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1. Introduction
In RAN#94, an SI on sidelink positioning was approved in [1], the objective is shown as follows:
	· 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#97 to see if sufficient information is available for this review.



2. Discussion
In RAN1#109e, RAN1 discussed the SL positioning scenarios and positioning methods, the following two operation scenarios and positioning methods are agreed:
	Agreement
Following two operation scenarios are considered for studies on SL positioning:
· Scenario 1: PC5-only-based positioning
· Scenario 2: Combination of Uu- and PC5-based positioning solutions

Agreement
With regards to the Positioning methods supported using SL measurements study further the following methods:
· RTT-type solutions using SL
· Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT
· SL-AoA
· Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study
· SL-TDOA
· SL-AoD
· Corresponds to a method where RSRP and/or RSLPP measurements similar to the DL-AoD method in Uu. 
· Include both Azimuth of departure (AoD) and zenith of departure (ZoD) in the study
· Consider in the study at least the following aspects:
· Definition(s) of the corresponding SL measurements for each method
· Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
· For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
· Per-panel location, if UE uses multiple panels. 
· UE’s mobility, especially for V2X scenarios
· Impact of synchronization error(s) between UEs
· Existing SL measurements (e.g. RSSI, RSRP), and UE ID information etc, may be used.
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified, or whether there will be a unified SL Positioning method.
· Note: When the study of carrier phase positioning and the evaluations of sidelink positioning have progressed, it can be reviewed whether carrier phase for sidelink can be considered in further work. Checkpoint at RAN1#110-e-Bis to see if sufficient information is available for this review.
· Note: Companies are encouraged to describe the role of SL nodes and their interaction/coordination participating in each method.



