployment scenarios.
3.2 Deployment 1
Deployment 1 corresponds to the scenario of communication between indoor device and indoor basestation, with or without the help of intermediate or assisting node. The value(s) of some characteristics can be identified for the recommendation of Deployment 1 as follows.

· Spectrum: Licensed FDD spectrum recommended
For indoor scenarios, licensed FDD spectrum is recommended due to the smaller path loss and penetration loss through walls in lower frequency bands.
· Connectivity topology: Topology (1) recommended
For indoor use cases where indoor BS is deployed, typically the service area can be at the level of 10,000 or 100,000 m2. To efficiently achieve continuous coverage and high service availability in such large area, cellular network based on Topology (1) is recommended. As complementary, Topology (2) and/or (3) may be used for coverage extension (bi-directional or unidirectional).
· Basestation characteristic (if any): Micro-cell BS recommended
Micro-cell BS is recommended in practical deployment due to its higher maximum transmit power comparing to pico-cell BS.
The above can be summarized in the following table of Deployment 1.
Deployment 1: Device indoors, base station indoors
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Indoor inventory

Indoor sensor

Indoor positioning

Indoor command
	Environment (of device)
	Indoor
	Indoor

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

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

	
	Spectrum
	Licensed FDD, licensed TDD, unlicensed
	Licensed FDD

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

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device A or Device B or Device C
	Device A or Device B or Device C


The following sections discuss about the characteristics of other remaining 4 deployment scenarios.
3.3 Deployment 2
Deployment 2 corresponds to the scenario of communication between indoor device and outdoor basestation, with or without the help of intermediate or assisting node. The corresponding practical value(s) and recommendation for each characteristic can be identified as follows.

· Environment: Indoor

Ambient IoT device works indoor in the corresponding use cases.

· Spectrum: Licensed FDD for Topology (1), (2) and (3), Licensed TDD or Unlicensed for Topology (2)
The spectrum should refer to the link used by Ambient IoT device in each topology.

For Topology (1) and (3), licensed FDD spectrum is prioritized due to the smaller path loss and penetration loss in lower frequency bands, as there is at least one link between indoor Ambient IoT device and outdoor basestation.

For Topology (2), both licensed FDD and TDD can be considered for the links between indoor Ambient IoT device and indoor intermediate node. The legacy NR coverage between Outdoor BS and intermediate node should already covers O2I case thus the intermediate node could be assumed indoors for the study as well as considering reliability, efficiency and network interference management of Ambient IoT link. Unlicensed spectrum can also be considered, as the interference can be controlled to a certain extent in many private closed spaces.
Licensed FDD spectrum is recommended due to the smaller path loss and penetration loss through walls in lower frequency bands.
· Connectivity topology: Topology (1), (2), (3)
Considering the relatively higher capability of Device C, Topology (1) and (3) may meet the required link budget for outdoor to indoor coverage by outdoor basestation as well as Topology (2). For Topology (2), as discussed above, we assume the intermediate node indoors. 
By co-site deployment with existing 3GPP BS for Ambient IoT, no additional infrastructure is required for Topology (1). Considering the Ambient IoT link between indoor device and indoor BS has already been studied in deployment scenario 1, Topology (1) is recommended.
Basestation characteristic: Outdoor macro- or micro-cell basestation

For outdoor deployment, macro- or micro-cell basestation is expected to be used. Macro-cell base station is recommended for study, as it is more widely deployed. 
· Device characteristic: Device C for Topology (1), (2) and (3), Device A or B for Topology (2)
The limited link budget of Device A and B has difficulty to support the direct link between indoor Ambient IoT device and outdoor basestation. In Topology (1) and (3), Device C should be assumed, as there is at least one such O2I link.
For the indoor to indoor link between Ambient IoT device and intermediate node in Topology (2), all types of device can be considered. Device A or B may be more preferable due to the lower device power consumption and cost.
For Topology (1), device C is also recommended. That’s does not preclude device A/B communicate with intermediate node using Topology (2) for this deployment scenario. 
· Coexistence with existing 3GPP technologies: Co-site

Base station is widely deployed in outdoor scenarios. To reduce infrastructure cost, co-site deployment with existing 3GPP outdoor macro- or micro-cell basestation is recommended. It is unlikely that dedicated outdoor basestation would be newly deployed to cover the indoor Ambient IoT devices.
· Traffic assumption: Device terminated and originated

Both device-terminated and device-originated traffic are assumed to be supported by the same network.

The above can be summarized in the following table of Deployment 2.
Deployment 2: Device indoors, base station outdoors
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Indoor inventory

Indoor sensor

Indoor positioning

Indoor command
	Environment (of device)
	Indoor
	Indoor

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

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

	
	Spectrum
	Licensed FDD

Note: licensed TDD or unlicensed could support Topology (2)
	Licensed FDD

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

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device C for Topology (1), (2), (3),

Device A or Device B for Topology (2)
	Device C


3.4 Deployment 3
Deployment 3 corresponds to the scenario of communication between indoor device and indoor UE. The corresponding practical value(s) and recommendation for each characteristic can be identified as follows.
· Environment: Indoor

Ambient IoT device works indoor in the corresponding use cases.

