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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]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]
· [bookmark: OLE_LINK4]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 RAN1#109e meeting, a bunch of agreements were reached. In this contribution, we provide our views on the 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. 


Firstly, considering the evaluation in the last meeting and simulation of the existing signal, we can find the existing signal can be used for carrier phase measurements. So, based on the scope of SID, we propose
Proposal 1: 
· To reuse the existing signal(SRS, or PRS) for carrier phase measurement.
In addition, we think the carrier phase measurement is for the fractional part of the propagation time as follows.
)                                                                                     
where, 
 is the carrier phase
N is the number of integer cycles
 is the propagation time
Proposal 2: 
· The carrier phase measure is the phase of a fractional part of the propagation time.
We would like to note the carrier phase measurement in the GNSS is a carrier phase difference. That is, carrier phase of one point does not contain distance information. Meanwhile, the carrier phase measurement of DL PRS may include the common phase error for multiple TRPs. The carrier phase measurement in NR can be carrier phase difference measurement.
Proposal 3: 
· NR carrier phase measurement can be the carrier phase difference between the Transmission Point (TP) and the reference TP
Furthermore, even if carrier phase difference is used for carrier phase positioning, the carrier phase needs to be calculated first to achieve carrier phase difference. So, in the following section, we provide the method and evaluation for the carrier phase.
Lastly, due to the carrier phase measurement being a totally new thing for NR, we propose that the selected measurement method and corresponding phase measurement performance should be provided by companies.
Proposal 4:  
· NR carrier phase measurement accuracy should be evaluated and provided with the selected method by companies.
The carrier phase measurement in the frequency domain 
The channel frequency response:

given, 

where  is the distance (pseudo-range)between BS and UE
The channel frequency response can be described as

Where  is the number of Integer cycles, and  is a fractional phase in a cycle
Based on the above formulate, and in LoS case, if the ,  can be described as
Option A: the carrier phase  for a TRP can be calculated as follows based on single carrier

In addition, the PRS is transmitted in multiple carriers, and the LoS component in channel frequency response can be described as 

[bookmark: OLE_LINK1]Then, the carrier phase  in the carrier k can be 

So, the carrier phase in multiple carriers can be equivalent to a linear function, which is the slope () and  intercept , and we can calculate the intercept  based on multiple carriers.
Option B: the carrier phase  for a TRP (that is the intercept/slope )can be calculated according to the (k,  ) of multiple carriers, for example:

The carrier phase measurement in the time domain 
[image: ]
Figure 1. The example of phase calculation in the time domain
Option C: the phase  for a TRP can be calculated in the time domain as

But  will be not accurate when the first path is not the peak point of CIR or the first path is not the point of sampling. 
The carrier phase measurement with 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 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
The evaluation for carrier phase measurement
	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
· In addition to the evaluation assumptions of NR Rel-16/17, the following error sources may also be considered during the evaluation:
· Phase noise (FR2)
· CFO/Doppler
· Oscillator-drift
· Transmitter/receiver antenna reference point location errors
· Transmitter/receiver initial phase error
· Phase center offset
· Note: Other error sources are not precluded
· Note: UE mobility can be considered in the evaluations
· Note: one or more error sources can be evaluated jointly
· Note: companies should provide the error sources model with their evaluations



In this section, we provide the evaluation of the existing signal with the above method in section 2.1. The baseline scenarios are used to evaluate. In addition, we would like to note, that based on the simulation assumption and the channel model in 38.901, the following errors (Doppler, initial phase error) are considered in the existing simulation assumptions.

The Doppler is considered in the evaluation by  and the random transmitter/receiver initial phase error  is considered for the NLoS channel.

