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Introduction
In RAN #94e Meeting, the SID on study on expanded and improved NR positioning RP-213588[1] was approved including the following objective related to carrier phase measurement:
	· 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]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary


And, in the previous meeting, a bunch of agreements were reached. In this contribution, we provide our views on carrier phase measurement and carrier phase positioning.
Carrier phase measurement
	Agreement
NR carrier phase positioning performance will be evaluated at least with the carrier phase measurements of a single measurement instance.
Agreement
· For the purposes of discussion, for NR downlink and/or uplink carrier phase positioning, the carrier phase (CP) at a RF frequency at a receiver is a phase that is a function of the signal propagation time from an Tx antenna reference point of a transmitter (e.g., a TRP or a UE) to a Rx antenna reference point of the receiver (e.g., a UE or a TRP).
· The propagation time can be expressed in a fractional part of a cycle of the RF frequency and a number of integer cycles, but the CP may be independent of the number of integer cycles. 
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.



Firstly, the multiple companies’ evaluation results show the existing signal can be used for carrier phase measurements. And the scope of SID is to focus on the reuse of existing ‘PRS and SRS’ unless new reference signals are considered necessary. So, we propose
Proposal 1: [bookmark: _Hlk115371302]
· To reuse the existing signal (SRS, or PRS) for carrier phase measurement.
In addition, we prefer the carrier phase measurement as the fractional part of the propagation time as follows considering that the whole number of integer cycles between TRP and UE is not measurable. But, if UE has the capability to track the change of cycles, cycle slip information can be further discussed.
)                                                                                     
where, 
 is the carrier phase measurement
N is the number of integer cycles
 is the propagation time
Proposal 2: [bookmark: _Hlk115371308]
· The carrier phase measurement is the phase of a fractional part of the propagation time.
Furthermore, we would like to note the carrier phase measurement in the GNSS is a carrier phase difference. That is because the carrier phase of one point does not contain distance information. For us, NR carrier phase is the same, and the carrier phase measurement may include the common phase error for multiple TRPs’ measurements. Therefore, the carrier phase difference measurement is helpful for NR carrier phase positioning.
Proposal 3: [bookmark: _Hlk115371317]
· NR carrier phase measurement can be the carrier phase difference between the Transmission Point (TP) and the reference TP
Lastly, in the following subsection, we provide the method and evaluation results of the carrier phase measurement. In addition, in the RAN1#110 meeting, it was agreed to further evaluate the multipath mitigation methods for the carrier phase positioning. Therefore, we mainly focus on the methods of estimating the carrier phase of the first path for multipath mitigation. And the detailed method (option A& option B) of carrier phase measurement without multipath mitigation has been provided in the previous document [2] and omitted in this paper.
2.1 The carrier phase measurement of first path 
2.1.1 The carrier phase measurement of the first path in the time domain 
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Figure 1. The example of phase calculation in the time domain
Option C: the phase  of the first peak can be calculated in the time domain as

But  will be not accurate when the actual first path is not at the peak point of CIR or the actual first path is not at the point of sampling (, is sampling rate).  In this case, additional phase error will be introduced for the time domain method due to inaccurate first path delay determination, and the performance of carrier phase measurement in the time domain will be impacted and worse than the measurement in the frequency domain. 
2.1.2 The carrier phase measurement of the first path in frequency domain
In this subsection, we provide 2 methods for carrier phase measurement in frequency domain, where Option D corresponds to ‘carrier phase measurement of the first path in frequency domain’, and for comparison, Option B is also listed here, corresponding to the method without multipath mitigation in frequency domain. 
Option B [2]: calculates the carrier phase  based on the (k,  ) of multiple subcarriers, for example:

But it may be seriously impacted by multipath, so, option D is provided as the following for multipath mitigation.
Option D: the carrier phase measurement in the frequency domain with multipath mitigation CIR
To achieve the carrier phase of the first path, we can do multipath mitigation in the time domain and estimate the carrier phase in the frequency domain with multipath mitigation CIR.
Step 1: Estimate the first path based on timing estimation 
Step 2: Remove other paths in CIR by setting the power after N sampling of the first path as zeros in the time domain
Step 3: Calculate the average carrier phase in the frequency domain with the multipath mitigation channel impulse response 
[image: ]
Figure 2.  The example of multipath mitigation CIR and original CIR
In this case, even though some additional paths are removed by step 2, there is also some path that remains in channel response. Therefore, the performance of carrier phase measurement may be still impacted by multipath.
2.2 The evaluation for carrier phase measurement of first path
	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



In this section, we provide the evaluation of the existing signal with the different carrier phase measurement methods in section 2.1. The simulation results are listed in the following tables. The detailed parameter configurations are provided in Appendix A.
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Figure 3. The performance of carrier phase measurement (radian) 
Table 1 The performance of carrier phase measurement (radian) 
	Assumptions
	50%
	67%
	80%
	90%

	[Case 001], [carrier phase measurement], [SH]
[Option B (frequency domain) in 2.1.2]
(radian)
	0.16
	0.24
	0.31
	0.43

	[Case 002], [carrier phase measurement], [DH]
[Option B (frequency domain) in 2.1.2]
(radian)
	0.19
	0.29
	0.44
	1.36

	[Case 003], [carrier phase measurement], [SH]
[Option C (time domain) in 2.1.1]
	0.026
	0.03
	0.13
	1.47

	[Case 004], [carrier phase measurement], [DH]
[Option C (time domain) in 2.1.1]
	1.83
	2.59
	3.36
	4.41

	[Case 005], [carrier phase measurement], [SH]
[Option D (frequency domain with multipath mitigation) in 2.1.2]
	0.14
	0.17
	0.20
	0.23

	[Case 006], [ carrier phase measurement], [DH]
[Option D (frequency domain with multipath mitigation) in 2.1.2]
	0.15
	0.18
	0.25
	0.64


Based on the evaluation results, we make the following observation.
[bookmark: _Hlk115371340]Observation 1
· For the carrier phase measurement in the frequency domain with option B, the performance accuracy is 0.43 radian @90% in InF- SH.
· For the carrier phase measurement in the frequency domain with option B, the performance accuracy is 1.36 radian @90% in InF- DH.
Observation 2:
· For the carrier phase measurement in the time domain with option C, the performance accuracy is 1.47 radian @90% in InF- SH.
· For the carrier phase measurement in the time domain with option C, the performance accuracy is 4.41 radian @90% in InF- DH.
Observation 3:
· For the carrier phase measurement in the frequency domain of multipath mitigation CIR with option D, the performance accuracy is 0.23 radian @90% in InF- SH.
· For the carrier phase measurement in the frequency domain of multipath mitigation CIR with option D, the performance accuracy is 0.64 radian @90% in InF- DH.
Observation 4:
· For the carrier phase measurement, the performance of carrier phase measurement degraded significantly in the multiple path/NLoS scenario.
Observation 5:
· For the carrier phase measurement accuracy, the performance of carrier phase measurement in the frequency domain of multipath mitigation CIR with option D is the best compared to the carrier phase measurement in the frequency domain and time domain.
2.3 Other multipath mitigation methods 
In terms of performance, introducing carrier phase measurement of the additional path cannot improve accuracy, and the complexity will be increased significantly. So, we prefer not to introduce carrier phase measurement for additional paths.
For LoS and NLoS indication, if the carrier phase positioning is not a standalone positioning method, adding carrier phase measurement in the existing positioning methods (e.g. TDOA, multi-RTT) can indicate whether the measurement is LoS or NLoS, that is, carrier phase measurement can share existing LoS indication with existing positioning method. 
Proposal 4: [bookmark: _Hlk115371369]
· If carrier phase positioning is not a standalone positioning method, the carrier phase measurement can share existing LoS indication with existing positioning methods.
2.4 The summary of the methodology for carrier phase measurement
Based on the further evaluation of the multipath mitigation methods for the carrier phase positioning and evaluation results in section 2.2, we can find the performance of option D is the best and can mitigate the impact of multipath to a certain degree. Therefore, we suggest that carrier phase measurement can be calculated in the frequency domain with multipath mitigation.
Proposal 5: [bookmark: _Hlk115371379]
· For multipath mitigation, the carrier phase measurement in the frequency domain with multipath mitigation（option D）can be adopted.
Carrier phase-based positioning
In GNSS, carrier phase-based positioning as a high-precision positioning method is relevant to many issues, for example:
· Integer ambiguity
· Cycle slipes
· The time/frequency error 
· The reference node
· The joint positioning method 
But, based on the scope of SID and the following agreement, we would like to focus on the integer part and carrier phase positioning accuracy for NR carrier phase positioning. 
	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 