· Spectrum: Licensed FDD or Licensed TDD or unlicensed

For the target communication range of 10 meters between Ambient IoT device and UE, both licensed FDD and TDD spectrum can be considered.
Unlicensed spectrum is recommended for Topology (4) to simplify the resource occupation for UE and avoid complicated interference management for cellular network.
· Connectivity topology: Topology (4)

· Basestation characteristic: No basestation in the topology.
· Device characteristic: Device A or B or C
For the target communication range of 10 meters between Ambient IoT device and UE, Device A, B and C can all possibly reach the target. However, Device A or B is recommended due to the lower device cost and power consumption.
· Coexistence with existing 3GPP technologies: Not relevant
As no basestation in Topology (4), the reusing of 3GPP network infrastructure is not applicable.

· Traffic assumption: Device terminated and originated

Both device-terminated and device-originated traffic are assumed to be supported by a single network.

The above can be summarized in the following table of Deployment 3.

Deployment 3: Device indoors, UE-based reader
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Indoor inventory

Indoor sensor

Indoor positioning

Indoor command
	Environment (of device)
	Indoor
	Indoor

	
	Basestation characteristic (if any)
	No basestation in the topology
	No basestation in the topology

	
	Connectivity topology
	Topology (4)
	Topology (4)

	
	Spectrum
	Licensed FDD, licensed TDD, unlicensed
	Unlicensed

	
	Coexistence with existing 3GPP technologies
	Not relevant
	Not relevant

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device A or Device B or Device C
	Device A or Device B


3.5 Deployment 4

Deployment 4 corresponds to the scenario of communication between outdoor device and outdoor basestation. The corresponding practical value(s) and recommendation for each characteristic can be identified as follows.
· Environment: Outdoor

Ambient IoT device works outdoor in the corresponding use cases.

· Spectrum: Licensed FDD or licensed TDD
The uncontrollable interference in unlicensed spectrum can significantly reduce the effective range and reliability of the transmissions from Ambient IoT device, especially in public areas. Assuming an interference source with Tx EIRP of 35 dBm and 100 m away from Ambient IoT basestation or node, the power of received interference can be as high as -55 dBm in 900 MHz ISM band, which will cause significant degradation of receiver sensitivity for the transmissions from Ambient IoT device. Consequently, unlicensed spectrum should be deprioritized for long range communication in outdoor scenarios.
Both licensed FDD and TDD spectrum can be considered due to the mature regulation and management against interference for 3GPP networks. Considering the smaller path loss and possibly lower device power consumption due to lower frequency of FDD bands, FDD spectrum is recommended.
· Connectivity topology: Topology (1), (2), (3)
To efficiently achieve high service availability in large or wide area of O2O case, cellular network based on Topology (1) is recommended, while Topology (2) and/or (3) may be used for coverage extension as complementary.
· Basestation characteristic: Outdoor macro- or micro-cell basestation

For outdoor deployment, macro- or micro-cell basestation is expected to be used. Macro-cell base station is recommended for study, as it is more widely deployed.
· Device characteristic: Device C for Topology (1), (2), and (3), Device A or B possibly for Topology (2)
The limited link budget of Device A and B has difficulty to support the direct link between Ambient IoT device and outdoor basestation, which can be as long as several hundred meters. In Topology (1) and (3), Device C should be assumed, as there is at least one such link for the device.
For the possibly much shorter communication range between Ambient IoT device and intermediate node in Topology (2), all types of device can be considered. However, Device C is recommended as it is more robust against adjacent channel interference e.g. from co-band deployed NR.
· Coexistence with existing 3GPP technologies: Co-site or new site
To reduce infrastructure cost, co-site deployment with existing 3GPP outdoor macro- or micro-cell basestation is recommended. In some use cases with local area service, Ambient IoT basestation may also be independently deployed on new sites for the purpose of e.g. further improving the quality of service.
· Traffic assumption: Device terminated and originated

Both device-terminated and device-originated traffic are assumed to be supported by a single network.

The above can be summarized in the following table of Deployment 4.
Deployment 4: Device outdoors, base station outdoors
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Outdoor inventory

Outdoor sensor

Outdoor positioning

Outdoor command
	Environment (of device)
	Outdoor
	Outdoor

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

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

	
	Spectrum
	Licensed FDD or licensed TDD
	Licensed FDD

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

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device C

Note: Device A or Device B may support Topology (2)
	Device C


3.6 Deployment 5

Deployment 5 corresponds to the scenario of communication between outdoor device and outdoor UE. The corresponding practical value(s) and recommendation for each characteristic can be identified as follows.
· Environment: Outdoor

Ambient IoT device works outdoor in the corresponding use cases.

