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For the Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases’ [1], RAN#91e has already addressed the first objective on:
1. Identify the positioning use cases and requirements for V2X and public safety, based on the existing 3GPP work and input from industry fora.

According to the work plan, the focus of RAN#92e should focus on:
2.	Identify potential deployment and operation scenarios
In this paper we will provide Qualcomm’s views on the objective 2.

2 Deployment and operation scenarios for V2X
In the input from 5GAA [2], following deployment/operation aspects had been addressed based on the 5GAA High-Accuracy Positioning for C-V2X (V2XHAP) study:
- Spectrum aspects;
- Coverage of positioning;
- Radio link for positioning;
- Antenna topology;
- Cooperativeness. 
Based on the scope of TR 38.845, the first three aspects should be documented for the 3GPP study. 
1) Spectrum aspects
[bookmark: _Hlk73699347]For accurate ranging to meet the requirements as documented in clause 4.2 of TR 38.845, e.g. sub-meter level positioning, a wideband ranging signal (e.g., 100 MHz or more) is needed. Such wideband dedicated ITS spectrum is not available in any region of the world. For a normal deployment scenario, vehicles have limited number of antennas, and therefore an angle-based solution cannot provide the required highly accuracy. Therefore, identifying the suitable spectrum for the V2X positioning is critical. 
Three different candidate spectrums for the V2X positioning over sidelink had been identified:
- 	ITS bands: The spectrum between 5850 – 5925 MHz was meant to be used for ITS basic safety services. It does not have the sufficient bandwidth to achieve the required high accuracy. Additionally, there are already deployments or planned deployments of V2X services in this band in different regions. Therefore, the positioning operation need to avoid any major impacts to such devices. It is possible to utilize the spectrum for low load signalling or coordination of the positioning operation, but the actual ranging signals should not be sent over this band. On the other hand, in certain regions, additional high bands (e.g. 1GHz in 60 GHz band) are considered for V2X use as well. That can be considered for positioning operation when it becomes available.  
-	Licensed band: With 3GPP NR system, the cellular network may be able to share the spectrum with the V2X positioning operation, if authorized by the network. There can be up to 400 MHz of bandwidth supported by an NR network, and it is sufficient to achieve high accuracy positioning. However, the use of such spectrum is subject to operator control and it may not be always available due to needs of the other services, e.g. eMBB traffic. Additionally, V2X operation may be out of the network coverage (or out of NR system coverage). The system should ensure that the use of the licensed band is also authorized in such cases to avoid service interruption to V2X positioning. 
-	Unlicensed band: Unlicenced band, e.g. UNII-3 (5.725-5.85 GHz) offers sufficient bandwidth (e.g. 125 MHz) for the V2X positioning operation. Due to the reliability considerations, in the deployment, the unlicenced band can be used for the ranging signalling and measurements, under the control of the coordination exchanged in licensed spectrum or ITS spectrum. The use of the unlicenced spectrum is subject to regulatory requirements depending on the region of the deployment. Therefore, the control and coordination over the licensed or ITS spectrum can help the UEs in determining the proper operation modes.       
Coordination messages over ITS spectrum (LTE V2X or NR V2X)
Sidelink ranging over unlicensed spectrum, e.g. UNII3 


Figure 1: Example of V2X positioning using unlicensed spectrum and coordination over ITS spectrum (LTE V2X or NR V2X)
Based on the above considerations, it can be concluded that 3GPP should study at least the following aspects in the V2X Positioning design:
-  	Use of the unlicensed band for V2X Positioning, e.g. the ranging signal transmission and measurement;
-  	Use of two different bands for V2X positioning, e.g. ITS or licensed bands for control, and unlicensed bands for ranging signalling.
2) Coverage of positioning
With the evolution of V2X services, high accuracy positioning information is essential for advanced V2X service, and needs to be available in as many areas as possible. 
