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Introduction
In TSG RAN#97e, the study on expanded and improved NR positioning SID was updated as marked in red [1]. 

· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#98 to see if sufficient information is available for this review.



In the next section, we are discussing our views on the scope of the work item phase for “Expanded and Improved NR Positioning” in Rel. 18.

Scope of Expanded and Improved NR positioning
Sidelink Positioning for V2X use case

[image: ]
Figure 1 Illustration of active urban intersection involving VRUs and vehicles where sidelink positioning is envisaged to support safety requirements

The figure above illustrates an automotive scenario at an urban intersection. In general, modern vehicles are equipped with a variety of sensors including GNSS, radar, cameras etc. Nevertheless, certain situations require additional positioning capabilities between devices. Especially, in urban canyons the GNSS signal can be distorted, the view of the camera can be destructed. The situation becomes more critical multiple VRUs are involved with even different requirements, e.g., a mixture of pedestrian, cyclist, and higher speed eBikes. In those settings, positioning over sidelink can serve as an additional source to increase the mutual trust in the position. However, the critical question hereto is the available bandwidth that satisfies the required positioning accuracy. During the SI phase of the expanded and improved NR positioning, RAN1 has investigated the required bandwidths for SL positioning to support automotive requirements. The study has assumed either licensed spectrum or ITS dedicated spectrum. In the following subsection, we will investigate RAN1 out come and our proposals for the WI phase/WID.  
Sidelink Positioning Bandwidth Requirements for V2X Use Cases 
In RAN1#111 the following agreement was found [1]
Performance evaluation results reported as part of the study indicate that, depending on sources, use-cases, scenarios, assumptions, and positioning methods used, the identified target requirements can be satisfied with different values of SL PRS bandwidth choices. 
· For FR1 spectrum:
· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements can be satisfied with SL PRS bandwidths of 20 MHz or 40 MHz.
· For certain sources and other combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements require SL PRS bandwidth of 100 MHz or may not be satisfied even with SL PRS bandwidth of 100 MHz. 
· For FR2 spectrum, based on submitted results from up to two sources:
· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some target requirements can be satisfied with SL PRS bandwidth of 200 MHz.
· For certain sources and combinations of use-cases, scenarios, assumptions, and positioning methods, some of the target requirements may not be satisfied even with SL PRS bandwidth of 400 MHz.
From RAN1’s perspective, it is recommended that SL PRS bandwidths of up to 100 MHz are supported by the specifications in FR1 spectrum.
NOTE: The above recommendations are based on the evaluations in licensed and ITS spectra.

Observation 1: RAN1 recommended that SL PRS bandwidths of up to 100 MHz are supported by the specifications in FR1 spectrum.

Regional ITS Band Considerations
In the following section, we provide a summary of the current ITS regulation in Europe, the US and China based on the analysis in [3].
Europe
In Europe, the ECC Recommendation (08)01 [3] and ECC Decision (08)01 [4] specifies the spectrum regulations for the frequency range 5855-5935 MHz. This ranged is split as summarize in [6]:
· 5855-5875 MHz is designated for non-safety road-ITS
· 5875-5935 MHz is designated for safety related ITS.
· 5875-5915 MHz and 5915-5925 MHz are prioritized for road-ITS and rail-ITS applications, respectively
· 5925-5935 MHz available only for rail-ITS.
In turn, Europe prioritizes 5875-5915 MHz, i.e., 40 MHz bandwidth. Nevertheless, the ECC Decision (08)01 [4] also states that: 
“In 5875-5925 MHz, Road ITS applications shall use channels within the boundaries of each 10 MHz block. Channel bandwidth may be lower than 10 MHz.”
Unites States 
In the Unites States, the FCC revisited its rules for the 5850-5925 MHz band in [5] as follows:
· 5850-5895 MHz are reallocated from DSRC to unlicensed use for technologies such as Wi-Fi
· 5895-5925 MHz are retained for ITS.
Consequently, 30 MHz spectrum are available in the US for ITS services.
China
In China, the available spectrum available for LTE-V2X is 5905-5925 MHz, where [6]:
· 5905-5915 MHz reserved for V2V communications
· 5915-5925 MHz reserved for V2I/I2V communications
Thus, 20 MHz spectrum are available in the China for ITS services. However, similar to Europe, channels of 10 MHz bandwidth exist.
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Figure 1 Overview about ITS regulations in different regions

Observation 2: According to our regional analysis, the maximum available bandwidth in the dedicated ITS spectrum is always less than 40 MHz.