· Spectrum: Licensed FDD or licensed TDD
For the target communication range of 10 meters between Ambient IoT device and UE, both licensed FDD and TDD spectrum can be considered.
Unlicensed spectrum is recommended for Topology (4) to simplify the resource occupation for UE and avoid complicated interference management for cellular network.
· Connectivity topology: Topology (4)

· Basestation characteristic: No base station in the topology.
· Device characteristic: Device C
For the target communication range of 10m between Ambient IoT device and UE, Device A or B or C can all be considered. However, Device C can be prioritized and recommended, as it is more robust against adjacent channel interference e.g. from co-band deployed NR where the interference in outdoor scenario is assumed to be much more complicated than indoor scenario.
· Coexistence with existing 3GPP technologies: Not relevant
As no basestation in Topology (4), the reusing of 3GPP network infrastructure is not relevant.
· Traffic assumption: Device terminated and originated

Both device-terminated and device-originated traffic are assumed to be supported by a single network.

The above can be summarized in the following table of Deployment 5.
Deployment 5: Device outdoors, UE-based reader
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Outdoor inventory

Outdoor sensor

Outdoor positioning

Outdoor command
	Environment (of device)
	Outdoor
	Outdoor

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

	
	Connectivity topology
	Topology (4)
	Topology (4)

	
	Spectrum
	Licensed FDD or licensed TDD, unlicensed
	Unlicensed

	
	Coexistence with existing 3GPP technologies
	Not relevant
	Not relevant

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device C 

Note: Device A or Device B may also support such deployment
	Device C


4. Conclusions

Proposal 1: The possible values for ‘Coexistence with existing 3GPP technologies’ are:

· When basestation deployment is present: ‘Co-site’, ‘New site’

· When basestation deployment is not present: ‘Not relevant’

Proposal 2: Deployment scenario tables use values for ‘Traffic assumption’ of ‘Device-terminated’ and ‘Device-originated’. DO-A and DO-DTT are retained as more-detailed descriptions in Table 4.2-1 only.

Proposal 3: Add a column of recommended deployment to be considered for R19 WG study for each deployment scenario.

Proposal 4: For Ambient IoT, it is assumed that BS (if any) uses licensed spectrum in all deployment scenarios.

Proposal 5: For the remaining details of the deployment scenarios in TR 38.848, adopt the following with changes shown in green text:
Deployment 1: Device indoors, base station indoors
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Indoor inventory

Indoor sensor

Indoor positioning

Indoor command
	Environment (of device)
	(Entries were already agreed in RAN#99)
	Indoor

	
	Basestation characteristic (if any)
	
	Micro-cell BS

	
	Connectivity topology
	
	Topology (1)

	
	Spectrum
	
	Licensed FDD

	
	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


Deployment 2: Device indoors, base station outdoors
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Indoor inventory

Indoor sensor

Indoor positioning

Indoor command
	Environment (of device)
	Indoor
	Indoor

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

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

	
	Spectrum
	Licensed FDD

Note: licensed TDD or unlicensed could support Topology (2)
	Licensed FDD

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

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device C for Topology (1), (2), (3),

Device A or Device B for Topology (2)
	Device C


Deployment 3: Device indoors, UE-based reader
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Indoor inventory

Indoor sensor

Indoor positioning

Indoor command
	Environment (of device)
	Indoor
	Indoor

	
	Basestation characteristic (if any)
	No basestation in the topology
	No basestation in the topology

	
	Connectivity topology
	Topology (4)
	Topology (4)

	
	Spectrum
	Licensed FDD, licensed TDD, unlicensed
	Unlicensed

	
	Coexistence with existing 3GPP technologies
	Not relevant
	Not relevant

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device A or Device B or Device C
	Device A or Device B


Deployment 4: Device outdoors, base station outdoors
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Outdoor inventory

Outdoor sensor

Outdoor positioning

Outdoor command
	Environment (of device)
	Outdoor
	Outdoor

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

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

	
	Spectrum
	Licensed FDD or licensed TDD
	Licensed FDD

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

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device C

Note: Device A or Device B may support Topology (2)
	Device C


Deployment 5: Device outdoors, UE-based reader
	Applicable representative use cases
	Characteristics
	Description
	Recommendation for first WG study

	Outdoor inventory

Outdoor sensor

Outdoor positioning

Outdoor command
	Environment (of device)
	Outdoor
	Outdoor

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

	
	Connectivity topology
	Topology (4)
	Topology (4)

	
	Spectrum
	Licensed FDD or licensed TDD, unlicensed
	Unlicensed

	
	Coexistence with existing 3GPP technologies
	Not relevant
	Not relevant

	
	Traffic assumption
	DT and DO
	DT and DO

	
	Device characteristic
	Device C 

Note: Device A or Device B may also support such deployment
	Device C
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