With existing positioning methods, UEs in outdoor area can be positioned with the aid of GNSS or cellular base stations. However, there are cases where both the GNSS and cellular base station are not reachable from the UE, e.g. in sheltered outdoor and the deep indoor areas such as a long tunnel or an underground parking lot. Additionally, it is also observed in the 5GAA studies [2] that it is very challenging to meet high accuracy requirements in certain important scenarios even with GNSS or cellular connection using current positioning methods, such as heavy urban, tunnels and covered parking lots. It is also pointed out by SAE that other on-board sensors, such as camera, may not provide needed assistance, due to known limitations in such scenarios, e.g., limited visibility at night.  
For the V2X service to operate, in most of the situations, a relative positioning is more important than absolute positioning, e.g. inside the tunnel. Therefore, in case when the GNSS or cellular coverage is lost, the V2X Positioning mechanism can utilize a distributed signalling among the devices to identify the relative positioning for V2X use. This does not require the involvement of the network.  
In view of these, it is therefore important for 3GPP to study a distributed V2X positioning method that does not rely on the coverage of either GNSS or cellular system. Once such a baseline system is available, further improvements of the performance/operation when partial or full GNSS/cellular coverage is present can be also studied.
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Figure 2: Example of V2X positioning for absolute and relative positioning, respectively
3) Radio link for positioning
Different radio links can be used for positioning. Normal positioning methods uses GNSS link which provides a global coverage. In cellular network, the Uu link based positioning is standardized in 3GPP LTE and NR, which is available for the UE when under the network coverage. For the case where neither GNSS nor the base station is able to meet the positioning requirements, additional radio links are needed. 
Sidelink is one such radio link for ranging and positioning that can cover such cases. As the sidelink can operate in a distributed manner and does not rely on the network coverage to operate, it is suitable for the ranging and positioning for out-of-coverage and particular coverage cases. When in coverage, the sidelink positioning can also provide a positioning solution package together with GNSS and Uu link based positioning.
As the V2X operation may require relative positioning in most of the use cases, the sidelink ranging based positioning can provide the positioning service in a reliable and efficient manner regardless of the deployment situation of the NR systems. Additionally, the Sidelink based positioning offers a better option to V2X devices with limited power and computational capabilities, e.g. VRUs.
In order to support the sidelink positioning operation, existing V2X communication over ITS bands can be used for the coordination and control. Given the differences in speed and interest in deployment of V2X in different regions, the design should not rely only on NR V2X for coordination messages. The design should allow coordination messages to be sent over both LTE V2X and NR V2X. This will allow deployment of sidelink ranging and positioning protocol to be independent of NR V2X deployment.
4) Position Calculation Aspect
In order for the system to be deployable in out-of-coverage or partial-coverage scenarios, the positioning calculation cannot rely on a central network entity, as the UEs may not always have access to it. Therefore, the UE-centric and distributed positioning architecture is needed, so that UEs can initiate the positioning session, schedule and coordinate Positioning Reference Signal configurations and transmissions, perform calculation for both relative and absolute positioning. 
For V2X use, when RSU is involved, the position session management and position calculation can be carried out by the RSU, which has better computation and power capabilities comparing to some mobile devices, e.g. VRU UEs. When there is no RSU involved, it should be also possible to have the fully distributed position calculations at individual devices, e.g. by different vehicles.  
When all parties are in coverage, the existing UE-based/UE-assisted/Network-based positioning methods and procedures could be enhanced to handle the new sidelink based positioning signals and procedures. 


3. Deployment and operation scenarios for Public Safety 
Similar to the considerations for the V2X deployment and operation, the spectrum aspects, coverage of positioning and radio link for positioning are discussed for the Public Safety operation. 
1) Spectrum aspects
Similar to the considerations of V2X use, the accurate positioning for Public Safety use also requires wide bandwidth for the positioning operation. 
Instead of the ITS bands, Public Safety operation may have access to a dedicated band allocated to Public Safety use based on regional regulations.  In that case, the wideband signalling for the ranging can be configured to operate over such licensed bands, depending on regional deployments.
