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Introduction
Following the conclusion of the Rel-18 study on expanded and improved NR positioning [1], RAN approved a follow-up RAN1-led WI to carry out the specification work for several NR positioning-related enhancements [2].
In this brief paper, we provide our initial views on the RAN4 scope for this WI.
Discussion
The objectives of the core part of the Rel-18 WI on expanded and improved NR positioning [2] are grouped into six different topics: sidelink positioning, integrity of RAT-dependent positioning methods, low-power high-accuracy positioning (LPHAP), positioning for RedCap UEs, bandwidth aggregation for positioning, and carrier phase positioning. Out of those six topics, five of them have expected impact in RAN4. No RAN4 impact is expected for positioning integrity. Below we share our views on anticipated impact within the five relevant topics.
Sidelink positioning should be easily the largest topic of this work item. The work to specify solutions for sidelink positioning will include defining a new reference signal (SL PRS), new measurements, resource allocation schemes, associated physical layer procedures, use cases, signaling, new UE capabilities, etc. A significant amount of progress in other RAN WGs, particularly RAN1, will be needed before RAN4 work can begin.
Proposal 1: Wait for further progress on sidelink positioning in RAN1 before starting to work on the associated core requirements in RAN4.
One aspect that RAN4 will need to discuss in preparation for the performance part is how to select the applicable SINR side-conditions for SL PRS-based measurement accuracy requirements. E.g. whether new network-level simulations will be needed
Observation 1: RAN4 will need to discuss how to select applicable SINR side-conditions for SL PRS-based measurement accuracy requirements.
Under LPHAP, there are at least two objectives where RAN4 impact is anticipated:
· Positioning-specific enhancements for eDRX cycle longer than 10.24s in RRC_INACTIVE state
· Requirements for performing DL PRS measurements while the UE is in RRC_IDLE state and subsequently reporting the measurements in RRC_CONNECTED state
For the first objective above, the WID notes that the work should be coordinated with the Rel-18 eRedCap WI. Input from RAN1 is expected via LS before starting the work in RAN4. For the second objective, we anticipate being able to leverage existing requirements for positioning measurements performed in RRC_INACTIVE defined in Rel-17.
Proposal 2: Wait for LS from RAN1 before starting RAN4 work on positioning enhancements for eDRX longer than 10.24 s.
Proposal 3: RAN4 will specify requirements for DL PRS measurements performed while the UE is RRC_IDLE, leveraging as much as possible the existing requirements for RRC_INACTIVE.
For RedCap positioning, RAN4 is tasked with defining core and performance requirements for measurements with and without frequency hopping (FH).
RAN4 should be able start working right away on RedCap UE requirements for the legacy positioning measurements, i.e. without FH. The main task would be to define accuracy requirements for 1Rx RedCap UEs for the following measurements in FR1: RSTD, PRS-RSRP, PRS-RSRPP and UE Rx-Tx time difference.
For 2Rx RedCap UEs, the existing requirements should apply, subject to UE support of the corresponding UE capabilities, including maximum supported BW. Note that in FR2, RedCap UEs are assumed to feature 2Rx.
In addition, the existing Rel-16/17 NR positioning test cases for FR1 TDD and FR2 assume channel BW and/or PRS BW larger than 20 MHz in FR1 and 100 MHz in FR2, which are not supported by RedCap UEs without FH. New test cases may need to be added to improve test coverage for RedCap UEs without FH.
Proposal 4: Rel-16/17 measurement period and accuracy requirements apply to NR positioning measurements performed by 2Rx RedCap UEs without frequency hopping, subject to UE support of the corresponding UE capabilities.
Proposal 5: RAN4 to discuss whether to add new FR1 TDD test configurations with channel and PRS BW ≤ 20 MHz for RedCap UEs.
Proposal 6: RAN4 to discuss whether to add new FR2 test configurations with PRS BW ≤ 100 MHz for RedCap UEs.
Proposal 7: RAN4 needs to specify measurement accuracy requirements without frequency hopping in FR1 for RSTD, PRS-RSRP, PRS-RSPP and UE Rx-Tx for 1Rx RedCap UEs.