SL Positioning Bandwidth Requirements for Automotive Use Case
The results shown by companies during the study [1] indicate that the accuracy requirements Set A (1.5m@90%) in the highway scenario can be met under very specific deployment conditions, also with less than 100 MHz. However, to achieve the accuracy requirements Set B (0.5m@90%) at least 100 MHz are needed.
In order to complement GNSS accuracy, even in the best conditions, i.e., assuming clear sky conditions, the accuracy requirements Set B needs to be satisfied to able to complement benefit over GNSS and radar positioning. 
In an urban grid scenario, sidelink positioning can be considered as valuable extension to existing positioning techniques or, in some situation, the main possible mechanism for localization. However, the results produced by companies during the study of SL positioning bandwidth requirements for the urban grid scenario [1] show that at least 100 MHz bandwidth are required. According to the analysis above, such a bandwidth cannot be considered in the existing ITS bands and may not be supported in some licensed bands if allocated to ITS services, e.g., n38.
Observation 3: Results shown during the study indicate that in the highway scenario at least 100 MHz spectrum are required to achieve set B.

Observation 4: Results shown during the study indicates that in the urban grid scenario at least 100 MHz spectrum are required to achieve set A and set B.

From our understanding of the note in the SID 

Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#98 to see if sufficient information is available for this review.



and the recommendations from RAN1 during RAN1#110 it can be concluded that 100 MHz spectrum are recommended and needed to enable automotive use cases. 

Observation 5: RAN1 has determine the bandwidth requirements and identified that 100 MHz spectrum are needed in the urban grid scenario.

Observation 6: Considering bandwidth requirements have been determined by RAN1 and shown that 100 MHz spectrum are needed for automotive use case and considering further that no ITS spectrum with 100 MHz exist unlicensed spectrum should be considered further.

Proposal 1: Study and specify, if agreed, unlicensed spectrum to enable sidelink positioning for automotive requirements in Rel. 18.










Sidelink Positioning Solutions
During RAN1#111, it was agreed that: 
For the solutions for sidelink positioning,
· The following 2 operation scenarios are recommended for normative work
· Operation Scenario 1: PC5-only-based positioning.
· Operation Scenario 2: Combination of Uu- and PC5-based positioning.
· RTT-type solution(s) using SL, SL-AoA and SL-TDOA are recommended for normative work.
· both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT
· For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation is recommended for normative work.
· For the support of the above methods the following measurements are recommended for normative work:
· SL-PRS based Rx-Tx measurement
· SL-PRS based RSTD measurement
· SL-PRS based RSRP measurement
· SL-PRS based RSRPP measurement
· SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
· A new sidelink reference signal (SL-PRS) is recommended for normative work. 
· Such a reference signal should use a Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point.
· SCI can be used for reserving/indicating one or more SL-PRS resources
· With regards to the power control for SL-PRS at least Open Loop PC is recommended for normative work.
· Both a resource allocation Scheme 1 and Scheme 2 is recommended for normative work, where Scheme 1 corresponds to a network-centric operation SL-PRS resource allocation and Scheme 2 corresponds to UE autonomous SL-PRS resource allocation.
· For resource allocation mechanism for SL-PRS in Scheme 2, a sensing based resource allocation, or a random resource selection, or both, should be introduced, where the legacy designs for UE autonomous resource allocation are used as a starting point.
· With regards to the SL-PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication are recommended for normative work.
· For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission are recommended for normative work.



According, we are proposing the following based on the agreements above, where we suggest to capture in the WID of Rel.-18 expanded and improved NR positioning for the normative phase of sidelink positioning:

Proposal 2: Consider the following 2 operation scenarios during normative work 
· Operation Scenario 1: PC5-only-based positioning.
· Operation Scenario 2: Combination of Uu- and PC5-based positioning.

Proposal 3: Consider RTT-type solution(s) using SL, SL-AoA and SL-TDOA during normative work.
· both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT
· For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation is recommended for normative work.
· For the support of the above methods the following measurements are recommended for normative work:
· SL-PRS based Rx-Tx measurement
· SL-PRS based RSTD measurement
· SL-PRS based RSRP measurement
· SL-PRS based RSRPP measurement
· SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement

Proposal 4: Consider a new sidelink reference signal (SL-PRS) during normative work. 
· Such a reference signal should use a Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point.
· SCI can be used for reserving/indicating one or more SL-PRS resources
· With regards to the power control for SL-PRS at least Open Loop PC is recommended for normative work.

