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[bookmark: OLE_LINK1]Introduction 
In 3GPP RAN1#110b-e meeting, some agreements on NR carrier phase positioning were reached as follows [1].
	Agreement
The existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. 
· FFS: Whether to consider enhancements of the existing DL PRS and UL SRS for better positioning performance
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
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.
Agreement
Further study the benefits of using the carrier phase measurements of multiple DL positioning frequency layers for NR carrier phase positioning, which may include the impact of the time gap between the carrier phase measurements of multiple DL PFLs.
· Note 1: The initial phase error and the frequency error for each PFLs can be modelled independently
· Note 2: For the evaluation, the PRS signals of all PFLs of a TRP can be assumed to be transmitted from the same ARP or from different ARPs of the TRP.
· Note 3: The location error for ARPs can be modelled independently.
· Note 4: The timing errors of the PFLs may not be the same for PFLs in different bands or frequency ranges.
· Note 5: In Rel-17, simultaneous reception of DL PRS from multiple frequency layers is not supported
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.
Agreement
Capture the following TP into TR 38.859 as a conclusion (for Section 6.3.1):
· The impact of multipath/NLOS on NR carrier phase positioning is evaluated during the study item. Based on the study, it is concluded that multipath/NLOS deteriorates the performance of carrier phase positioning and it is necessary to consider multipath mitigation for NR carrier phase positioning.
· The evaluation results for the impact of the multipath/NLOS on NR carrier phase positioning will be presented in Section 6.3.2.
Agreement
Add the following note to the previous agreement on error modelling of the initial phase:
· Note: The initial phases of a transmitter for different carriers can be assumed to be independent of each other. Similarly, the initial phases of a receiver for different carriers can be assumed to be independent of each other.
Agreement
Add a row of "PRU assumptions" in Table B.4.X.1-1: NR carrier phase positioning enhancements – evaluation scenarios and parameters” in Draft TR 38.859.
· Note: PRU deployment assumptions may include the assumptions of the number of PRUs, the PRU locations and location errors etc.
Agreement
Capture the following TP into TR 38.859 as an evaluation observation:
The impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning is evaluated in the study item. The evaluation results from the sources (e.g., Huawei[1], vivo[2], CATT[6], ZTE[9]) show that if the initial phases of the transmitter and the receiver are not eliminated, it is impossible to support centimeter-accuracy positioning.
The effectiveness of using double differential technique with PRU to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the sources (Huawei[1], CATT[6], ZTE[9], Ericsson [23]) show that the initial phases of the transmitter and the receiver can be removed effectively by the double differential technique with the use of the PRU:
· Source [Huawei, 1] shows the positioning accuracy of <1cm (80%) for Inf-SH and < 1cm (50%) for Inf-DH can be reached when the PRU is located within a distance of 5m from the target UE.
· Source [CATT, 6] shows the positioning accuracy of <1cm (80%) for Inf-SH and <1cm (50%) for Inf-DH can be reached under the under condition that the PRU is located a fixed location in LOS of the TRP.
· Source [Ericsson 23] shows that the accuracy of <1cm (50%) when the PRU is located within 1m of the target UE. However, the effectiveness reduces when the PRU is located away from the target UE because the channel conditions of the PRU is different from the target UE.
· Note: in the above results, all other error sources (except initial phase error) were not modelled.
(Not captured in TR) Note: The number of sources and the references, and the observations, can be further updated in next meeting depending on companies’ updates of simulation results. 
Agreement
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):
The impact of the residual CFOs of the transmitter and the receiver on NR carrier phase positioning are evaluated during the study item.
· The evaluation results from the sources (Huawei[1], ZTE[9]) shows the impact of residual CFOs on carrier phase positioning is negligible.
· The evaluation results from the source (CATT[4]) shows the impact of the residual CFOs on the positioning performance of carrier phase positioning is removed with the use of the double differential technique with the PRU that is located a fixed location in LOS of the TRP.
(Not captured in TR) Note: The number of sources and the references, and the observations, can be further updated in next meeting depending on companies’ updates of simulation results. 
[bookmark: _Hlk117170400]Agreement
Capture the following TP into TR 38.859 (Section 6.3.1):
· The use of the positioning reference unit (PRU) to facilitate NR carrier phase positioning has been studied during the study item.
· For DL NR carrier phase positioning, the PRU works as a UE to receive the DL PRS reference signals and provide the DL carrier phase measurements to the LMF, where the double differential measurements can be obtained by the difference of the DL carrier phase measurements from the target UE and those from the PRU for eliminating the measurement errors.
· For UL NR carrier phase positioning, the PRU works as a UE to transmit the UL SRS signals for positioning purpose. The TRPs provides the UL carrier phase measurements obtained from the UL SRS signals of the target UE and of the PRU to the LMF, where the double differential measurements can be obtained by the difference of these UL carrier phase measurements for eliminating the measurement errors.
  Agreement
Further study the effectiveness of the following multipath mitigation methods for the carrier phase positioning and the potential on the standard work:
· Identify and separate the first path and other paths.
· Reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· The report of other channel information, such as RSRP/RSRPP.
 Agreement
Further study the following approaches for NR carrier phase positioning, and identify the potential impact on the standard.
· the reporting of the carrier phase measurements together with the existing positioning measurements.
· the reporting of the carrier phase-based measurements alone without reporting the existing positioning measurements.


In this contribution, we provide our views on carrier phase measurement based positioning techniques from RAN1 perspective.
Theory of carrier phase based solution for RAT-dependent positioning
For easy description of the principle of carrier phase based positioning for wireless based positioning, the following Figure 1 is used as an example. The location of the target UE is to be measured. Two base stations will transmit PRS simultaneously (without any timing error for simplification).


