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1 Introduction
In RAN1#112bis-e meeting, the following agreements were made for the physical layer measurements for NR carrier phase positioning [1]:
	Agreement
Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.
· Note: It is up to RAN4 to decide whether and how to define the requirements for DL RSCP and/or DL RSCPD. No LS needed to RAN4 for this note.
· DL RSCP can be reported together with UE Rx – Tx time difference measurement
· DL RSCPD can be reported together with RSTD measurement
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
· Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.

Agreement
Support one of the following options for the definition of the reference point of the UE/TRP carrier phase measurements (down-selection in RAN1#113).
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.
· Option 2: 
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF
· FFS: the more details of the PCO reporting, e.g., in LCS or GCS frame

Agreement
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated] UL SRS resources from the UE within indicated time window(s).
· FFS: the details of the time window, e.g., the start time, duration, periodicity for the time window(s), within the vicinity of a reference SRS configuration or use the existing message of Scheduled Location time
· Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the [indicated] UL SRS resources from the UE within indicated time window(s).
· Note: this may be a different indicated time window

Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.

[bookmark: _Hlk133351121]Agreement
Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including
· UE in RRC_CONNECTED state with measurement gap.
· FFS: UE in RRC_CONNECTED state without measurement gap 
· UE in RRC_INACTIVE state


[bookmark: _Hlk133310568]Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.

Agreement
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose.
· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.

Agreement
· Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF
· Note 1: The report of UL carrier phase measurement with gNB Rx – Tx time difference does not necessarily require the report of DL carrier phase measurement with UE Rx – Tx time difference.
· Note 2: This doesn’t preclude standalone UL carrier phase measurements reporting.

Agreement
Further study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements. 

Agreement
For NR UL carrier phase positioning for UE in RRC_CONNECTED and RRC_INACTIVE states, support reuse of existing physical layer procedures for UL positioning (e.g., UL-TDOA), with necessary enhancements in the measurement configuration, measurement request and measurement report (e.g., the configuration related to the NR UL CPP).
· FFS: the details of the enhancements.

Agreement
Adopt one of the following options for a timestamp associated with a reported RSCP/RSCPD measurement (make the decision in RAN1#113): 
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 
· FFS: Whether to clarify in the specification the reported RSCP/RSCPD value presents the RSCP/RSCPD of a specific OFDM symbol within the slot identified by the NR-TimeStamp.
· Option 2:
· NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.

Agreement
To address the impact of the phase delays on Tx/Rx RF chains, support one or more of the following options (down-selection in RAN1#113):
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Rel-17 definitions of UE/TRP Tx/Rx TEGs can be used as the starting point for defining UE/TRP Tx/Rx PEGs.
· FFS: the details of \the UE/TRP Tx/Rx PEGs
· Option 1b: Introduce Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs to identify the individual Tx/Rx RF chains for transmitting/receiving the DL PRS/UL SRS signals. 
· FFS: the details of the Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs
· Note: Device transmitting PRS or positioning SRS provides Tx antenna ID or Tx Chain ID. Device receiving PRS or positioning SRS provides Rx antenna ID or Rx Chain ID.
· Option 1c: introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals. 
· The transmission/reception associated with the same ARP ID is assumed from the same ARP.
· FFS: the maximum number of ARP IDs.
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Option 3: RAN1 sends an LS to RAN4, requesting RAN4 to consider whether there is a need to define the new UE/TRP Tx/Rx phase error groups (PEGs), introduce new IDs (e.g., Tx/Rx RF antenna IDs ) to present the phase delays for the Tx/Rx of DL PRS/UL SRS signals, or reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value, and provide the definitions if RAN4 decides it is needed.




In this contribution, we further explore the measurements definition, reporting and physical procedure for supporting NR downlink (DL) and uplink (UL) carrier phase positioning, methods for mitigating the impact of the phase delays, simultaneous PRS measurements and SRS transmission and assistance information for UE-based CPP.
2 Carrier Phase Positioning
Carrier phase measurements definition
RF frequency associated with a DL carrier phase measurement
In RAN1#112bis-e, the following agreements were made for the RF frequency of DL and UL NR carrier phase measurements [1].
	Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.

Agreement
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose.
· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.




In RAN1#112bis-e [1], it was determined that the center frequency of the DL PFL/UL SRS-Pos transmission bandwidth serves as the default specific RF frequency for DL/UL carrier phase measurements. However, it is open for further discussion regarding the possibility of using a frequency other than the center frequency of the DL PFL/UL carrier as the specific RF frequency for non-default cases, which is critical in our opinion to enable the reporting of carrier phase measurements at multiple specific RF frequencies from a single DL PFL/UL carrier for the effectiveness and the robustness of integer ambiguity resolution (IAR), as evaluated in Rel-18 SI [2].
[bookmark: P1]Proposal 1: Support a DL/UL carrier phase measurement to be associated with a RF frequency other than center frequency of the DL PFL/UL SRS-Pos transmission bandwidth. 
Reference point of the UE/TRP carrier phase measurements
In RAN1#112bis-e meeting, it was agreed to select one of the following two options for the reference point of the UE/TRP carrier phase measurements [1].
	Agreement
Support one of the following options for the definition of the reference point of the UE/TRP carrier phase measurements (down-selection in RAN1#113).
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.
· Option 2:
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF
· FFS: the more details of the PCO reporting, e.g., in LCS or GCS frame