3.1 The method of carrier phase positioning
Solving integer ambiguity is the critical part, the typical method to resolve the integer ambiguity includes:
Step 1: Estimate course integer cycles based on pseudo-range Rounding Algorithm or WLS(weight least squares)

Step 2: Search finer integer cycles to minimize the cost function based on brute force within a range of integer ambiguity.

Therefore, we can find to resolve integer cycles also requires the assistance of timing-based measurement (e.g.  ). In this case, the carrier phase positioning cannot be seen as a standalone positioning.
Proposal 6: [bookmark: _Hlk115371391]
· The carrier phase positioning cannot be seen as a standalone positioning.
3.2 The evaluation for carrier phase positioning with multiple subcarriers
In this section, we provide the evaluation results of carrier phase positioning with ideal integer cycles and estimated finer integer cycles with a cost function.
The evaluation results are listed in the following tables. The detailed parameter configurations are provided in Appendix A.
In addition, based on the section 2 evaluation, option D carrier phase measurement (e.g. ) is used to evaluate the performance of carrier phase positioning. 
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SH case                                                              DH case
Figure 4. The performance of carrier phase positioning (m) 
Table 2 Accuracy with carrier phase positioning for InF-SH and InF-DH
	[bookmark: _Hlk114564966]Assumptions
	50%
	67%
	80%
	90%

	[case 000] [SH] [TDOA only]
	0.039
	0.049
	0.072
	0.099

	[bookmark: OLE_LINK27][case 101] [SH] [ ideal integer cycle]
	0.0012
	0.0017
	0.0033
	0.019

