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In RAN#94e meeting, a SID for study on expanded and improved NR positioning was approved for Rel-18 where one item is to study carrier phase measurement based positioning techniques as follows [1].
	· Improved accuracy, integrity, and power efficiency:
· ...
· 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


In this contribution, we provide our views on carrier phase measurement based positioning techniques from RAN1 perspective.
Discussion
2.1 Background
With the progress of society, development of electronic and communication technologies, the requirement of device positioning is rising up, e.g., mining, parking, elder/children supervision, etc.
In some commercial use cases, a positioning accuracy of 0.2 meters is required. In some other use cases, the target of positioning requirements is even less than 0.2 meters.
To fulfill these high accuracy requirements of positioning, some solutions, such as frequency layer aggregation (carrier aggregation), NR carrier phase measurements, were proposed for research. This contribution will deal with the NR carrier phase measurements technology.
It is well known that carrier phase measurement based positioning is widely applied in GNSS (such as GPS, Galileo system, BeiDou navigation system, etc) as the following Figure 1. It can provide high accuracy of positioning (e.g., sub-meter level accuracy, even centimeter level accuracy).


Figure 1   Carrier phase based positioning for GNSS
2.2 Carrier phase based solutions for RAT-dependent positioning
For easy description of the principle of carrier phase based positioning for wireless based positioning, the following Figure 2 is used as an example. In this figure, the UE 1 is a fixed UE whose location is known to gNB/LMF (similar to PRU). The location of UE 2 which is the target UE is to be measured. Two base station (gNB j and gNB k) will transmit PRS simultaneously (without any timing error, for simplification).


Figure 2   Positioning network

For (fixed) UE 1, the carrier phase measured on signal from gNB j is

                          (Equ. 1)




Wherein, the  is the wave length of radio signal, the  is the fractional part of carrier phase (e.g., measurement from PLL), the N is the integer part of carrier phase, the  is the real distance between UE and gNB (LOS distance), the  is measurement noise or error. The fixed UE 1 as a PRU can be used to mitigate/calibrate the timing error and phase error between gNBs. 
In the following subsections, we provide two potential solutions to elaborate how carrier phase based positioning works for RAT-dependent positioning. 
2.2.1 Solution 1
The basic principle of this method is, one initial UE location can be reached via TOA/TDOA/AOA/AOD, etc. After that, the Taylor expansion (to the first order) is applied to the distance computation (i.e., linearization). Then, with measurements from multiple base station, an increment of distance and a set of integer part of carrier phase (N) can be calculated. Hence, the location of UE can be updated.

For 2D positioning (Note: also viable for 3D positioning), it is assumed the coordinate of gNB is  which is known, the coordinate of UE is (x,y) . Then the distance between gNB and UE is

           (Equ. 2)
Because the Equ. 2 is a non-linear equation, it is hard to solve. It should be linearized first (e.g., via Taylor expansion to the first order) as the following.

           (Equ. 3)

           (Equ. 4)

In Equ. 3 and Equ. 4, the initial coordinate  can be achieved via TOA/TDOA (i.e., pseudo-distance). In Equ. 3, the O(dX) can be omitted.
After combining Equ. 3 and Equ. 1 together, the following equation can be achieved.

      (Equ. 5)
By moving item in Equ. 5, the following equation can be achieved.

      (Equ. 6)
For pseudo-distance R measured by UE (e.g., via TOA/TDOA), the following equation (approximately) holds (esp., for large R).

            (Equ. 7)

For Equ. 6 (by dropping measurement noise ) and Equ. 7, with multiple observation (e.g., multiple measurements), the following equation can be achieved.

                      (Equ. 8)
Based on Equ. 8, the following solution can be achieved.

                (Equ. 9)




Wherein,  is position increment being calculated (relative to the initial coordinate ),  is integer multiple of wave length from UE to nth gNB,  is direction cosine vector for multiple observation, E is the identical matrix.
With X and N, the position of UE can be determined.
It should be noted that, the Taylor expansion may introduce some error because the second order, third order, etc. are omitted.
2.2.2 Solution 2
The basic principle of this method is, one initial UE location can be reached via TOA/TDOA/AOA/AOD, etc. After that, similar to TDOA, a differential is applied to the distance equation. Next, an integer search is performed with measurements from multiple base stations. Then, an optimal estimation with least error is performed. Finally, the location of UE and a set of integer part of carrier phase (N) can be reached (with least error).
As the following Figure 3, the coordinate of the target UE is denoted as (x,y), the coordinate of gNB is (xi,yi), the fractional part of carrier phase is Ф, the integer part of carrier phase is N, then the distance between UE and ith gNB is

                       (Equ. 10)


Figure 3   Another positioning network
The square and expansion of Equ. 10 is

                     (Equ. 11)

Let  , then

                      (Equ. 12)
For the distance between UE and gNB, a differential between the 2nd gNB and the 1st gNB is

 (Equ.13)
After moving some items based on Equ.13, the following can be reached.

        (Equ. 14)
Similarly, a differential between the nth gNB and the 1st gNB can also be achieved as the following equation.

        (Equ. 15)
For the equation above, it can be re-written as the following.

                                          (Equ. 16)



wherein, ，， .
For each combination of {N1, …, Nn}, the position of UE (i.e., X=[x, y]’) can be achieved.

                                (Equ. 17)
Wherein, the AT is the transposition matrix of A.
An error function can be computed for each combination values of {N1, …, Nn} as the following. After searching all combination values of {N1, …, Nn}, the optimal combination values of {N1, …, Nn } with minimum error function value can be searched. Then, the coordinate (x, y) corresponding the optimal combination of {N1, …, Nn } is determined as the finally estimated UE location. 

