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1 Introduction

The study on the expanded and improved NR positioning had been concluded, we will discuss the WI scope of the expanded and improved NR positioning based on the conclusion made in the SI phase.
2 Discussion  

2.1 Sidelink positioning/ranging

In the study phase, RAN1 has conducted the study of sidelink positioning/ranging on aspects including scenarios/requirements, bandwidth requirement and performance evaluation of potential sidelink solutions. Based on the evaluation, it was concluded that the identified service requirement can be satisfied depending on sources, use-cases, scenarios, assumptions, and positioning methods used.

Therefore, sidelink positioning/ranging shall be included in the normative work of Rel-18 NR positioning. 

And TR38.859 has recommended the following for normative work [1]:
	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.

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-based 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.

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.

With regards to the power control for SL-PRS at least Open Loop Power Control (OLPC) is recommended for normative work.

Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission are recommended for normative work.


Regarding the cast type for SLPP signalling, RAN2 made the following agreement [2]:
Thus, at least unicast is recommended for normative work. For groupcast/broadcast, it requires SA2 to identify use case to support group positioning. If SA2 confirms the use case, groupcast/broadcast can also be supported. 
The detailed objective of the SL positioning/ranging shall be as the following:

Proposal 1: Specify the following for sidelink positioning supporting operation scenarios of both PC5 only based positioning and combination of Uu and PC5 based positioning, including [RAN1, RAN2, RAN3, RAN4]

· Specify SL reference signal (SL-PRS) for SL positioning

· A Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point

· Specify signalling, procedures, and measurements to support RTT-type solution(s) using SL, SL-AoA, and SL-TDOA 

· Specify SL PRS based measurements including 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

· Specify open-loop power control for SL PRS transmission

· Unicast, Groupcast (not including many to one) and Broadcast of SL PRS transmission are supported

· Specify the resource allocation mechanism for SL PRS, including both a network-centric SL PRS resource allocation (scheme 1) and a UE autonomous SL PRS resource allocation (scheme2) 

· Specify the sidelink control information (SCI) used for reserving/indicating one or more SL PRS resource(s)

· Specify a sensing-based resource allocation, or a random resource selection, or both for resource allocation mechanism in scheme 2

· Specify SL positioning resource (pre-)configuration for both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication 

· For shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured

· Specify the signalling and procedure between UE and UE, including at least :

· trigger conditions for anchor UE/SL positioning server UE discovery procedure, including identify RAN parameters required for discovery procedure 

· Anchor UE/SL positioning server UE selection/reselection
· SL-PRS configuration transfer procedure
· Positioning method determination, if needed

· Operation: Capability Transfer, Assistance Data exchange, Location Information Transfer, Error handling, Abort
· Cast type: at least unicast for SLPP signalling. Groupcast/Broadcast for SLPP signalling can also be supported if corresponding use cases are identified
· Synchronization procedure among anchor UEs, if needed

· Specify the procedure between UE and LMF, including at least

· Anchor UE/SL positioning server UE selection/reselection
· SL-PRS configuration transfer procedure

· Specify the support of the Sidelink Positioning and the Ranging Service Authorizations signalling to NG-RAN as needed, taking into account SA2 decisions. 

· Specify the potential RAN3 impacts of the Sidelink resource pools, the Sidelink positioning measurements, taking into account RAN1/RAN2 decisions.

· Specify the necessary core requirements for the above.
In addition, both FR1 and FR2 spectrum shall be taken into account in the normative work. Similar as what have been done in Rel-16 SL communication, no specific enhancement shall be considered for SL positioning in FR2 spectrum. The solution for SL positioning in FR1 spectrum can be extended to FR2 spectrum as well.

Proposal 2: Both FR1 and FR2 spectrum are supported for normative work of SL positioning.

Besides, in RAN2 #120 meeting, whether to support LTE PC5 was discussed. From SLPP signalling point of view, if PC5-U is used as the transport layer, SLPP signalling can be transmitted either using LTE PC5 or NR PC5, there is no need to restrict the RAT. However, the current SID doesn’t include the support of LTE PC5, because, in section 2.3 “Other related Work Items and dependencies” of the SID, LTE sidelink WI is not referenced. Thus, the following agreement was made:
Whether to include LTE PC5 to the WID depends on if there is valid use case where SLPP signalling is transmitted through LTE PC5 while SL-PRS is transmitted over NR PC5. From UE capability point of view, UE has to support both LTE and NR sidelink. 
.Proposal 3: To discuss whether to support SLPP transmission over LTE PC5.
2.2 RAT-dependent positioning integrity

In the study phase, RAN1 studied the error sources and RAN2 studied the integrity principle of operation and signalling for RAT-dependent positioning integrity, and both UE-based and LMF-based integrity for RAT-Dependent Positioning Techniques are recommended for normative work. Therefore, we think RAT-dependent positioning integrity should be included in the WI scope and the detailed objectives of the RAT-dependent positioning integrity are as below.
Proposal 4: Specify the error sources, integrity principle of operation, signalling and procedures to support both UE-based and LMF-based integrity for RAT-Dependent Positioning, including [RAN2, RAN1, RAN3]