	[case 102] [SH] [cost function] 
	0.0014
	0.002
	0.0044
	0.09

	[case 200] [DH] [TDOA only]
	0.056
	0.075
	0.11
	0.17

	[case 201] [DH] [ ideal integer cycle]
	0.003
	0.005
	0.01
	0.023

	[case 202] [DH] [cost function]
	0.007
	0.14
	0.33
	0.82


Based on the evaluation results, we can find that 
[bookmark: _Hlk115371429]Observation 6:
· For the carrier phase positioning (case 101) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and ideal integer cycles, the accuracy is 0.019m @90% and 0.0012@50% in InF- SH.
· Nearly 4 times better performance compared to TDOA @90%
· Nearly 30 times better performance compared to TDOA @50%
· For the carrier phase positioning (case 102) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and finer integer cycles estimation with cost function, the accuracy is 0.09@90% and 0.0014m @50% in InF- SH.
· The performance is similar to TDOA's @90%
· Nearly 30 times better performance compared to TDOA @50%
[bookmark: _Hlk114579848]Observation 7:
· For the carrier phase positioning (case 201) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and ideal integer cycles, the accuracy is 0.023m @90% and 0.003@50% in InF- DH.
· Nearly 10 times better performance compared to TDOA @90%
· Nearly 18 times better performance compared to TDOA @50%
· For the carrier phase positioning (case 202) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and finer integer cycles estimation with cost function, the accuracy is 0.82m @90% and 0.007@50% in InF- DH.
· The performance is worse than TDOA @90%
· Nearly 8 times better performance compared to TDOA @50%
Observation 8:
· For InF-SH scenario, without additional error, the positioning accuracy @50% with carrier phase positioning can be improved to within 1cm.
· For InF-DH scenario, without additional error, the positioning accuracy @50% with carrier phase positioning can be improved to within 1cm.
Carrier phase-based positioning with additional assumptions
In the last RAN1 meeting, the following agreements about additional assumptions were reached.
	Agreement
In the evaluation of NR carrier phase positioning, the following frequency errors can be considered, which are modeled independently for each UE and each TRP:
· Initial Residual CFO (is the same for one measurement instances [or multiple phase measurement instances]):
· Ideal: 0 (UE/TRP)
· Practical: uniform distribution within 
· [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
· [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
· [-10, +10] Hz (for each TRP, FR1),
· [-40, +40] Hz (for each TRP, FR2).
· Oscillator-drift (is the same for one or multiple phase measurement instances for positioning fix):
· Ideal: 0 (UE/TRP)
· Practical: uniform distribution within [-0.1, 0.1] ppm (UE), [-0.02, +0.02] ppm (each TRP) within measurement duration
· Note: The Doppler frequency can be determined based on the UE speed in the evaluation assumption.


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
In the evaluation of NR carrier phase positioning, the antenna reference point (ARP) location error of a TRP can be modeled as follows: 
· Ideal: no ARP error
· Practical: a zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction


Agreement
In the evaluation of NR carrier phase positioning, the following the UE/TRP antenna phase center offset (PCO) model can be considered as the starting point: 

dPCO =  a * dPhi + w							
			where	
· a is the scale factor, a=[0, 1, 3]
· FFS: other values
· dPhi is the direction difference (in degrees):
· Example 1, dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE).
· Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs.
· w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees
· FFS: value of X or left up to companies
· Note: the above model is valid only when absolute value of dPhi < Y degrees
· FFS: value of Y or left up to companies



To further evaluate how the additional assumption affects positioning accuracy, we evaluate the performance of carrier phase positioning with different errors in InF-SH scenario only considering that the performance of DH without error is already worse than TDOA positioning in some cases. The detailed parameter configuration and CDF figures are provided in Appendix A.
4.1 The evaluation for carrier phase positioning with Residual CFO
In this section, we evaluate the performance of carrier phase positioning with the Residual CFO, the results are provided in Table 3.
Adding Residual CFO in the time domain as follows:

where  is original channel without residual CFO, is residual CFO.
[image: ]
Figure 5. The performance of carrier phase positioning with Residual CFO 
[bookmark: _Ref114581256]Table 3 Accuracy with carrier phase positioning with Residual CFO for InF-SH 
	Assumptions
	50%
	67%
	80%
	90%

	[case 000] [SH][TDOA only]
	0.039
	0.049
	0.072
	0.099

	[case 102] [SH] [cost function]
	0.0014
	0.002
	0.0044
	0.09

	[case 301] [SH] [cost function] [UE residual CFO 30 Hz] [TRP residual CFO 10 Hz] [single differential]
	0.0038
	0.1
	0.24
	0.56

	[case 302] [SH] [cost function] [UE residual CFO 100 Hz] [TRP residual CFO 10 Hz] [single differential] 
	0.09
	0.19
	0.40
	0.66


Based on the evaluation results, we can find that 
[bookmark: _Hlk115371456]Observation 9:
· With residual CFO, the positioning performance of carrier phase positioning degrades and may be worse than TDOA only positioning.
·  With UE residual CFO 30Hz and TRP residual CFO 10Hz, the accuracy drops to 0.56m @90% in InF- SH.
· With UE residual CFO 100Hz and TRP residual CFO 10Hz, the accuracy drops to 0.66m @90% in InF- SH
4.2 The evaluation for carrier phase positioning with ARP error
In this section, we evaluate the performance of carrier phase positioning with different ARP errors, the results are provided in Table 4.
[bookmark: _Ref114582991][image: ]
Figure 6. The performance of carrier phase positioning with ARP error 
[bookmark: OLE_LINK2]Table 4 Accuracy with carrier phase positioning with ARP error for InF-SH
	Assumptions
	50%
	67%
	80%
	90%

