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Introduction
The specification of NR carrier phase positioning (NR CPP) is one of the objectives in the Rel-18 WID on expanded and improved positioning [1]. 
The latest WID version agreed in RAN #99 contains following change for NR CPP: 
	· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].



This contribution summarizes RAN1 #112 agreements (full list of agreements is found in Annex) and investigates impacts to RRM core requirements for NR CPP.
Discussion
RAN1 status on NR CPP and impacts to RRM core requirements for NR CPP on DL and UL are discussed in this section.
RAN1 status on reference signal design, PHY layer measurements and PRU support
The RAN1 status on reference signal design, measurement types, PRU support, coexistence with legacy positioning techniques, multipath mitigation and other improvements is depicted in this section. 
Reference signals for NR DL measurements and NR UL measurements
Regarding the FS_NR_pos_enh2 study item, RAN1 concluded to make reuse of the existing DL and UL reference signals specified for NR positioning, i.e. PRS for the NR DL carrier phase measurement and SRS for positioning for the NR UL carrier phase measurement, respectively [2, section 7.6]. It was included in the WID [1]:
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
It is noted that RAN1 #112 achieved agreement to also use MIMO SRS as reference signal for the NR UL carrier phase measurement (see Annex).

Physical layer measurements for NR DL CPP and NR UL CPP
Regarding the FS_NR_pos_enh2 study item, different physical layer measurements were considered without concluding on them. In particular, following measurements for DL and UL UE-assisted NR carrier phase positioning are listed in [2, section 6.3.1.2]:
	For DL UE-assisted NR carrier phase positioning, at least the following options are considered:
-	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 UE-assisted NR carrier phase positioning, at least the carrier phase measured from the UL SRS for positioning purpose is considered.



RAN1 concluded that new measurements need to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning. [2, section 7.6].
At RAN1 #112, following agreement was achieved.
	Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP


 
RAN4 will need to wait on RAN1’s agreement on new measurement types for NR DL carrier phase positioning, to be specified in TS 38.215 together with the agreed measurement types for NR UL carrier phase positioning, so that RAN4 can continue to investigate respective measurement procedures.
RAN4 to await further RAN1 progress on measurement types for NR DL CPP and NR UL CPP.
PRU support
RAN1 #112 also achieved following agreement on PRU support.
	Agreement
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
· Note: Enhancements might or might not have RAN1 specification impact.


 
PRU is required for double differential carrier phase estimation both on DL and UL. In that respect it is crucial to perform simultaneous PRS carrier phase measurements at target UE and PRU in case of NR DL CPP, and simultaneous transmission of SRS for positioning or MIMO SRS, respectively, in case of NR UL CPP. RAN1 is currently investigating this issue. Regarding PRU, RAN4 will need to investigate measurement requirements for PRU, in particular if PRU is expected to support tighter measurement accuracy requirements than target UE. 
RAN4 to investigate measurement requirements for PRU, in particular if PRU is expected to support tighter measurement accuracy requirements than target UE.
Coexistence with legacy positioning techniques
RAN1 #112 achieved following agreement on coexistence of NR CPP with legacy NR positioning techniques.
	Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
•	FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements


 
RAN1 considers concurrent operation of Rel-16 positioning techniques and NR CPP as important use case scenario. Hence RAN4 should specify joint measurement reporting requirements for this use case.
RAN4 to specify joint measurement reporting requirements for the use case scenario of coexistent NR CPP and legacy NR positioning techniques. 
Multipath mitigation
Regarding the FS_NR_pos_enh2 study item, RAN1 concluded that multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work [2, section 7.6].
RAN1 #112 achieved following conditional agreements on multipath mitigation based on the open issue whether to introduce carrier phase or carrier phase difference measurements on DL. First is the conditional agreement on RSCP for DL.
	Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP


 
Second is the conditional agreement on RSCP difference for DL. 
	Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP


 
Third is the agreement on RSCP for UL.
	Agreement
NR UL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.
· FFS: the reference point of the UL RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: The support of MIMO SRS for positioning is transparent to UE


 
Hence multipath mitigation is supported by the new measurement type RSCP or RSCPD for the i-th path to be covered in TS 38.215 for DL as well as the measurement type RSCP for UL. This is similar to additional path reporting for RSTD, UE Rx-Tx time difference for DL and for RTOA, gNB Rx-Tx time difference for UL, introduced in Rel-16 and Rel-17, respectively. RAN4 needs to investigate measurement period, measurement reporting and measurement accuracy requirements for the new DL and UL measurement type upon RAN1’s decision. 
RAN4 to investigate measurement period, measurement reporting and measurement accuracy requirements for the NR DL CPP and NR UL CPP measurement types.
Finally, a fourth agreement on LOS/NLOS indication was achieved.
	Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.