Option 2 is our preferred choice for the following reasons.
In Option 1, the reference point for UE/TRP carrier phase measurements is defined to be the same as the reference point of RSTD/RTOA. Typically, the reference points of RSTD/RTOA are required to be physically accessible for supporting the test of the measurement performance. For example, the reference point of RSTD is defined as the antenna connector of the UE for FR1 and UE antenna for FR2 [3]. However, the definition of reference point for RSTD/RTOA measurement may not be suitable for carrier phase measurements. Instead, the reference point of carrier phase measurements should be defined as the antenna phase center (APC), since the carrier phase is measured with reference to the APC (see Figure 1). If the reference point of carrier phase measurements is defined to be the same as RSTD/RTOA reference point, it would require UE/TRP to map the measured carrier phase to the RSTD reference point (e.g., antenna connector of the UE/TRP for FR1) for measurement reporting. Otherwise, it may result in intolerable carrier phase measurement errors. To perform this the mapping, the UE needs to compensate the delta phase by the use of the relative position between APC and antenna connector, as well as the direction information of the DL PRS signals from the TRP. Consequently, it is not a straightforward task.
[image: ]
Figure 1: Illustration of reported carrier phase if CP reference point is defined as the antenna connector
In Option 2, the reference point of carrier phase measurements is defined as the antenna phase center (APC). When carrier phase measurements are used together with traditional RSTD/RTOA for positioning, UE/TRP should provide antenna phase center offset (PCO) to LMF. The PCO represents the relative position between the APC and the antenna connector. The PCO information is necessary to align Rel-18 carrier phase measurements and Rel-17 RSTD/RTOA measurements to the same reference point. Once the PCO is reported, it is the responsibility of the LMF implementation to appropriately utilize this information to accurately calculate the target UE position. Thus, Option 2 will make UE/TRP implementation much simpler.
[bookmark: P2]Proposal 2: For the definition of the reference point of the UE/TRP carrier phase measurements, support Option 2 in RAN1#112bis-e:
· Option 2:
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF.
Timing information of carrier phase measurements
For the purpose of precise carrier phase positioning, error caused by initial phase offset and oscillator frequency offset can be eliminated by double difference technology as evaluated in Rel-18 SI [2]. Thus, different from legacy RSTD, RTOA measurements, timing information of carrier phase measurements such as time stamp is essential to be clarified in order to form effective double difference operation. In RAN1#112bis-e meeting, two options were agreed to be down selection [1].
	Agreement
Adopt one of the following options for a timestamp associated with a reported RSCP/RSCPD measurement (make the decision in RAN1#113): 
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 
· FFS: Whether to clarify in the specification the reported RSCP/RSCPD value presents the RSCP/RSCPD of a specific OFDM symbol within the slot identified by the NR-TimeStamp.
· Option 2:
· NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.


Option 2 is the preferred choice for the following reasons. For legacy measurements, the accuracy of the measurements is relatively coarse. It may not make much difference for a timestamp to be different symbol in a slot, since the differences of the legacy timing measurements between the different symbols are within the expected accuracy range (or error range). For CPP measurements, however, it may be much more important to distinguish measurements for different symbols in a slot, since the differences of the carrier phases of different symbols in a slot can exceed the accuracy range for CPP. CPP measurements with symbol level indicator can eliminate the error caused by initial phase offset and oscillator frequency offset more thoroughly. 
On the other hand, Option 1 is confusing in terms of on which symbol the carrier phase measurement performs. Even if an averaging method is used among multiple symbols in a slot, the effectiveness of double difference operation cannot be guaranteed due to the influence of different oscillator frequency offsets of per symbol. Therefore, if Option 1 is chosen, it is necessary to specify in the specifications that the reported RSCP/RSCPD value corresponds to a particular OFDM symbol within the slot, e.g., the last PRS OFDM symbol in the slot.
[bookmark: P3]Proposal 3: For a timestamp associated with a reported RSCP/RSCPD measurement, support Option 2 in RAN1#112bis-e:
· Option 2:
· NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.
RSCP/RSCPD of the first path or additional path 
It is evident that the RSCP/RSCPD of the first path plays a critical role for NR carrier phase positioning as it represents ideally the LOS distance or propagation delay between a UE and a TRP. Reporting RSCP/RSCPD of the additional paths provides supplementary information about the wireless channel, which may be used with more advanced algorithms (e.g., AI/ML positioning algorithms) for improving NR carrier phase positioning accuracy. However, the benefits of the carrier phase measurement of the additional paths were not studied indeepth in Rel-18 SI. Therefore, we suggest supporting only reporting RSCP/RSCPD of the first path in Rel-18. The reporting of the RSCP/RSCPD of the additional paths can be considered in a future release.
[bookmark: P4]Proposal 4: In Rel-18, support only reporting RSCP/RSCPD of the first path. 
Carrier phase measurements reporting
Carrier phase measurements of multiple carrier frequencies 
In RAN1#112, the following four options were agreed to be further considered for additional measurement reporting contents [1].
	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.



For NR DL CPP, Option 1 supports a UE to report the carrier phase measurements of more than one frequency within a PFL to LMF. In comparison with reporting only the carrier phase measurements of one carrier frequency within a PFL, Option 1 is very helpful for improving the positioning performance as shown in our evaluation results in [4]. For Option 2, the following two proposals were provided by the FL during the discussion in RAN1#112bis-e [5]:
	(H)(Round 5)Proposal 5-2a
For NR carrier phase positioning, support reporting RSTD with a finer granularity than current RSTD.
· FFS: the granularity
(H)(Round 5)Proposal 5-2b
For NR carrier phase positioning, subject to UE’s capability, support reporting of carrier phase differentials across N subcarriers within a PFL.
· FFS: the value(s) of N
· Note: The initial reference for the carrier phase differentials is a reported RSCP.



For above FL Proposal 5-2a, reporting a finer granularity than current RSTD could be helpful if the RSTD accuracy is higher than the current reporting granularity of the RSTD. For the above FL Proposal 5-2b, reporting of carrier phase differentials across multiple subcarriers within a PFL/carrier could be flexible than Option 1 at the cost of a larger overhead. 
Therefore, Option 1 is preferred. According to performance evaluation in Rel-18 SI, the maximum number of reported frequencies within a PFL/ carrier (i.e., F) is a UE capability, e.g., F>=2.
[bookmark: P5]Proposal 5: For Rel-18 NR CPP, support Option 1 in RAN1#112.
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· The maximum number of reported frequencies within a PFL/ carrier (i.e., F) is a UE capability, e.g., F>=2.

Frequency indication for reporting of NR carrier phase measurements
NR DL carrier phase measurements can be obtained from the DL PRS signals transmitted in multiple OFDM symbols from one or multiple DL PRS resources in time-domain and from multiple DL PRS REs in frequency-domain. For NR carrier phase positioning, the NR carrier phase measurements (RSCP) and NR carrier phase difference measurement (RSCPD) obtained from multiple OFDM symbols need to be associated with the same configured/selected RF frequency (or multiple configured/selected RF frequencies in a PFL if Option 1 discussed above is supported in non-default case(s). To achieve this, UE needs to address properly the issue that DL PRS signals in different OFDM symbols are not transmitted at the same (sub)carrier frequencies due to the stagger pattern for DL PRS resource as shown in Figure 2. How to address this issue will be up to UE’s implementation. 


