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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 without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].


In the contribution, we present our views on introducing support for DL and UL carrier phase positioning (CPP) in NR systems. 
Defining carrier phase measurements and their reporting
Defining Carrier Phase measurements
During the SI phase, the following was agreed on carrier phase measurements and accordingly reflected in TR 38.859 [2]:
	The study of the accuracy improvement based on NR carrier phase measurements includes:
-	UE-based and UE-assisted carrier phase positioning
-	UL carrier phase positioning and DL carrier phase positioning
-	NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies
-	Combination of NR carrier phase positioning with another standardized Rel. 17 positioning method, e.g., DL-TDOA, UL-TDOA, Multi-RTT, etc.
For DL UE-assisted NR carrier phase positioning, at least the following options are considered:
-	The difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
-	The carrier phase measured from the DL PRS signal(s) of a TRP.
For UL UE-assisted NR carrier phase positioning, at least the carrier phase measured from the UL SRS for positioning purpose is considered.



Carrier phase measurements can be defined for DL and UL following from the above decisions. 
For DL CPP, we observe that both relative phase between measurements on DL PRS from a given and reference TRP, and phase measurement on DL PRS from a given TRP only were identified as potential options. Between these two options, the first option yields more robust results due to its resiliency to the initial phase at the UE receiver. In this regard, the DL carrier phase measurements can be defined similar to RSTD measurements. Also, to minimize impact from error sources like CFO and frequency drift, Doppler, etc., having the measurements as close as possible in time is desirable. Thus, for DL CPP, the measurement can be defined as DL Reference Signal Phase Difference (DL RSPD) that can be described as:
· DL Reference Signal Phase Difference (DL RSPD): Defined as carrier phase difference measured between a given Transmission Point (TP) j and a reference TP i. 
· The measurements are performed on DL PRS received in a subframe SF_j from TP j and in a subframe SF_i from TP i that is closest in time to subframe SF_j.
· Multiple DL PRS resources may be used to determine the carrier phase. 
· By default, the carrier phase corresponds to the center frequency for a given PFL.
Proposal 1
· Carrier phase measurements for DL CPP are defined as below:
· DL Reference Signal Phase Difference (DL RSPD) is defined as carrier phase difference measured between a given Transmission Point (TP) j and a reference TP i. 
· The measurements are performed on DL PRS received in a subframe SF_j from TP j and in a subframe SF_i from TP i that is closest in time to subframe SF_j.
· Multiple DL PRS resources may be used to determine the carrier phase. 
· As baseline, the carrier phase corresponds to the center RF frequency for a given PFL.
For UL CPP, the carrier phase measurement can be defined similar to that of UL RTOA defined for NG-RAN. In this regard, we note that a common notion of reference Rx phase is necessary. 
Here, it should be noted that while any assistance information towards this may be provided by the LMF, it would be essential that the initial Rx phases across RPs are calibrated to minimize the impact from different initial phases at Rx across the RPs. 
· UL Relative Phase of Arrival (UL RPOA): Defined as carrier phase measured on SRS for positioning at a Reception Point (RP) j relative to the RPOA reference phase. 
· The RPOA reference phase can be defined as a common reference phase across RPs.
· Multiple SRS-for-positioning resources may be used to determine the carrier phase.
· As baseline, the carrier phase corresponds to the center frequency for a given UL carrier.

Proposal 2
· Carrier phase measurements for UL CPP are defined as below:
· UL Relative Phase of Arrival (UL RPOA) is defined as carrier phase measured on SRS for positioning at a Reception Point (RP) j relative to the RPOA reference phase. 
· The RPOA reference phase can be defined as a common reference phase across RPs.
· Multiple SRS-for-positioning resources may be used to determine the carrier phase.
· By default, the carrier phase corresponds to the center RF frequency for a given UL carrier.

Reporting of Carrier Phase measurements
For reporting of carrier phase measurements, for DL CPP, for UE-assisted positioning, a UE may be configured to report DL RSPD to the LMF, and for UL CPP, for NG-RAN-assisted positioning, UL RPOA may be reported by a measuring gNB to the LMF. Further, the reported phase can be defined over a range of 0 to 360 degrees.

