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Introduction
In Rel-16 native NR positioning support was standardized and in Rel-17 enhancements were made. At RAN#94 a new SI was approved on enhancements for Rel-18 NR positioning [1]. This contribution discussed our views related to RedCap positioning. Our companion contributions discuss our other views [2-6]. The objective in the SID is: 
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· [bookmark: _Hlk510705081]Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary
Discussion
The following agreement was made for the performance evaluation at RAN1 #109e meeting.  
Agreement
NR carrier phase positioning performance will be evaluated at least with the carrier phase measurements of a single measurement instance.
 
Agreement
The impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.
 
Agreement
The study of the accuracy improvement based on NR carrier phase measurements in Rel-18 SI may include:
· 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.
· Note: The use of “carrier phase positioning” does not necessarily mean it is a standalone positioning method
· FFS: whether SL carrier phase positioning is to be discussed in Rel-18 SI 

Carrier phase positioning method
Fundamentally, carrier phase positioning technique utilizes phase measurements for multiple TRPs to estimate location of target UEs. The general concept of the carrier phase positioning is shown in Figure 1, where a target UE and a reference device measures carrier phase measurement for PRS resources transmitted from multiple gNBs/TRPs. In this section, we describe the key principle of CP positioning in more detail.
[image: ]
[bookmark: _Ref101786075]Figure 1. An illustrative example of overall concept of carrier phase positioning
For mathematical notation, we denote the target UE by the k-th UE. Omitting noise, and assuming ideal propagation LoS, the estimated phase measurement from this k-th UE for a PRS resource transmitted from the i-th TRP is denoted by
											(1)
Where  to denote the phase measurement in distance/cycles and to leave out repeated use of , and , , , , and  represent respectively actual geographical distance between the k-th UE and the i-th TRP, speed of light, internal phase reference bias at the k-th UE, internal phase reference bias at the i-th TRP, and integer ambiguity of the propagated wavelength. Similar to (1), the similar equation is derived for the different PRS transmitted from the j-th TRP such that .
After the UE measures phase measurement for PRS resources transmitted from both TRPs, the UE calculates the phase difference measurement for two different phase measurements, and gets the following phase difference measurement.
												(2)
Where , . From single difference operation, the phase bias from UE side was cancelled out similar to the RSTD measurement of DL-TDOA. The k-th UE needs to report this measurement to the LMF.
After single difference operation, the phase error between two TRPs are remaining in the phase difference measurement, and it needs to be compensated for. We propose using a reference UE to remove this error. The phase error between TRPs is remaining but it is cancelled by double differential operation using phase difference measurements of reference device such as reference UE. The location of the reference UE should be already known to the LMF accurately.
Let us assume that the K-th UE is a reference device. For the transmitted PRS from the i-th and j-th TRP, the phase difference measurement at the reference UE is denoted by . The reference UE also reports the phase difference measurement to the LMF, and then it calculates double difference measurement as follows:
											(3)
Where , , and . In the end, the phase error between TRPs are cancelled out. The only remaining ambiguity is the integer numbers and location of the target UE and the entity calculating the location (i.e., LMF in UE-assisted or UE in UE-based) should resolve it. We discuss how to resolve the integer ambiguity in more detail in the next section. UL carrier phase was agreed to be included as part of the study item. An overview of UL CP is shown Figure 2. Our understanding of UL CP is that both the target UE and a PRU need to transmit SRS for positioning. The TRPs then measure the carrier phase of both the target UE and the PRU, report the measurements to the LMF, which then creates double differential measurements at the LMF (or at UE in UE-based).
Observation 1: In UL CP the PRU needs to transmit the SRS for positioning along with the target UE. 
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[bookmark: _Ref111189401]Figure 2. Overview of UL Carrier Phase

CP Positioning Performance Evaluation 
In this subsection, we provide initial evaluation results for system-level simulation to show the feasibility of the CP positioning technique in NR system. The following agreement was made for the performance evaluation at RAN1 #109e meeting.  
Agreement
· Reuse the simulation assumptions of NR Rel-16/17 for carrier phase positioning
· Note: Optional modification of the simulation assumptions defined in NR Rel-16/17 are allowed only if needed. 
· The evaluation scenarios:
· Baseline: InF-SH, InF-DH
· Optional: IOO, Umi, Highway
· Note 1: Other evaluation scenarios are not precluded.
· Note 2: Existing Rel-17 DL/UL reference signals in Uu interface is to be used for the Highway scenario.
· Frequency range: 
· Baseline: FR1
· Optional: FR2

Agreement
NR carrier phase positioning performance will be evaluated at least with the carrier phase measurements of a single measurement instance.