Figure 1   Positioning network
For a UE, the carrier phase measured on signal from gNB i is

[bookmark: _Ref4654][bookmark: _Ref4629]					(Equ. 1)

Wherein, λ is the wave length of radio signal, Φ is the fractional part of carrier phase (e.g., measurement from PLL), the N is the integer part of carrier phase, ρ is the real distance between UE and gNB (LOS distance),  is measurement noise or error. 
The basic principle of this carrier phase positioning 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. Then, an integer search is performed with measurements from multiple base stations, where 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 shown in Figure 1, the coordinate of the target UE is denoted as (x,y), the coordinate of gNB is (xi,yi), then the distance between UE and ith gNB is

[bookmark: _Ref4664]                     (Equ. 2)
The square and expansion of Equ. 2 is

                     (Equ. 3)

Let  , then

                      (Equ. 4)
For the distance between UE and gNB, a differential between the 2nd gNB and the 1st gNB is

[bookmark: _Ref8038] (Equ. 5)
After moving some items based on Equ. 5, the following can be reached.

        (Equ. 6)
Similarly, a differential between the nth gNB and the 1st gNB can also be achieved as the following equation.

        (Equ. 7)
For the equation above, it can be re-written as the following.

                                          (Equ. 8)



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

                                (Equ. 9)
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. 10)
Wherein,

                   (Equ. 11)
Influence of integer ambiguity
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 other words, large search range of integer values N will lead to high complexity at the receiver side. With the above method, we provide some simulation results as shown in Figure 2 where we restrict Nn (integer multiples of wave between UE and nth gNB) values within a limited range for lower complexity, and the initial UE location is determined by TDOA method. If the real Nn value is beyond the limited range, large location errors may be caused.
In the simulation, multiple searching ranges of integer values N between UE and TRPs are used, no phase error at either gNB side or UE side is assumed, i.e. it is assumed that UE can achieve perfect phase between itself and each TRP. More details of the simulation assumptions can be found in Section 9. 
[image: ][image: ]
Figure 2   Positioning accuracy under different integer range with perfect/ideal Φ
From the simulation results, it can be observed that, the wider range of the searching integer values, the better positioning performance is provided. Hence, we have the following observation.
[bookmark: _Ref12544]Observation 1: Assuming receiver can get perfect phase between itself and the transmitter, very high positioning accuracy can be achieved, especially under a large searching range of integer values.
[image: ][image: ]
Figure 3  Positioning accuracy under different integer range with practical Φ
Large search range of integer values N will increase the positioning accuracy with perfect/ideal Φ, but on the contrary, for practical Φ, from Figure 3, it can be observed that, a too large or too small scope of integer will decrease the accuracy of positioning for SH scenarios which have sufficient LOS links. That is because incorrect N(ambiguity integer) value may be selected if the search range is too large or too small. 
For DH scenario, since there are no sufficient LOS links, there is no benefit observed even without initial random phase.Hence, we have the following observation.
[bookmark: _Ref23205]Observation 2: For the cases with practical phase estimation, and without initial phase error models:
· For SH scenario, a proper integer ambiguity search range is needed to get best performance, and too small or too larger search range will cause performance loss.
· 1cm(50%) positioning accuracy can be achieved.
· For DH scenario which has no sufficient LOS links, there is no performance benefit observed compared with TDOA method.
Influence of phase estimation error
In practice, there may exist initial phase offset between transmitter and receiver, e.g., a random value from [0, 2π] as agreed for simulation in RAN1#110bis-e meeting. Although some solutions such as PRU assisted method can be used to calibrated initial random phase among TRPs, the residual errors for phase estimation still exist because of non-perfect channel estimation. 
[image: ]
Figure 4 Positioning accuracy with different phase estimation errors
In Figure 4, we assume different residual phase estimation errors. It can be observed that, a larger phase estimation error will cause worse positioning accuracy. Hence, we have the following observation.
[bookmark: _Ref19317]Observation 3: For CPP method, phase estimation accuracy is very critical for high positioning accuracy.
· Compared with TDOA method, carrier phase based positioning is better if residual phase estimation error is no larger than 0.02*2pi.
Simulation with initial random phase
On carrier phases positioning with single carrier phase
Single differential with PRU
As the following figure shows, for gNB k, (Fixed) UE 1 (PRU), UE 2 with coordinates of (x,y), the distance equations with carrier phase are as follows.
                                   (Equ. 12)
                                   (Equ. 13)


Figure 5   Positioning with PRU (fixed UE)
After a differential between these two equations, the following equations can be reached.
                      (Equ. 14)
           (Equ. 15)
            (Equ. 16)
Similarly, for gNB j and UE 2, the following equation can be reached.
            (Equ. 17)
After a differential between Equ. 16 and 17, the following equations can be reached.
    (Equ. 18)
And further we get Equ. 19 from Equ. 18 as follows:
    (Equ. 19)
Similar to that in Section 2 in our previous TDoc R1-2203626, with integer search, the coordinates of UE (x, y) can be computed.
With the help of this PRU (UE1), the initial random phase error from gNBs can be alleviated for the computation of UE2’s location. That is, the item  has no initial random phase error among TRPs.
With this method, a simulation is performed as the following figures. From these figures, it can be observed that, the PRU can improve initial random phase error and positioning accuracy. Hence, we have the following observation.
[bookmark: _Ref12548]Observation 4: PRU can alleviate the random initial phase error at gNB side from [0~2π] to about [0~0.06*2π].
 [image: ][image: ]
Figure 6   Phase error estimated (observed at UE2)  Figure 7 Accuracy with Φerror  among TRPs = (0~2π)
Dual differential with PRU
For easy description of the principle of carrier phase based positioning with dual differential, the following figure is used as an example. The location of the target UE is to be measured. Two base stations will transmit PRS (with independent initial random phase offset, for simplification) to UE1 or UE 2 (also with independent initial random phase).
[image: ]
Figure 8 Example for positioning with dual differential
In this figure, the location of UE 2 with coordinates (x,y) is to be determined. The coordinates of gNB j are (xj,yj). The coordinates of gNB k are (xk,yk). For UE 2, the distance between UE 2 and gNB j is

                (Equ. 20)
Where the  is the desired carrier phase between UE 2 and gNB j,  is the initial random phase of gNB j,  is the initial random phase of UE 2,  is the integer part of carrier phase between UE 2 and gNB j,  is the distance between UE 2 and gNB j. 
Similarly, for gNB k, the following equation can be reached.