However, it is still beneficial to support the high accuracy positioning over the unlicenced spectrum when possible, especially in regions where wideband public safety bands are not available. 
Therefore, it can be concluded that the similar spectrum scenarios apply to the 3GPP study on positioning for Public Safety use:
-  	Use of either licensed or unlicensed band for Public Safety positioning, e.g. the ranging signal transmission and measurement;
-  	Use of two different bands for Public Safety positioning, e.g. Public Safety bands or licensed bands for control, and unlicensed bands for ranging signalling.
2) Coverage of positioning
Also, similar to the V2X operation, Public Safety operation needs to address the cases when GNSS or cellular coverage is not available.
This is especially important for the cases for first responders. To be more precise, accurately locating a first responder, who is injured, or incapacitated, is one of the main goals of public safety; a Mission critical service which would require first responders to be located at all times.  Furthermore, the positioning accuracy requirements (and other KPIs) may actually be more stringent than that required by some by local and regional regulatory requirements for commercial users.
Such a service should offer citizens within a jurisdiction to be located accurately and promptly in all service areas, including those that could potentially be challenging for some other positioning technologies (e.g. urban canyons, indoors). Within the scope of the network coverage definition in current 3GPP specifications, such a requirement corresponds to be able to locate accurately and promptly in all the following 3 cases: in-coverage, partial coverage, and out-of-coverage scenarios. 
It should be acknowledged that service requirements related to the Public Safety use case, have long been defined in the corresponding stage 1 specification, e.g. SA1 TS 22.280 [3] and TS 22.261 requirements, which would also apply to the challenging Out-Of-Coverage and Partial-Coverage cases where sidelink-based Positioning technologies could provide a very useful solution. 
3) Radio link for positioning
As described in TS 22.280 [3], an emergency service enables a user to contact a Public Safety Answering Point (PSAP) in order to have accurate positioning for the purpose of locating and offering aid for the purpose of public safety (e.g. first responders). It is generally understood that the level of positioning accuracy (and other KPIs) required is dependent upon local and regional regulatory requirements. 
In current NR Rel-16 specifications, and the work being done in the corresponding NR Rel-17 WI on Positioning Enhancements, there is good progress with regards to the in-coverage scenarios, where several cellular based positioning technologies and methods have been developed to address regulatory and commercial requirements across a variety of use-cases and deployments. However, the current progress would not address the Out-Of-Coverage, nor partial-coverage scenarios that are crucial to be considered. 
For such out-of-coverage or partial-coverage scenarios, positioning cannot be dependent on protocols and procedures that are being routed or controlled by a network entity. In other words, the LMF-centric architecture which assumes exchange with the network in order to initiate/request/configure/measure/estimate positioning measurements is not appropriate. A distributed positioning architecture is required which involves at least the following aspects: UE-driven request of a positioning session, UE-driven Positioning Reference Signal configuration and transmissions and UE-based Positioning calculation. 
The use of the sidelink based positioning offers an important option to provide the required distributed relative or absolute positioning for the public safety use cases as shown in Figure 3. 
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Figure 3: Example of sidelink based positioning for absolute and relative positioning for public safety use
4) Position Calculation Aspect
As emphasized above, it is required for the system to be able to be deployed in out-of-coverage or partial-coverage scenarios, and therefore, positioning calculation and procedures cannot be dependent on protocols that are being routed or controlled by a network entity. In other words, the NR Rel-16/17 LMF-centric architecture, which assumes information exchange with the network in order to initiate/request/configure/measure/estimate positioning measurements is not appropriate for the most demanding PuBS scenarios of interest. 
A UE-centric and distributed positioning architecture is required which involves at least the following aspects: UE-centric request for initiating and terminating a positioning session, UE-initiated on-demand Positioning Reference Signal configurations and transmissions, UE-based Positioning calculation for both relative and absolute positioning. 
