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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]1	Introduction
RAN WGs have indicated completion of the Rel-18 positioning study item as described in [1].  This document discusses the scope of a follow-on work item.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]2	Discussion
2.1	Sidelink positioning
For sidelink positioning, RAN1 made the following recommendations in [2]:
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.

RAN2 made the following recommendations in [3]:
Sidelink positioning is recommended for normative work, including:
-    Sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios may be supported.  
-    How to enable the procedures/signaling for supporting SL positioning in in-coverage, partial coverage and out-of-coverage scenarios will be further discussed in normative work.
-    Protocols between UE and UE
-    RAN2 will enable the support of SL-PRS configuration in normative work based on the progress in RAN1.
-    RAN2 will design protocol and procedures for SL positioning between UEs (SLPP) in normative work.
-   Protocols between LMF and UE
-    RAN2 will discuss the details of functionalities of LMF for supporting SL positioning in normative work.
-    RAN2 will discuss the protocol details to support sidelink positioning procedures between UE and LMF in normative work.

These recommendations are generally compatible and describe comprehensive support of sidelink positioning.
Proposal 1: Support sidelink positioning in normative work, with scope to include:
· PC5-only positioning and combination of Uu+PC5 positioning
· In-coverage, partial-coverage, and out-of-coverage scenarios
· Methods and measurements as per the RAN1 recommendation
· New SL-PRS to be defined in accordance with RAN1 recommendations
· Protocols between UE and UE, and between LMF and UE, to be supported in accordance with RAN2 recommendations
One point that may require further discussion is the protocol between UEs identified by RAN2 as SLPP.  It seems clear that such a protocol is needed, but there was no decision from RAN2 on whether it would be included in a separate specification or as part of TS 37.355.  (The working name may also not be ideal, because “SLPP” is already used in the LCS framework, standing for Subscriber LCS Privacy Profile.)
Proposal 2: Revisit at RAN#99 whether to create a separate specification for the positioning protocol between UEs.
2.2	RAT-dependent integrity
RAN1 studied the error sources for RAT-dependent integrity; the parameters related to the error sources could be used during normative work.
RAN2 studied the related procedures, and concluded as follows in [3]:
Both UE-based and LMF-based integrity for RAT-Dependent Positioning Techniques are recommended for normative work.

Proposal 3: Specify RAT-dependent integrity, including both UE-based and LMF-based integrity and relying on the RAN1 parameters for the error sources.
2.3	PRS/SRS bandwidth aggregation
The feasibility of PRS/SRS bandwidth aggregation for accuracy improvement was studied in RAN4 during the SI phase. The LS R4-2220545 was later sent to RAN1 with the following conclusions:
· PRS/SRS bandwidth aggregation for intra-band contiguous carriers is feasible for single chain Tx/Rx architectures at both the UE and gNB.
· The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna.
· 
Based on the single chain Tx/Rx architecture, the normative work for PRS/SRS bandwidth aggregation for intra-band contiguous carriers should be supported, with the following considerations:
· Specify the measurement within the gaps and the corresponding signalling
· Study the measurement outside the gaps, and specify if necessary
· Specify the reporting for the measurement
Proposal 4: Specify the solutions for PRS/SRS bandwidth aggregation under intra-band contiguous carriers based on the single chain Tx/Rx architecture, with the scope to include:
· Specify the measurement within the gaps and the corresponding signalling
· Study the measurement outside the gaps, and specify if necessary
· Specify the reporting for the measurement
2.4	Carrier phase positioning
RAN1 made the following recommendations in [2]:
· Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced.
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
· Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:
· Reporting of the carrier phase of the first path
· At least reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.

RAN1 didn't reach consensus to introduce the NR CPP at the end of SI phase, mainly due to the following reason:
· ARP errors may have significant impact on NR carrier phase positioning accuracy
It is all about implementation to determine the ARP location. There is no free lunch to pursue the centimeter accuracy without using more rigorous ways to mitigate the error sources. So far, there is no RAT-dependent solution to be able to provide centimeter accuracy and CPP is the one closest to the accuracy target. Therefore, we propose to introduce and support CPP in normative work.
The carrier phase measurement that measures the fractional cycle value is necessary but not sufficient condition to achieve centimeter accuracy; the integer cycle search is critical for performance and is also power-consuming. Therefore, whether the reporting from UE or gNB could assist LMF for the integer cycle search could be further studied and specified in normative work.   
Proposal 5: Support carrier phase positioning in normative work, with scope comprising:
· Specify carrier phase measurement, and the corresponding reporting
· Study and specify the reporting to assist the integer cycle search for LMF-based positioning
2.5	LPHAP
RAN1 drew substantial conclusions related to LPHAP in [1], summarised as follows:
The following enhancements are recommended for normative work:
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent RRC connection for SRS (re)configuration is recommended for normative work.
· Extending DRX cycle beyond 10.24s was studied and found beneficial towards meeting the battery life requirement for LPHAP, and is recommended for normative work on Rel-18 positioning enhancements from physical layer’s perspective.
· From physical layer’s perspective, DL PRS measurement for UEs in RRC_IDLE state is recommended for the normative work.