Also, we include link-level evaluation results in appendix. As an initial investigation into the accuracy of CP positioning in the IIoT use cases (Indoor factory, InF-SH model) we provide initial evaluation result for the current DL PRS, and our assumption on simulation parameter is aligned to the agreed parameters in Rel-17 SI [9], which is given by a table below. The channel model for InF-SH is in [10]. 
The effect of channel propagation delay corresponding to the distance between UE and a TRP is seen in the phase value of channel tap. Provided that the LoS path is separable from the NLoS paths, the UE can extract the phase measurement from the first arrival path by simple correlation method. Simply put, if the PRS signal is  and channel gain is  for the i-th arrival path, the UE can extract  from the received signal  , where  and  is the distance between the UE and the TRP.
RAN1 made the following agreement at RAN1 #110 and #110bis-e meeting to consider the Rx initial phase offset from the UE and the initial Tx phase offset from TRPs, where the initial phase offset corresponds to the internal phase bias at the UE and TRP described in Section 2.1 ().
Agreement
In the evaluation of NR carrier phase positioning, the offset between the initial phase of the transmitter and the initial phase of the receiver can be modeled as a random variable uniformly distributed within [0, X].
·  Possible values of X: 2pi
· Other values FFS
Agreement
Make the following modification to the previous agreement on the initial phase model with an additional note:
· In the evaluation of NR carrier phase positioning, the offset between both the initial phase of the transmitter and the initial phase of the receiver can be modeled as a independent random variables uniformly distributed within [0, X2pi].
· Note: The initial phase of a transmitter applies to all subcarriers of the same carrier frequency associated with the transmitter, and the initial phase of a receiver applies to all subcarriers of the same carrier frequency associated with the receiver.
We provide the evaluation results for CP positioning showing the impact of the initial phase offset at the transmitter and the receiver. In 
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Figure 5. Horizontal positioning accuracy performance of the CP without differential technique
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Figure X. Horizontal positioning accuracy performance of the CP with differential technique
Table X.Y.2-1: NR carrier phase positioning - horizontal accuracy [A]
	[Case ID], [Scenario]
[additional descriptions]
	50%
	67%
	80%
	90%
	Additional comments

	Case 1, DL-PoA, without initial phase offset
	0.000195
	0.001438
	0.003124
	0.005876
	

	Case 2, DL-PoA with UE Rx initial phase offset
	0.1143
	0.1187
	0.2324
	0.301
	

	Case 3, DL-PoA with initial phase offset for both TRP and UE
	0.4995
	1.25
	1.482
	1.796
	

	Case 4, DL-CP double differencing without initial phase offset for both TRP and UE
	0.0001401
	0.004913
	0.007357
	0.009230
	

	Case 5, DL-CP double differencing with initial phase offset for both TRP and UE
	0.0001401
	0.005002
	0.007372
	0.009237
	