2.1 SL positioning methods
Based on the discussion above, it can be seen that RAN1 is considering different SL positioning methods including: SL-RTT, SL-AoA, SL-TDOA, and SL-AoD. From RAN2’s perspective, RAN2 should study the RAN2 impacts for these positioning methods, including signaling, architectures and procedures. Hence, we propose the following:
Proposal1: Study the positioning methods including SL-RTT, SL-AoA, SL-TDOA, and SL-AoD on the signaling, architecture, and procedures from RAN2’s perspective
2.2	Discussion on the scenarios for NR sidelink
As can be seen within the RAN1’s agreement, the SL positioning scenarios are classified into two types, including “Scenario 1: PC5-only-based positioning” and “Scenario 2: Combination of Uu- and PC5-based positioning solutions”. Moreover, RAN1 also agreed timing-based and angle-based positioning methods. We further discuss the supported SL positioning scenarios based on the scenario types and positioning methods agreed by RAN1. 
2.2.1	PC5-only-based positioning
The most basic scenario is the positioning between two UEs as shown in Figure 1. In Figure 1, only two UEs exist where one UE is the Reference UE and the other UE is the Target UE. The relative positioning information of the Target UE can be obtained through the SL positioning procedure between two UEs. For example, RTT-type solutions using SL and angle-based positioning methods agreed by RAN1 can be applied to achieve the positioning between two UEs.
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Figure 1: Scenario 1 SL positioning between two UEs
In addition to the positioning scenario in Figure 1, there also exist two other scenarios which can be considered as the sub-scenarios of Scenario 1, as can be seen in Figure 2-1 and 2-2.
According to RAN1’s agreement, for the timing-based positioning method, SL-TDOA is one of the positioning methods to be studied further. In this case, at least 2 reference UEs are needed when applying SL-TDOA method to obtain the location results of the Target UE. Therefore, the second scenario with only PC5 positioning involved is Scenario 1-1 as shown in Figure 2-1, including more than one Reference UE and a Target UE. The positioning information of the Target UE can be derived with the SL-PRS between Target UE and each Reference UE. However, from RAN2’s perspective, the formation of the groups of UEs serving as the reference UE, including the discovery, establishment of PC5 link, etc, is out of the scope of RAN2. Thus, we think we should leave these aspects to SA2 for further studying. 
Another scenario, Scenario 1-2, is related to the ranging service operation with the introduction of an Assistant UE, as described in Key issue #2 of [2]. In Figure 2-2, considering that the direct link between the Target UE and the Reference UE cannot be supported, it is necessary to find an Assistant UE to help with the positioning of the Target UE, where the direct communication between the Reference UE and the Assistant UE and between the Target UE and the Assistant UE are respectively supported. This scenario can be interpreted as the extension of Scenario 1 in Figure 1, i.e., the positioning procedure between Assistant UE and Target UE, and between Assistant UE and Reference UE are similar to the procedure in Scenario 1 in Figure 1, where the only difference is how to find the Assistant UE, which can be left to work of SA2 group.
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Figure 2-1: Scenario 1-1          Figure 2-2: Scenario 1-2          
In conclusion, RAN2 should focus mainly on the above positioning scenarios, in which Scenario 1-1, and 1-2 can be regarded as the sub-scenarios of Scenario 1. For the above positioning scenarios, configuration data containing polices and/or parameters related to services are necessary to UE as described in Key Issue #1 [2]. And considering Scenario 1 is the most basic one, and Scenario 1-1, and 1-2 are mainly related to SA2, i.e. how the group of UEs is formed for Scenario 1-1, and how to find the assistance UE for Scenario 1-2. Hence, we propose:
Proposal2: The signaling aspects for the service layer of the following scenarios are out of RAN2 scope and should be discussed in SA2.
· SL positioning between one/more than one Reference UE and a Target UE
· SL positioning with an Assistance UE
2.2.2	Hybrid Uu and PC5 positioning 
Another possible scenario, based on the current RAN1’s study is the hybrid Uu and PC5 positioning. As shown in Figure 3, when there is not enough gNBs around the Target UE to achieve a certain accuracy requirement, the Located UE can be used to help with the positioning. For example, the Located UE is with known location and can transmit or receive PRS through PC5 interface with Target UE, so the absolute positioning can be obtained with the assistance of the Located UE.
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Figure 3: Scenario 2 hybrid Uu- and PC5-based positioning
From RAN2’s perspective, we need to discuss on potential enhancement on the LPP spec, e.g., how the assistance data in the SL is known to the LMF, capability transfer, etc. 
Based on the above discussion, we propose the following:
[bookmark: OLE_LINK152][bookmark: OLE_LINK153]Proposal3: RAN2 should discuss the following sidelink positioning scenarios from RAN2’s perspective:
· Scenario 1: SL positioning between a Reference UE and a Target UE
· Scenario 2: Hybrid Uu- and PC5 positioning
2.3 Discussion on coverage of UE
According to the above SID, the coverage scenarios cover “in-coverage, partial-coverage and out-of-coverage”. For IC and PC cases, Case 1 and Case 2, where UEs are in coverage of gNB/eNB, and gNB/eNB is connected to 5GC should be supported. However, if UEs are in coverage of eNB connected to EPC as in Case 3, the UEs should be regarded as OOC considering that OOC case includes not only the pure OOC case, but also the case where the UEs cannot find cell at NR sidelink carrier. In addition, for the above coverage cases, common solution should be defined to make the procedure easier.
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Figure 4: Different cases for coverage of UE
Proposal4: For the coverage of UE, RAN2 should discuss the following cases:
· For IC and PC, UE is in coverage of gNB/eNB, and the gNB/eNB is connected to 5GC
· For OOC, UE is not in coverage of any gNB/eNB, or UE cannot find cell at NR sidelink carrier.
2.4 Positioning protocol
2.4.1	New SLPP protocol
In Uu positioning, LPP is used to deliver positioning related information between UE and LMF, which includes assistance information and location information for positioning. With the introduction of LPP, the procedure of communication and procedure of positioning can be separated. Similarly, an SL Positioning Protocol (SLPP) layer terminated between two UEs with PC5 interface can also be introduced in sidelink positioning, which is a separate specification from LPP terminating between UE and LMF. The sidelink related assistance data, location information and measurement results can be carried by this new protocol. Moreover, the new SLPP layer should be specified in RAN rather than SA or CT, considering that the information carried by this new SLPP layer is more related to physical layer.
[image: ]
Figure 5: sidelink/ranging positioning protocol
Proposal5: A new SLPP specification is introduced which terminates between two UEs with PC5 interface, which should include the following functionalities: 
· sidelink related assistance data
· location information and measurement results
· SL positioning UE capability transfer