 
The reuse of the Rel-17 LOS/NLOS indication for CPP will improve synergy with legacy positioning techniques. 
Other improvements 
RAN1 #112 also agreed to investigate the benefit of further measurements, as listed below.
	Agreement
To support NR carrier phase positioning, further consider the following options:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· NOTE: the frequency can be the carrier frequency or the frequency of a subcarrier
· FFS: the details of reporting, e.g., the maximum number of reported frequencies within a PFL/ carrier
· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be related to time of arrival
· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.


 
Additional reporting may be related to carrier phase measurement for more than one frequency of the PFL/carrier and related to integer ambiguity resolution. Also, LMF may provide assistance data on the integer ambiguity range to improve the NR CPP measurement accuracy. RAN4 will need to wait on RAN1’s agreement on these matters. 
RAN4 to await further RAN1 progress on additional measurement reporting and assistance information to improve the measurement accuracy.
RRM Impacts for NR DL carrier phase measurement
The RRM impact for DL carrier phase measurements is considered in this section.
Targeted bandwidth range for PRS
As NR CPP will use MG assisted measurements performed on a single PFL/carrier, the targeted PRS BW range for NR DL CPP in FR1 and FR2 should be aligned to Rel-16 for RRC_CONNECTED and to Rel-17 for RRC_INACTIVE. This relates to both BW related RRM core requirements and RRM performance requirements in TS 38.133.  
RAN4 to align the targeted PRS BW range for NR DL CPP in RRC_CONNECTED to that for positioning techniques specified in Rel-16 and in RRC_INACTIVE to that for positioning techniques specified in Rel-17 in regard to both BW related RRM core and performance requirements.
Impacts from mobility procedures 
[bookmark: _Hlk127306917]The impact on measurement requirements for NR DL CPP due to mobility procedures should be investigated by RAN4 similar as done for Rel-16/Rel-17 positioning techniques. This refers to RRM impacts on DL positioning measurements due to handover and RRC re-establishment, SRS reconfiguration, timing advance / autonomous timing adjustments, etc. similar as done for Rel-16/Rel-17.  
The impact on measurement requirements for NR DL CPP due to mobility procedures should be investigated and specified by RAN4 similar as done for Rel-16/Rel-17 positioning techniques.
[bookmark: _Hlk127444409]Measurement period requirements 
As NR CPP will use MG assisted measurements performed on a single PFL/carrier, as specified for Rel-16 positioning techniques, and support operation in RRC_INACTIVE, it is proposed to consider reusing PRS measurement period requirements as specified for legacy positioning techniques. This is also beneficial, if NR DL CPP coexists with a legacy positioning technique such as e.g. DL TDOA, multi-RTT or DL AoD, respectively. 
RAN4 to investigate reusing PRS measurement period requirements for RRC_CONNECTED in Rel-16 and for RRC_INACTIVE in Rel-17 for NR CPP, also to cover the case of coexistence with a legacy positioning technique such as DL TDOA, multi-RTT or DL AoD. 
Operation in RRC_INACTIVE 
When NR DL carrier phase measurements are performed in RRC_INACTIVE state, UE needs to retune to the wider PRS bandwidth from the initial BWP similar as in Rel-17. In this case, collision with other reference signals and downlink channels need to be considered. Higher power consumption when receiving with wide PRS BW in RRC_INACTIVE is expected. Nevertheless, this impact is comparable to Rel-17 NR positioning techniques operating in RRC_INACTIVE, as single carrier / PFL transmission is specified in [1]. 
RAN4 to investigate and specify RRM impacts from NR DL CPP in RRC_INACTIVE such as collisions with other signals/DL channels, assuming Rel-17 requirements can be re-used.  
Measurement reporting requirements
For carrier phase measurements, measurement reporting requirements need to be specified based on the reporting range and reporting granularity. New carrier phase measurement types or differential carrier phase measurement types for DL, pending RAN1’s decision, are assumed to be introduced and the measurement results need to be reported to LMF. Based on RAN1’s agreement, the carrier phase/differential carrier phase may be determined and reported per path, to improve accuracy in the multi-path scenario. Depending on the measurement types specified in TS 38.215 supported for carrier phase measurements (i.e., carrier phase/differential carrier phase measurements, per path measurements, and the combination with existing measurement types such as RSTD, UE Rx-Tx time difference, PRS-RSRP, PRS-RSRPP, additional path reporting and LOS/NLOS indication), RAN4 needs to determine the measurement reporting quantities for DL measurements and if they shall be reported to LMF separately or jointly with other measurement types. Also, the impact on measurement reporting delay requirements needs to be investigated.  
