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[bookmark: _Ref506539118]Introduction
In Expanded and Improved NR Positioning WI, the following objective has been identified for the support of PRS/SRS bandwidth aggregation [1]:
	· 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 with measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].


During RAN1 #112 meeting, the following were agreed [3]:
	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
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
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 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.

Agreement
· Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.


During RAN1 #112bis-e the following decisions were made [4]:
	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.

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.

[bookmark: FP2]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 the contribution, we present our views on introducing support for DL and UL carrier phase positioning (CPP) in NR systems considering the decisions from prior RAN1 meetings. 
Defining carrier phase measurements and their reporting
[bookmark: _Hlk131774874]DL CPP
During RAN1 #112bis-e, it was agreed to introduce both DL RSCP and RSCPD measurements for DL CPP. As part of the agreement, the following aspect was identified for further consideration:
	FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed



First, we note that the impact of unknown initial Rx phase is much more critical for RSCP compared to that for RSCPD. With the differential nature of the reporting quantity, DL RSCPD offers resilience to initial phase at UE receiver as long as the measurements of DL PRS from a target and reference TRP are performed on same symbols (different comb offsets). Thus, the primary challenge in eliminating unknown initial Rx phase applies for RSCP.
For RSCP, the primary approach to address unknown initial Rx phase would be to rely on double-differential methods using reference UEs with known location (i.e., PRUs). With the signalling support expected to be introduced in Rel-18 to enable simultaneous measurements of a DL PRS at a target UE and PRU, such methods to address the unknown initial Rx phase can be feasible. 
Other approaches, the feasibility of tracking-based method, e.g., having a target UE reporting RSCP measurements over a sequence of DL PRS occasions, remains to be established. Given that in Rel-18, the design is primarily assuming “one-shot” type CP measurements and optimizations to the signal design and configurations for sequential measurements of RSCP are not pursued, it remains unclear how it can be guaranteed that the Rx phase does not change between consecutive DL PRS occasions.  
Observation 1
· The impact of unknown initial Rx phase is much more critical for RSCP compared to that for RSCPD. 
· With the differential nature of the reporting quantity, DL RSCPD offers resilience to initial phase at UE receiver as long as the measurements of DL PRS from a target and reference TRP are performed on same symbols (different comb offsets).
Observation 2
· Towards addressing the impact of unknown initial Rx phase, the primary method is use of double-differential methods using PRUs. 
· Further, the DL PRS resources from a target and reference TRPs should ideally be on the same symbols (i.e., multiplexed via comb). 
· Approaches relying on tracking RSCP measurements on DL PRS from a target TRP over time may not be practically feasible with current configurations of DL PRS due to potential phase rotations at the UE Rx in between consecutive DL PRS occasions. 

Related to the above discussion on RSCPD, to minimize impact from error sources like CFO and frequency drift, Doppler, etc., having the measurements for a target and reference TRPs as close as possible in time is desirable, and ideally, they should be on the same symbols. However, in general, it may not always be possible to multiplex DL PRS from related TRPs in the same symbols. Thus, for DL RSCPD, measurement timing should be defined for the measurements on the DL PRS from a given TRP and reference TRP to be as close as possible, e.g., similar to DL RSTD:
· The measurements are performed on DL PRS received in a subframe SF_j from target TP j and in a subframe SF_i from reference TP i that is closest in time to subframe SF_j.
Additionally, as relevant in context of enabling simultaneous measurements by a target UE and PRU, an LMF may request a UE to perform CP (RSCP or RSCPD) measurements that are restricted to within a time window. 
Proposal 1
· For DL RSCPD, as for DL RSTD measurements, the measurements are performed on DL PRS received in a subframe SF_j from target TP j and in a subframe SF_i from reference TP i that is closest in time to subframe SF_j.
Proposal 2
· For DL RSCP and RSCPD measurements, LMF may optionally request a target UE to perform measurements that are restricted to within a time window. 

In view of mobility impact and cell changes, as for the case of DL RSTD, the LMF may provide a target UE with a reference cell that is independent of the serving cell. In fact, given that RSCPD is agreed to be supported in conjunction with RSTD, it would be most reasonable to use the same reference cell for reporting RSCPD as for RSTD reporting.
Proposal 3
· For RSCPD, the reference cell is same as the reference cell configured by the LMF for DL RSTD reporting and is independent from serving cell. 