                                        (Equ. 18)
Wherein,

                   (Equ. 19)
2.3 Simulation assumption
Actually, the carrier phase based positioning was discussed in the initial stage of Rel-17. Hence, we propose to reuse the simulation assumptions defined in Rel-17, i.e. indoor factory. It is well known carrier phase based positioning is more suitable in scenarios with sufficient LOS links, we suggest focusing on InF-SH scenario which has high LOS probability.
Proposal 1: InF-SH is used for evaluation of carrier phase based positioning.
In addition, the bandwidth of the positioning RS will determine the initial location error of a UE. According to our simulation results (in the section 2.4), the initial location error will affect the positioning accuracy of the carrier phase based positioning or computation complexity. Hence, we have the following proposal.
Proposal 2: The bandwidth (e.g., 100MHz) used for evaluation of carrier phase based positioning should be aligned among companies.
The other suggested simulation parameters are listed in the following Table 1.
Table 1    Simulation setting
	Parameter
	Setting

	Scenario
	InF-SH

	Carrier frequency
	4GHz

	Bandwidth / SCS
	100MHz / 30kHz
50MHz / 15kHz

	Reference signal
	PRS

	Carrier Phase estimation 
	Perfect Φ measurement

	Algorithm for positioning
	MUSIC, DL-TOA

	Synchronization between gNB
	Ideal

	Number of UE per site
	10



2.4 Preliminary simulation results for carrier phase measurement based positioning
In this section, simulation results are provided in the following Figure 4, Figure 5 and Table 2 based on the solution elaborated in section 2.2.2. From these simulation results, it can be observed that, the carrier phase measurement based positioning can provide perfect positioning accuracy. 
It should be noted that, if the initial location of UE were estimated close to its actual location, it may be much easier for UE or LMF to search the optimal UE location. In the simulation, we restrict Nn (integer multiples of wave between UE and nth gNB) values within a limited range for lower complexity where the limited range is determined by the uncertainty of TDOA method. If the real Nn value is beyond the limited range, more errors will be caused. That’s why the performance with 50MHz is worse than 100MHz. 
More simulation details are provided in the Table 1 above.
Observation 1: The carrier phase measurement based positioning can provide very high positioning accuracy in InF-SH.
Proposal 3: Consider to specify carrier phase measurement based positioning in Rel-18.
[image: ]
Figure 4    Simulation results for carrier phase measurement based positioning (100MHz)
[image: ]
Figure 5    Simulation results for carrier phase measurement based positioning (50MHz)

Table 2 Positioning accuracy of carrier phase measurement based positioning
	
	Positioning accuracy (m)

	Case
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%

	Classical TOA (100MHz)
	0.175
	0.237
	0.311
	0.45

	Carrier Phase with Perfect Φ measurement (100MHz)
	0
	0
	0
	0.065

	Classical TOA (50MHz)
	0.553
	0.764
	1.10
	1.497

	Carrier Phase with Perfect Φ measurement (50MHz)
	0
	0
	0
	0.595


2.5 Specification effort on carrier phase based positioning
[bookmark: _GoBack]As aforementioned discussion, the preliminary UE location estimated by the legacy positioning methods, e.g. by TDOA helps UE or LMF calculate the optimal Nn (integer multiples of wave between UE and nth gNB) values within a valid range. Hence, we think carrier phase measurement may need to work together with the legacy positioning methods. Alternatively, carrier phase measurement can be a positioning method independent from TDOA, RTT, AOA, AOD. 
Proposal 4: Discuss whether carrier phase measurement is an independent positioning method or is configured under each legacy positioning method. 
In addition, whether to support LMF based or UE based solution or both should be discussed. For UE-based positioning, the LMF should provide information achieved from gNB, e.g., location of gNB, carrier phase measured from gNB side, etc., to a UE. For UE-assisted or LMF based positioning, a UE should provide carrier phase measurement results to LMF.  
In addition, whether to support UL or DL carrier phase measurement or both should be discussed as well. For UL, gNB will measure SRS to get carrier phase measurement results. For DL, UE will measure PRS to get carrier phase measurement results.
Proposal 5: Discuss whether LMF based or UE based solution or both is supported. Also discuss whether UL or DL carrier phase measurement or both is supported.
For carrier phase based positioning in GNSS, the carrier phase estimation comes from PLL as contiguous sinusoidal reference signal is transmitted. However, for NR RAT-dependent carrier phase positioning, it is better to achieve carrier phase estimation based on the existing PRS or SRS. Then, the carrier phase estimation might come from time domain (e.g., the phase of the first path) or frequency domain (e.g., the phase of a specific sub-carrier). Hence, we have the following proposal. 
Proposal 6: Discuss how the carrier phase estimation can be achieved based on the existing PRS or SRS, e.g. from frequency domain channel estimation or time domain channel estimation.

Conclusion
In this contribution, we provide our views on carrier phase measurement based positioning techniques
Observation 1: The carrier phase measurement based positioning can provide very high positioning accuracy in InF-SH.
Proposal 1: InF-SH is used for evaluation of carrier phase based positioning.
Proposal 2: The bandwidth (e.g., 100MHz) used for evaluation of carrier phase based positioning should be aligned among companies.
Proposal 3: Consider to specify carrier phase measurement based positioning in Rel-18.
Proposal 4: Discuss whether carrier phase measurement is an independent positioning method or is configured under each legacy positioning method. 
Proposal 5: Discuss whether LMF based or UE based solution or both is supported. Also discuss whether UL or DL carrier phase measurement or both is supported.
Proposal 6: Discuss how the carrier phase estimation can be achieved based on the existing PRS or SRS, e.g. from frequency domain channel estimation or time domain channel estimation.

Reference
[1] RP-213588, Revised SID on Study on expanded and improved NR positioning, 3GPP RAN#94-e
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