Figure 2: Resource pattern for DL positioning
Different options were discussed in RAN1#112bis-e for a UE to provide RSCP/RSCPD measurements with a specific RF frequency that is not the center-frequency of a DL PFL/UL SRS bandwidth, including [5]:
· Option 1: The specific RF frequency is the center frequency of configured DL PRS/UL SRS bandwidth for the carrier phase measurements
· FFS: the details on how to the DL PRS/UL SRS bandwidth is configured
· Option 2: The specific RF frequency is the frequency of specific subcarrier within the DL PFL/ UL SRS bandwidth
· FFS: the details on how the specific subcarrier is configured
· Option 3: LMF configures/requests one or multiple candidate RF frequencies for the carrier phase measurement for a UE/TRP, and the UE/TRP selects one of them as the specific RF frequency for the carrier phase measurements.
· FFS: the details on how LMF configures/requests the candidate RF frequencies and how the UE/TRP select the one of them.
Option 1 can be applied for the carrier phase measurement within PPW (i.e., without measurement gap), where the UE can only monitor PRS within an active DL BWP and the center of the PFL is not included in the UE’s active DL BWP. However, during RAN1#112bis-e, there was a discussion about reusing the current physical layer procedures for DL positioning (such as DL-TDOA) for DL carrier phase positioning UE in the RRC_CONNECTED state without a measurement gap, but no conclusion was reached.
Option 2 is more feasible as it allows the LMF to configure the RF frequency, and also allows the UE to use whole bandwidth or sub-bandwidth to determine the RSCP/RSCPD. 
Option 3 gives more freedom for UE to select the RF frequency for reporting. However, the freedom may be an issue since for CPP there is a need to use the same (sub)carrier frequencies for all carrier phase measurements from target UE and PRU. 
Therefore, our preference is Option 2.
[bookmark: P6]Proposal 6: Support Option 2 for the specific RF frequency associated with a DL/UL carrier phase measurement:
· Option 2: The specific RF frequency is the frequency of specific subcarrier within the DL PFL/ UL SRS bandwidth.
· Note: LMF may configure M=[2, 3] RF frequencies. 
Reporting of the carrier phase with other legacy measurements
	Agreement
Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.
· Note: It is up to RAN4 to decide whether and how to define the requirements for DL RSCP and/or DL RSCPD. No LS needed to RAN4 for this note.
· DL RSCP can be reported together with UE Rx – Tx time difference measurement
· DL RSCPD can be reported together with RSTD measurement
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
· Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.
Agreement
· Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF
· Note 1: The report of UL carrier phase measurement with gNB Rx – Tx time difference does not necessarily require the report of DL carrier phase measurement with UE Rx – Tx time difference.
· Note 2: This doesn’t preclude standalone UL carrier phase measurements reporting.



According to the above agreements in RAN1#112bis-e [1], DL RSCP can be reported together with UE Rx-Tx time difference measurements, DL RSCPD can be reported along with RSTD measurements, and similarly, UL RSCP can be reported in conjunction with RTOA and/or gNB Rx-Tx time difference measurements to LMF. Legacy DL measurements, such as RSTD and UE Rx-Tx time difference measurements, may be measured and reported from multiple PFLs. Similarly, legacy UL measurements, such as RTOA and gNB Rx-Tx time difference measurements, may be measured and reported from multiple UL carriers. However, Rel-18 only supports to measure and report DL/UL carrier phase measurements from a single DL PFL or UL carrier. As a result, it is necessary to provide clarification on the measurement reporting in this context.
[bookmark: P7]Proposal 7: When DL RSCPD/RSCP measurements are reported together with RSTD/UE Rx – Tx time difference measurements in a measurement report, the DL RSCPD/RSCP measurements are restricted to a single DL PFL only, whereas the RSTD/UE Rx – Tx time difference measurements can be from either a single DL PFL or multiple DL PFLs.  
[bookmark: P8]Proposal 8: When UL RSCP measurements are reported together with RTOA/gNB Rx – Tx time difference measurements in a measurement report, the UL RSCP measurements are restricted to a single UL carrier only, whereas the RTOA/gNB Rx – Tx time difference measurements can be from either a single UL carrier or multiple UL carriers. 
Carrier phase positioning physical procedures
DL carrier phase positioning physical procedures
	Agreement
Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.
· Note: It is up to RAN4 to decide whether and how to define the requirements for DL RSCP and/or DL RSCPD. No LS needed to RAN4 for this note.
· DL RSCP can be reported together with UE Rx – Tx time difference measurement
· DL RSCPD can be reported together with RSTD measurement
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
· Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.

Agreement
Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including
· UE in RRC_CONNECTED state with measurement gap.
· FFS: UE in RRC_CONNECTED state without measurement gap 
· UE in RRC_INACTIVE state