To use the double differential technique, we introduced four reference UEs and they are placed as shown in Figure 4 below. For each target UE, a single reference UE measurement was used for double difference operation. We assumed that the integer ambiguity is fixed without error, but it should be noted that there are solutions developed for GNSS, which can be possibly transposed to terrestrial based positioning[10][11].  
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[bookmark: _Ref102039591]Figure 4. Reference UEs and TRPs in InF-SH model
Case 2 and Case 3 show that the differential operation is essential to support CP positioning technique. If the Rx initial offset is not cancelled, the CP positioning actually does not properly work. 
In the evaluation results, case 4 and case 5 shows that double differential technique provides almost similar performance even when there are phase offsets at both the receiver and the transmitters. It should be noted that the phase offset of TRPs would not be consistent for a long time, so the target UE and the reference UE need to measure the CP at the same time. In our evaluation, we assumed that the target UE and the reference UE need to measure the CP at the same time.
Observation 2: Both single differential technique and double differential technique are critical to guarantee the performance of the CP positioning.
Observation 3: The target UE and reference UE should measure CP measurement at the almost same time for specific TRPs so that the CP meausrment contains the same Tx phase offset of the TRPs.
The simulation results show that horizontal positioning accuracy is about 0.7 cm at 80% of UEs and less than 1 cm at 90% of UEs in the case where the integer ambiguity is resolved without errors. It shows centi-meter level of horizontal positioning accuracy is achievable. 
Observation 4: Significantly improved accuracy over Rel-17 is possible with NR CP methods. 
Proposal 1: Include the above results in the TR. 
Proposal 2: RAN1 to conclude that NR CP provides significant accuracy gains over existing techniques. 
Proposal 3: Capture the evaluation results provided in Appendix A in the TR. 
During the RAN1#110-bis there was some discussion on the need for carrier phase specific requirements. In our view this is not needed as the SID does not request RAN1 to set requirements. In addition, RAN4 is studying PRS/SRS aggregation for Rel-18 and that technique does not have a requirement. Our feeling is that it is sufficient to show that a technique has benefit and is feasible. We don’t see any reason why RAN1 can’t recommend an enhancement for normative work without a requirement. 
Proposal 4: RAN1 won’t discuss or set a requirement for carrier phase based positioning in Rel-18. 
Potential Enhancements
In this section, we discuss the necessary enhancement to introduce CP positioning on top of the currently supported positioning techniques. For support of the CP positioning, there are four key issues that should be considered in study item phase. 
Additional measurement: 
The first one is that the UE needs to support phase measurement for a TRP or phase difference measurement for two different TRPs. Considering the clock bias between the UE and the TRP, the phase difference might be considered for measurement reporting, which is similar to DL-TDOA, but the phase measurement (without difference) is also useful for integer ambiguity resolution. To estimate timing measurement or RSRPP measurement for the first path, the UE already measures the first arrial path of wireless channel and hence, as a way of measuring the phase measurement, the UE can additionally extract phase value of the first path in addition to timing measurement. The CP positioning might be also effective for UL-based positioning. In addition to the DL measurement, this AI should include UL CP measurement at least for SRS for positioning.
At RAN1#110-bis the following agreements were reached: 
Agreement
For UE-assisted NR carrier phase positioning, at least consider the following options 
· 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
Agreement
For UL UE-assisted NR carrier phase positioning, at least consider the carrier phase measured from the UL SRS for positioning purpose.
· Note: The use of MIMO SRS for positioning purpose is transparent to UE.

Proposal 5: RAN1 to support measurements for CP positioning for both DL-based positioning and UL-based positioning. An UL carrier phase measurement based on the SRS for positioning should be introduced. Two DL carrier phase measurements, one based on a single differential phase (similar to RSTD in timing techniques) and one non-differential phase should be introduced.
At RAN1#109 the following agreement about multi-path was also reached: 
Agreement
· The impact of multipath for the carrier phase positioning will be evaluated during the SI 
· The methods of mitigating the impact of multipath for the carrier phase positioning will be studied during the SI, if it is considered to be necessary after the evaluation.
Then at RAN1#110 the following agreement was further made: 
Agreement
· Further evaluate the following multipath mitigation methods for the carrier phase positioning, which include, but are not limited to, the following:
· The methods of estimating the carrier phase of the first path
· Note: Both time-domain and frequency-domain methods can be considered
· LOS/NLOS/ Multi-path indication for the carrier phase measurements for improving the accuracy of the position calculation
· Rel-17 LOS/NLOS indicator can be used as the starting point
· measurements of the first path and additional paths
· E.g. carrier phase measurements, timing measurements
· other channel information, such as RSRP/RSRPP, CIR/CFR, etc.

Furthermore, due to sampling limitations and other TX/RX processing artifacts, a single independent propagation path may appear as a cluster of inter-dependent (correlated) taps at the receiver side. Subsequently, the positioning receiver is likely to report carrier phase measurements of taps of the same cluster (i.e. correlated taps) as independent paths. If multiple carrier phases are reported in the multipath reporting framework of Rel-16/17 it should be ensured that independent paths are really being reported.
Proposal 6: RAN1 to support methods for identifying independent taps and/or methods to aid a positioning receiver to determine and report measurements of independent channel taps that correspond to different wireless propagation paths.
Integer ambiguity resolution:
RAN1 agreed to study the impact of integer ambiguity on CP positioning from the following agreement at RAN1 #109e neeting.

