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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on expanded and improved NR positioning [1] includes the following RAN1-centric objective of specifying NR DL and UL carrier phase positioning. 
	· 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 this contribution, we will discuss the issues related with DL and UL carrier phase positioning.
2. Carrier Phase Positioning 
During the SI phase, we have agreed that the existing DL PRS is recommended as RS for downlink positioning-based NR carrier phase measurement. And regarding the carrier phase measurement for DL, we identified the following measurement candidate:
	Agreement
Capture the following TP into TR 38.859 as a conclusion.

Regarding the physical layer measurements for NR carrier phase positioning:
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
· 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 carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
· Note: this proposal does not imply which carrier phase measurements are mapped to which positioning technique


In our view, reporting of carrier phase measurement together with existing positioning measurements can help to solve the issue of integer ambiguity. Please note that the technical difficulty of solving the above minimization problem is that all the s are integer and thus there is no closed form solution to the problem.  One solution is to exhaustively search all the possible values of s to find the optimal values of them that can minimize the above cost function. However, the significant computational complexity might make this approach impractical.
Using carrier phase measurement of multiple carrier frequencies could resolve the issue of integer ambiguity. To reduce the computational complexity of finding the optimal integer values that minimize the cost function, we can combine a legacy positioning method with carrier phase measurement. The legacy positioning method can be first use to estimate the location of UEs, which can be used to determine the range of possible integer values of  , and then an exhaustive search on the determined range of possible values of   to find the optimal values that minimize the cost function.
The method can be summarized as the following steps:
Step 1: the UE measure and reports positioning measurement for legacy timing-based or angle-based method, e.g., DL RSTD, or PRS RSRP or UE Rx-Tx time difference.
Step 2: the UE measures the carrier phase on multiple REs of DL PRS resource. On the REs , the UE measures the carrier phase measurement: . Assume the carrier frequency on RE #0 is  and the subcarrier spacing is . Then for one TRP, the carrier phase measurements have the following equations:


…


 Step 3: the LMF can first estimate the UE location based on the legacy time-based or angle-based positioning method. 
Step 4: According to the UE location estimation in Step 3, the LMF can estimate the integer wavelength corresponding to each frequency .
Step 5: The LMF can estimate the  by minimizing the following cost functions over the value range of :


Simulation was conducted to evaluate the performance of this method. Integer ambiguity = 3 is assumed in the simulation and the proposed method is used to find the optimal value of . Carrier phase measurements of 5 REs with frequency spacing = 25MHz are measured by the UE. The error in estimated distance between TRP and UE is used to evaluate the performance, which is illustrated in Figure 5. We can observe that the proposed method can resolve the issue of integer ambiguity. 


[image: ]
Figure 1: Performance of minimizing integer ambiguity in carrier phase measurement 
For the RSTD measurement, the UE can report the differential carrier phase between the one TRP and the reference TRP. The LMF first configure the PRS assistance data which configures the UE to measure the RSTD and differential carrier phase between each TRP and the reference TRP. The PRS assistance data also provides the reference TRP for both RSTD and differential carrier phase measurement.
Proposal 1: In the RSTD measurement report, the UE also report the differential carrier phase measurement of one TRP with reference to the reference TRP. 
In the multi-RTT measurement, the UE measures and reports the Rx-Tx time difference of PRS resource of each TRP. To accommodate the carrier phase, here the UE can also measure and report the carrier phase measurement of the same PRS resource of each TRP. The same design can be applied to DL AoD reporting. For each PRS RSRP reporting, the UE can also report the corresponding carrier phase measurement.
Proposal 2: In UE Rx-Tx time difference reporting and PRS RSRP reporting, the UE reports the carrier phase measurement of the corresponding PRS resource of each TRP.
 In current spec, the UE can report the LOS/NLOS indication for each DL measurement. The same LOS/NLOS indication can be applied to the corresponding carrier phase measurement or differential carrier phase measurement.
Proposal 3: The LOS/NLOS indication in current positioning reporting is applied to the corresponding carrier phase measurement report.
For UL positioning, the carrier phase measurement shall be based on SRS for positioning, as agreed in SI phase. Together with the current positioning measurements, e.g., RTOA, UL AoA or SRS-RSRP, the TRP can also report the carrier phase measurement of SRS to the LMF.  
Proposal 4: The TRP reports the carrier phase measurement of SRS resource for positioning together with existing positioning measurement.
The UL carrier phase measurement also have the issue if integer ambiguity. The carrier phase measured in SRS for positioning can be:

where   is ambiguity integer wavelength and   is the measurement error.  With that, the distance between TRP and UE can be estimated as: 

To resolve the issue, the TRP can measure and report the carrier phase measurement of multiple frequency points of SRS for positioning and the TRP can also measure and report the positioning measurement of legacy UL positioning methods, e.g., UL RTOA or UL-AoA measurement. The LMF can the use the legacy timing-based or angle-based method to obtain the coarse estimation of value N and then find the optimal value of N through exhaustive searching on the estimated range of N.
With that, the UL method can be summarized as the following steps:
Step 1: the TRP measure and reports positioning measurement of legacy positioning method, UL RTOA, or UL AoA or gNB Rx-Tx time difference.
Step 2: the TRP measures the carrier phase on multiple REs of SRS resource for positioning. On the REs , the TRP measures the carrier phase measurement: . Assume the carrier frequency on RE #0 is  and the subcarrier spacing is . Then for one UE, the carrier phase measurements have the following equations:


…


 Step 3: the LMF can first estimate the UE location based on the legacy positioning method. 
Step 4: According to the UE location estimation in Step 3, the LMF can estimate the integer wavelength corresponding to each frequency .
Step 5: The LMF can estimate the  by minimizing the following cost functions over the value range of :


[bookmark: _Hlk118404580]Proposal 5: The UL carrier phase measurement can be carrier phase measurements of multiple different REs in SRS for positioning. 
3. Conclusions
In this contribution, we present our views on carrier phase positioning and the following proposals are made:
Proposal 1: In the RSTD measurement report, the UE also report the differential carrier phase measurement of one TRP with reference to the reference TRP. 
Proposal 2: In UE Rx-Tx time difference reporting and PRS RSRP reporting, the UE reports the carrier phase measurement of the corresponding PRS resource of each TRP.
Proposal 3: The LOS/NLOS indication in current positioning reporting is applied to the corresponding carrier phase measurement report.
Proposal 4: The TRP reports the carrier phase measurement of SRS resource for positioning together with existing positioning measurement.
Proposal 5: The UL carrier phase measurement can be carrier phase measurements of multiple different REs in SRS for positioning. 
4. Reference
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