              (Equ. 21)
If Equ. 21 is subtracted by Equ. 20, then the following equation can be reached, the phase drift on UE side can be eliminated.

[bookmark: _Ref8509]                                      (Equ. 22)
Similarly, for UE 1 (PRU), the following equation can be reached.

                (Equ. 23)
If Equ. 22 is subtracted by Equ. 23, then the following equation can be reached.

  (Equ. 24)
That is,

[bookmark: _Ref6930]     		    (Equ. 25)
From Equ. 25, it can be observed that the initial random phase error at both TRP sides and UE side can be removed by dual differential. 
According to Equ. 25, the cost function can be defined as follows:

[bookmark: _Ref7541]	(Equ. 26)
The UE location can be determined with UE coordinates search while minimizing the cost function in Equ. 26. The simulation result is shown as follows:
[image: ][image: ]
Figure 9 Positioning accuracy comparison without integer ambiguity limitation in (a) InF-SH (b) Inf-DH
The following evaluation results show the positioning accuracy while configuring the integer ambiguity within a good certain range.
[image: ][image: ]
Figure 10 Positioning accuracy with integer ambiguity limitation (a)N is limited to ±1, (b) N is limited to ±2
The positioning accuracy evaluation results with different initial phase error are listed as follows:
Table 1 Positioning accuracy evaluation results for NR CPP - Initial random phase error
	Phase error
	[Case ID], [Scenario][additional descriptions]
	50%
	67%
	80%
	90%

	0
	Case ID=1-2-1, [InF-DH], [Phase offset 0 with PRU] without integer ambiguity limitation
	0.513
	0.611  
	0.821 
	1.036

	
	Case ID=1-2-2, [InF-SH], [Phase offset 0 with PRU] without integer ambiguity limitation
	0.100
	0.219
	0.347
	0.494

	
	Case ID=1-2-3, [InF-SH], [Phase offset 0 with integer ambiguity limited to ±1]
	0.003 
	0.008 
	0.043    
	0.090

	
	Case ID=1-2-4, [InF-SH], [Phase offset 0 with integer ambiguity limited to ±2]
	0.015
	0.193  
	0.294 
	0.396

	[0,2π]

	Case ID=1-2-5, [InF-DH], [Phase offset [0,1]*2π with PRU] without integer ambiguity limitation
	0.552
	0.694
	0.903 
	1.250

	
	Case ID=1-2-6, [InF-SH], [Phase offset [0,1]*2π with PRU] without integer ambiguity limitation
	0.136
	0.273
	0.462
	0.595

	
	Case ID=1-2-7, [InF-SH], [Phase offset [0,1]*2π with integer ambiguity limited to ±1]
	0.008
	0.036 
	0.067
	0.105

	
	Case ID=1-2-8, [InF-SH], [Phase offset [0,1]*2π with integer ambiguity limited to ±2]
	0.129
	0.261
	0.327 
	0.388


[bookmark: _Ref23500]Observation 5: For a scenario with low LOS probability (e.g., InF-DH), the CPP is hard to improve positioning accuracy.
Observation 6: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the positioning accuracy of < 1cm (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to ±1 .
[bookmark: _Ref19353]Observation 7: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the positioning accuracy of ≤ 0.136m (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to ±2 or N is no limitation, but it is still better than TDOA.
On carrier phase positioning with multiple carrier phase
For easy description of the principle of carrier phase based positioning with multiple carriers or sub-carriers within one carrier, two frequency sections are taken as an example as the following figure and equations. It is assumed that these two frequency sections come from the same gNB (or TRP) with identical affect on propagation distance (dError).


 Figure 11 Example for virtual wave length from two CP

[bookmark: _Ref9713]                           (Equ. 27)

[bookmark: _Ref9716]                          (Equ. 28)
Wherein, λ is the wave length of radio signal, Φ is the fractional part of carrier phase estimation, ΦDrift is the initial random phase error, N is the integer part of carrier phase, d is the real distance between UE and gNB (LOS distance).
For the above two equations, if they are divided by wave length at both sides, there will be

[bookmark: _Ref9987]                              (Equ. 29)

[bookmark: _Ref7650]                              (Equ. 30)
If Equ. 30 is subtracted by Equ. 29, there will be

[bookmark: _Ref7735]                      (Equ. 31)
If Equ. 31 is multiplied by a virtual wave length  , there will be

[bookmark: _Ref7829]                           (Equ. 32)
Where, ΔΦ=Φ2-Φ1, ΔN=N2-N1.
From Equ. 32, it can be observed that, the initial random phase (ΦDrift) from two frequency segments in one carrier within one site (or one gNB) is removed by single difference. For other gNBs being involved in positioning, similar equations can be deduced.
In the following, we will compare the positioning performance of multiple sub-carriers from one positioning frequency layer (PFL) or from different PFLs.
CPP from one PFL
Based on the above deduction, theoretical analysis mentioned in Section 2 can be similarly used to compute the location of UE. With that solution, a simulation is performed as follows: 
[image: ]
Figure 12 Simulation results for virtual wave length from two CP
From this figure, it can be observed that, the multiple CP within one PFL is helpful for the improvement of positioning accuracy especially on the percentile <90%.
[bookmark: _Ref20203]Observation 8: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the carrier phase method from multiple frequency sections in one PFL can improve performance compared with TDOA.
· Positioning accuracy of <0.12 m (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to +1. 
It should be noted that, if the virtual wave length  were large enough (e.g., 300m, for Indoor Factory), then the integer part (ΔN) is very small (e.g., zero). Hence, the integer search will be easy. However, it should also be noted that, the positioning accuracy will heavily depend on the accuracy of carrier phase differential (ΔΦ). Hence, we have the following observation.
[bookmark: _Ref12561]Observation 9: An appropriate scope of integer should be given for integer search for multiple sub-carriers evaluation.
CPP from different PFLs
In practical simulation environments, a certain time offset among different PFLs may exists. The following simulation results evaluate the influence of different time offset (in STD).
[image: ]
Figure 13 Simulation results for different time offset with multiple CP in different PFL