2.4.1	Enhancement for LPP
In the above Scenario 2, the positioning of the Target UE is based on both DL-PRS from Uu and and sidelink PRS from the sidelink. Currently, LPP is used to carry only positioning related information from Uu. However, for the scenario of hybrid Uu and PC5 positioning, UE also needs to report sidelink related information to LMF via LPP in some positioning scenario. For example, in LMF based case, UE needs to send SL-PRS configuration and measurement results to LMF, based on which LMF can calculate the location of Target UE.
Based on the discussion above, we think the LPP spec needs to be enhanced for hybrid Uu and PC5 positioning. It is needed that the UE sends the measurement report of the SL and the necessary SL-PRS configuration to the LMF. It can be further discussed how it is supported from the signaling point of view. One possible solution can be that the SLPP message is included in the containers of the LPP spec. In this way, we can avoid duplicated specification. 
Proposal6: LPP enhancement is needed considering the scenario of hybrid Uu and PC5 positioning.
2.5	Positioning architecture
With the introduction of SLPP, the positioning architecture of sidelink positioning is shown in Figure 5, where the PC5 connection terminating between two UEs with SLPP layer is introduced based on the current UE positioning overall architecture applicable to NG-RAN.
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Figure 6: Positioning architecture for sidelink positioning
Proposal7: RAN2 should discuss the architecture for SL positioning based on the above architecture. 
2.6 Cast mode for SL positioning 
As described above, the positioning between two UEs is the most basic positioning scenario. In addition to SL-PRS, measurement results and location information also need to be transferred. Therefore, it is obvious that PC5 connection is necessary in sidelink positioning. In such a case, SL-PRS should be transmitted in the Unicast way through PC5 connection. However, there are also cases that a UE needs to send SL-PRS to more than one UE, for example, an RSU providing positioning service to multiple UEs, or the Scenario 1-1 as discussed above, which would increase the signaling overhead if the SL-PRS is transmitted in the Unicast way. As a result, on the basis of Unicast for SL-PRS transmission, the SL-PRS transmission in the Broadcast or Groupcast way should also be supported.
Proposal8: Support unicast for SL positioning as a baseline.
3. [bookmark: OLE_LINK8][bookmark: OLE_LINK7]Conclusion
Based on the discussion in this paper, we recommend RAN2 to discuss and adopt the following proposals: 
Proposal1: Study the positioning methods including SL-RTT, SL-AoA, SL-TDOA, and SL-AoD on the signaling, architecture, and procedures from RAN2’s perspective
Proposal2: The signaling aspects for the service layer of the following scenarios are out of RAN2 scope and should be discussed in SA2.
· SL positioning between one/more than one Reference UE and a Target UE
· SL positioning with an Assistance UE

Proposal3: RAN2 should discuss the following sidelink positioning scenarios from RAN2’s perspective:
· Scenario 1: SL positioning between a Reference UE and a Target UE
· Scenario 2: Hybrid Uu- and PC5 positioning
Proposal4: For the coverage of UE, RAN2 should discuss the following cases:
· For IC and PC, UE is in coverage of gNB/eNB, and gNB/eNB is connected to 5GC
· For OOC, UE is not in coverage of any gNB, or UE cannot find cell at NR sidelink carrier.
Proposal5: A new SLPP specification is introduced which terminates between two UEs with PC5 interface, which should include the following functionalities: 
· sidelink related assistance data
· location information and measurement results
· SL positioning UE capability transfer

Proposal6: LPP enhancement is needed considering the scenario of hybrid Uu and PC5 positioning.
Proposal7: RAN2 should discuss the architecture for SL positioning based on the above architecture. 
Proposal8: Support unicast for SL positioning as a baseline.
4. References
[1] RP-213588 Revised SID Expanded and improved NR positioning 3GPP TSG RAN Meeting #94e
[2] 23700-86 V0.3.0 Study on Architecture Enhancement to support Ranging based services and sidelink positioning
4
image3.png
A55|stant UE

Target UE Reference UE





image4.png
((c4)))

LocatedK

Target UE




image5.png
5GC

),

/m}

BB v SH

Case1




image6.png
/NRVZXSL
A ST

a e CTEV2X SEH

Case 2




image7.png
EPC

()

E-UTRAN

N

BB v sr_H

Case 3




image8.png
_
|
|
| w _
2 _
8 S _
B 2115 _
r.c
B I
_ |
_ |
_ |
Bk |
" T T |
N
————p-—1——
| 4
_ L __1__
_ |
| w _
_WPm _
8 &[4 g _
515 |8 ABEIRE _
ac &
¢ HNHEE MEE
| I
_ |
_ |
_ |
|
|
|




image9.png
NL1

AMF

NG-C

_TP

ng-eNB
I
I
Xn

TP

TRP |

gNB

TRP

NG-RAN

(N
%

PC5

NR-Uu

_SET.





image1.png
Target UE

/

Reference UE




image2.png
Reference U

e

Reference UE Reference UE