RAN4 to investigate and specify measurement reporting and measurement delay requirements for NR DL CPP based on DL measurement types specified in TS 38.215.
Measurement accuracy requirements 
Measurement accuracy requirements need to be defined for preferred PRS BW configurations. In our view, the PRS BW configurations considered for Rel-16 and Rel-17 should also be considered for NR CPP accuracy requirements.
RAN4 to consider the PRS BW configurations used for accuracy requirements in Rel-16 and Rel-17 as baseline for NR CPP accuracy requirements.
Propagation channels
Related to propagation channels, TDL-A and TDL-C profiles were used for specifying measurement accuracy for fading channel in Rel-16/Rel-17. These are NLOS profiles. In the RAN1 feasibility study [2], the accuracy of NR carrier phase positioning has been evaluated under different scenarios (e.g., InF-SH, InF-DH) as defined in TR 38.901. In fact, for NR CPP, indoor office deployments as well as indoor factory (InF) deployments in the IIOT context are a major use case, where the LOS component is more expressed. Thus, RAN4 needs to study typical propagation profiles for NR CPP, i.e. Ricean profiles TDL-D and TDL-E and indoor/InF profiles used by RAN1.
RAN4 to investigate and agree which fading channel profiles to be used for specifying NR DL CPP measurement accuracy aside AWGN channel.
Baseline and Reduced Latency Performance
According to RAN1 TR 38.859 [2], baseline performance will use a single measurement instance. In addition, RAN4 should investigate the performance and latency impact from using multiple measurement instances for the investigated propagation channels and reuse the number of samples in Rel-16 (4) and for latency reduction in Rel-17 (1) as baseline assumption.
RAN4 to investigate and specify the measurement period, reporting, and accuracy requirements for DL CPP measurements, for the cases of a single and multiple measurement instances aligned to requirements for legacy positioning techniques in Rel-16 and Rel-17.
RRM Impact for NR UL carrier phase measurement
Targeted bandwidth range for SRS
[bookmark: _Hlk131528012]The targeted SRS BW range for NR UL CPP should be aligned to Rel-16. This relates to RRM performance requirements in TS 38.133. This should be done for both reference signals SRS for positioning and MIMO SRS. 
RAN4 to align the targeted BW range for both reference signals, SRS for positioning and MIMO SRS, for NR UL CPP to that for positioning techniques specified in Rel-16 in regard to RRM performance requirements.
Measurement reporting requirements
For UL carrier phase measurements, measurement reporting requirements need to be specified based on the reporting range and reporting granularity for the UL carrier phase measurement types specified in TS 38.215, with the measurement results being reported to LMF. Based on RAN1’s agreement, the carrier phase may be determined and reported per path, to improve accuracy in the multi-path scenario. The combination with existing measurement types such as RTOA, gNB Rx-Tx time difference, SRS-RSRP, SRS-RSRPP, additional path reporting and LOS/NLOS indication, is a signalling issue for NRPPa, not in scope of RAN4.
RAN4 to investigate and specify measurement reporting requirements for NR UL CPP based on UL measurement types specified in TS 38.215.
Measurement accuracy requirements 
Measurement accuracy requirements need to be defined for preferred SRS BW configurations. In our view, the SRS BW configurations considered for Rel-16 should also be considered for NR UL CPP accuracy requirements. Performance needs to be specified for both reference signals, SRS for positioning and MIMO SRS.
RAN4 to consider the SRS BW configurations used for accuracy requirements in Rel-16 as baseline for NR UL CPP accuracy requirements for both reference signals, SRS for positioning and MIMO SRS.
Conclusion
The scope of RRM impacts for Rel-18 Expanded and Improved NR positioning is investigated in this contribution.
The following proposals are made. 