From this figure, it can be observed that, the time offset exerts considerable impact on the positioning accuracy. In the results, the cyan curve is based on phase estimation from two frequency sections in one carrier as described in section 3.2.1, and the yellow curve is based on the single phase estimation from the whole carrier as described in section 3.1. As we can see, the positioning accuracy of two carriers CP is worse than that of dual CP from single carrier (with 50MHz separation). Also, the positioning accuracy of both kinds of multiple CP are worse than that of single CP. That is because the positioning accuracy heavily depends on the accuracy of carrier phase differential (ΔΦ) when virtualis used. Hence, we have the following observation.
[bookmark: _Ref30547]Observation 10: If there exists time offset between PFLs, the CPP based on multiple PFLs is hard to achieve a comparable positioning accuracy with classical TDOA.

Simulation with Frequency error
Under perfect phase
If there were frequency error on one carrier, it will cause phase error as the following.
                   (Equ. 33)
Where, FFT=4096 for BW=100MHz@SCS=30kHz, CombSize=2, Ts=1/(FFT*SCS).
From this equation, it can be observed that, the maximum ΔΦ is 0.0067*2π=0.0419 Rad for the case of CFO=100Hz.
[bookmark: _Ref12564]Observation 11: The maximum ΔΦ is 0.0067*2π=0.0419 Rad for CFO=100Hz, BW=100MHz, SCS=30kHz, CombSize=2.
With the frequency error model agreed in the last RAN1#110 meeting, simulations are performed as the following figure. From this figure, it can be observed that, frequency error has minor impact on carrier phases positioning. Hence, we have the following observation.
[bookmark: _Ref12567]Observation 12: A small frequency error even with 1000Hz CFO has minor impact on CPP even under perfect Φ.
[image: ] 
Figure 14 Positioning accuracy under different frequency error (for ideal CP)
Under practical phase estimation
In practice, the carrier phase measurement may have error as shown in the following figure (left) because of non-perfect channel estimation. From this figure, the carrier phase estimation error is about 0.037*2π=0.2325 Rad@CDF=90% which is much larger than the phase error from CFO ( 0.0067*2π=0.0419 Rad in section 4.1.1). Hence, we have the following observation.
[bookmark: _Ref12574]Observation 13: The phase error ΔΦ=0.0067*2π=0.0419 Rad from CFO is much less than the phase estimation error@CDF=90% which is about 0.037*2π=0.2325 Rad.
With the frequency error model agreed in the last RAN1#110 meeting, simulations are performed as the following figure (right). 
[image: ][image: ]
Figure 15 CP estimation error and positioning accuracy under different frequency error (for practical CP)
From this figure, it can be observed that, frequency error has little impact on carrier phases positioning. Hence, we have the following observation.
[bookmark: _Ref12577]Observation 14: A small frequency error even with 1000Hz CFO has negligible impact on CPP under practical Φ.
· The positioning accuracy of <0.5cm (50%) for Inf-SH can be reached with [-1000,1000]Hz frequency error while using practical carrier phase estimation.
The positioning accuracy evaluation results with different frequency error are listed as follows:
Table 2 Positioning accuracy evaluation results for NR CPP - Frequency error
	CP estimation
	[Case ID], [Scenario][additional descriptions]
	50%
	67%
	80%
	90%

	perfect CP
	Case ID=2-1-1, [InF-SH], [for CFO/Doppler [-100, +100] Hz with perfect CP]
	0
	0
	0.116
	0.205

	
	Case ID=2-1-2, [InF-SH], [for CFO/Doppler [-1000, +1000] Hz with perfect CP]
	0
	0
	0.123
	0.210

	
	Case ID=2-1-3, [InF-SH], [for CFO/Doppler [-4000, +4000] Hz with perfect CP]
	0
	0
	0.049
	0.192

	
	Case ID=2-1-4, [InF-SH], [for CFO/Doppler [-8000, +8000] Hz with perfect CP]
	0
	0
	0
	0.144

	practical CP
	Case ID=2-2-1, [InF-SH], [for CFO/Doppler [-50, +50] Hz with practical CP]
	0.003
	0.148
	0.244
	0.376

	
	Case ID=2-2-2, [InF-SH], [for CFO/Doppler [-100, +100] Hz with practical CP]
	0.003
	0.148
	0.244
	0.376

	
	Case ID=2-2-3, [InF-SH], [for CFO/Doppler [-1000, +1000] Hz with practical CP]
	0.003
	0.148
	0.244
	0.376



Simulation with ARP error
Under perfect CP
For ARP error, the RAN1#110 agreement indicates that “a zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T” is applied for ARP error model. From this error model, the maximum 2D and 3D distance (between UE and TRP) error Δdmax are
                                    (Equ. 34)
                                    (Equ. 35)
Where T is agreed in RAN1#110.