DL PRS reception procedure for RSCP/RSCPD
The general procedures for receiving DL PRS, including the configuration of DL PRS resource sets, have been described in Section 5.1.6.5 of TS 38.214 [6]. Because Rel-16/Rel-17 DL PRS is reused for CPP, there is no need for any changes to be made regarding the DL PRS resource set configuration(s) for CPP. Furthermore, Section 5.1.6.5 of TS 38.214 [6] specifies the requirements for when the UE assumes the serving cell is transmitting DL PRS or not, and we anticipate that no modifications will be necessary for the procedures pertaining to DL PRS reception once the UE has received the DL PRS resource set configuration(s).
[bookmark: P9]Proposal 9: From RAN1’s perspective, no modification/enhancement is needed related to DL PRS resource set configuration(s) for CPP. The assumptions for DL PRS reception for RSCP/RSCPD are also the same as legacy positioning measurements (e.g., RSTD).
DL RSCPD Reference
Since the RSCPD is defined as the difference between the RSCP measurements obtained from the DL PRS signals of the target TRP and the reference TRP, it is necessary to establish a reference TRP for RSCPD. Similar to RSTD, we suggest that all RSCPDs in a measurement report, or all RSCPDs in each single measurement instance of multiple instances included in a measurement report, have the same reference TRP. As in Section 5.1.6.5 of TS 38.214 [6], the network may indicate to the UE that DL PRS resource(s) can be utilized as the reference for the DL RSTD via the higher layer parameter nr-DL-PRS-ReferenceInfo. For the sake of simplicity, we propose that the reference TRP specified in nr-DL-PRS-ReferenceInfo for RSTD should be adopted as the reference TRP for RSCPD as well. The UE may use different DL PRS resources or a different DL PRS resource set to establish the reference for the RSTD measurement. In the event that both RSTD and RSCPD are reported together in the same measurement report, we propose that the reference TRP for RSTD be adopted as the reference TRP for RSCPD. There is no need to define a separate reference for RSCPD.
[bookmark: P10]Proposal 10: In cases where RSCPD and RSTD are reported together in a measurement report, the reference TRP for RSTD of a PFL also serves as the reference TRP for RSCPD of the same PFL. If a measurement report contains multiple measurement instances, the reference TRP for RSTD is likewise the reference TRP for RSCPD in each measurement instance of the same PFL.
DL PRS resource ID(s) or the DL PRS resource set ID(s) for RSCP/RSCPD measurements
In TS 37.355 [7], the higher layer parameters NR-DL-TDOA-SignalMeasurementInformation/NR-Multi-RTT-SignalMeasurementInformation are used to report RSTD / UE Rx-Tx time difference measurements, which include the DL PRS resource ID(s) or DL PRS resource set ID(s) associated with the DL PRS resource(s) or DL PRS resource set(s) utilized in determining the DL RSTD/UE Rx-Tx time difference. However, when RSCP/RSCPD are reported in conjunction with RSTD/UE Rx-Tx time difference, it is possible that the DL PRS resource(s) or DL PRS resource set(s) used for determining RSCP/RSCPD differ from those used for determining DL RSTD/UE Rx-Tx time difference. Therefore, we suggest that the higher layer signalling design allow the UE to report distinct DL PRS resource ID(s) or DL PRS resource set ID(s) for RSCCP/RSCPD and for RSTD/UE Rx-Tx time difference.
[bookmark: P11]Proposal 11: Support the UE to report the DL PRS resource ID(s) or the DL PRS resource set ID(s) that were used to determine the UE measurements of DL RSCP/RSCPD. These IDs may be the same or different from the ones used for RSTD/UE Rx-Tx time difference measurements of the same PFL, when both types of measurements are reported together in the same measurement report.
DL CP measurements in RRC_CONNECTED with measurement gap
The Rel-16 UE is expected to measure the DL PRS resource outside the active DL BWP or with a different numerology during a configured measurement gap. The UE may be preconfigured with one or more measurement gaps each associated with a measPosPreConfigGapId. When the UE is expected to measure the DL PRS resource, the UE may request a measurement gap. The UE may have one of the preconfigured measurement gap(s) activated or deactivated. Section 5.1.6.5 in TS 38.214 [6] provides detailed requirements for measuring the DL PRS resource for legacy positioning measurements during a configured measurement gap.
In non-standalone DL CPP, the UE measures the DL PRS resource for RSCP/RSCPD simultaneously with legacy measurements. To provide RSCP/RSCPD during a configured measurement gap, the UE is expected to measure the DL PRS resource outside the active DL BWP or with a different numerology, similar to RSTD/UE Rx-Tx time difference measurements. Therefore, we propose using the same measurement procedure for measuring RSTD+RSCPD as for measuring RSTD, and the same procedure for measuring RSCP+ UE Rx-Tx time difference as for measuring RSCP (Note that if standalone DL CPP is introduced, further discussion is needed to determine whether the same measurement procedure can be used as for RSTD/UE Rx-Tx time difference measurements).
[bookmark: P12]Proposal 12: From RAN1’s perspective, for UE supporting CPP measurements with a measurement gap, the same physical layer procedures for measuring RSTD/ UE Rx-Tx time difference with a measurement gap also apply for measuring RSCPD/RSCP, including requesting a measurement gap or activating/deactivating preconfigured measurement gaps to measure the DL PRS resources to obtain both RSCPD/RSCP. 
DL CP measurements in RRC_CONNECTED without measurement gap
During RAN1#112bis-e, there was a discussion about reusing the current physical layer procedures for DL positioning (such as DL-TDOA) for DL carrier phase positioning UE in the RRC_CONNECTED state without a measurement gap, but no conclusion was reached [5]. Since the Rel-16 DL PRS and SRS for positioning purpose are reused for NR carrier phase positioning, it becomes possible to request, measure, and report NR carrier phase measurements alongside existing legacy positioning measurements. Therefore, we believe that physical layer procedures for current positioning methods can be reused and improved to support NR carrier phase positioning for UE in RRC_CONNECTED without measurement gap.
[bookmark: P13]Proposal 13: Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning when UE in RRC_CONNECTED state outside the measurement gap.
In Rel-17, three PRS processing capabilities, namely type1A, type1B, and type2, were introduced. The corresponding requirements for processing or dropping DL PRS, or other DL signals and channels, are defined in Section 5.1.6.5 in TS 38.214 [6] for UE to measure the DL PRS outside the measurement gap in a configured DL PRS processing window. The different requirements are defined for UE with different types of capabilities, namely type1A/ type1B/type2. For example, as defined in TS 38.214 [6], when the UE is expected to measure the DL PRS outside the measurement gap in a configured DL PRS processing window with type1A and if the DL PRS is determined to be higher priority than the DL signals and channels inside the DL PRS processing window, those DL signals and channels are not expected to be measured by the UE. When the UE is expected to measure the DL PRS outside the measurement gap in a configured DL PRS processing window with type1B and if the DL PRS is determined to be higher priority than the DL signals and channels inside the DL PRS processing window, those DL signals and channels in the same band as the DL PRS are not expected to be measured by the UE.
Our opinion is that the existing physical layer procedures for DL PRS measurements should be utilized for non-standalone CPP, where the RSCPD/RSCP are reported alongside RSTD/UE Rx-Tx time difference. This is because the UE is expected to measure the DL PRS to provide the RSCPD/RSCP measurement by following the same rules as RSTD/UE Rx-Tx time difference outside the measurement gap. If the DL PRS is within the active DL BWP and has the same numerology as the active DL BWP and is within the DL PRS processing window indicated by higher layer parameter DL-PPW-PreConfig, and subject to UE capability, the UE will provide RSCP/RSCPD outside the measurement gap as RSTD/UE Rx-Tx time difference. The UE will follow the same requirements as defined in Section 5.1.6.5 in TS 38.214 [6] for processing or dropping DL PRS, or other DL signals and channels. This approach will simplify the specification and UE's implementation for supporting CPP significantly.
We propose the introduction of a new capability named "cpp_withoutGap" for CPP measurements without measurement gap. When a UE is required to measure the DL PRS for RSTD/UE Rx-Tx time difference outside the measurement gap, and if it supports cpp_withoutGap, it should be capable of measuring and reporting the DL PRS for RSCPD/RSCP together with RSTD/UE Rx-Tx time difference in all scenarios. For instance, if a UE has a type1A type1B/type2 capability and is expected to measure the DL PRS outside the measurement gap for RSTD in a specific scenario, it should be able to measure the DL PRS outside for RSCPD/RSCP together with RSTD/UE Rx-Tx time difference in the same scenario, provided that it supports cpp_withoutGap capability.
[bookmark: P14]Proposal 14: For UE supporting CPP measurements without a measurement gap, the same physical layer procedures for measuring RSTD/UE Rx-Tx time difference without a measurement gap also apply for measuring RSCPD/RSCP, including when a UE should measure or not measure DL PRS, DL signals and channels, the order of priority of these signals and channels, etc. 
Multiple DL CP measurement instances
In Rel-17, a UE can be configured to report one or multiple measurement instances, with their respective timestamps, for DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, and/or UE Rx-Tx time difference measurements, all in a single measurement report. In the case of non-standalone CPP, RSCP/RSCPD measurements are reported alongside DL RSTD or UE Rx-Tx time difference measurements. It would be reasonable to enable the same measurement instances for both the conventional measurements and the RSCP/RSCPD measurements.
It should be noted that multiple samples at different DL PRS periods may or may not be combined for DL RSTD and UE Rx-Tx time difference measurements to improve timing accuracy. However, for RSCP/RSCPD, combining measurements obtained in different DL PRS periods may not always be meaningful due to significant phase differences at different times due to frequency errors. Therefore, reporting RSCP/RSCPD together with DL RSTD/UE Rx-Tx time difference measurements does not necessarily indicate that they are measured from DL PRS resources transmitted at the same time instances. It is the responsibility of the UE's implementation to ensure that the reported RSCP(s)/RSCPD(s) are valid at the timestamps included in the measurement report.
[bookmark: P15]Proposal 15: When RSCP/RSCPD are reported together with DL RSTD/UE Rx-Tx time difference measurements, and if more than one measurement instances are included in the measurement report, RSCP/RSCPD and DL RSTD/UE Rx-Tx time difference measurements should be reported at the same measurement instances.
DL CPP in RRC_INACTIVE state
In RAN1#112bis-e meeting, RAN1 has agreed to support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning. 
During RAN1#112bis-e meeting, RAN1 reached the agreement to reuse of current physical layer procedures for DL positioning in measurement configuration, request, and report mechanisms, while, if necessary, incorporating the further enhancements. This agreement covers both UE-based and UE-assisted NR DL carrier phase positioning in RRC_INACTIVE state.
In Rel-17, for UE DL positioning measurements in RRC_INACTIVE state, the UE can support DL PRS processing outside and inside of the initial DL BWP, and the corresponding requirements were defined for PRS processing outside and inside of the initial DL BWP, when the SCS, CP type of DL PRS are the same or different as for the initial DL BWP, as well as the retuning time and expected RSTD assistance information on DL PRS reception performance. Moreover, Rel-17 provides procedures for handling conflicts that may arise between DL PRS and other DL signals/channels reception. It also addresses retuning time when DL PRS and other DL signals/channels are allocated in different bandwidths and/or have the same or different SCS as the initial DL BWP.
We believe that all these existing requirements for DL positioning measurements of UEs in the RRC_INACTIVE state can be reused for UE-assisted DL CPP in the RRC_INACTIVE state. There is no need for further enhancement.
[bookmark: P16]Proposal 16: Rel-17 positioning physical layer procedures for DL positioning for UE in RRC_INACTIVE state can be reused. No additional enhancement is needed for UE-assisted CPP in RRC_INACTIVE state from RAN1’s perspective.
· Note: For UE-based CPP in RRC_INACTIVE state, further enhancements in positioning assistance data may be needed.
DL CP measurements in RRC_IDLE state
In RAN1#112bis-e, it was decided that existing physical layer procedures for DL positioning, such as DL-TDOA, could be reused with appropriate modifications to measurement configuration, request and report, such as adding configuration related to NR DL CPP. This applies to both UE-based and UE-assisted NR DL carrier phase positioning, including UE in RRC_CONNECTED state with measurement gap, and UE in RRC_INACTIVE state. However, UE CPP in RRC_IDLE state was missed. In our view, according to the WID [8], the UE in RRC_IDLE state should be included in the WI scope of RAN1/RAN2/RAN3, although it is not in the scope of the RAN4 RRM measurements. In addition, in our understanding, there is probably no additional RAN1 work to support RRC_IDLE compared to RRC_INACTIVE.
[bookmark: P17]Proposal 17: Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning for UE in RRC_IDLE state.
UL carrier phase positioning physical procedures
	Agreement
For NR UL carrier phase positioning for UE in RRC_CONNECTED and RRC_INACTIVE states, support reuse of existing physical layer procedures for UL positioning (e.g., UL-TDOA), with necessary enhancements in the measurement configuration, measurement request and measurement report (e.g., the configuration related to the NR UL CPP).
· FFS: the details of the enhancements.



