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1. Introduction
The study items for application of carrier phase positioning to improve NR positioning accuracy were approved in RAN #94[1]. After several rounds of NWM discussion, the detail of the SID are stable. The part of SID regarding carrier phase positioning can be found below[1].
	[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Objective of SI
· 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



[bookmark: OLE_LINK27][bookmark: OLE_LINK28]According to the process of RAN #110 and previous meetings, the following issue is discussed in this contribution:
· [bookmark: OLE_LINK50][bookmark: OLE_LINK53]Specification of carrier phase positioning measurement.
2. Specification of carrier phase positioning measurement
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK64][bookmark: OLE_LINK65]The last meeting has discussed several issues regarding the measurement of carrier phase positioning[2], e.g., DL/UL carrier phase positioning measurement report from multiple frequencies, (double) differential carrier phase measurements, RTT carrier phase measurement report, etc. The draft proposals are:
	[bookmark: _Toc111724361](H)(Round 2) Proposal 2-1
· For the study of the accuracy improvement based on NR carrier phase measurements from multiple (<=4) frequencies, the multiple different frequencies can be:
· in the same carrier or in different carriers;
· in the same band or different bands;
· in the same or different frequency ranges;

(H) (Round 2) Proposal 3-1
· For NR carrier phase positioning, further study the use of the double differential technique to eliminate the impact of the UE/TRP timing/frequency errors and initial phase offsets, including  the impact on physical layer procedure, the measurements, and the high-layer signaling to support the double difference technique by the use of the PRU.
· Note: Other solutions for eliminating the impact of the UE/TRP timing/frequency errors and initial phase offsets are not precluded.

(Round 1) Proposal 11-1
· Study the NR carrier phase positioning approaches that may not need precise TRP time synchronization, which may include:
· the use of both DL/UL carrier phase measurements from the UE and the gNB for carrier phase positioning 
· the use of both DL/UL phase-difference measurements from the UE and the TRP for carrier phase positioning
· the use of RTT method for the carrier phase measurement based positioning



All of these issues related to the same point of how to report the phase measurements. Specifically, how to quantitate the received the phase and specific it by a unify form like time-based measurement specified in nr-DL-TDOA-ProvideLocationInformation and angle-based measurement specified in nr-DL-AoD-ProvideLocationInformation[3].
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK81]For a sinusoidal carrier signal, the received phase always quantizes in the range of [0, 2π) as shown in the above Figure 1. The UE gets the fractional part of carrier phase (measured by synchronous clock or PLL) and reports it to LMF (maybe accompany with integer part, if estimated in UE side) of carrier phase to assist location estimation in network side. Similar with time/angle-based measurement, the received phase in UE side can also be quantified to a phase sub-range and mapped it to a quantization level. The UE transmits the quantization level contained in the measurement report to NW side.
[image: ]
Figure 1. The range of received phase
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78]On the one hand, similarly with time/angle based measurement information, the received carrier phase should also be quantified as a specification value. On the other hand, deferring from time/angle based measurement, specifying the received carrier phase relates to the carrier frequency, i.e., an integer cycle of phase, valued from 0 to 2π, represents the linear propagation distance of 12cm for 2.5GHz carrier frequency, and 1cm for 30GHz carrier frequency, while the time/angle based measurement does not refer to the carrier frequency. Therefore, the mapping relation between a phase sub-range containing the received carrier phase and quantization level is carrier-specific for different carrier frequency.
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK17]Observation 1: Integer cycle of phase with different carrier frequency represents different linear propagation distance.
[bookmark: OLE_LINK20][bookmark: OLE_LINK23][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Besides, integer ambiguity highly affects positioning accuracy. There are several methods to obtain the integer ambiguity in GNSS. Although NR CPP also discussed integer ambiguity for a time, how to specific the integer ambiguity value is absent. Theoretically, the integer ambiguity is no more than d/λ, where d is the maximum LOS distance between UE and gNB/TRP and λ is the carrier wavelength. Due to the different distance between two gNBs/TRPs resulting in different density of gNB/TRP, the value of d is variegated in different scenarios. For example, in a rural scenario with 1.2km gNB distance, the integer ambiguity will not exceed 2791 within the agreed frequency range. Therefore, how to quantitate the received carrier phase (also accompany with integer part) in the specification and report it from UE side should be further studied.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK90][bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 1: How to quantitate the received carrier phase (also accompany with integer part) in the specification and report it from UE side should be further studied.

3. Conclusion
In this contribution, we discussed the issues of AI/ML for positioning accuracy enhancement. Observation and proposal are summarized as following: 
Observation 1: Integer cycle of phase with different carrier frequency represents different linear propagation distance.
Proposal 1: How to quantitate the received carrier phase (also accompany with integer part) in the specification and report it from UE side should be further studied.
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