Figure 16 Description of Δdmax
From the equations above, it can be observed that, the maximum Δd is 0.1414m (2D) or 0.1732m (3D) for ARP error=5 cm. Hence, we have the following observations.
[bookmark: _Ref12584]Observation 15: The maximum Δd is 0.1414m (2D) or 0.1732m (3D) for ARP error=5 cm.
[bookmark: _Ref12587]Observation 16: The corresponding ΔΦ is Δdmax /λ=((0.1414/0.0857) mod 1.0)*2 π=0.6511*2 π=4.091 Rad (for 2D) for single Φ@3.5GHz, or 0.0472*2 π=0.2966 Rad (for 2D) for dual Φ@100MHz bandwidth.
With the frequency error model agreed in RAN1#110 meeting, simulations are performed as the following figure. 
[image: ] [image: ]
Figure 17 Positioning accuracy under different ARP error (for ideal CP)
From this figure, it can be observed that, ARP error has large impact on carrier phases positioning. Hence, we have the following observations.
[bookmark: _Ref12590]Observation 17: A small ARP error has large impact on CPP under perfect Φ, especially, for a short wave length.
[bookmark: _Ref12593]Observation 18: A long virtual wave length is helpful for alleviating the impact from ARP error.
Under practical CP
In practice, the phase error exists because of non-perfect channel estimation. Because the distance error Δd (<0.1414m for 2D) from ARP error causes large phase rotation and further channel estimation error causes additional phase rotation, the ARP error has significant impact on positioning accuracy. The simulation results are shown as follows: 
[image: ] [image: ]
Figure 18 Positioning accuracy under different ARP error (for practical CP)
By comparing the positioning accuracy listed above, we have the following observation.
[bookmark: _Ref12597]Observation 19: A small ARP error has significant impact on CPP under practical Φ, especially, for a short wave length.
The positioning accuracy evaluation results with different ARP error are listed as follows:
Table 3 Positioning accuracy evaluation results for NR CPP - ARP error
	CP estimation
	[Case ID], [Scenario][additional descriptions]
	50%
	67%
	80%
	90%

	perfect CP
	Case ID=3-1-1, [InF-SH], [for ARP error T=1 with perfect single CP]
	0.512
	0.694
	0.854
	0.922

	
	Case ID=3-1-2, [InF-SH], [for ARP error T=2 with perfect single CP]
	0.532
	0.726
	0.867
	0.991

	
	Case ID=3-1-3, [InF-SH], [for ARP error T=5 with perfect single CP]
	0.669
	0.838
	0.959
	1.071

	
	Case ID=3-1-4, [InF-SH], [for ARP error T=1 with perfect dual CP]
	0.015
	0.026
	0.133
	0.214

	
	Case ID=3-1-5, [InF-SH], [for ARP error T=2 with perfect dual CP]
	0.030
	0.051
	0.140
	0.216

	
	Case ID=3-1-6, [InF-SH], [for ARP error T=5 with perfect dual CP]
	0.076
	0.122
	0.158
	0.235

	practical CP
	Case ID=3-2-1, [InF-SH], [for ARP error T=1 with practical single CP]
	0.243
	0.354
	0.440
	0.526

	
	Case ID=3-2-2, [InF-SH], [for ARP error T=2 with practical single CP]
	0.303
	0.376
	0.477
	0.598

	
	Case ID=3-2-3, [InF-SH], [for ARP error T=5 with practical single CP]
	0.280
	0.378
	0.443
	0.515

	
	Case ID=3-2-4, [InF-SH], [for ARP error T=1 with practical dual CP]
	0.116
	0.171
	0.251
	0.403

	
	Case ID=3-2-5, [InF-SH], [for ARP error T=2 with practical dual CP]
	0.118
	0.174
	0.245
	0.394

	
	Case ID=3-2-6, [InF-SH], [for ARP error T=5 with practical dual CP]
	0.153
	0.214
	0.297
	0.496


[bookmark: _Ref19438]Observation 20: For single carrier phase solution, the positioning accuracy is worse than TDOA for Inf-SH under the condition that the integer ambiguity range configured to ±4 with 1 cm ARP error.
[bookmark: _Ref15669]Observation 21: For multiple sub-carriers phase solution within one PFL in Inf-SH under the condition that the integer ambiguity range configured to ±1, the performance in 50% is better than TDOA.
-	<0.12m (50%) accuracy can be achieved with 1 or 2 cm ARP error.
-	≤0.153m (50%) accuracy can be achieved with 5 cm ARP error.

Specification effort on carrier phase based positioning
Specific measurement results that should be reported 
In the aforementioned analysis, the integer search is time consuming, and also heavily impacts the performance. It is appropriate that the UE (or the network) suggests an initial location to determine the scope of integer N. Especially, for UE based positioning, if LMF can get UE rough location, a proper range of N values can be informed to UE. Hence, we have the following proposal.
[bookmark: _Ref12793]Proposal 1: The range of integer N should be configured/reported to UE/LMF/TRP for carrier phase based positioning.
As discussed in previous meetings (RAN1#109-e, RAN1#110), the carrier phase based positioning may be an independent or dependent positioning technology. If it were a dependent positioning technology, it can be combined with other positioning technologies (such as the timing based positioning technologies, e.g., TDOA). The benefit is, an initial integer N0, which is used for integer search, can be deduced from the timing based positioning technology. Further, based on the simulation results shown in the above sections, the performance of CPP method heavily relies on the initial UE coordinates and search range of N. Without the existing positioning method, it is hard to get a proper range of initial UE coordinates and N values. Hence, we have the following proposal.
[bookmark: _Ref12796]Proposal 2: Phase or phase difference report should be supported together with existing TDOA method.
A gNB (or TRP) or UE may have several antennas. Different antenna may have different phase error in measurement when performing carrier phase measurement. As the following figure, it is appropriate to measure carrier phase with the antenna(s) within a phase error group (PEG) which is similar as TEG defined in Rel-17. Hence, we have the following proposal.
[bookmark: _Ref18405]Proposal 3: Phase Error Group(PEG) should be defined for CP measurement, where phase measurement errors in a PEG is within a margin value .