	[case 000] [SH][TDOA only]
	0.039
	0.049
	0.072
	0.099

	[case 102] [SH] [cost function]
	0.0014
	0.002
	0.0044
	0.09

	[case 401] [SH] [cost function] [ ARP error with T1 =1cm]
	0.09
	0.14
	0.20
	0.28

	[case 402] [SH] [cost function] [ ARP error with T1 =5cm]
	0.18
	0.22
	0.28
	0.41


Based on the evaluation results, we can find that 
[bookmark: _Hlk115371476]Observation 10:
· With ARP error, the positioning performance of carrier phase positioning degrades significantly and was worse than TDOA only positioning.
·  With ARP error with T1=1cm, the accuracy is 0.28m @90% in InF- SH.
· With ARP error with T1=5cm, the accuracy is 0.41m @90% in InF- SH
4.3 The evaluation for carrier phase positioning with PCO
In this section, we evaluate the performance of carrier phase positioning with different PCO assumptions, the results are provided in Table 5.
[image: ]
[bookmark: _Ref114585347]Figure 7. The performance of carrier phase positioning with PCO
Table 5 Accuracy with carrier phase positioning with PCO for InF-SH 
	Assumptions
	Scenario
	50%
	67%
	80%
	90%

	[case 000] [SH] [TDOA only]
	SH
	0.039
	0.049
	0.072
	0.099

	[case 102] [SH] [cost function]
	SH
	0.0014
	0.002
	0.0044
	0.09

	[case 501] [SH] [cost function] [ PCO 1NOTE1 ]
	
SH
	0.0014
	0.002
	0.006
	0.16

	[case 501] [SH] [cost function] [ PCO 2 NOTE2 ]
	
SH
	0.0023
	0.0036
	0.006
	0.15

	[case 503] [SH] [cost function] [ PCO 3 NOTE3]
	SH
	0.046
	0.11
	0.19
	0.31


Note 1: PCO1 
where
· dPCO =  a * dPhi + w 
·   a=1 
· w=[-2, +2]
· dPhi= [0, 5]
Note 2: PCO2 
where
· dPCO =  a * dPhi + w
· a=3 
· w=[-5, +5]
· dPhi= [0, 5]
Note 3: PCO3 
where
· dPCO =  a * dPhi + w
· a=3 
· w=[-5, +5]
· dPhi= [0,20]
Based on the evaluation results, we can find that 
[bookmark: _Hlk115371546]Observation 11:
· With PCO error, the positioning performance of carrier phase positioning degrades. But the performance is still better than TDOA only positioning @50% at least.
4.4 The evaluation for carrier phase positioning with initial phase
In this section, we evaluate the performance of carrier phase positioning with initial phase error, the initial phase of the receiver is modeled as a random variable uniformly distributed within [0, 2pi]. The results are provided in Table 6.
[image: ]
Figure 8. The performance of carrier phase positioning with initial phase error
[bookmark: _Ref114588995]Table 6 Accuracy with carrier phase positioning with initial phase error for InF-SH 
	Assumptions
	50%
	67%
	80%
	90%

	[case 000] [SH] [TDOA only]
	0.039
	0.049
	0.072
	0.099

	[case 102] [SH] [cost function]
	0.0014
	0.002
	0.0044
	0.09

	[[case 601] [SH] [cost function] [initial phase error ] [single differential]
	0.17
	0.22
	0.27
	0.38