· Specify the error sources for time-based and angle-based positioning methods, including the model of the error source and mapping between an error source and a positioning method

· Reuse the concepts and principles developed for RAT-Independent GNSS positioning integrity for RAT-Dependent positioning integrity
· Specify the signaling for UE-based integrity, including UE sends capability to LMF, LMF sends the assistance data for integrity calculation to UE, LMF sends integrity requirement to UE and UE sends integrity result to LMF

· Specify the signaling for LMF-Based integrity, including UE sends capability info to LMF, LMF sends the request of results related to integrity for integrity error sources to UE, LMF sends the request of results related to integrity for integrity error sources to RAN and RAN sends results related to integrity to LMF
2.3 Low Power High Accuracy Positioning

RAN1 evaluated the existing Rel-17 positioning techniques for UEs in RRC_INACTIVE state and the evaluations show that the target battery life required by LPHAP use case 6 cannot be satisfied for majority of the evaluation scenarios. Therefore, some enhancements are recommended for normative work and the details are listed as below.

· The enhancements on SRS configuration for UL and DL+UL positioning for UEs in RRC_INACTIVE state; 

· Enhancements on simplified DL PRS configuration with 1-symbol PRS;
· Extending DRX cycle beyond 10.24s;

· Alignment between DRX and PRS;

· Skipping paging reception in RRC_INACTIVE;

· DL PRS measurement for UEs in RRC_IDLE state;
We think the LPHAP should be included in the WI scope and have the following proposal:

Proposal 5: Specify methods, signalling and procedures to support LPHAP, including [RAN2, RAN1, RAN3, RAN4]
· Specify the enhancements on SRS for UL and DL+UL positioning for UEs in RRC_INACTIVE state in order to avoid frequent RRC connection for SRS (re)configuration includes

· SRS for positioning configurations in multiple cells. 

· Pre-configuration of one or multiple SRS for positioning configurations.

· SRS for positioning activation/request procedure(s).
· Specify the enhancements on DL PRS configuration
· simplified DL PRS configuration with 1-symbol PRS;
· Alignment between DRX and PRS

· Specify the paging relaxation
· Skipping paging reception in RRC_INACTIVE for LPHAP
· Impacts of skipping paging for UE in RRC_INACTIVE to the core network is evaluated with SA2 involved
· Specify the RRC IDLE positioning

· Positioning Measurement is performed in RRC_IDLE while measurement report is sent in RRC_CONNECTED

· Specify the necessary core requirements for the above.
2.4 Positioning accuracy improvement
Regarding the positioning accuracy improvement, RAN1 evaluated carrier phase based positioning and the evaluations shows that a horizontal positioning accuracy of 1cm @80% and 1cm@50% can be achieved for InF-SH and InF-DH scenarios respectively under certain conditions and RAN1 also conclude that it is feasible to use existing DL PRS and SRS signals to obtain the carrier phase measurements for achieving a horizontal accuracy of up to a few centimetres at least at 50%. And RAN4 study the PRS/SRS bandwidth aggregation and conclude that PRS/SRS bandwidth aggregation for intra-band contiguous carriers is feasible for single chain Tx/Rx architectures at both the UE and gNB.
Therefore, we think the carrier phased based positioning and PRS/SRS bandwidth aggregation should be included in the WI scope.

Proposal 6: Specify the NR carrier phase measurements for UE-based and network-based positioning, including [RAN1, RAN2, RAN3, RAN4]

· Specify the physical layer measurements for NR carrier phase positioning

· For DL carrier phase positioning, 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 and 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
· Specify the multipath mitigation methods for the carrier phase positioning

· Specify the mitigation methods for initial phases of the transmitter and the receiver with PRU

· Specify the integer ambiguity resolution related signaling and report

· Specify reporting and signaling to facilitate support of NR carrier phase positioning
· Specify the necessary core requirements for the above.
Proposal 7: Specify the PRS/SRS bandwidth aggregation, including [RAN1, RAN4]

· Specify the PRS/SRS bandwidth aggregation for intra-band contiguous carriers for single chain Tx/Rx architectures

· Specify RRM requirements including at least PRS measurement period/reporting/accuracy (including margins), and the impacts of PRS measurement on data communication including CA/DC.
3 Conclusion 

In this contribution, we discuss the WID scope for expanded and improved NR positioning and provide some suggestions as below. 