Proposal 3
· For DL CPP, for UE-assisted positioning, support reporting of DL-RSPD from a UE to LMF, similar to RSTD reporting.
· For UL CPP, for NG-RAN-assisted positioning, support reporting of UL-RPOA from a measuring gNB to LMF, similar to RTOA reporting.
· The reported carrier phase can range between 0 and 360 degrees.
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. 
Further, considering the strict scoping of the normative work as defined in the WID, we think among other methods, only the option of LOS/NLOS indication for the carrier phase measurements can be considered by reusing the related Rel-17 feature.
Thus, we have the following proposal. 
Proposal 4
· In consideration of multipath environments, adopt the following solutions: 
· Measurements: Limit reporting of carrier phase to that of the first path detected in time.
· Assistance information: Rel-17 LOS/NLOS indication can be the 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 1
· 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. 

The use of measurements across multiple carriers or PFLs was considered during the SI phase to address IAR, but for normative work in Rel-18, CPP methods are limited to a single PFL/carrier, and thus, to enable any rough estimation of the Time of Arrival (ToA), subcarriers within a carrier may only be used. In this regard, multiple carrier phase measurements or carrier phase differentials may be reported corresponding to smaller frequency regions within a PFL/carrier. 
Further, considering the limited scope to pursue elaborate enhancements for IAR, we propose consideration of some basic assistance information for IAR that can include reporting of the determined IA and/or the search range of IA to the LMF. Additionally, or alternatively, UE/gNB may report any legacy positioning metrics like RSTD/RTOA/Rx-Tx difference along with carrier phase measurements. 
All of these options can help the LMF to narrow down the search range for accurate estimation of the pseudorange. 
Proposal 5
· For UE-/NG-RAN-assisted positioning, the following solutions for IAR are further considered for specification support: 
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/gNB to LMF.
· Reporting of the carrier phase measurements together with legacy positioning measurements like DL-RSTD/UL-RTOA/Rx-Tx time difference from UE/gNB to LMF.
· Reporting of the new measurements from UE/gNB to LMF that are based on carrier phases or carrier phase differentials (e.g., ToA-like metric) across multiple sets of subcarriers within a carrier. 

[bookmark: _Ref52481833]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 observation and proposals as follows:
Observation 1
· 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. 
Proposal 1
· Carrier phase measurements for DL CPP are defined as below:
· DL Reference Signal Phase Difference (DL RSPD) is defined as carrier phase difference measured between a given Transmission Point (TP) j and a reference TP i. 
· The measurements are performed on DL PRS received in a subframe SF_j from TP j and in a subframe SF_i from TP i that is closest in time to subframe SF_j.
· Multiple DL PRS resources may be used to determine the carrier phase. 
· By default, the carrier phase corresponds to the center RF frequency for a given PFL.
Proposal 2
· Carrier phase measurements for UL CPP are defined as below:
· UL Relative Phase of Arrival (UL RPOA) is defined as carrier phase measured on SRS for positioning at a Reception Point (RP) j relative to the RPOA reference phase. 
· The RPOA reference phase can be defined as a common reference phase across RPs.
· Multiple SRS-for-positioning resources may be used to determine the carrier phase.
· By default, the carrier phase corresponds to the center RF frequency for a given UL carrier.
Proposal 3
· For DL CPP, for UE-assisted positioning, support reporting of DL-RSPD from a UE to LMF, similar to RSTD reporting.
· For UL CPP, for NG-RAN-assisted positioning, support reporting of UL-RPOA from a measuring gNB to LMF, similar to RTOA reporting.
· The reported carrier phase can range between 0 and 360 degrees.
Proposal 4
· In consideration of multipath environments, adopt the following solutions: 
· Measurements: Limit reporting of carrier phase to that of the first path detected in time.
· Assistance information: Rel-17 LOS/NLOS indication can be the baseline. 
Proposal 5
· For UE-/NG-RAN-assisted positioning, the following solutions for IAR are further considered for specification support: 
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/gNB to LMF.
· Reporting of the carrier phase measurements together with legacy positioning measurements like DL-RSTD/UL-RTOA/Rx-Tx time difference from UE/gNB to LMF.
· Reporting of the new measurements from UE/gNB to LMF that are based on carrier phases or carrier phase differentials (e.g., ToA-like metric) across multiple sets of subcarriers within a carrier. 
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