	

	

Based on the system evaluation,  the preliminary evaluation results for carrier phase measurement accuracy are captured as the following. 
[image: ]
Figure 3. The performance of carrier phase measurement (radian) 
Table 1 The performance of carrier phase measurement (radian) 
	Assumptions
	scenario
	50%
	67%
	80%
	90%

	[Case 1], [carrier phase measurement], [FR1]
[Option B (frequency domain)in 2.1.1]
(radian)
	SH 
	0.16
	0.24
	0.31
	0.43

	
	DH 
	0.19
	0.29
	0.44
	1.36

	[Case 2],[ carrier phase measurement],[FR1]
[Option C(time domain) in 2.1.2 ]
	SH
	0.026
	0.03
	0.13
	1.47

	
	DH
	1.83
	2.59
	3.36
	4.41

	[Case 3],[ carrier phase measurement],[FR1]
[Option D (frequency domain with multipath mitigation )in 2.1.3]
	SH
	0.025
	0.03
	0.048
	0.13

	
	DH
	0.032
	0.08
	0.25
	0.64


Based on the evaluation results, we make the following observation.
[bookmark: _Hlk111198584]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 0.13 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 with 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 best compared to the carrier phase measurement in the frequency domain and time domain.
The summary of the methodology for carrier phase measurement
Table 2 The analysis of candidate method of carrier phase measurement
	methodology
	Pros 
	Cons

	The carrier phase measurement in the time domain
	Simple and easy to implement

	The performance will be degraded when the first path is not the peak point of CIR or the first path is not the point of sampling. 


	The carrier phase measurement in the frequency domain
	Simple and easy to implement

	The performance will be degraded significantly with the multiple path/NloS scenario.

	The carrier phase measurement in the frequency domain with multipath mitigation
	Medium complexity can alleviate the impact of multipath

	The carrier phase can not be an independent positioning



	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.


Based on the evaluation results in section 2.2, we can find the performance of option D is best and can mitigate the impact of multipath to a certain degree. Therefore, we suggest that carrier phase measurement can be achieved in the frequency domain with multipath mitigation.
Proposal 5: [bookmark: _Hlk111198508]
· The carrier phase measurement can be calculated in the frequency domain with multipath mitigation.
[bookmark: Pro2]Carrier phase-based positioning
In GNSS, carrier phase-based positioning as a high-precision positioning method is relevant to many issues except carrier phase measurement, 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 



The method of carrier phase positioning
For the carrier phase positioning, the core part is the estimation of integer cycles. Generally speaking, based on the following formula, the integer part estimation requires the assistance of pseudo-range measurements(for NR, is ToA, RSTD)
 
)
The typical method includes: using the Round(pseudo-range measurements) as integer cycles or searching the integer cycles in a range by LAMBDA, FASF algorithm.
Therefore, we think the accuracy of integer cycles also requires the assistance of timing-based measurement, and then carrier phase positioning cannot be seen as a standalone positioning.
Proposal 6: [bookmark: _Hlk111198534]
· The carrier phase positioning cannot be seen as a standalone positioning.
The evaluation for carrier phase positioning with single carriers
In this section, we provide the evaluation result of carrier phase positioning with ideal integer cycles, and case2/ case 3 carrier phase measurement, and estimated integer cycles with weight least squares algorithm and case2/ case 3 carrier phase measurement.
The preliminary evaluation results with ideal integer cycles are captured as the following
[image: ]
Table 3 The performance of positioning accuracy of carrier phase positioning with ideal integer cycles
	Assumptions
	Scenario
	50%
	67%
	80%
	90%

	[case 4] Positioning accuracy with TDOA only
	SH
	0.039
	0.049
	0.072
	0.099

	[case 5] Positioning accuracy with TDOA and case 2 (Option C )phase measurement and ideal integer cycles
	SH
	0.075
	0.11
	0.13
	0.21

	[case 6] Positioning accuracy with TDOA and case 3 （option D）phase measurement and ideal integer cycle
	SH
	0.0068
	0.01
	0.016
	0.02