RAN2 also recommended several enhancements for normative work in [2]:
LPHAP is recommended for normative work, including:
-    Enhancements on SRS configuration
-    SRS positioning validity area for UL positioning in RRC_INACTIVE is recommended for normative work from R2’s perspective if feasible from R1’s perspective.
-    SRS configuration request is recommended for normative work from RAN2 perspective.
-    Pre-configuration of multiple SRS configurations (e.g., for multiple SRS positioning validity areas) is feasible from RAN2 perspective and recommended for normative work.
-    Alignment between DRX and PRS is recommended to normative work.
-    DL positioning in RRC_IDLE is recommended to normative work from R2’s perspective if power saving benefits are confirmed by R1.
-    Skipping paging reception in RRC_INACTIVE is recommended for normative work from R2’s perspective for achieving LPHAP requirements, if feasible and beneficial from RAN1 perspective. 

Specifying everything that was recommended seems challenging from a time perspective, and some down-selection seems needed.  The areas recommended by both RAN1 and RAN2 are SRS configuration enhancements and DL-PRS measurement in RRC_IDLE; these enhancements could form a baseline for the WI, with additional enhancements to be considered if there is available time.
Proposal 6: Specify the following enhancements for LPHAP:
· Enhancements to SRS configuration:
· SRS positioning validity area
· SRS configuration request
· Pre-configuration of multiple SRS configurations
· DL-PRS measurement for UEs in RRC_IDLE
2.6	RedCap
RAN1 made the following recommendations in [2],
· From RAN1 perspective, for positioning of RedCap UEs, support of PRS frequency hopping and SRS frequency hopping is recommended for normative work.
· During the normative phase, the complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs
Both the Rx frequency hopping for PRS reception and Tx frequency hopping for SRS transmission require the RedCap UE to perform RF retuning. The transit time for RF retuning may impact the design of Tx and Rx hopping patterns. It is expected for RAN4 to study the RF retuning time from the beginning of WI phase to further provide guidance to RAN1 for the hopping pattern design. 
Proposal 7: For RedCap UE for positioning, study the RF retuning time from the beginning of WI phase in RAN4.
Proposal 8: For RedCap UE for positioning, specify the corresponding design to enable PRS and SRS frequnency hopping in RAN1.
3	Conclusion
This document promulgated the following proposals:
Proposal 1: Support sidelink positioning in normative work, with scope to include:
· PC5-only positioning and combination of Uu+PC5 positioning
· In-coverage, partial-coverage, and out-of-coverage scenarios
· Methods and measurements as per the RAN1 recommendation
· New SL-PRS to be defined in accordance with RAN1 recommendations
· Protocols between UE and UE, and between LMF and UE, to be supported in accordance with RAN2 recommendations
Proposal 2: Revisit at RAN#99 whether to create a separate specification for the positioning protocol between UEs.
Proposal 3: Specify RAT-dependent integrity, including both UE-based and LMF-based integrity and relying on the RAN1 parameters for the error sources.
Proposal 4: Specify the solutions for PRS/SRS bandwidth aggregation under intra-band contiguous carriers based on the single chain Tx/Rx architecture, with the scope to include:
· Specify the measurement within the gaps and the corresponding signalling
· Study the measurement outside the gaps, and specify if necessary
· Specify the reporting for the measurement
Proposal 5: Support carrier phase positioning in normative work, with scope comprising:
· Specify carrier phase measurement, and the corresponding reporting
· Study and specify the reporting to assist the integer cycle search for LMF-based positioning
Proposal 6: Specify the following enhancements for LPHAP:
· Enhancements to SRS configuration:
· SRS positioning validity area
· SRS configuration request
· Pre-configuration of multiple SRS configurations
· DL-PRS measurement for UEs in RRC_IDLE
Proposal 7: For RedCap UE for positioning, study the RF retuning time from the beginning of WI phase in RAN4.
Proposal 8: For RedCap UE for positioning, specify the corresponding design to enable PRS and SRS frequnency hopping in RAN1.
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