On the other hand, for the in-coverage PubS scenarios, the NR Rel-16/17 architecture and procedures could be re-used, such that the already-specified UE-based/UE-assisted/Network-based positioning methods and procedures could be enhanced with the new sidelink based positioning signals and procedures. 

4. Conclusion
It is proposed that the proposed TP related to deployment and operation scenarios in section 6 be captured in the TR 38.845. 
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6. Proposals
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[bookmark: _Toc50023311]5	Potential deployment and operation scenarios
5.x	V2X deployment and operation scenarios
[bookmark: _Toc66692740][bookmark: _Toc66701922][bookmark: _Toc69883601][bookmark: _Toc73625628]5.x.1	Spectrum aspect
For accurate ranging to meet the requirements as documented in clause 4.2, e.g. sub-meter level positioning, a wideband ranging signal (e.g., 100 MHz or more) is needed. Such wideband dedicated ITS spectrum is not available in any region of the world. For a normal deployment scenario, vehicles have limited number of antennas, and therefore an angle-based solution cannot provide the required highly accuracy. Therefore, identifying the suitable spectrum for the V2X positioning is critical. 
Three different candidate spectrums for the V2X positioning over sidelink had been identified:
- 	ITS bands: The spectrum between 5850 – 5925 MHz was meant to be used for ITS basic safety services. It does not have the sufficient bandwidth to achieve the required high accuracy. Additionally, there are already deployments or planned deployments of V2X services in this band in different regions. Therefore, the positioning operation need to avoid any major impacts to such devices. It is possible to utilize the spectrum for low load signalling or coordination of the positioning operation, but the actual ranging signals should not be sent over this band. On the other hand, in certain region, additional high bands (e.g. 1GHz in 60 GHz band) are considered for V2X use as well. That can be considered for positioning operation when it becomes available.  
-	Licensed band: With 3GPP NR system, the cellular network may be able to share the spectrum with the V2X positioning operation, if authorized by the network. There can be up to 400 MHz of bandwidth supported by an NR network, and it is sufficient to achieve high accuracy positioning. However, the use of such spectrum is subject to operator control and it may not be always available due to needs of the other services, e.g. eMBB traffic. Additionally, V2X operation may be out of the network coverage (or out of NR system coverage). The system should ensure that the use of the licensed band is also authorized in such cases to avoid service interruption to V2X positioning. 
-	Unlicensed band: Unlicenced band, e.g. UNII-3 (5.725-5.85 GHz) offers sufficient bandwidth (e.g. 125 MHz) for the V2X positioning operation. Due to the reliability considerations, in the deployment, the unlicenced band can be used for the ranging signalling and measurements, under the control of the coordination exchanged in licensed spectrum or ITS spectrum. The use of the unlicenced spectrum is subject to regulatory requirements depending on the region of the deployment. Therefore, the control and coordination over the licensed or ITS spectrum can help the UEs in determining the proper operation modes.       
Based on the above considerations, it can be concluded that 3GPP should study at least the following aspects in the V2X Positioning design:
-  	Use of the unlicensed band for V2X Positioning, e.g. the ranging signal transmission and measurement.
-  	Use of two different bands for V2X positioning, e.g. ITS or licensed bands for control, and unlicensed bands for ranging signalling.
5.x.2	Coverage scenarios for positioning operation
With the evolution of V2X services, high accuracy positioning information is essential for advanced V2X service, and needs to be available in as many areas as possible. 
With existing positioning methods, UEs in outdoor area can be positioned with the aid of GNSS or cellular base stations. However, there are cases where both the GNSS and cellular base station are not reachable from the UE, e.g. in sheltered outdoor and the deep indoor areas such as a long tunnel or an underground parking lot. Additionally, it is also observed in the 5GAA studies [5] that it is very challenging to meet high accuracy requirements in certain important scenarios even there are still GNSS or cellular connection using current positioning methods, such as heavy urban, tunnels and covered parking lots. It is also pointed out by SAE [6] that other on-board sensors, such as camera, may not provide needed assistance, due to known limitations in such scenarios, e.g., limited visibility at night.  