During RAN1 #112bis-e, the following was agreed:
	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.



Regarding the above-quoted note, in our view, it is not necessary to support additional frequency other than the center frequency of the DL PFL at least for the case when the CP (RSCP/RSCPD) is reported corresponding to a single RF frequency. It was mentioned during RAN1 #112bis-e that for DL CPP outside of MGs (if supported), that the “center frequency of the DL PFL” may not be within the active DL BWP of a UE. However, this may not be the case. 
In our understanding, the “center frequency of the DL PFL” corresponds to the carrier frequency defined by the parameters dl-PRS-StartPRB and dl-PRS-ResourceBandwidth, which are same for all DL PRS resource sets corresponding to a DL PFL. 
Further, for reception of DL PRS outside of MGs, a UE expects that DL PRS resource to be contained with the active DL BWP. Thus, even if DL CPP outside MGs is supported or for the case of DL CPP in RRC_INACTIVE mode, there is no issue with using the center frequency of the DL PFL as the specific RF frequency associated with DL CP measurements.

Observation 3
· At least for the case when DL CP (RSCP/RSCPD) is reported corresponding to a single RF frequency, no other frequency other than the center frequency for the DL PFL is necessary.

On procedures for DL CPP the following was agreed at RAN1 #112bis-e:
	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




For RRC_CONNECTED UEs, it is recommended that DL CPP measurements are limited to within MGs. In Rel-18, RRM specifications are not expected to support DL CPP measurements outside of MGs for RRC_CONNECTED UEs. Further, for DL CPP outside of MGs, further considerations may be necessary regarding the feasibility to guarantee that the initial Rx phase at the UE can be maintained, e.g., if there may be other prioritized Tx/Rx interspersed within a PPW. Thus, although measurements on DL PRS within PPW as defined for legacy DL positioning methods may be considerable for DL CPP, in view of the above additional considerations, no practical support of the feature in Rel-18, and the rather limited time left in the Rel-18, it would be prudent to limit DL CPP to within MGs.

Proposal 4
· In Rel-18, DL CPP for RRC_CONNECTED UEs is limited to within MGs.

UL CPP
For UL CPP, it was already agreed that UL RSCP would be used as the metric for UL carrier phase reporting. Thus, it would be rather essential to utilize additional means, e.g., use of PRUs and double differential methods, to eliminate the effects of Tx and Rx initial phases.  In this regard, similar to DL RSCP/RSCPD measurements, LMF may restrict the measurement within a relatively short time window. 
Proposal 5
· LMF may optionally request a gNB to perform UL RSCP measurements that are restricted to within a time window. 
On the specific RF frequency an UL RSCP may correspond to, similar to the DL CPP, a default choice has been agreed at RAN1 #112bis-e:
	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.


There is even less motivation for the case of UL CPP to consider defining additional carrier frequency values for reporting of UL RSCP at least when the UL CP is reported for a single carrier frequency. 
Observation 4
· At least for the case when UL RSCP is reported corresponding to a single RF frequency, no other frequency other than the center frequency of the transmission bandwidth of the SRS for positioning is necessary.

Considerations common to DL and UL CPP

On the reference point for DL RSCP measurements, the following options were identified at RAN1 #112bis-e:
	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



While the CP measurement may be fundamentally determined with respect to the antenna phase center of the UE/TRP Rx antenna, defining the reference point of the CP measurements similar to that for RSTD or RTOA measurements would be most consistent considering that, as a baseline, DL/UL CPP are to be defined in combination to legacy DL/UL positioning methods like RSTD/RTOA respectively. As discussed during RAN1 #112bis-e meeting, this implies that the receiver node, e.g., a UE for DL CPP may need to perform the translation from CP at antenna phase center to, e.g., antenna connector. However, such translation can in fact be more natural for the receiver node to perform than for the LMF based on information on the PCO, since such a translation would also be a function of the LOS direction at the receiver as also discussed during RAN1 #112bis-e. 

