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Introduction
[bookmark: OLE_LINK1]In RAN1#110, for the improved accuracy based on NR carrier phase measurement, the following agreements were made [1].
	[bookmark: _Hlk83924038]Agreement
Endorse the templates in section 17 under (H)(Round 1) Proposal 17-1 in R1-2207690 to collect carrier-phase based positioning simulation results, with the following notes:
· The TR editor can adjust the sections/sub-sections arrangement
· Adjust the titles of the tables to refer to NR carrier-phase based positioning
· The detailed rows of the tables can be further discussed


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:
0. Initial Residual CFO (is the same for one measurement instances [or multiple phase measurement instances]):
0. Ideal: 0 (UE/TRP)
0. Practical: uniform distribution within 
0. [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
0. [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
0. [-10, +10] Hz (for each TRP, FR1),
0. [-40, +40] Hz (for each TRP, FR2).
0. Oscillator-drift (is the same for one or multiple phase measurement instances for positioning fix):
1. Ideal: 0 (UE/TRP)
1. Practical: uniform distribution within [-0.1, 0.1] ppm (UE), [-0.02, +0.02] ppm (each TRP) within measurement duration
1. 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: 
1. Ideal: no ARP error
1. Practical: a zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction


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

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


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 
1. Baseline: 
2. M=1
1. Optional : 
3. M=4
3. Other values of M 
1. 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.



In this contribution, we share the view on improved accuracy based on NR carrier phase measurement.
Discussions
The integer ambiguity is a key issue to realize the carrier phase measurement. In RAN1#110, FL made the following proposal for the possible solutions of the integer ambiguity. However, no agreement was made.
	(H)(Round 3) Proposal 5-1
· Further study the effectiveness of the following candidate options for the integer ambiguity and NR carrier phase positioning:
· Option 1: based on the carrier phase obtained the carrier phase measurements of multiple carrier frequencies of the (sub)carriers, which may or may not be within one carrier bandwidth; 
· Option 2: based on the TOA obtained from the phase-difference of multiple subcarriers within a carrier bandwidth
· Option 3: based on one single or the combination of existing measurements (e.g., RSTD, RTOA, etc.)
· Option 4: based on the slope of the carrier phase measurement with respect to frequency
· Option 5: LMF configures/reports the potential integer ambiguity value(s) to UE for UE-based positioning. UE reports the potential integer ambiguity value(s) to LMF for UE-assisted positioning.
· Option 6: combination of above approaches
· Note: Other solutions are not precluded.
· Identify the potential impacts of the candidate solutions on the specification and UE/gNB implementation (e.g., the information related to the search range of the integer ambiguity from the UE/TRP to the LMF).



Phase-Difference for DL-AOD
In the past meetings, several companies proposed studying enhancement of DL-AOD by reusing UE’s phase-difference measurement ability which is essential for the carrier phase measurement. More specifically, the proposal is that the UE capable of the carrier phase measurement obtains the phase difference of the signals from different TRP antennas.
However, our view is that this feature is no longer the carrier phase measurement which is captured in the SID. Since this is not in the scope of the study, we suggest not discussing it in RAN1.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal 1: 
· Do not consider the phase-difference measurements for DL-AoD.

Phase-Difference for TOA
[bookmark: _Hlk110022403]In RAN1#110, there was the company which proposed introducing subcarrier-level phase difference report. Phase differences in frequency domain may be used for TOA estimation in Rel-16, but whether to take this approach is up to the implementation, since no report of phase differences in frequency domain is supported. If the purpose of subcarrier-level reporting is to eliminate the integer ambiguity, this is not the only option. This solution can be discussed as a solution to the integer ambiguity issue.
Proposal 2: 
· Subcarrier-level phase difference report can be discussed as the solution for the integer ambiguity issue.

Phase-smoothed timing measurements
There was the company which proposed introducing combination of POA and TOA reporting to improve the performance by the smoothing. During the discussions in RAN1#109-e, many companies pointed out that this can be realized by the implementation, e.g. configuring both carrier phase measurement and the Rel-17 method. In our view, it is up to proponents to provide evaluation results based on this proposed enhancement. But, it is clarified what kind of enhancement on the signaling is needed.
Observation 1: 
· Phase-smoothed timing measurements can be done by configuring both Rel-18 carrier phase measurement and Rel-17 method.

Conclusion
In this contribution, we have the following proposals:
Proposal 1: 
· Do not consider the phase-difference measurements for DL-AoD.
Proposal 2: 
· Subcarrier-level phase difference report can be discussed as the solution for the integer ambiguity issue.
Observation 1: 
· Phase-smoothed timing measurements can be done by configuring both Rel-18 carrier phase measurement and Rel-17 method.
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