Support of FH by RedCap UEs will be specified by RAN1 in Rel-18. RAN4 should wait for progress in RAN1 before starting to work on the corresponding requirements. Currently, we expect that measurements with FH will be supported with measurement gaps. However, it is unclear whether RAN1 will specify enhancements to enable FH measurements outside of measurement gaps. In either case, we would expect impact to measurement period requirements due to the need to account for receiver retuning time between frequency hops. Additionally, we expect new link-level simulations will be needed to derive accuracy requirements for measurements with FH. 
Proposal 8: Wait for further progress in RAN1 before starting to work on RedCap UE requirements for positioning measurements with frequency hopping.
Observation 2: Impact to measurement period requirements is expected for measurements with frequency hopping to account for receiver retuning time between hops. 
Observation 3: New link-level simulations may be needed to derive accuracy requirements for positioning measurements with frequency hopping.
Under the topic of PRS/SRS bandwidth aggregation, RAN4 will specify core and performance requirements for the following measurements: RSTD, UE Rx-Tx and gNB Rx-Tx. We expect significant dependence on RAN1/2 specification work, e.g. new UE capabilities to be defined in RAN1 to support bandwidth aggregation. RAN4 should wait for RAN1/2 progress before starting to work on the corresponding requirements.
Proposal 9: Wait for further progress in RAN1/RAN2 before starting to work on requirements for measurements with PRS/SRS bandwidth aggregation.
Proposal 10: RAN4 to define requirements for measurements with PRS/SRS bandwidth aggregation for RSTD, UE Rx-Tx and gNB Rx-Tx. No requirements for other measurements, including RTOA (there are no requirements in Rel-16/17) will be specified.
Proposal 11: Accuracy requirements for measurements with PRS/SRS bandwidth aggregation will account for impact of Tx and Rx group delay calibration errors.
For carrier phase positioning, RAN1 and RAN2 will define new measurements and signalling. RAN4 should wait for input from RAN1 and RAN2 before starting to work on this objective.
Proposal 12: Wait for further progress in RAN1/RAN2 before starting to work on requirements for carrier phase positioning.
Conclusions
Proposal 1: Wait for further progress on sidelink positioning in RAN1 before starting to work on the associated core requirements in RAN4.
Observation 1: RAN4 will need to discuss how to select applicable SINR side-conditions for SL PRS-based measurement accuracy requirements.
Proposal 2: Wait for LS from RAN1 before starting RAN4 work on positioning enhancements for eDRX longer than 10.24 s.
Proposal 3: RAN4 will specify requirements for DL PRS measurements performed while the UE is RRC_IDLE, leveraging as much as possible the existing requirements for RRC_INACTIVE.
Proposal 4: Rel-16/17 measurement period and accuracy requirements apply to NR positioning measurements performed by 2Rx RedCap UEs without frequency hopping, subject to UE support of the corresponding UE capabilities.
Proposal 5: RAN4 to discuss whether to add new FR1 TDD test configurations with channel and PRS BW ≤ 20 MHz for RedCap UEs.
Proposal 6: RAN4 to discuss whether to add new FR2 test configurations with PRS BW ≤ 100 MHz for RedCap UEs.
Proposal 7: RAN4 needs to specify measurement accuracy requirements without frequency hopping in FR1 for RSTD, PRS-RSRP, PRS-RSPP and UE Rx-Tx for 1Rx RedCap UEs.
Proposal 8: Wait for further progress in RAN1 before starting to work on RedCap UE requirements for positioning measurements with frequency hopping.
Observation 2: Impact to measurement period requirements is expected for measurements with frequency hopping to account for receiver retuning time between hops. 
Observation 3: New link-level simulations may be needed to derive accuracy requirements for positioning measurements with frequency hopping.
Proposal 9: Wait for further progress in RAN1/RAN2 before starting to work on requirements for measurements with PRS/SRS bandwidth aggregation.
Proposal 10: RAN4 to define requirements for measurements with PRS/SRS bandwidth aggregation for RSTD, UE Rx-Tx and gNB Rx-Tx. No requirements for other measurements, including RTOA (there are no requirements in Rel-16/17) will be specified.
Proposal 11: Accuracy requirements for measurements with PRS/SRS bandwidth aggregation will account for impact of Tx and Rx group delay calibration errors.
Proposal 12: Wait for further progress in RAN1/RAN2 before starting to work on requirements for carrier phase positioning.
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