Thus, in our view, for DL RSCP/RSCPD, a baseline assumption similar to existing use of UE antenna connector for RSTD can be used. Also, regarding the reference point for UL RSCP, it would be reasonable to consider the options defined for UL RTOA and gNB Rx-Tx time difference in current specifications as a function of gNB types. 

Proposal 6
· For DL/UL CPP, the reference point of the UE/TRP carrier phase measurements are defined based on: 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.	
On timing information associated with DL/UL CPP, the following options were identified during RAN1 #112bis-e:
	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.


In our view, Option 1 identified above is sufficient. Further, it is not necessary to provide time stamp information at symbol-level.
Firstly, it is not clear how such a reference symbol may be determined for PRS/SRSp spanning multiple symbols when the receiver uses all the symbols for a multi-symbol PRS/SRSp resource (e.g., by de-staggering).
Secondly, knowledge of symbol-level timing for CP measurement cannot be used by LMF unless the CP is determined and reported separately for multiple PRS/SRSp symbols/resource in a continuous manner, i.e., in a tracking mode as against a “one-shot” approach. Thus, the feasibility/justification of such is currently not clear.
Proposal 7
· For a timestamp associated with a reported RSCP/RSCPD measurement adopt Option 1 from RAN1 #112bis-e:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 

One concern with introduction of DL RSCPD as independent positioning method is regarding the resolution of integer ambiguity. When combined with legacy positioning methods, the pseudo-range may be estimated using a legacy positioning method to aid integer ambiguity resolution (IAR). 
Although originally, we were supportive of introducing DL/UL CPP as a standalone positioning method, considering the latest agreements aiming to effectively couple DL RSCP and RSCPD to RTT and RSTD measurements respectively and the challenges in effective IAR methods considering the remaining time in the WI, it is recommended that DL/UL CPP are supported in Rel-18 in conjunction with legacy DL/UL positioning methods as already agreed and not as standalone positioning methods. 

Proposal 8
· In Rel-18, DL/UL CPP measurements are reported along with legacy DL/UL positioning methods and standalone DL/UL CPP methods are not introduced. 
Addressing multipath and integer ambiguities
Multipath mitigation
During the SI phase, it was observed that multipath effects can significantly impact the accuracy of CPP methods and thus, the carrier phase measurements should be defined with a certain level of robustness against multipath effects. Otherwise, in an environment with rich multipath, it is rather unlikely to be able to have any meaningful benefit from using CPP methods. 
The following observations and options to address multipath were identified during the SI phase [2]:
	The impact of multipath/NLOS on NR carrier phase positioning is evaluated during the study item. Based on the study, it is concluded that multipath/NLOS deteriorates the performance of carrier phase positioning, and it is necessary to consider multipath mitigation for NR carrier phase positioning.
The effectiveness of the following multipath mitigation methods for NR carrier phase positioning is studied:
-	Identification and separation of the first path and other paths.
-	Reporting of the carrier phase of the first path, and optionally, the additional paths.
-	The use of LOS/NLOS indication for the carrier phase measurements. 
-	NOTE: Rel-17 LOS/NLOS indicator can be considered as a starting point.
-	The report of other channel information, such as existing RSRP/RSRPP.



Towards this, we think the most straightforward and baseline option would be to limit the carrier phase measurements to the first path detected in time. 
Whether or not additional paths may be reported for DL RSCPD was not concluded during last meeting. In our view, considering the target accuracy regime for CPP for the fractional wavelength distance, differentiation of paths within a single wavelength may not be easy and thus, reporting of additional paths may not be very useful in practice. Thus, it is preferred that DL RSCPD is defined only with respect to the first detected path.
Proposal 9
· DL RSCPD is defined only with respect to the first path detected in time.

The following have been agreed during RAN1 #112 meeting. In particular, for LOS/NLOS indication, it was agreed only in the context of reporting of carrier phase along with legacy positioning methods:
	Agreement
· Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.



If DL/UL CPP are introduced as independent positioning methods, LOS/NLOS indication should also be introduced as part of DL RSCPD or UL RSCP as independent positioning report. Further, towards this, the existing design (using “hard” and “soft” information as quantifiers) should be taken as the baseline. 
Proposal 10
· Introduce LOS/NLOS reporting as optional assistance information along with reporting of CP(D) measurements for DL/UL CPP if DL/UL CPP are agreed to be introduced as independent positioning methods. 
· Reuse R17 LOS/NLOS reporting quantity/granularity as baseline.