Agreement
The impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.
There are a couple of methods for the integer ambiguity resolution such as mixed linteger least square method and virtual wavelength method. We focus on the virtual wavelength method as it is effective and could be supported without much specification work.
Carrier phase measurement error is within one wavelength and hence the maximum error is within one wavelength and approximately 8.6 cm for 3.5 GHz carrier frequency. As shown in the above, the phase error is very small, but the key factor affecting the performance error might be unknown integer numbers of the wavelength (i.e., ). Thankfully, this problem has been studied and there are couple of well-known solutions for GNSS system [11][12]. In this contribution, we briefly discuss virtual wavelength method [13], which is also known as wide-lane method. By this method, the integer ambiguity could be effectively found. This method uses two different carrier frequency measurements and ToA measurements together. 
Fundamentally, as we mentioned above, the wavelength is quite small value such as 8.6 cm for 3.5 GHz carrier frequency, so search space for integer ambiguity is too large and it may lead to inaccurate interger ambiguity fixing. The concept of virtual wavelength method provides reduced search space to find the integer ambiguity. More specifically, let us assume two PRS resources are transmitted with different carrier freqnecy such as  and . Wavelength for each  and  are represented by  and . Then the carrier phase measurements can be denoted by as follows


Where and  mean the carrier phase measurement for carrier frequency  and , respectively.  and  respectively represent the integer ambiguity of the carrier phase measurement from carrier  and . Simply, multiply and  to the first and the second carrier phase measurement, and then we can attain the following equation by subtract the second from the first one.