Proposal 1: Specify the following for sidelink positioning supporting operation scenarios of both PC5 only based positioning and combination of Uu and PC5 based positioning, including [RAN1, RAN2, RAN3, RAN4]

· Specify SL reference signal (SL-PRS) for SL positioning

· A Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point

· Specify signalling, procedures, and measurements to support RTT-type solution(s) using SL, SL-AoA, and SL-TDOA 

· Specify SL PRS based measurements including 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

· Specify open-loop power control for SL PRS transmission

· Unicast, Groupcast (not including many to one) and Broadcast of SL PRS transmission are supported

· Specify the resource allocation mechanism for SL PRS, including both a network-centric SL PRS resource allocation (scheme 1) and a UE autonomous SL PRS resource allocation (scheme2) 

· Specify the sidelink control information (SCI) used for reserving/indicating one or more SL PRS resource(s)

· Specify a sensing-based resource allocation, or a random resource selection, or both for resource allocation mechanism in scheme 2

· Specify SL positioning resource (pre-)configuration for both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication 

· For shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured

· Specify the signalling and procedure between UE and UE, including at least :

· trigger conditions for anchor UE/SL positioning server UE discovery procedure, including identify RAN parameters required for discovery procedure 

· Anchor UE/SL positioning server UE selection/reselection
· SL-PRS configuration transfer procedure
· Positioning method determination, if needed

· Operation: Capability Transfer, Assistance Data exchange, Location Information Transfer, Error handling, Abort
· Cast type: at least unicast for SLPP signalling. Groupcast/Broadcast for SLPP signalling can also be supported if corresponding use cases are identified
· Synchronization procedure among anchor UEs, if needed

· Specify the procedure between UE and LMF, including at least

· Anchor UE/SL positioning server UE selection/reselection
· SL-PRS configuration transfer procedure

· Specify the support of the Sidelink Positioning and the Ranging Service Authorizations signalling to NG-RAN as needed, taking into account SA2 decisions. 

· Specify the potential RAN3 impacts of the Sidelink resource pools, the Sidelink positioning measurements, taking into account RAN1/RAN2 decisions.

· Specify the necessary core requirements for the above.
Proposal 2: Both FR1 and FR2 spectrum are supported for normative work of SL positioning.

Proposal 3: To discuss whether to support SLPP transmission over LTE PC5
Proposal 4: Specify the error sources, integrity principle of operation, signalling and procedures to support both UE-based and LMF-based integrity for RAT-Dependent Positioning, including [RAN2, RAN1, RAN3]

· Specify the error sources for time-based and angle-based positioning methods, including the model of the error source and mapping between an error source and a positioning method

· Reuse the concepts and principles developed for RAT-Independent GNSS positioning integrity for RAT-Dependent positioning integrity
· Specify the signaling for UE-based integrity, including UE sends capability to LMF, LMF sends the assistance data for integrity calculation to UE, LMF sends integrity requirement to UE and UE sends integrity result to LMF

· Specify the signaling for LMF-Based integrity, including UE sends capability info to LMF, LMF sends the request of results related to integrity for integrity error sources to UE, LMF sends the request of results related to integrity for integrity error sources to RAN and RAN sends results related to integrity to LMF
Proposal 5: Specify methods, signalling and procedures to support LPHAP, including [RAN2, RAN1, RAN3, RAN4]
· Specify the enhancements on SRS for UL and DL+UL positioning for UEs in RRC_INACTIVE state in order to avoid frequent RRC connection for SRS (re)configuration includes

· SRS for positioning configurations in multiple cells. 

· Pre-configuration of one or multiple SRS for positioning configurations.

· SRS for positioning activation/request procedure(s).
· Specify the enhancements on DL PRS configuration
· simplified DL PRS configuration with 1-symbol PRS;
· Alignment between DRX and PRS

· Specify the paging relaxation
· Skipping paging reception in RRC_INACTIVE for LPHAP
· Impacts of skipping paging for UE in RRC_INACTIVE to the core network is evaluated with SA2 involved
· Specify the RRC IDLE positioning

· Positioning Measurement is performed in RRC_IDLE while measurement report is sent in RRC_CONNECTED

· Specify the necessary core requirements for the above.
Proposal 6: Specify the NR carrier phase measurements for UE-based and network-based positioning, including [RAN1, RAN2, RAN3, RAN4]

· Specify the physical layer measurements for NR carrier phase positioning

· For DL carrier phase positioning, 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 and 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
· Specify the multipath mitigation methods for the carrier phase positioning

· Specify the mitigation methods for initial phases of the transmitter and the receiver with PRU

· Specify the integer ambiguity resolution related signaling and report

· Specify reporting and signaling to facilitate support of NR carrier phase positioning
· Specify the necessary core requirements for the above.
Proposal 7: Specify the PRS/SRS bandwidth aggregation, including [RAN1, RAN4]

· Specify the PRS/SRS bandwidth aggregation for intra-band contiguous carriers for single chain Tx/Rx architectures

· Specify RRM requirements including at least PRS measurement period/reporting/accuracy (including margins), and the impacts of PRS measurement on data communication including CA/DC.
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Agreement:


Proposal 5: Unicast/one-to-one operation is assumed as baseline for exchange of sidelink positioning signaling.


Proposal 6 (modified): RAN2 shall study applicability of at least the following positioning signaling for groupcast/broadcast (in addition to unicast), including addressing any security aspects (involving SA3 where needed). FFS the specific use case:





RAN2 will not work on LTE PC5 in the study item.  RAN2 leave it to RAN to determine if LTE PC5 is in scope of a future WI.
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