 
Integer Ambiguity Resolution (IAR)
The issue of Integer Ambiguity (IA) and its necessary resolution was identified during the SI as a critical factor to enable CPP methods in practice. Although it is acknowledged that the WID does not explicitly include normative work scope for detailed investigations for potential methods for Integer Ambiguity Resolution (IAR) as implementation-based methods are assumed for IAR, some assistance information would be essential for UE-assisted and NG-RAN-assisted CPP methods. For UE-based CPP, the problem of IAR may be left up to UE implementation. 
Observation 5
· Although for some cases like UE-based positioning, IAR may be left up to implementation, such may not be feasible for all cases, e.g., for UE-/NG-RAN-assisted positioning. Thus, some additional information to facilitate IAR should be considered. 


During RAN1 #112 meeting, the following options were identified for further consideration:
	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.



As discussed in the previous section, reporting of RSCP/RSCPD measurements with legacy positioning measurements can serve to aid in IAR. This is always an option that may be available whenever carrier phase measurements are reported along with legacy measurements. 
Observation 6
· Reporting of CP/CPD measurements along with legacy positioning methods enables Integer Ambiguity Resolution (IAR) via reporting of the legacy positioning metrics like RSTD/RTOA or Rx-Tx time differences for estimation of the pseudo-range. 

Next, we observe that, in theory, both Options 1 and 2 may be utilized in a similar manner, e.g., at the LMF, to resolve the integer ambiguity. Option 1 would require reporting or configuration of reference RF frequencies for each of the multiple measurements of the carrier phase (RSCP/RSCPD). On the other hand, Option 2 reports a more direct quantity for estimates of the pseudo-range that is equivalent to a TOA metric. Further, the reported metric can be defined following RSTD type definition, likely with finer granularity, and multiple such metrics could be reported by a UE or gNB/TRP to an LMF. Considering the more direct definition of the reported quantity as it relates to the pseudo-range, Option 2 is slightly preferred.

Option 3 would be a straightforward option for the measuring entity (UE/gNB) to report, and should be considered for optional reporting to the LMF. 

However, Option 4 (“Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data”) may have limited usefulness in practice. As noted in Observation 1, for UE-based NR CPP, it may be left up to UE implementation, e.g., to utilize legacy measurements like RSTD to estimate the IA range. Thus, Option 4 may be deprioritized.

Proposal 11
· For integer ambiguity resolution (IAR), introduce the following options in addition to the option of reporting RSCP/RSCPD with legacy positioning metrics,
· 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.

On PRUs for calibration
First, we note some relevant RAN1 decisions from RAN1 #112 meeting [3]: 
	Conclusion
Current RAN1 specifications do not support a mechanism to ensure simultaneous measurements/transmissions (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU.

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.



In the context of DL/UL CPP, the need to have simultaneous measurements on DL PRS at a target UE and PRU for DL CPP and “simultaneous” (implying sufficiently-close-in-time) transmissions of SRS/SRSp from a target UE and PRU are quite critical as was already observed during the SI phase. 
Accordingly, the following were agreed during RAN1 #112bis-e meeting. 
Note: tagging of the below objectives as “Objectives 1/2/3” are not part of the agreements and only used for convenient reference. 
	Agreement
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Objective 1: 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
· Objective 2: 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:
· Objective 3: 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.