The general procedures for transmitting UL SRS-Pos, including the configuration of UL SRS-Pos resource sets, have been described in Section 6.2.1.4 of TS 38.214 [6]. Because Rel-16/Rel-17 UL SRS-Pos is reused for CPP, there is no need for any changes to be made regarding the UL SRS-Pos resource set configuration(s) for CPP for UE in RRC_CONNECTED state. From RAN1’s perspective, the configuration and transmission for the UL SRS-Pos resource set configuration(s) for UL-TDOA can be reused to support UL CPP in RRC_CONNECTED state.
Rel-17 UE UL positioning methods can be carried out when the UE is in the RRC_INACTIVE state in Rel-17. Any uplink LCS or LPP message can be transmitted during the RRC_INACTIVE state. If the UE initiates data transmission using UL SDT, the network can send DL LCS, LPP, RRC Release message (for configuring SRS for UL positioning, if supported), and SP Positioning SRS Activation/Deactivation MAC CE to the UE without requiring a state transition. 
In Rel-17, when it comes to UL positioning by RRC_INACTIVE UEs, various aspects are considered, such as the OLPC of SRS, which includes criteria for pathloss measurement validity, the spatial relation of SRS for positioning transmission, and the behavior of UEs in case of fallback. Additionally, Rel-17 allows the configuration of SRS for positioning bandwidth, subcarrier spacing (SCS), and cyclic prefix (CP) type by RRC, which can differ from the initial UL BWP configuration provided through system information. The RRC protocol for NR is also utilized in configuring UEs with a sounding reference signal (SRS) for SRS transmission in RRC_INACTIVE states. In our view, for UL CPP in RRC_INACTIVE state no enhancement is needed transmission of SRS for positioning, including OLPC, and the spatial relation defined in Rel-17 for transmission of SRS for positioning by RRC_INACTIVE UEs defined in Rel-17.
[bookmark: P18]Proposal 18: From RAN1 perspective, Rel-17 positioning physical layer procedures for UL positioning for UE in RRC_CONNECTED and RRC_INACTIVE state can be reused. No further enhancement is needed concerning the configuration and the transmission of the positioning SRS for UL CPP.
In Rel-17, RRC_INACTIVE state supports periodic and semi-persistent UL SRS transmission for positioning, but aperiodic UL SRS transmission for positioning is not supported. It is thus reasonable to supports periodic and semi-persistent UL SRS transmission for positioning, for UL CPP in RRC_INACTIVE state.
[bookmark: P19]Proposal 19: Periodic and semi-persistent transmission of positioning SRS should be supported for UL CPP in RRC_INACTIVE state.
Methods for mitigating the impact of the phase delays
In RAN1#112bis-e, the following agreement was made for mitigating the impact of the phase delays on Tx/Rx RF chains [1].
	Agreement
To address the impact of the phase delays on Tx/Rx RF chains, support one or more of the following options (down-selection in RAN1#113):
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Rel-17 definitions of UE/TRP Tx/Rx TEGs can be used as the starting point for defining UE/TRP Tx/Rx PEGs.
· FFS: the details of the UE/TRP Tx/Rx PEGs
· Option 1b: Introduce Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs to identify the individual Tx/Rx RF chains for transmitting/receiving the DL PRS/UL SRS signals. 
· FFS: the details of the Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs
· Note: Device transmitting PRS or positioning SRS provides Tx antenna ID or Tx Chain ID. Device receiving PRS or positioning SRS provides Rx antenna ID or Rx Chain ID.
· Option 1c: introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals. 
· The transmission/reception associated with the same ARP ID is assumed from the same ARP.
· FFS: the maximum number of ARP IDs.
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Option 3: RAN1 sends an LS to RAN4, requesting RAN4 to consider whether there is a need to define the new UE/TRP Tx/Rx phase error groups (PEGs), introduce new IDs (e.g., Tx/Rx RF antenna IDs ) to present the phase delays for the Tx/Rx of DL PRS/UL SRS signals, or reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value, and provide the definitions if RAN4 decides it is needed.