For the V2X service to operate, in most of the situations, a relative positioning is more important than absolute positioning, e.g. inside the tunnel. Therefore, in case when the GNSS or cellular coverage is lost, the V2X Positioning mechanism can utilize a distributed signalling among the devices to identify the relative positioning for V2X use. This does not require the involvement of the network.  
In view of these, it is therefore important for 3GPP to study a distributed V2X positioning method that does not rely on the coverage of either GNSS or cellular system. Once such a baseline system is available, further improvements of the performance/operation when partial or full GNSS/cellular coverage is present can be also studied.
5.x.3	Radio link aspect
Different radio links that can be used for positioning. Normal positioning methods uses GNSS link which provides a global coverage. In cellular network, the Uu link based positioning is standardized in 3GPP LTE and NR, which is available for the UE when under the network coverage. For the case where neither GNSS nor the base station is able to meet the positioning requirements, additional radio links are needed. 
Sidelink is one such radio link for ranging and positioning that can cover such cases. As the sidelink can operate in a distributed manner and does not rely on the network coverage to operate, it is suitable for the ranging and positioning for out-of-coverage and particular coverage cases. When in coverage, the sidelink positioning can also provide a positioning solution package together with GNSS and Uu link based positioning.
As the V2X operation may require relative positioning in most of the use cases, the sidelink ranging based positioning can provide the positioning service in a reliable and efficient manner regardless of the deployment situation of the NR systems. Additionally, the Sidelink based positioning offers a better option to V2X devices with limited power and computational capabilities, e.g. VRUs.
In order to support the sidelink positioning operation, existing V2X communication over ITS bands can be used for the coordination and control. Given the differences in speed and interest in deployment of V2X in different regions, the design should not rely only on NR V2X for coordination messages. The design should allow coordination messages to be sent over both LTE V2X and NR V2X. This will allow deployment of sidelink ranging and positioning protocol to be independent of NR V2X deployment.

5.x.4	Position Calculation Aspect
In order for the system to be deployable in out-of-coverage or partial-coverage scenarios, the positioning calculation cannot rely on a central network entity, as the UEs may not always have access to it. Therefore, the UE-centric and distributed positioning architecture is needed, so that UEs can initiate the positioning session, schedule and coordinate Positioning Reference Signal configurations and transmissions, perform calculation for both relative and absolute positioning. 
For V2X use, when RSU is involved, the position session management and position calculation can be carried out by the RSU, which has better computation and power capabilities comparing to some mobile devices, e.g. VRU UEs. When there is no RSU involved, it should be also possible to have the fully distributed position calculations at individual devices, e.g. by different vehicles.  
When all parties are in coverage, the existing UE-based/UE-assisted/Network-based positioning methods and procedures defined for Uu positioning could be enhanced to handle the new sidelink based positioning signals and procedures.

5.y	Public safety deployment and operation scenarios
5.y.1	Spectrum aspect
Similar to the consideration of V2X use, the accurate positioning for Public Safety use also requires wide bandwidth for the positioning operation. 
Instead of the ITS bands, Public Safety operation may have access to a dedicated band allocated to Public Safety use based on regional regulations.  In that case, the wideband signalling for the ranging can be configured to operate over such licensed bands, depending on regional deployments.
However, it is still beneficial to support the high accuracy positioning over the unlicenced spectrum when possible, especially in regions where wideband public safety bands are not available. 
Therefore, it can be concluded that the similar spectrum scenarios apply to the 3GPP study on positioning for Public Safety use:
-  	Use of either licensed or unlicensed band for Public Safety positioning, e.g. the ranging signal transmission and measurement.
-  	Use of two different bands for Public Safety positioning, e.g. Public Safety bands or licensed bands for control, and unlicensed bands for ranging signalling.
5.y.2	Coverage scenarios for positioning operation
Also similar to the V2X operation, Public Safety operation needs to address the cases when GNSS or cellular coverage is not available.