Based on the evaluation results, we can found 
[bookmark: _Hlk111198600]Observation 6:
· For the carrier phase positioning (case 5 )with option C（time-domain carrier phase measurement）and ideal integer cycles, the performance accuracy is 0.21m @90% in InF- SH.
· Based on evaluation result in case 5 with Option C phase measurement error and ideal integer cycles, no gain can be achieved by carrier phase positioning compared to TDOA-only positioning.
Observation 7:
· For the carrier phase positioning (case 6 ) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and ideal integer cycles, the performance accuracy is 0.02m @90% in InF- SH.
Observation 8:
· Considering taking the ideal integer cycle for carrier phase positioning, the positioning error is totally introduced by carrier phase measurement. 
· Case 5 carrier positioning accuracy is worse than case 6 because of the worse carrier phase measurement accuracy in case 5. 
·   As the carrier phase measurement error increases, the accuracy of carrier phase positioning decreases, and may no gain can be achieved by carrier phase positioning compared to TDOA-only positioning even with the ideal integer cycles.
In addition, we provide the evaluation results with integer cycles estimation by WLS as the following. 
[image: ]
Table 4 The performance of positioning accuracy with carrier phase positioning
	Assumptions
	Scenario
	50%
	67%
	80%
	90%

	[case 4] Positioning accuracy with TDOA only
	SH
	0.039
	0.049
	0.072
	0.099

	[case 6] Positioning accuracy with TDOA and case 3 （option D）phase measurement and ideal integer cycle
	SH
	0.0068
	0.01
	0.016
	0.02

	[case 7] Positioning accuracy with TDOA and case 2 (Option C )phase measurement and estimate integer cycles estimation by a single carrier
	
SH
	0.05
	0.07
	0.08
	0.13

	[case8] Positioning accuracy with TDOA and case 3 (Option D )phase measurement and integer cycles estimation by a single carrier
	
SH
	0.027
	0.04
	0.057
	0.07


Based on the evaluation, we can find that
[bookmark: _Hlk111198784]Observation 9:
· For the carrier phase positioning with option C（carrier phase measurement in the frequency domain of multipath mitigation CIR）and integer cycles estimation method of WLS, the performance accuracy is 0.13m @90% in InF- SH.
Observation 10:
· For the carrier phase positioning with option D（carrier phase measurement in the frequency domain of multipath mitigation CIR）and integer cycles estimation method of WLS, the performance accuracy is 0.07m @90% in InF- SH.
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 0.13 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 with 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 best compared to the carrier phase measurement in the frequency domain and time domain.
Observation 6:
· For the carrier phase positioning (case 5 )with option C（time-domain carrier phase measurement）and ideal integer cycles, the performance accuracy is 0.21m @90% in InF- SH.
· [bookmark: _Hlk111198724]Based on evaluation result in case 5 with Option C phase measurement error and ideal integer cycles, no gain can be achieved by carrier phase positioning compared to TDOA-only positioning.
Observation 7:
· For the carrier phase positioning (case 6 ) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and ideal integer cycles, the performance accuracy is 0.02m @90% in InF- SH.
Observation 8:
· Considering taking the ideal integer cycle for carrier phase positioning, the positioning error is totally introduced by carrier phase measurement. 
· Case 5 carrier positioning accuracy is worse than case 6 because of the worse carrier phase measurement accuracy in case 5. 
·   As the carrier phase measurement error increases, the accuracy of carrier phase positioning decreases, and may no gain can be achieved by carrier phase positioning compared to TDOA-only positioning even with the ideal integer cycles.
Observation 9:
· For the carrier phase positioning with option C（carrier phase measurement in the frequency domain of multipath mitigation CIR）and integer cycles estimation method of WLS, the performance accuracy is 0.13m @90% in InF- SH.
Observation 10:
· For the carrier phase positioning with option D（carrier phase measurement in the frequency domain of multipath mitigation CIR）and integer cycles estimation method of WLS, the performance accuracy is 0.07m @90% in InF- SH.
Proposal 1: 
· To reuse the existing signal(SRS, or PRS) for carrier phase measurement.
Proposal 2: 
· The carrier phase measure 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: 
· NR carrier phase measurement accuracy should be evaluated and provided with the selected method by companies.
Proposal 5: 
· The carrier phase measurement can be calculated in the frequency domain with multipath mitigation.
Proposal 6: 
· The carrier phase positioning cannot be seen as a standalone positioning.
References
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