Figure 19 Conception for PEG
In general, there might be multi-PRS transmitted between the same TRP and the UE pair with different (sub-)carriers in a positioning process, and the measured carrier phases of these different (sub-)carriers might be different. At the same time, the number of PRS carrier phase, physical channel environment and PRS propagation multi-path could affect the accuracy of carrier phase evaluation. Therefore, a UE can report the uncertainty of phase measurement based on the above factors, which provide the corresponding phase measurement quality or phase measurement confidence, which is similar to the existing timing measurement quality or angle measurement quality. Hence, we have the following observation.
[bookmark: _Ref12600]Proposal 4: Support UE/TRP report phase measurement quality or confidence.
Multiple sub-carrier phase measurement
As described in previous sections, the carrier phase estimation error, PCO, ARP error, etc., may affect the carrier phase positioning result. Single carrier phase measurement may result in some accidental errors/positioning error, further deteriorate the positioning performance. The simulation results in Section 3 show that the carrier phase from multiple frequency sections in one PFL can improve performance compared with TDOA concerning the initial random phase. And Section 5 also proved that dual differential CP can mitigate the side effects of ARP error. All of these verified that multiple phase measurement is beneficial for the positioning accuracy enhancement. But on the other hand, multiple phase measurement could increase the evaluation overhead. A trade-off between positioning accuracy and measurement overhead could be considered while deciding the number of carrier phase to be reported. 
From another perspective, in CPP, each sub-carrier has its own carrier phase (Φ, fractional part). The carrier phase of the center sub-carrier could represents the carrier phase of the whole carrier/PFL. To support multiple sub-carrier phase measurement, a positioning carrier/PFL can be divided into several segments, and each segment could have its own carrier phase. Through the theoretical analysis in section 3, it can be observed that the carrier phase error from two frequency segments could be removed while evaluating the CP of multiple carriers measurement. To realize carrier phase positioning with the help of multiple frequency segments, the center frequency and corresponding phase of different carrier segments need to be reported. Hence, we have the following proposals. 
[bookmark: _Ref12809]Proposal 5: The number of carrier phases to be reported could be determined based on the positioning accuracy and measurement overhead requirements.
[bookmark: _Ref12779]Proposal 6: For multiple segments CPP, center frequency or λ should be informed for each segment.

Conclusion
In this contribution, we provide our views on carrier phase measurement based positioning techniques, observations and proposals are listed as follows:
Observations
Observation 1: Assuming receiver can get perfect phase between itself and the transmitter, very high positioning accuracy can be achieved, especially under a large searching range of integer values.
Observation 2: For the cases with practical phase estimation, and without initial phase error models:
· For SH scenario, a proper integer ambiguity search range is needed to get best performance, and too small or too larger search range will cause performance loss.
· 1cm(50%) positioning accuracy can be achieved.
· For DH scenario which has no sufficient LOS links, there is no performance benefit observed compared with TDOA method.
Observation 3: For CPP method, phase estimation accuracy is very critical for high positioning accuracy.
· Compared with TDOA method, carrier phase based positioning is better if residual phase estimation error is no larger than 0.02*2pi.
For initial phase error:
Observation 4: PRU can alleviate the random initial phase error at gNB side from [0~2π] to about [0~0.06*2π].
Observation 5: For a scenario with low LOS probability (e.g., InF-DH), the CPP is hard to improve positioning accuracy.
Observation 6: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the positioning accuracy of < 1cm (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to ±1 .
Observation 7: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the positioning accuracy of ≤ 0.136m (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to ±2 or N is no limitation, but it is still better than TDOA.
Observation 8: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the carrier phase method from multiple frequency sections in one PFL can improve performance compared with TDOA.
· Positioning accuracy of <0.12 m (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to +1. 
Observation 9: An appropriate scope of integer should be given for integer search for multiple sub-carriers evaluation.
Observation 10: If there exists time offset between PFLs, the CPP based on multiple PFLs is hard to achieve a comparable positioning accuracy with classical TDOA.
For frequency error: 
[bookmark: _GoBack]Observation 11: The maximum ΔΦ is 0.0067*2π=0.0419 Rad for CFO=100Hz, BW=100MHz, SCS=30kHz, CombSize=2.
Observation 12: A small frequency error even with 1000Hz CFO has minor impact on CPP even under perfect Φ.
Observation 13: The phase error ΔΦ=0.0067*2π=0.0419 Rad from CFO is much less than the phase estimation error@CDF=90% which is about 0.037*2π=0.2325 Rad.
Observation 14: A small frequency error even with 1000Hz CFO has negligible impact on CPP under practical Φ.
For ARP error: 
Observation 15: The maximum Δd is 0.1414m (2D) or 0.1732m (3D) for ARP error=5 cm.
Observation 16: The corresponding ΔΦ is Δdmax /λ=((0.1414/0.0857) mod 1.0)*2 π=0.6511*2 π=4.091 Rad (for 2D) for single Φ@3.5GHz, or 0.0472*2 π=0.2966 Rad (for 2D) for dual Φ@100MHz bandwidth.
Observation 17: A small ARP error has large impact on CPP under perfect Φ, especially, for a short wave length.
Observation 18: A long virtual wave length is helpful for alleviating the impact from ARP error.
Observation 19: A small ARP error has significant impact on CPP under practical Φ, especially, for a short wave length.
Observation 20: For single carrier phase solution, the positioning accuracy is worse than TDOA for Inf-SH under the condition that the integer ambiguity range configured to ±4 with 1 cm ARP error.
Observation 21: For multiple sub-carriers phase solution within one PFL in Inf-SH under the condition that the integer ambiguity range configured to ±1, the performance in 50% is better than TDOA.
-	<0.12m (50%) accuracy can be achieved with 1 or 2 cm ARP error.
-	≤0.153m (50%) accuracy can be achieved with 5 cm ARP error.
Proposals
Proposal 1: The range of integer N should be configured/reported to UE/LMF/TRP for carrier phase based positioning.
Proposal 2: Phase or phase difference report should be supported together with existing TDOA method.
Proposal 3: Phase Error Group(PEG) should be defined for CP measurement, where phase measurement errors in a PEG is within a margin value .
Proposal 4: Support UE/TRP report phase measurement quality or confidence.
Proposal 5: The number of carrier phases to be reported could be determined based on the positioning accuracy and measurement overhead requirements.
Proposal 6: For multiple segments CPP, center frequency or λ should be informed for each segment.
Reference
[1] [bookmark: _Ref113546592]Draft_Minutes_report_RAN1#110b-e_v010, 3GPP RAN1#110b-e.
[2] R1-2205903, Discussion on carrier phase measurement based positioning, ZTE, 3GPP RAN1#110.
[3] [bookmark: _Ref113987859]R1-2209215, Discussion on carrier phase measurement based positioning, ZTE, 3GPP RAN1#110b-e.
[4] TR 38.859, Study on Expanded and Improved NR Positioning.