Based on the evaluation results, we can find that 
[bookmark: _Hlk115371553]Observation 12:
· With initial phase error within [0, 2pi], the positioning performance of carrier phase positioning degrades significantly. And the performance will be worse than TDOA only positioning.
Conclusion
In this contribution, we discuss potential enhancement for carrier phase positioning with the following observations and proposals.
Observation 1
· For the carrier phase measurement in the frequency domain with option B, the performance accuracy is 0.43 radian @90% in InF- SH.
· For the carrier phase measurement in the frequency domain with option B, the performance accuracy is 1.36 radian @90% in InF- DH.
Observation 2:
· For the carrier phase measurement in the time domain with option C, the performance accuracy is 1.47 radian @90% in InF- SH.
· For the carrier phase measurement in the time domain with option C, the performance accuracy is 4.41 radian @90% in InF- DH.
Observation 3:
· For the carrier phase measurement in the frequency domain of multipath mitigation CIR with option D, the performance accuracy is 0.23 radian @90% in InF- SH.
· For the carrier phase measurement in the frequency domain of multipath mitigation CIR with option D, the performance accuracy is 0.64 radian @90% in InF- DH.
Observation 4:
· For the carrier phase measurement, the performance of carrier phase measurement degraded significantly in the multiple path/NLoS scenario.
Observation 5:
· For the carrier phase measurement accuracy, the performance of carrier phase measurement in the frequency domain of multipath mitigation CIR with option D is the best compared to the carrier phase measurement in the frequency domain and time domain.
Observation 6:
· For the carrier phase positioning (case 101) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and ideal integer cycles, the accuracy is 0.019m @90% and 0.0012@50% in InF- SH.
· Nearly 4 times better performance compared to TDOA @90%
· Nearly 30 times better performance compared to TDOA @50%
· For the carrier phase positioning (case 102) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and finer integer cycles estimation with cost function, the accuracy is 0.09@90% and 0.0014m @50% in InF- SH.
· The performance is similar to TDOA's @90%
· Nearly 30 times better performance compared to TDOA @50%
Observation 7:
· For the carrier phase positioning (case 201) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and ideal integer cycles, the accuracy is 0.023m @90% and 0.003@50% in InF- DH.
· Nearly 10 times better performance compared to TDOA @90%
· Nearly 18 times better performance compared to TDOA @50%
· For the carrier phase positioning (case 202) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and finer integer cycles estimation with cost function, the accuracy is 0.82m @90% and 0.007@50% in InF- DH.
· The performance is worse than TDOA @90%
· Nearly 8 times better performance compared to TDOA @50%
Observation 8:
· For InF-SH scenario, without additional error, the positioning accuracy @50% with carrier phase positioning can be improved to within 1cm.
· For InF-DH scenario, without additional error, the positioning accuracy @50% with carrier phase positioning can be improved to within 1cm.
Observation 9:
· With residual CFO, the positioning performance of carrier phase positioning degrades and may be worse than TDOA only positioning.
· With UE residual CFO 30Hz and TRP residual CFO 10Hz, the accuracy drops to 0.56m @90% in InF- SH.
· With UE residual CFO 100Hz and TRP residual CFO 10Hz, the accuracy drops to 0.66m @90% in InF- SH
Observation 10:
· With ARP error, the positioning performance of carrier phase positioning degrades significantly and was worse than TDOA only positioning.
· With ARP error with T1=1cm, the accuracy is 0.28m @90% in InF- SH.
· With ARP error with T1=5cm, the accuracy is 0.41m @90% in InF- SH
Observation 11:
· With PCO error, the positioning performance of carrier phase positioning degrades. But the performance is still better than TDOA only positioning @50% at least.
Observation 12:
· With initial phase error within [0, 2pi], the positioning performance of carrier phase positioning degrades significantly. And the performance will be worse than TDOA only positioning.