Proposal 5: Consider both a resource allocation Scheme 1 and Scheme 2 during normative work, where Scheme 1 corresponds to a network-centric operation SL-PRS resource allocation and Scheme 2 corresponds to UE autonomous SL-PRS resource allocation.
· For resource allocation mechanism for SL-PRS in Scheme 2, a sensing based resource allocation, or a random resource selection, or both, should be introduced, where the legacy designs for UE autonomous resource allocation are used as a starting point

Proposal 6: Consider with regards to the SL-PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication during normative work. 
· For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.

Proposal 7: Consider Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission during normative work.

Support carrier aggregation for positioning measurements
As identified in the previous sections, the bandwidth is a crucial parameter to enable precise positioning. However, having one available carrier with the required bandwidth for identified positioning accuracy may not be possible in most of available spectrum. However, carrier aggregation can be considered in this case. Therefore, we support specifying solution enabling carrier aggregation for Rel.18 positioning scope.
Proposal 8: Specify signalling and procedures to support carrier aggregation for positioning measurements
Improved accuracy based on NR carrier phase measurement
During the study of the improved accuracy based on NR carrier phase measurements, it was found that it is feasible to use existing DL PRS and SRS signals to obtain the carrier phase measurements for achieving centimeter-level positioning accuracy given availability and a sufficient density of PRU, when the PRU is located in LOS with TRP(s), when the locations of the PRU and TRPs are known with centimeter-level accuracy, with residual CFO as in the agreed evaluation assumptions, and with phase-centre offset as in the agreed evaluation assumptions.	
Proposal 9: Do not specify physical layer measurements, and related signalling to support NR carrier phase positioning for both UE-based and UE-assisted positioning
Support of positioning for UEs with Reduced Capabilities (RedCap UEs)
We also support of positioning for UEs with reduced capabilities beyond the RedCap bandwidth using frequency hopping. The following proposal need to be captured in the WID.
[bookmark: _Hlk111104583]Proposal 10: Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning.
· The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs considering IIoT, commercial, Public Safety and V2X scenarios.

Conclusion
In this TDoc, the following proposal has been considered:
Proposal 1: Study and specify, if agreed, unlicensed spectrum to enable sidelink positioning for automotive requirements in Rel. 18.

Additionally, the following need to be considered in the WID of Rel.-18 expanded and improved NR positioning for the normative phase of sidelink positioning:

Proposal 2: Consider the following 2 operation scenarios during normative work 
· Operation Scenario 1: PC5-only-based positioning.
· Operation Scenario 2: Combination of Uu- and PC5-based positioning.

Proposal 3: Consider RTT-type solution(s) using SL, SL-AoA and SL-TDOA during normative work.
· both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT
· For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation is recommended for normative work.
· For the support of the above methods the following measurements are recommended for normative work:
· SL-PRS based Rx-Tx measurement
· SL-PRS based RSTD measurement
· SL-PRS based RSRP measurement
· SL-PRS based RSRPP measurement
· SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement

Proposal 4: Consider a new sidelink reference signal (SL-PRS) during normative work. 
· Such a reference signal should use a Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point.
· SCI can be used for reserving/indicating one or more SL-PRS resources
· With regards to the power control for SL-PRS at least Open Loop PC is recommended for normative work.

Proposal 5: Consider both a resource allocation Scheme 1 and Scheme 2 during normative work, where Scheme 1 corresponds to a network-centric operation SL-PRS resource allocation and Scheme 2 corresponds to UE autonomous SL-PRS resource allocation.
· For resource allocation mechanism for SL-PRS in Scheme 2, a sensing based resource allocation, or a random resource selection, or both, should be introduced, where the legacy designs for UE autonomous resource allocation are used as a starting point

Proposal 6: Consider with regards to the SL-PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication during normative work. 
· For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.

Proposal 7: Consider Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission during normative work.

Proposal 8: Specify signalling and procedures to support carrier aggregation for positioning measurements
Proposal 9: Do not specify physical layer measurements, and related signalling to support NR carrier phase positioning for both UE-based and UE-assisted positioning
Proposal 10: Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning.
· The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs considering IIoT, commercial, Public Safety and V2X scenarios.
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