Simulation results for TR38.859 section B.4.X
[bookmark: _5.1_Simulation_setting]B.4.X.1	Description of evaluation scenarios
The evaluated scenario is InF-SH.
Table B.4.X.1-1: NR carrier phase positioning enhancements - evaluation scenarios and parameters from [X]
	Parameter
	[Case ID=1], [InF-SH]
With sub-ID in “UE/TRP Initial phase offset”
	[Case ID=2], [InF-SH]
With sub-ID in “CFO/Doppler”
	[Case ID=3], [InF-SH] 
With sub-ID in “ARP errors”

	Scenario 
[TS 38.855, TS 38.857]
	InF-SH
Inf-DH for some cases
	InF-SH
	InF-SH

	Single carrier frequency, or multiple carrier frequencies, GHz
	Single carrier
	Single carrier
	Single carrier, with two carrier phases separated at half bandwidth. See cases in “ARP errors”.
Single carrier with single CP in some cases.

	Bandwidth, MHz
	100
	100
	100

	Subcarrier spacing, kHz
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM symbols, Comb size)
	PRS (2 symbols, Comb=2)
	PRS (2 symbols, Comb=2)
	PRS (2 symbols, Comb=2)

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

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

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

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	Single differential
	Single differential
	Dual differential, the first differential is for two carrier phases within a gNB while the second differential is for inter-gNB. See cases in “ARP errors”.
Single differential in some cases.

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Cost function, with least distance error
	Cost function, with least distance error
	Cost function, with least distance error

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

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

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

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

	UE/TRP Initial phase offset
	Inf-SH:
Case ID=1-1-1 for [0,0.001]* 2π
Case ID=1-1-2 for [0,0.005]* 2π
Case ID=1-1-3 for [0,0.01]* 2π
Case ID=1-1-4 for [0,0.02]* 2π
Case ID=1-1-5 for [0,0.04]* 2π
Case ID=1-1-6 for [0,0.06]* 2π
Case ID=1-1-7 for [0,0.08]* 2π
Case ID=1-1-8 for [0,0.1]* 2π
Case ID=1-1-9 for [0,0.2]* 2π
Case ID=1-1-10 for [0,1]* 2π without PRU
Case ID=1-1-11 for [0,1]* 2π with PRU
Case ID=1-2-1, [InF-DH], [Phase offset 0 with PRU] without integer ambiguity limitation
Case ID=1-2-2, [InF-SH], [Phase offset 0 with PRU] without integer ambiguity limitation
Case ID=1-2-3, [InF-SH], [Phase offset 0 with integer ambiguity limited to ±1]
Case ID=1-2-4, [InF-SH], [Phase offset 0 with integer ambiguity limited to ±2]
Case ID=1-2-5, [InF-DH], [Phase offset [0,1]*2π with PRU] without integer ambiguity limitation
Case ID=1-2-6, [InF-SH], [Phase offset [0,1]*2π with PRU] without integer ambiguity limitation
Case ID=1-2-7, [InF-SH], [Phase offset [0,1]*2π with integer ambiguity limited to ±1]
Case ID=1-2-8, [InF-SH], [Phase offset [0,1]*2π with integer ambiguity limited to ±2]
	0
	0

	CFO/Doppler
	0
	Case ID=2-1-1 for [-100, +100] Hz with perfect CP 
Case ID=2-1-2 for [-1000, +1000] Hz with perfect CP 
Case ID=2-1-3 for [-4000, +4000] Hz with perfect CP 
Case ID=2-1-4 for [-8000, +8000] Hz with perfect CP 
Case ID=2-2-1 for [-50, +50] Hz with practical CP 
Case ID=2-2-2 for [-100, +100] Hz with practical CP 
Case ID=2-2-3 for [-1000, +1000] Hz with practical CP 
	0

	Oscillator-drifts
	0
	0
	0

	ARP errors
	0
	0
	a zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T
Case ID=3-1-1 for T=1 with perfect single CP
Case ID=3-1-2 for T=2 with perfect single CP
Case ID=3-1-3 for T=5 with perfect single CP
Case ID=3-1-4 for T=1 with perfect dual CP
Case ID=3-1-5 for T=2 with perfect dual CP
Case ID=3-1-6 for T=5 with perfect dual CP
Case ID=3-2-1 for T=1 with practical single CP
Case ID=3-2-2 for T=2 with practical single CP
Case ID=3-2-3 for T=5 with practical single CP
Case ID=3-2-4 for T=1 with practical dual CP
Case ID=3-2-5 for T=2 with practical dual CP
Case ID=3-2-6 for T=5 with practical dual CP

	Phase Center Offsets
	0
	0
	0

	Phase noise (FR2)
	0
	0
	0

	Additional notes, if any
	N/A
	N/A
	N/A





B.4.X.2	Positioning accuracy evaluation results for NR Carrier Phase Positioning
The simulation results are listed in the following table. It should be noted that the requirement for CPP is not defined yet.
Table B.4.X.2-1: NR carrier phase positioning - horizontal accuracy from [X]
	Error Source
	[Case ID], [Scenario][additional descriptions]
	50%
	67%
	80%
	90%

	Initial phase error
	Case ID=1-1-1, [InF-SH], [Phase offset [0,0.001]* 2π]
	0
	0
	0.105
	0.205

