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Introduction
The Rel-18 SID [1] investigates positioning accuracy enhancement with advanced techniques of bandwidth aggregation and carrier phase measurement. RAN4 has been assigned the two following two objectives.
	· Improved accuracy, integrity, and power efficiency:
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· 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




At RAN4 #104-e meeting, the following agreements were made regarding carrier phase measurements [2] with open issues in the WF [3].
	Agreements:
· Wait for RAN1 conclusion or RAN1 LS to start RAN4 work on accuracy improvement study based on carrier phase measurements



	Open issues:
· Discuss if we should postpone RF requirement discussion for this study



In this contribution, we discuss open issues on the carrier phase measurement feasibility study for the RAN4 part.   
Discussion
Fundamentally, carrier phase positioning technique utilizes phase measurements for multiple TRPs to estimate location of target UEs. The general concept of the carrier phase positioning is shown in Figure 1, where a target UE and a reference device measures carrier phase measurement for PRS resources transmitted from multiple gNBs/TRPs [4].
[image: ]
Figure 1. An illustrative example of overall concept of carrier phase positioning [4].
In this section, open issues on the carrier phase measurement feasibility study for the RAN4 part are discussed.
At RAN1 meeting #109-e, the following agreements were made regarding carrier phase:
	
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

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
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1.




At RAN1 meeting #110, the following agreements were made regarding carrier phase: 
	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
Agreement
· For the evaluation of NR carrier phase positioning, UE position can be calculated by the use of the carrier phase measurements obtained at the M sequential time instances, where 
· Baseline: 
· M=1
· Optional : 
· M=4
· Other values of M 
· Companies should report their assumptions on UE mobility (e.g. speed)
 
 
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.





One of the RAN1#109-e agreements list some of the error sources that may be considered for evaluation purposes. In this section, we discuss some potential methods to model these error sources. 
The measured carrier phase for a LOS path from transmitter to receiver is always impacted by phase measurement error. The carrier phase accuracy largely depends on the magnitude of the added phase error. One of the agreements from the RAN1#109-e lists some of the error sources that contribute to this overall phase measurement error, which may be considered for the evaluation. Addressing and minimizing the source of error in carrier phase measurement needs to be modelled carefully. This, in turn, will minimize the phase error.
Minimizing the source of error in carrier phase measurement will result in minimizing the phase measurement error.
At higher carrier frequency (e.g., mmWave or FR2), phase noise contributes significantly to RF signals. When the rate of phase variation is faster, as in FR2, phase noise estimation and compensation become difficult. Thus, while targeting carrier frequency in FR2, measures need to be taken to reduce the impact of phase noise. 
At FR2, phase noise could potentially hit the positioning signal measurement and degrade the positioning accuracy due to faster phase variation and increased difficulty in estimation.
RAN4 should study how to minimize impact from phase noise in order to reduce phase measurement error.
As illustrated in Figure 1, carrier phase positioning technique can utilize phase measurements from multiple TRPs to estimate location of target UEs. The initial phase noise at different TRPs may differ or be influenced by many factors such as the signal quality, transmission timing, component of TRP, etc. Thus, the phase error estimation or measurement would differ among different transmitting TRPs. Similarly, for receiving UE/TRP the phase error would also vary due to same reason. Thus, the multiple influencing factors from multiple TRPs must be considered during phase error measurement or estimation. Following the analysis, we make some observations as below.
Consolidating phase measurement from multiple TRPs may not be straightforward as the measured phase may differ significantly among multiple TRPs due to many factors as mentioned above.
RAN4 should study different factors influencing phase errors among different TRPs and provide the corresponding feedback to RAN1.
One of the error models agreed by RAN1 is for the initial phase offset between the transmitter and the receiver [0, X].. It is unclear to us how this initial phase could be modelled as anything but a random variable between 0 and 2pi. If any company feels that this can be somehow modeled differently, we suggest them to bring detailed modeling information and justification. 
Confirm to RAN1 that the value of X for the initial phase offset between the transmitter and the receiver should be 2pi. 
Another of the RAN1 agreed error sources is the oscillator drift. 
· 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
RAN4 can confirm that the practical distribution for the UE of a uniform distribution within [-0.1, 0.1] ppm is reasonable and justified based on [5]. 
The RAN1 practical oscillator-drift model for the UE of [-0.1, 0.1] ppm is aligned with RAN4’s understanding.
Many of these phase errors, that are observed during the phase measurement, are either introduced at transmitter or perceived at receiver or at both. Thus, the error source can be modelled and studied at both transmitter and receiver side to reduce its impact which translates into higher measurement accuracy. Therefore, RAN1/4 should study and finalize the error source models to make sure we are handling them appropriately. When we have a model in place, we should work on minimizing their impact on carrier phase measurement. Following the analysis, we make some observations and proposals below.
To handle the carrier phase error and minimize its impact on carrier phase measurement, an error source model needs to be identified.
RAN4 to study error source models based on the error sources identified by RAN1 and provide feedback to RAN1 as needed.
RAN4 should study how to minimize the error at source and how to minimize its impact at the target.
RAN4 should identify methods to minimize measurement errors at both source and target.
Conclusion
In this contribution we discussed the sources of error in carrier phase measurements and their impact on positioning accuracy. 
We have the following observations and proposals:
1. Minimizing the source of error in carrier phase measurement will result in minimizing the phase measurement error.
At FR2, phase noise could potentially hit the positioning signal measurement and degrade the positioning accuracy due to faster phase variation and increased difficulty in estimation.
1. RAN4 should study how to minimize impact from phase noise in order to reduce phase measurement error.
Consolidating phase measurement from multiple TRPs may not be straightforward as the measured phase may differ significantly among multiple TRPs due to many factors as mentioned above.
RAN4 should study different factors influencing phase errors among different TRPs and provide the corresponding feedback to RAN1.
Confirm to RAN1 that the value of X for the initial phase offset between the transmitter and the receiver should be 2pi. 
The RAN1 practical oscillator-drift model for the UE of [-0.1, 0.1] ppm is aligned with RAN4’s understanding.

To handle the carrier phase error and minimize its impact on carrier phase measurement, an error source model needs to be identified.
RAN4 to study error source models based on the error sources identified by RAN1 and provide feedback to RAN1 as needed.
RAN4 should study how to minimize the error at source and how to minimize its impact at the target.
RAN4 should identify methods to minimize measurement errors at both source and target.
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