Proposal 1: 
· To reuse the existing signal (SRS, or PRS) for carrier phase measurement.
Proposal 2: 
· The carrier phase measurement is the phase of a fractional part of the propagation time.
Proposal 3: 
· NR carrier phase measurement can be the carrier phase difference between the Transmission Point (TP) and the reference TP
Proposal 4: 
· If carrier phase positioning is not a standalone positioning method, the carrier phase measurement can share existing LoS indication with existing positioning methods.
Proposal 5: 
· For multipath mitigation, the carrier phase measurement in the frequency domain with multipath mitigation（option D）can be adopted.
Proposal 6: 
· The carrier phase positioning cannot be seen as a standalone positioning.
Appendix A
[bookmark: _Hlk114594512]Table A.0: NR carrier phase measurement - evaluation scenarios and parameters [vivo]
	[bookmark: _Hlk115373276]Parameter
	[Case 001], [InF-SH]
	[Case 002], [InF-DH]
	[Case 003], [InF-SH]
	[Case 004], [InF-DH]
	[Case 005], [InF-SH]
	[Case 006], [InF-DH]

	Channel model 
[TS 38.855, TS 38.857]
	TS 38.857
	TS 38.857
	TS 38.857
	TS 38.857
	TS 38.857
	TS 38.857

	Carrier frequency, or Multiple carrier frequencies, GHz
	3.5G
	3.5G
	3.5G
	3.5G
	3.5G
	3.5G

	Bandwidth, MHz
	100M
	100M
	100M
	100M
	100M
	100M

	Subcarrier spacing, kHz
	30KHZ
	30KHZ
	30KHZ
	30KHZ
	30KHZ
	30KHZ

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot

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

	R16/R17 positioning method 
(if it is used together with CPP)
	DL-TDOA
	DL-TDOA
	DL-TDOA
	DL-TDOA
	DL-TDOA
	DL-TDOA

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

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	single differential
	single differential
	single differential
	single differential
	single differential
	single differential

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions,…)
	/
	/
	/
	/
	/
	/

	Multipath mitigation techniques
(e.g., 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 instance 
	Single-measurement instance 
	Single-measurement instance 
	Single-measurement instance 
	Single-measurement instance 
	Single-measurement instance 

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	/
	/
	/
	/
	/
	/

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

	UE/TRP Initial phase offset 
	/
	/
	/
	/
	/
	/

	CFO/Doppler
	
	
	
	
	
	

	Oscillator-drifts
	/
	/
	/
	/
	/
	/

	ARP errors
	/
	/
	/
	/
	/
	/

	Phase Center Offsets
	/
	/
	/
	/
	/
	/

	Phase noise (FR2)
	/
	/
	/
	/
	/
	/

	Additional notes, if any
	/
	/
	/
	/
	/
	/



Table A.1: NR carrier phase positioning enhancements - evaluation scenarios and parameters [vivo]
	Parameter
	[Case 101], [InF-SH]
	[Case 102], [InF-SH]
	[Case 201], [InF-DH]
	[Case 202], [InF-DH]

	Channel model 
[TS 38.855, TS 38.857]
	TS 38.857
	TS 38.857
	TS 38.857
	TS 38.857

	Carrier frequency, or Multiple carrier frequencies, GHz
	3.5G
	3.5G
	3.5G
	3.5G

	Bandwidth, MHz
	100M
	100M
	100M
	100M

	Subcarrier spacing, kHz
	30KHZ
	30KHZ
	30KHZ
	30KHZ

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot

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

	R16/R17 positioning method 
(if it is used together with CPP)
	DL-TDOA
	DL-TDOA
	DL-TDOA
	DL-TDOA

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

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	single differential
	single differential
	single differential
	single differential

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions,…)
	Ideal integer cycle
	cost functions
	Ideal integer cycle
	cost functions

	Multipath mitigation techniques
(e.g., 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 instance 
	Single-measurement instance 
	Single-measurement instance 
	Single-measurement instance 

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	Taylor series
	Taylor series
	Taylor series
	Taylor series

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

	UE/TRP Initial phase offset 
	/
	/
	/
	/

	CFO/Doppler
	
	
	
	