These functions are currently not supported in current specifications.
Towards the above purposes in context of CPP, and also, in the general context of calibration of timing, ARP location, phase related errors via network (NW)-based solutions using PRUs, it would be necessary to enhance NRPPa and LPP signalling to enable the above functionalities. 
On Objective 1, we note that it may be reasonable to also consider allowing some flexibility to a serving gNB to decide the exact subframe/slots for scheduling SRS/SRSp in view of overall RAN resource management. Accordingly, instead of requesting particular reference subframe/slots for SRS/SRSp scheduling, an LMF may indicate to a gNB a reference time window and in response, a serving gNB may decide on specific subframe/slots to serve as reference slots for SRS/SRSp scheduling and report back with such information to the LMF.
Thus, we note the following possibilities to realize Objective 1:
· Option 1A: LMF may optionally indicate to a serving gNB a subframe and slot in the subframe as a reference slot in which SRS/SRSp may be scheduled for transmission from a UE.
· The subframe and slot may be indicated via a combination of subframe and slot offset or only a slot offset to a reference time that may correspond to the SFN initialization time.
· Once provided with a reference slot for SRSp scheduling, for periodic and semi-persistent SRSp transmissions, the SRSp occasions are defined to maintain the periodicity as indicated via IE “Requested SRS Transmission Characteristics” with respect to the indicated reference slot for SRSp scheduling.
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time that may correspond to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled, is expected to determine a suitable reference slot for SRS/SRSp transmission and indicate the selected reference slot to the LMF.
For the realization of Objective 2 the following offers a straightforward approach:
· SRS resource(s) may be identified via indication of a reference slot for measurements using a combination of subframe and slot offsets or a slot offset with respect to a reference time that may be the SFN initialization time.
· The indication of the number of SRSp occasions to be used for the measurements may be provided directly or via a time window starting from the start of the reference slot for measurement on SRSp resources.

Similarly, for the realization of Objective 3 the following options are suggested for further consideration:
· Option 3A: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window. 
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· All slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Alternatively, a lower bound on the fraction or number of slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.

Additionally, it may be considered further, if there may be scenarios in which the UE/TRP may respond back as part of a measurement report on whether the indicated reference resources for measurements were utilized or if there were differences (e.g., more/fewer/different resources were used). 
Proposal 12
· To enable 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), consider the following options:
· Option 1A: LMF may optionally indicate to a serving gNB a subframe and slot in the subframe as a reference slot in which SRS/SRSp may be scheduled for transmission from a UE.
· The subframe and slot may be indicated via a combination of subframe and slot offset or only a slot offset to a reference time that may correspond to the SFN initialization time.
· For periodic and semi-persistent SRSp transmissions, the SRSp occasions are defined with periodicity as indicated via IE “Requested SRS Transmission Characteristics” with respect to the indicated reference slot for SRSp scheduling.
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time that may correspond to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled, is expected to determine a suitable reference slot for SRS/SRSp transmission and indicate the selected reference slot to the LMF.
Proposal 13
· To enable 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), consider the following options:
· SRS resource(s) are identified via indication of a reference slot for measurements using a combination of:
· subframe and slot offsets or 
· a slot offset with respect to a reference time, e.g., the SFN initialization time.
· The indication of the number of SRSp occasions to be used for the measurements can be provided:
· directly or 
· via a time window starting from the start of the reference slot for measurement on SRSp resources.

Proposal 14
· To enable 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), consider the following options:
· Option 3A: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window.
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· All slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Alternatively, a lower bound on the fraction or number of slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.

Conclusions
In this contribution, we presented our views on support of DL and UL CPP in NR systems. We summarize the discussion and our views via the observations and proposals as follows:
Observation 1
· The impact of unknown initial Rx phase is much more critical for RSCP compared to that for RSCPD. 
· With the differential nature of the reporting quantity, DL RSCPD offers resilience to initial phase at UE receiver as long as the measurements of DL PRS from a target and reference TRP are performed on same symbols (different comb offsets).
Observation 2
· Towards addressing the impact of unknown initial Rx phase, the primary method is use of double-differential methods using PRUs. 
· Further, the DL PRS resources from a target and reference TRPs should ideally be on the same symbols (i.e., multiplexed via comb). 
· Approaches relying on tracking RSCP measurements on DL PRS from a target TRP over time may not be practically feasible with current configurations of DL PRS due to potential phase rotations at the UE Rx in between consecutive DL PRS occasions. 
Proposal 1
· For DL RSCPD, as for DL RSTD measurements, the measurements are performed on DL PRS received in a subframe SF_j from target TP j and in a subframe SF_i from reference TP i that is closest in time to subframe SF_j.
Proposal 2
· For DL RSCP and RSCPD measurements, LMF may optionally request a target UE to perform measurements that are restricted to within a time window. 

Proposal 3
· For RSCPD, the reference cell is same as the reference cell configured by the LMF for DL RSTD reporting and is independent from serving cell. 