Where , and the distance and clock bias term are not affected by this. The bottom line is that network can make  is much greater than both  and . From the previous section, we are assuming 3.5 GHz carrier frequency. If  and ,  cm and 6 cm, but  m. Thus, the search space is highly reduced. If the UE location estimation from timing based techniques alone (e.g., DL-TDOA) is smaller than  then the integer ambiguity can be resolved. This can be done by using the UE position estimate from timing measurements first to then know the integer ambiguity then use the carrier phase estimation procedure to find the UE location with even higher accuracy.
Observation 5: The virtual wavelength method may provide the reduced search space of integer ambiguity variables
Given that Rel-17 positioning supports accuracy level less than 30 cm, we may be able to expect that the integer ambiguity fixing could be addressed by introducing the virtual wavelength technique.
Proposal 7: RAN1 to study physical layer procedure to support virtual wavelength method to address interger ambiguity problem.
Antenna Phase center offset: 
In whole Rel-17 WI, issue on UE antenna array phase center offset has been discussed but it has not been addressed. By CP positioning, we are targeting centi-meter level of positioning accuracy, and it is critical to have a precise measure of the effective phase reference position for the signal received or transmitted via the UE mmWave antenna array. We name this position the antenna array phase center and ideally this antenna array phase center is fixed and aligned with e.g. the physical Antenna Reference Point (ARP). However, the UE antenna array phase center may not always align with the physical Antenna Reference Point (ARP) and its position may in fact be highly sensitive to multiple parameters of which some will vary during live operation in the field. The UE antenna array phase center location is for example sensitive to UE formfactor, cover, coating, beam steering angle, polarization and angle of arrival/departure both for narrow and broad beam antenna array configurations. 
Observation 6: The antenna array phase center may not always aligned with the physical antenna reference point and it affects to phase and timing measurement accuracy.
RAN1 needs to study antenna phase center offset impact on the carrier phase positioning accuracy, and identify the physical layer impact to address this issue. 
Proposal 8: RAN1 to recommend solutions to mitigate antenna phase center offset impact on the carrier phase positioning accuracy for normative work.
As discussed in Section 2.1 UL CP requires the PRU to also transmit the SRS for positioning so that the TRPs can measure the UL CP of the PRU. The PRU is also susceptible to phase center offset errors in the SRS transmission. 
Observation 7: PCO impacts also the SRS transmission of the PRU. 
Proposal 9: RAN1 should recommend mitigation techniques of antenna phase center offset on PRU transmissions for UL CP. 
Reference device:
The double difference operation is essential to support cm-level positioning by avoiding the clock bias between multiple TRPs. The reference UE (PRU, Positioning Reference Unit) has been discussed in Rel-17 to improve the accuracy performance of timing measurement-based techniques, and it was discussed in the previous meeting in this AI. 
For further accuracy performance improvement, the reference UE is essential, and RAN1 made the following agreement to explicitly include PRU for the study on the carrier phase positioning technique.
Agreement
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1.
In Rel-17, RAN1 has not identified RAN1 impact related to reference UE, but this decision was made in the early stage of Rel-17 WI. Now we need to reconsider it. From our perspective, the reference UE may not be able to have unlimited processing capability. If the reference UE is requested to measure/report many measurements in time-domain (e.g., every slot), frequency-domain (e.g., multiple frequency layers) and/or too much measurements from many TRPs, the reference UE might not be able to follow all the requests from network. 
For double differential operation, the LMF would subtract the phase difference measurements between the target UE and the reference UE, i.e., . The two phase difference measurements should be measured with respect to the same two TRPs. The TRP phase bias might not be highly fluctuated but it might not be a constant value in time-domain, which should be considered. Furthermore, RAN1 needs to consider the impact of TRP Tx timing error group introduced in Rel-17. In our initial understanding, the target UE and reference UE may need to measure the phase difference measurements for the same TRP Tx TEGs.
Proposal 10: RAN1 should recommend introducing PRU for UE-assisted positioning, and specifiy the necessary physical layer procedure including aligning measurements by PRU and target UE (e.g., in time).
For UE-based CP positioning, the target UE also perform double differential operation, so the measurements from reference UE are also useful for target UE. For the accuracy enhancement of the UE-based CP positioning, we may need to study whether and how the target UE request CP measurements of the reference UE.
Proposal 11: RAN1 to consider the CP positioning performance impact by introducing PRU for UE-based positioning, and identify the necessary physical layer procedure during normative work. 
PRS transmission interference:
PRS transmission outside the MG implies that LMF needs to ensure that the resources from the serving gNB which are used to configure PRS transmission from other (non-serving) TRPs are within the UE’s current BWP. How the LMF selects these resources may not be straightforward since the LMF is not aware which PRBs/BWP the serving gNB is using and for which UEs, and thus, the LMF may make a selection that generates interfence between PRS and ongoing data traffic i.e cross-service interference. When this occurs, the CP measurements are likely degraded and the gains secured by using CP methods may be lost as a result of uncontrolled cross-service interference.
Proposal 12: RAN to study methods to avoid interference due to occur as a result of resource allocation for PRS transmissions without MG.
Conclusion
In this contribution we made the following proposals and observations: 
Observation 1: In UL CP the PRU needs to transmit the SRS for positioning along with the target UE. 
Observation 2: Both single differential technique and double differential technique are critical to guarantee the performance of the CP positioning.
Observation 3: The target UE and reference UE should measure CP measurement at the almost same time for specific TRPs so that the CP meausrment contains the same Tx phase offset of the TRPs.
Observation 4: Significantly improved accuracy over Rel-17 is possible with NR CP methods. 
Proposal 1: Include the above results in the TR. 
Proposal 2: RAN1 to conclude that NR CP provides significant accuracy gains over existing techniques. 
Proposal 3: Capture the evaluation results provided in Appendix A in the TR. 
Proposal 4: RAN1 won’t discuss or set a requirement for carrier phase based positioning in Rel-18. 
Proposal 5: RAN1 to support measurements for CP positioning for both DL-based positioning and UL-based positioning. An UL carrier phase measurement based on the SRS for positioning should be introduced. Two DL carrier phase measurements, one based on a single differential phase (similar to RSTD in timing techniques) and one non-differential phase should be introduced.
Proposal 6: RAN1 to support methods for identifying independent taps and/or methods to aid a positioning receiver to determine and report measurements of independent channel taps that correspond to different wireless propagation paths.
Observation 5: The virtual wavelength method may provide the reduced search space of integer ambiguity variables
Proposal 7: RAN1 to study physical layer procedure to support virtual wavelength method to address interger ambiguity problem.
Observation 6: The antenna array phase center may not always aligned with the physical antenna reference point and it affects to phase and timing measurement accuracy.
Proposal 8: RAN1 to recommend solutions to mitigate antenna phase center offset impact on the carrier phase positioning accuracy for normative work.
Observation 7: PCO impacts also the SRS transmission of the PRU. 
Proposal 9: RAN1 should recommend mitigation techniques of antenna phase center offset on PRU transmissions for UL CP. 
Proposal 10: RAN1 should recommend introducing PRU for UE-assisted positioning, and specifiy the necessary physical layer procedure including aligning measurements by PRU and target UE (e.g., in time).
Proposal 11: RAN1 to consider the CP positioning performance impact by introducing PRU for UE-based positioning, and identify the necessary physical layer procedure during normative work. 
Proposal 12: RAN to study methods to avoid interference due to occur as a result of resource allocation for PRS transmissions without MG.
Appendix A
[bookmark: _Toc111724376]X.Y Performance analysis for NR positioning enhancements 
X.Y.1 Evaluation results from source [A]
X.Y.1.1 Description of evaluation scenarios
Table X.Y.1-1: NR positioning enhancements - evaluation scenarios and parameters [A]