The advantage of Option 1a lies in that phase error difference of different Rx PEGs can be calculated, which can be used to further improve the positioning performance. For example, a UE can only measure DL PRS from 4 TRPs. The UE has two UE Rx PEGs, UE Rx PEG#1 is used to measure DL PRS(s) from TRP#1~TRP#2 and UE Rx PEG#2 is used to measure DL PRS(s) from TRP#3~TRP#4. If the UE measures the same DL PRS Resource with different UE Rx PEGs to determine the phase difference of the UE Rx PEGs, which can be used to improve the positioning performance by mitigation of phase difference of different UE Rx PEGs.
For Option 1b, the problem lies in how to map the RF chain ID to phase error, because UE/TRP may still have no idea about the phase error for PRS/SRS transmission with RF antenna chain ID or RF chain ID. For Option 1c, the report of ARP ID for the Rx of DL PRS signals has been supported in current TS 38.455 [9] (in ARP Location Information IE), which is reported together with the measurement report. For Option 2, while Tx/Rx phase error is dependent of Tx/Rx timing error, the difficult lies in that it is hard to define the phase coherency. Option 3 is not preferred as the impact of the phase delays on Tx/Rx RF chains is within RAN1 scope and should be decided by RAN1.
Therefore, Option 1a is preferred among above 5 Options.
In our view, the definition of UE/TRP Tx/Rx PEGs can be given as follows.
Tx Phase Error includes two parts: First, the phase error of uncalibrated or remaining Tx RF chain (including Tx antennas); Second, uncalibrated or calibrated remaining phase center offset (PCO) from the Tx antenna phase center (APC) to the physical antenna reference point (ARP, specifically defined in TS 38.455 [9]).
Rx Phase Error includes two parts: First, the phase error of uncalibrated or remaining Rx RF chain (including Rx antenna). Second, uncalibrated or calibrated remaining PCO from Rx APC to the physical measurement reference point (MRP, specifically defined in TS 38.215 [3]).
UE/TRP Tx Phase Error Group (UE/TRP Tx PEG): A UE/TRP Tx PEG is associated with one or more UL SRS-Pos/DL PRS resources. Each UE/TRP Tx PEG has its own ID, and the Tx phase error associated with UL SRS-Pos/DL PRS resources in the same UE/TRP Tx PEG should be within the same range.
UE/TRP Rx Phase Error Group (UE/TRP Rx PEG): A UE/TRP Rx PEG is associated with one or more UE/TRP phase measurements (DL RSCP and/or RSCPD / UL RSCP). Each UE/TRP Rx PEG has its own ID, and the UE/TRP Rx phase error of the UE/TRP positioning measurement in the same UE/TRP Rx PEG should be within the same range.
[bookmark: P20]Proposal 20: Support the following definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals (Option 1a in RAN1#112bis-e).
· UE/TRP Tx Phase Error Group (UE/TRP Tx PEG): A UE/TRP Tx PEG is associated with one or more UL SRS-Pos/DL PRS resources. Each UE/TRP Tx PEG has its own ID, and the Tx phase error associated with UL SRS-Pos/DL PRS resources in the same UE/TRP Tx PEG should be within the same range.
· UE/TRP Rx Phase Error Group (UE/TRP Rx PEG): A UE/TRP Rx PEG is associated with one or more UE/TRP phase measurements (DL RSCP and/or RSCPD / UL RSCP). Each UE/TRP Rx PEG has its own ID, and the UE/TRP Rx phase error of the UE/TRP positioning measurement in the same UE/TRP Rx PEG should be within the same range.
Simultaneous PRS measurements and SRS transmission
Simultaneous measurements of the same DL PRS for multiple UEs
In RAN1#112bis-e, the following agreement was made for simultaneous measurements on same DL PRS for multiple UEs [1].
	Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.