This is especially important for the cases for first responders. To be more precise, accurately locating a first responder, who is injured, or incapacitated, is one of the main goals of public safety; a Mission critical service which would require first responders to be located at all times.  Furthermore, the positioning accuracy requirements (and other KPIs) may actually be more stringent than that required by some by local and regional regulatory requirements for commercial users.
Such a service should offer citizens within a jurisdiction to be located accurately and promptly in all service areas, including those that could potentially be challenging for some other positioning technologies (e.g. urban canyons, indoors). Within the scope of the network coverage definition in current 3GPP specifications, such a requirement corresponds to be able to locate accurately and promptly in all the following 3 cases: in-coverage, partial coverage, and out-of-coverage scenarios. 
It should be acknowledged that service requirements related to the Public Safety use case, have long been defined in the corresponding stage 1 specification, e.g. SA1 TS 22.280 [7] and TS 22.261 [3] requirements, which would also apply to the challenging Out-Of-Coverage and Partial-Coverage cases where sidelink-based Positioning technologies could provide a very useful solution. 
5.y.3	Radio link aspect
As described in TS 22.280 [7], an emergency service enables a user to contact a Public Safety Answering Point (PSAP) in order to have accurate positioning for the purpose of locating and offering aid for the purpose of public safety (e.g. first responders). It is generally understood that the level of positioning accuracy (and other KPIs) required is dependent upon local and regional regulatory requirements. 
In current NR Rel-16 specifications, and the work being done in the corresponding NR Rel-17 WI on Positioning Enhancements, there is good progress with regards to the in-coverage scenarios, where several cellular based positioning technologies and methods have been developed to address regulatory and commercial requirements across a variety of use-cases and deployments. However, the current progress would not address the Out-Of-Coverage, nor partial-coverage scenarios that are crucial to be considered. 
The use of the sidelink based positioning offers an important option to provide the required distributed relative or absolute positioning for the public safety use cases.
5.y.4	Position Calculation Aspect
It is required for the system to be able to be deployed in out-of-coverage or partial-coverage scenarios, and therefore, positioning calculation and procedures cannot be dependent on protocols that are being routed or controlled by a network entity. In other words, the NR Rel-16/17 LMF-centric architecture, which assumes information exchange with the network in order to initiate/request/configure/measure/estimate positioning measurements is not appropriate for the most demanding PuBS of interest. 
A UE-centric and distributed positioning architecture is required which involves at least the following aspects: UE-centric request for initiating and terminating a positioning session, UE-initiated on-demand Positioning Reference Signal configurations and transmissions, UE-based Positioning calculation for both relative and absolute positioning. 
For the in-coverage PubS scenarios, the NR Rel-16/17 architecture and procedures could be re-used, such that the already-specified UE-based/UE-assisted/Network-based positioning methods and procedures could be enhanced with the new sidelink based positioning signals and procedures. 

[bookmark: _Toc50023312]6	Conclusions
Based on the use case and requirements identified in clause 4, and deployment and operation scenarios identified in clause 5, 3GPP should carry out a study on Sidelink based positioning system, covering at least the following aspects:
- 	Spectrum scenarios
-	Use of unlicensed or licensed band for sidelink based positioning, e.g. the ranging signal transmission and measurement.
-	Use of two different bands for sidelink based positioning, e.g. ITS or licensed bands for control, and unlicensed bands for ranging signal.
- 	Coverage scenarios
-	Out-of-coverage, partial coverage, in-coverage with respect to cellular network coverage.
-	No GNSS coverage.
- 	Air interface scenarios
-	Sidelink-only (PC5).
-	Coordination and control protocol for sidelink based positioning capable of running over LTE V2X or NR Sidelink.
-	Joint Sidelink & Uu if cellular coverage is available.
- 	Coverage scenarios
-	UE-based absolute or relative positioning using a distributed positioning protocol (no Uu involvement).
-	UE-assisted, network-based absolute or relative positioning for in-coverage scenarios.

------------- End of change ---------------
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