	Parameter
	[Case 1],
[InF-SH]
	[Case 2],
[InF-SH]
	[Case 3], 
[InF-SH]
	[Case 4], 
[InF-SH]
	[Case 5], 
[InF-SH]

	Scenario 
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855
	38.855

	Single carrier frequency, or multiple carrier frequencies, GHz
	Single
3.5 GHz
	Single
3.5 GHz
	Single
3.5 GHz
	Single
3.5 GHz
	Single
3.5 GHz

	Bandwidth, MHz
	100
	100
	100
	100
	100

	Subcarrier spacing, kHz
	30
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	DL PRS,
6 symbols with Comb-6
	DL PRS,
6 symbols with Comb-6
	DL PRS,
6 symbols with Comb-6
	DL PRS,
6 symbols with Comb-6
	DL PRS,
6 symbols with Comb-6

	NR Carrier phase positioning method 
(DL, UL, or DL+UL(RTT))
	DL
	DL
	DL
	DL
	DL

	R16/R17 positioning method 
(if it is used together with CPP)
	n/a
	n/a
	n/a
	n/a
	n/a

	Carrier phase estimation techniques 
(time-domain, freq-domain, references)
	Time-domain
	Time-domain
	Time-domain
	Time-domain
	Time-domain

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	None
	None
	None
	Double differential
	Double differential

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Ideal IR resolution
	Ideal IR resolution
	Ideal IR resolution
	Ideal IR resolution
	Ideal IR resolution

	Multipath mitigation techniques
(e.g., first path detection, ...) 
	First path detection
	First path detection
	First path detection
	First path detection
	First path detection

	Single-measurement instance CPP, or multiple measurement instances CPP
	Single measurement
	Single measurement
	Single measurement
	Single measurement
	Single measurement

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	Least square based on Taylor seires
	Least square based on Taylor seires
	Least square based on Taylor seires
	Least square based on Taylor seires
	Least square based on Taylor seires

	Network synchronization assumption (e.g., 0ns, 10ns, ..)
	 0ns
	0ns
	0ns
	0ns
	0ns

	UE/TRP Initial phase offset 
	none
	UE initial phase offset
	UE and TRP initial phase offset
	none
	UE and TRP initial phase offset

	CFO/Doppler
	none
	none
	none
	none
	none

	Oscillator-drifts
	none
	none
	none
	none
	none

	ARP errors
	none
	none
	none
	none
	none

	Phase Center Offsets
	none
	none
	none
	none
	none

	Phase noise (FR2)
	none
	none
	none
	none
	none

	PRU Assumptions
	4 PRUs modeled in factory, closest in distance used for a given target UE
	4 PRUs modeled in factory, closest in distance used for a given target UE
	4 PRUs modeled in factory, closest in distance used for a given target UE
	4 PRUs modeled in factory, closest in distance used for a given target UE
	4 PRUs modeled in factory, closest in distance used for a given target UE

	Additional notes, if any
	
	
	
	
	



X.Y.1.2 Positioning accuracy evaluation results for NR carrier phase positioning
Table X.Y.2-1: NR carrier phase positioning - horizontal accuracy [A]
	[Case ID], [Scenario]
[additional descriptions]
	50%
	67%
	80%
	90%
	Additional comments

	Case 1, DL-PoA, without initial phase offset
	0.000195
	0.001438
	0.003124
	0.005876
	

	Case 2, DL-PoA with UE Rx initial phase offset
	0.1143
	0.1187
	0.2324
	0.301
	

	Case 3, DL-PoA with initial phase offset for both TRP and UE
	0.4995
	1.25
	1.482
	1.796
	

	Case 4, DL-CP double differencing without initial phase offset for both TRP and UE
	0.0001401
	0.004913
	0.007357
	0.009230
	

	Case 5, DL-CP double differencing with initial phase offset for both TRP and UE
	0.0001401
	0.005002
	0.007372
	0.009237
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