Configuration of the indicated time window(s)
The time window can reuse the measurement time window (MTW) discussed in Rel-17. The following parameters for UE MTW should be configured by LMF via LPP signalling:
· The periodicity of UE MTW: P1.
· The start time of UE MTW: T1.
· The duration of UE MTW: D1.
Note that the granularity of periodicity, start time and duration can be subframe, slot, and OFDM symbol. 
In addition, there are three CASEs for the relationship with target UE and PRU. CASE 1: a target UE associated with a PRU; CASE 2: X target UEs associated with a PRU; CASE 3: a target UE associated with X PRUs. To guarantee simultaneous measurement between target UE and PRU, the relationship between the MTWs of the target UE(s) and a PRU should be clarified. In general, it should have: 
1) MTW duration: The MTW duration of the target UE should be within MTW duration of the PRU; 
2) MTW periodicity: To ensure proper functionality, the target UE should have a MTW periodicity that is either identical to or a multiple of the MTW periodicity of the PRU. This is because a single PRU may serve one or multiple target UEs. For instance, if the PRU's MTW periodicity is set to T1 ms, the MTW periodicity of the target UE can be expressed as N multiplied by T1 ms, where N is an integer value.
3) MTW slot offset: If the MTW slot offset of PRU is O1 ms and the MTW periodicity of the target UE is N* T1 ms, the MTW slot offset of target UE can be (O1+n*T1), where n is an integer smaller than N.
[bookmark: P21]Proposal 21: The following MTW configuration parameters of time window can be configured for target UE and PRU (via LPP signalling):
· P1: The periodicity of UE MTW.
· T1: The start time of UE MTW.
· L1: The duration of UE MTW.
Indicated DL PRS resources or Non-indicated DL PRS resources
In case that the duration of MTW is large, DL PRS resources within indicated time window should also be “indicated”. The reason is as follows. If the DL PRS resource is not explicitly indicated within the indicated MTW, the target UE and PRU can measure any DL PRS resource within indicated MTW. For example, P1=5ms, the target UE may measure the first DL PRS resource in the target UE MTW, while the PRU may measure the last DL PRS resource in the PRU MTW. The time duration between two DL PRS resources in the target UE MTW and the PRU MTW can be 4.5ms. The effect of oscillator frequency offset cannot be mitigated by use of double difference with PRU.
[bookmark: P22]Proposal 22: Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resources occurring within indicated time window(s).
Simultaneous transmission of SRS for multiple UEs (target UE and PRUs)
In RAN1#112bis-e, the following agreement was made for simultaneous transmission of SRS for multiple UEs [1].
	Agreement
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated] UL SRS resources from the UE within indicated time window(s).
· FFS: the details of the time window, e.g., the start time, duration, periodicity for the time window(s), within the vicinity of a reference SRS configuration or use the existing message of Scheduled Location time
· Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the [indicated] UL SRS resources from the UE within indicated time window(s).
· Note: this may be a different indicated time window





Configuration of the indicated time window(s)
In the above agreement, there are two types of indicated time window(s). The first one is for UE to transmission of the [indicated] UL SRS resources. The second one is for the serving gNB and neighboring gNBs to measure the [indicated] UL SRS resources from the UE.
In our opinion, both time windows can reuse the TRP MTW discussed in Rel-17. The following parameters for TRP MTW should be configured by LMF via NRPPa signalling:
· The periodicity of TRP MTW: P2.
· The start time of TRP MTW: T2.
· The duration of TRP MTW: D2.
[bookmark: P23]Proposal 23: The following MTW configuration parameters of time window can be configured for TRP (via NRPPa signalling):
· P2: The periodicity of TRP MTW.
· T2: The start time of TRP MTW.
· L2: The duration of TRP MTW.
Indicated UL SRS resources or Non-indicated UL SRS resources
In the above agreement, there are two “[indicated]”. For the first "[indicated]”, we think it should be removed. It may not be feasible for LMF to request the serving gNB to configure the [indicated] UL SRS resources, since the LMF may not know which and how the UL SRS resources are configured by the gNB. For the second “[indicated]”, it is fine for the LMF to request the serving gNB and neighboring gNBs of the UE to measure the indicated UL SRS resources, since the LMF has the information from the serving gNB on the UL SRS resources configured for the UE when LMF sends the request.
[bookmark: P24]Proposal 24: Update the agreement in RAN1#112bis-e as follows.
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated] UL SRS resources from the UE within indicated time window(s).
· Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the indicated UL SRS resources from the UE within indicated time window(s).
Assistance information for UE-based CPP
For UE-based CPP, the errors in carrier phase measurements need to be eliminated, by one of the following options, which were discussed in RAN1#112bis-e [5]:
	(Email)(H)(Round 4) Proposal 4.2-1 
For UE-based carrier phase positioning, consider supporting one or both of the following options (aiming to make a decision in RAN1#113):
Option 1: Enabling LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data.
Note: Whether DL carrier phase measurement is DL RSCP and/or DL RSCPD depends on which of them is (are) supported.
FFS: other PRU information, such as PRU location, to be included in the positioning assistance data
Option 2: Enabling LMF to provide, optionally, the differential corrections to a target UE for UE-based carrier phase positioning.
FFS: the details of the correction information, which may include the corrections for TRP phase errors, ARP/APC errors, etc.