	Oscillator-drifts
	/
	/
	/
	/

	ARP errors
	/
	/
	/
	/

	Phase Center Offsets
	/
	/
	/
	/

	Phase noise (FR2)
	/
	/
	/
	/

	Additional notes, if any
	/
	/
	/
	/


Table A.2: NR carrier phase positioning enhancements - evaluation scenarios and parameters [vivo]
	Parameter
	[Case 301], [InF-SH]
	[Case 302], [InF-SH]
	[Case 401], [InF-SH]
	[Case 402], [InF-SH]

	Channel model 
[TS 38.855, TS 38.857]
	TS 38.857
	TS 38.857
	TS 38.857
	TS 38.857

	Carrier frequency, or Multiple carrier frequencies, GHz
	3.5G
	3.5G
	3.5G
	3.5G

	Bandwidth, MHz
	100M
	100M
	100M
	100M

	Subcarrier spacing, kHz
	30KHZ
	30KHZ
	30KHZ
	30KHZ

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot

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

	R16/R17 positioning method 
(if it is used together with CPP)
	DL-TDOA
	DL-TDOA
	DL-TDOA
	DL-TDOA

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

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	single differential
	single differential
	single differential
	single differential

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions,…)
	cost functions
	cost functions
	cost functions
	cost functions

	Multipath mitigation techniques
(e.g., 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 instance 
	Single-measurement instance 
	Single-measurement instance 
	Single-measurement instance 

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	Taylor series
	Taylor series
	Taylor series
	Taylor series

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

	UE/TRP Initial phase offset 
	/
	/
	/
	[0，2pi]

	CFO/Doppler
	UE residual CFO 30 HZ
TRP residual CFO 10 HZ
	UE residual CFO 100 HZ
TRP residual CFO 10 HZ
	/
	/

	Oscillator-drifts
	/
	/
	/
	/

	ARP errors
	/
	/
	T1=1cm
	T1=5cm

	Phase Center Offsets
	/
	/
	/
	/

	Phase noise (FR2)
	/
	/
	/
	/

	Additional notes, if any
	/
	/
	/
	/


Table A.3: NR carrier phase positioning enhancements - evaluation scenarios and parameters [vivo]
	Parameter
	[Case 501], [InF-SH]
	[Case 502], [InF-SH]
	[Case 503], [InF-SH]
	[Case 601], [InF-SH]

	Channel model 
[TS 38.855, TS 38.857]
	TS 38.857
	TS 38.857
	TS 38.857
	TS 38.857

	Carrier frequency, or Multiple carrier frequencies, GHz
	3.5G
	3.5G
	3.5G
	3.5G

	Bandwidth, MHz
	100M
	100M
	100M
	100M

	Subcarrier spacing, kHz
	30KHZ
	30KHZ
	30KHZ
	30KHZ

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot
	PRS
1 Sample
(comb-6 frequency structure, 6 symbols within a slot

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

	R16/R17 positioning method 
(if it is used together with CPP)
	DL-TDOA
	DL-TDOA
	DL-TDOA
	DL-TDOA

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

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	single differential
	single differential
	single differential
	single differential

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions,…)
	cost functions
	cost functions
	cost functions
	cost functions

	Multipath mitigation techniques
(e.g., 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 instance 
	Single-measurement instance 
	Single-measurement instance 
	Single-measurement instance 

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	Taylor series
	Taylor series
	Taylor series
	Taylor series

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

	UE/TRP Initial phase offset 
	/
	/
	/
	/

	CFO/Doppler
	/
	/
	/
	

	Oscillator-drifts
	/
	/
	/
	/

	ARP errors
	a=1 
w=[-2, +2]
dPhi= [0, 5]
	a=3 
w=[-5, +5]
dPhi= [0, 5]
	a=3 
w=[-5, +5]
dPhi= [0, 20]
	/

	Phase Center Offsets
	/
	/
	/
	/

	Phase noise (FR2)
	/
	/
	/
	[0,2pi]

	Additional notes, if any
	/
	/
	/
	/
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