Observation 3
· At least for the case when DL CP (RSCP/RSCPD) is reported corresponding to a single RF frequency, no other frequency other than the center frequency for the DL PFL is necessary.

Proposal 4
· In Rel-18, DL CPP for RRC_CONNECTED UEs is limited to within MGs.

Proposal 5
· LMF may optionally request a gNB to perform UL RSCP measurements that are restricted to within a time window. 

Observation 4
· At least for the case when UL RSCP is reported corresponding to a single RF frequency, no other frequency other than the center frequency of the transmission bandwidth of the SRS for positioning is necessary.

Proposal 6
· For DL/UL CPP, the reference point of the UE/TRP carrier phase measurements are defined based on: 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.	
Proposal 7
· For a timestamp associated with a reported RSCP/RSCPD measurement adopt Option 1 from RAN1 #112bis-e:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 
Proposal 8
· In Rel-18, DL/UL CPP measurements are reported along with legacy DL/UL positioning methods and standalone DL/UL CPP methods are not introduced. 

Proposal 9
· DL RSCPD is defined only with respect to the first path detected in time.
Proposal 10
· Introduce LOS/NLOS reporting as optional assistance information along with reporting of CP(D) measurements for DL/UL CPP if DL/UL CPP are agreed to be introduced as independent positioning methods. 
· Reuse R17 LOS/NLOS reporting quantity/granularity as baseline.
Observation 5
· Although for some cases like UE-based positioning, IAR may be left up to implementation, such may not be feasible for all cases, e.g., for UE-/NG-RAN-assisted positioning. Thus, some additional information to facilitate IAR should be considered. 
Observation 6
· Reporting of CP/CPD measurements along with legacy positioning methods enables Integer Ambiguity Resolution (IAR) via reporting of the legacy positioning metrics like RSTD/RTOA or Rx-Tx time differences for estimation of the pseudo-range. 

Proposal 11
· For integer ambiguity resolution (IAR), introduce the following options in addition to the option of reporting RSCP/RSCPD with legacy positioning metrics,
· 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.
Proposal 12
· To enable 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), consider the following options:
· Option 1A: LMF may optionally indicate to a serving gNB a subframe and slot in the subframe as a reference slot in which SRS/SRSp may be scheduled for transmission from a UE.
· The subframe and slot may be indicated via a combination of subframe and slot offset or only a slot offset to a reference time that may correspond to the SFN initialization time.
· For periodic and semi-persistent SRSp transmissions, the SRSp occasions are defined with periodicity as indicated via IE “Requested SRS Transmission Characteristics” with respect to the indicated reference slot for SRSp scheduling.
· Option 1B: LMF may optionally indicate to a serving gNB a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled. The time window can be defined by duration given by a number of consecutive slots with indication of a starting slot with respect to a reference time that may correspond to the SFN initialization time.
· Periodicity of window may follow similar to that in the IE “Requested SRS Transmission Characteristics”
· A gNB, upon receiving an indication from LMF with a time window within which a reference slot for SRS/SRSp transmission from a UE should be scheduled, is expected to determine a suitable reference slot for SRS/SRSp transmission and indicate the selected reference slot to the LMF.
Proposal 13
· To enable 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), consider the following options:
· SRS resource(s) are identified via indication of a reference slot for measurements using a combination of:
· subframe and slot offsets or 
· a slot offset with respect to a reference time, e.g., the SFN initialization time.
· The indication of the number of SRSp occasions to be used for the measurements can be provided:
· directly or 
· via a time window starting from the start of the reference slot for measurement on SRSp resources.

Proposal 14
· To enable 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), consider the following options:
· Option 3A: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window that is identified by a starting point corresponding to start of a reference slot and a duration of the window.
· The reference slot may be indicated by using a slot offset with respect to a reference time may be the time provided via IE nrTime in ScheduledLocationTime.
· All slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Alternatively, a lower bound on the fraction or number of slots within the time window with DL PRS resources for the indicated DL PRS IDs may be expected to be used by a UE for measurements on DL PRS.
· Option 3B: The reference slot(s) for measurements on DL PRS resources may be indicated by a time window corresponding to a relative time duration provided in CommonIEsRequestLocationInformation with respect to when the message was received.
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