From our perspective, the first option offers a relatively straightforward implementation, and its effectiveness has been evaluated by multiple companies during the Rel-18 SI phase [3]. Conversely, the second approach has the potential to be more efficient and reliable, especially when multiple PRUs are available in a PRU network. However, this approach was not explicitly discussed during the Rel-18 SI phase, leaving uncertainties regarding the correction parameters and its effectiveness. Given the limited time available for Rel-18 WI, it has a potential risk that RAN1 does not have sufficient time to complete Option 2 on time. As a result, our proposal is to adopt Option 1 as the preferred choice for Rel-18, while considering Option 2 as a lower priority or for potential inclusion in a future release.
[bookmark: P25]Proposal 25: For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· [bookmark: _GoBack]Note: Whether DL carrier phase measurement is DL RSCP and/or DL RSCPD depends on which of them is (are) supported.
· FFS: other PRU information, such as PRU location, to be included in the positioning assistance data.
3 Conclusions
In this contribution, we further discuss measurements, reporting and physical procedure for supporting NR DL and UL CPP, methods for mitigating the impact of the phase delays, simultaneous PRS measurements and SRS transmission and assistance information for UE-based CPP, and give the following proposals.
Proposal 1: Support a DL/UL carrier phase measurement to be associated with a RF frequency other than center frequency of the DL PFL/UL SRS-Pos transmission bandwidth. 
Proposal 2: For the definition of the reference point of the UE/TRP carrier phase measurements, support Option 2 in RAN1#112bis-e:
· Option 2:
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF.
Proposal 3: For a timestamp associated with a reported RSCP/RSCPD measurement, support Option 2 in RAN1#112bis-e:
· Option 2:
· NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.
Proposal 4: In Rel-18, support only reporting RSCP/RSCPD of the first path. 
Proposal 5: For Rel-18 NR CPP, support Option 1 in RAN1#112.
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· The maximum number of reported frequencies within a PFL/ carrier (i.e., F) is a UE capability, e.g., F>=2.
Proposal 6: Support Option 2 for the specific RF frequency associated with a DL/UL carrier phase measurement:
· Option 2: The specific RF frequency is the frequency of specific subcarrier within the DL PFL/ UL SRS bandwidth.
· Note: LMF may configure M=[2, 3] RF frequencies. 
Proposal 7: When DL RSCPD/RSCP measurements are reported together with RSTD/UE Rx – Tx time difference measurements in a measurement report, the DL RSCPD/RSCP measurements are restricted to a single DL PFL only, whereas the RSTD/UE Rx – Tx time difference measurements can be from either a single DL PFL or multiple DL PFLs.  
Proposal 8: When UL RSCP measurements are reported together with RTOA/gNB Rx – Tx time difference measurements in a measurement report, the UL RSCP measurements are restricted to a single UL carrier only, whereas the RTOA/gNB Rx – Tx time difference measurements can be from either a single UL carrier or multiple UL carriers. 
Proposal 9: From RAN1’s perspective, no modification/enhancement is needed related to DL PRS resource set configuration(s) for CPP. The assumptions for DL PRS reception for RSCP/RSCPD are also the same as legacy positioning measurements (e.g., RSTD).
Proposal 10: In cases where RSCPD and RSTD are reported together in a measurement report, the reference TRP for RSTD of a PFL also serves as the reference TRP for RSCPD of the same PFL. If a measurement report contains multiple measurement instances, the reference TRP for RSTD is likewise the reference TRP for RSCPD in each measurement instance of the same PFL.
Proposal 11: Support the UE to report the DL PRS resource ID(s) or the DL PRS resource set ID(s) that were used to determine the UE measurements of DL RSCP/RSCPD. These IDs may be the same or different from the ones used for RSTD/UE Rx-Tx time difference measurements of the same PFL, when both types of measurements are reported together in the same measurement report.
Proposal 12: From RAN1’s perspective, for UE supporting CPP measurements with a measurement gap, the same physical layer procedures for measuring RSTD/ UE Rx-Tx time difference with a measurement gap also apply for measuring RSCPD/RSCP, including requesting a measurement gap or activating/deactivating preconfigured measurement gaps to measure the DL PRS resources to obtain both RSCPD/RSCP. 
Proposal 13: Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning when UE in RRC_CONNECTED state outside the measurement gap.
Proposal 14: For UE supporting CPP measurements without a measurement gap, the same physical layer procedures for measuring RSTD/UE Rx-Tx time difference without a measurement gap also apply for measuring RSCPD/RSCP, including when a UE should measure or not measure DL PRS, DL signals and channels, the order of priority of these signals and channels, etc. 
Proposal 15: When RSCP/RSCPD are reported together with DL RSTD/UE Rx-Tx time difference measurements, and if more than one measurement instances are included in the measurement report, RSCP/RSCPD and DL RSTD/UE Rx-Tx time difference measurements should be reported at the same measurement instances.
Proposal 16: Rel-17 positioning physical layer procedures for DL positioning for UE in RRC_INACTIVE state can be reused. No additional enhancement is needed for UE-assisted CPP in RRC_INACTIVE state from RAN1’s perspective.
· Note: For UE-based CPP in RRC_INACTIVE state, further enhancements in positioning assistance data may be needed.
Proposal 17: Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning for UE in RRC_IDLE state.
Proposal 18: From RAN1 perspective, Rel-17 positioning physical layer procedures for UL positioning for UE in RRC_CONNECTED and RRC_INACTIVE state can be reused. No further enhancement is needed concerning the configuration and the transmission of the positioning SRS for UL CPP.
Proposal 19: Periodic and semi-persistent transmission of positioning SRS should be supported for UL CPP in RRC_INACTIVE state.
Proposal 20: Support the following definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals (Option 1a in RAN1#112bis-e).
· UE/TRP Tx Phase Error Group (UE/TRP Tx PEG): A UE/TRP Tx PEG is associated with one or more UL SRS-Pos/DL PRS resources. Each UE/TRP Tx PEG has its own ID, and the Tx phase error associated with UL SRS-Pos/DL PRS resources in the same UE/TRP Tx PEG should be within the same range.
· UE/TRP Rx Phase Error Group (UE/TRP Rx PEG): A UE/TRP Rx PEG is associated with one or more UE/TRP phase measurements (DL RSCP and/or RSCPD / UL RSCP). Each UE/TRP Rx PEG has its own ID, and the UE/TRP Rx phase error of the UE/TRP positioning measurement in the same UE/TRP Rx PEG should be within the same range.
Proposal 21: The following MTW configuration parameters of time window can be configured for target UE and PRU (via LPP signalling):
· P1: The periodicity of UE MTW.
· T1: The start time of UE MTW.
· L1: The duration of UE MTW.
Proposal 22: Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resources occurring within indicated time window(s).
Proposal 23: The following MTW configuration parameters of time window can be configured for TRP (via NRPPa signalling):
· P2: The periodicity of TRP MTW.
· T2: The start time of TRP MTW.
· L2: The duration of TRP MTW.
Proposal 24: Update the agreement in RAN1#112bis-e as follows.
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated] UL SRS resources from the UE within indicated time window(s).
· Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the indicated UL SRS resources from the UE within indicated time window(s).
Proposal 25: For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether DL carrier phase measurement is DL RSCP and/or DL RSCPD depends on which of them is (are) supported.
· FFS: other PRU information, such as PRU location, to be included in the positioning assistance data.
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