1. RAN4 to await further RAN1 progress on measurement types for NR DL CPP and NR UL CPP.
RAN4 to investigate measurement requirements for PRU, in particular if PRU is expected to support tighter measurement accuracy requirements than target UE.
RAN4 to specify joint measurement reporting requirements for the use case scenario of coexistent NR CPP and legacy NR positioning techniques.
RAN4 to investigate measurement period, measurement reporting and measurement accuracy requirements for the NR DL CPP and NR UL CPP measurement types.
RAN4 to await further RAN1 progress on additional measurement reporting and assistance information to improve the measurement accuracy.
RAN4 to align the targeted PRS BW range for NR DL CPP in RRC_CONNECTED to that for positioning techniques specified in Rel-16 and in RRC_INACTIVE to that for positioning techniques specified in Rel-17 in regard to both BW related RRM core and performance requirements.
The impact on measurement requirements for NR DL CPP due to mobility procedures should be investigated and specified by RAN4 similar as done for Rel-16/Rel-17 positioning techniques.
RAN4 to investigate reusing PRS measurement period requirements for RRC_CONNECTED in Rel-16 and for RRC_INACTIVE in Rel-17 for NR CPP, also to cover the case of coexistence with a legacy positioning technique such as DL TDOA, multi-RTT or DL AoD. 
RAN4 to investigate and specify RRM impacts from NR DL CPP in RRC_INACTIVE such as collisions with other signals/DL channels, assuming Rel-17 requirements can be re-used.  
RAN4 to investigate and specify measurement reporting and measurement delay requirements for NR DL CPP based on DL measurement types specified in TS 38.215.
RAN4 to consider the PRS BW configurations used for accuracy requirements in Rel-16 and Rel-17 as baseline for NR CPP accuracy requirements.
RAN4 to investigate and agree which fading channel profiles to be used for specifying NR DL CPP measurement accuracy aside AWGN channel.
RAN4 to investigate and specify the measurement period, reporting, and accuracy requirements for DL CPP measurements, for the cases of a single and multiple measurement instances aligned to requirements for legacy positioning techniques in Rel-16 and Rel-17.
RAN4 to align the targeted BW range for both reference signals, SRS for positioning and MIMO SRS, for NR UL CPP to that for positioning techniques specified in Rel-16 in regard to RRM performance requirements.
RAN4 to investigate and specify measurement reporting requirements for NR UL CPP based on UL measurement types specified in TS 38.215.
RAN4 to consider the SRS BW configurations used for accuracy requirements in Rel-16 as baseline for NR UL CPP accuracy requirements for both reference signals, SRS for positioning and MIMO SRS.
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Annex: RAN1 #112 Agreements on NR CPP
	
Conclusion
A PRU can report its location and associated uncertainty as is the case for other UEs. It is not necessary to always include the PRU location information with the PRU measurements in the same report. The PRU location information and measurements should be decoupled, where decoupled means that the PRU location information is determined independently of the reported measurements, even if the PRU location information and the PRU measurements would be included in the same report.
Agreement
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
Note: Enhancements might or might not have RAN1 specification impact.
Agreement
The draft LS reply in R1-2302145 is endorsed. Final LS in R1-2302146.
Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP
Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements
Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP



Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP
Agreement
NR UL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.
· FFS: the reference point of the UL RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: The support of MIMO SRS for positioning is transparent to UE
Agreement
To support NR carrier phase positioning, further consider the following options:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· NOTE: the frequency can be the carrier frequency or the frequency of a subcarrier
· FFS: the details of reporting, e.g., the maximum number of reported frequencies within a PFL/ carrier
· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be related to time of arrival
· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.
[bookmark: _Hlk130924916]Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.
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