	
	Case ID=1-1-2, [InF-SH], [Phase offset [0,0.005]* 2π]
	0
	0
	0.105
	0.211

	
	Case ID=1-1-3, [InF-SH], [Phase offset [0,0.01]* 2π]
	0
	0.002
	0.158
	0.243

	
	Case ID=1-1-4, [InF-SH], [Phase offset [0,0.02]* 2π]
	0.002
	0.048
	0.201
	0.338

	
	Case ID=1-1-5, [InF-SH], [Phase offset [0,0.04]* 2π]
	0.092
	0.241
	0.556
	0.782

	
	Case ID=1-1-6, [InF-SH], [Phase offset [0,0.06]* 2π]
	0.224
	0.392
	0.685
	0.837

	
	Case ID=1-1-7, [InF-SH], [Phase offset [0,0.08]* 2π]
	0.317
	0.598
	0.767
	0.895

	
	Case ID=1-1-8, [InF-SH], [Phase offset [0,0.1]* 2π]
	0.424
	0.609
	0.778
	0.944

	
	Case ID=1-1-9, [InF-SH], [Phase offset [0,0.2]* 2π]
	0.530
	0.704
	0.843
	0.931

	
	Case ID=1-1-10, [InF-SH], [Phase offset [0,1]* 2π without PRU Phase error is at gNB.]
	0.306
	0.379
	0.444
	0.520

	
	Case ID=1-1-11, [InF-SH], [Phase offset [0,1]* 2π with PRU Phase error is at gNB.]
	0.065
	0.174
	0.275
	0.471

	
	Case ID=1-2-1, [InF-DH], [Phase offset 0 with PRU] without integer ambiguity limitation
	0.513
	0.611  
	0.821 
	1.036

	
	Case ID=1-2-2, [InF-SH], [Phase offset 0 with PRU] without integer ambiguity limitation
	0.100
	0.219
	0.347
	0.494

	
	Case ID=1-2-3, [InF-SH], [Phase offset 0 with integer ambiguity limited to ±1]
	0.003 
	0.008 
	0.043    
	0.090

	
	Case ID=1-2-4, [InF-SH], [Phase offset 0 with integer ambiguity limited to ±2]
	0.015
	0.193  
	0.294 
	0.396

	
	Case ID=1-2-5, [InF-DH], [Phase offset [0,1]*2π with PRU] without integer ambiguity limitation
	0.552
	0.694
	0.903 
	1.250

	
	Case ID=1-2-6, [InF-SH], [Phase offset [0,1]*2π with PRU] without integer ambiguity limitation
	0.136
	0.273
	0.462
	0.595

	
	Case ID=1-2-7, [InF-SH], [Phase offset [0,1]*2π with integer ambiguity limited to ±1]
	0.008
	0.036 
	0.067
	0.105

	
	Case ID=1-2-8, [InF-SH], [Phase offset [0,1]*2π with integer ambiguity limited to ±2]
	0.129
	0.261
	0.327 
	0.388

	Frequency error
	Case ID=2-1-1, [InF-SH], [for CFO/Doppler [-100, +100] Hz with perfect CP]
	0
	0
	0.116
	0.205

	
	Case ID=2-1-2, [InF-SH], [for CFO/Doppler[-1000, +1000] Hz with perfect CP]
	0
	0
	0.123
	0.210

	
	Case ID=2-1-3, [InF-SH], [for CFO/Doppler[-4000, +4000] Hz with perfect CP]
	0
	0
	0.049
	0.192

	
	Case ID=2-1-4, [InF-SH], [for CFO/Doppler[-8000, +8000] Hz with perfect CP]
	0
	0
	0
	0.144

	
	Case ID=2-2-1, [InF-SH], [for CFO/Doppler[-50, +50] Hz with practical CP]
	0.003
	0.148
	0.244
	0.376

	
	Case ID=2-2-2, [InF-SH], [for CFO/Doppler[-100, +100] Hz with practical CP]
	0.003
	0.148
	0.244
	0.376

	
	Case ID=2-2-3, [InF-SH], [for CFO/Doppler[-1000, +1000] Hz with practical CP]
	0.003
	0.148
	0.244
	0.376

	ARP error
	Case ID=3-1-1, [InF-SH], [for ARP error T=1 with perfect single CP]
	0.512
	0.694
	0.854
	0.922

	
	Case ID=3-1-2, [InF-SH], [for ARP error T=2 with perfect single CP]
	0.532
	0.726
	0.867
	0.991

	
	Case ID=3-1-3, [InF-SH], [for ARP error T=5 with perfect single CP]
	0.669
	0.838
	0.959
	1.071

	
	Case ID=3-1-4, [InF-SH], [for ARP error T=1 with perfect dual CP]
	0.015
	0.026
	0.133
	0.214

	
	Case ID=3-1-5, [InF-SH], [for ARP error T=2 with perfect dual CP]
	0.030
	0.051
	0.140
	0.216

	
	Case ID=3-1-6, [InF-SH], [for ARP error T=5 with perfect dual CP]
	0.076
	0.122
	0.158
	0.235

	
	Case ID=3-2-1, [InF-SH], [for ARP error T=1 with practical single CP]
	0.243
	0.354
	0.440
	0.526

	
	Case ID=3-2-2, [InF-SH], [for ARP error T=2 with practical single CP]
	0.303
	0.376
	0.477
	0.598

	
	Case ID=3-2-3, [InF-SH], [for ARP error T=5 with practical single CP]
	0.280
	0.378
	0.443
	0.515

	
	Case ID=3-2-4, [InF-SH], [for ARP error T=1 with practical dual CP]
	0.116
	0.171
	0.251
	0.403

	
	Case ID=3-2-5, [InF-SH], [for ARP error T=2 with practical dual CP]
	0.118
	0.174
	0.245
	0.394

	
	Case ID=3-2-6, [InF-SH], [for ARP error T=5 with practical dual CP]
	0.153
	0.214
	0.297
	0.496
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