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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Carrier phase positioning is targeted to reach sub centi-meter accuracy. During the study item, it has been shown that in some conditions, the sub centi-meter accuracy is achievable. However, the phase of the signal is vulnerable to the clock phase mismatch, and the channel condition.

There has been intensive debate on whether the carrier phase positioning should be specified in normative work. In our view, the basic elements could be defined in this release. The further enhanced and robust solutions could be investigated in next release.

In this contribution, we provide our views for the measurements and reporting for carrier phase positioning.


2 Carrier phase measurement and reporting
When a distance between a TRP to a UE is represented in terms of the number of wavelengths, the phase of the signal corresponding to a frequency preserves the fractional value. For example, if the distance is equal to 100.87 wavelengths, the value of 0.87 is resided in the signal’s phase, together with some perturbation terms. Instead, the integer cycle number 100 can’t be observed from the phase of a subcarrier.

The number of integer cycles for a link (between a TRP and UE) needs to be searched. It can not be observed from the phase. When a UE position is determined based on the measurement on several links, it requires the multi-dimensional search for a group of integer values, and the complexity increases exponentially, not linearly.

The search of a group of integer values may define the cost function. It is also identified during SI [1] that, the error of the phase measurement which reflects on fractional value error will further influence the search. It means the results will be settled at a wrong group of integer values, resulting in the UE position offset. The position error will be even worse than that by using high resolution receiver that is treated as timing measurement, not phase measurement.

On the other hand, if a group of fractional values are measured with certain accuracy, the high accuracy on determining the UE position can be obtained.

We then don't expect that the phase measurement is a stand-alone way for the following reasons,
· The phase measurement is quite sensitive
· The search may require intensive computation

An example in [2] also the search complexity. If a TOA measurement is based on the peak of CIR by IFFT method, then under SCS=30KHz with 100MHz BW, the base period is 8.13ns, and the true arrival time maybe between -4ns and 4ns of the selected peak. For 4GHz carrier frequency, the time to propagate a wavelength’s distance is 0.25ns. This means the search range around the select peak for a TOA measurement would be between -16 wavelengths and 16 wavelengths when it is represented by propagation distance. The search effort grows exponentially with the increase of measurement number. 

For UE assisted mode, the search may rely on LMF. The search is implementation specific and therefore it is not clear that how a LMF may determine the search range. One possible solution to reduce the search effort is that, UE reports the search range for each phase measurement, and so that LMF performs the search based on both the own search capability and the suggested search range.

We have also shown in [2] that, the high resolution receiver is able to detect the peak in terms of wavelength number, which is able to identify a shorter search range. The search range reporting could be UE capability.

We may determine
· The reporting of the phase measurement is based on which subcarrier?
· The unit of phase measurement for reporting

The double difference method also requires PRUs for phase measurements to facilitate the cancellation. Then it may require the phase measurement on a same subcarrier. Whether a UE could perform the phase measurement on any subcarrier is UE capability. In [2], we have identified that, for a commonly applied IFFT method, the observed phase on the first path in time domain is strong related to the phase corresponding to the first arrival path on the (N/2+1)-th element of the CFR vector for performing IFFT. Then when a large size of IFFT is performed, the (N/2+1)-th element is the subcarrier of DC at baseband.

Note that the direct measurement on the phase of a subcarrier in frequency domain will be impacted by multipath. This is the main reason that IFFT method is used to suppress the influence by other paths.

This also means, when a smaller size of IFFT is performed, the phase of the subcarrier other than the DC could be observed. The high resolution receiver that directly operates in frequency domain is also able to observe the phase in any subcarrier. Then similar to RSRPP measurement definition, the definition of carrier phase measurement could be independent on the time or frequency domain.

Therefore, the common ground is the measurement of the phase on DC tone. The measurement on DC tone is indirect, since DC tone may not transmit the signal, and there is filter around DC to remove DC offset impact. Note that IFFT method could be treated as obtaining the phase on DC tone through the interpolation.

When phase measurement is reported with RSTD measurement, the phase measurement is associated with the phase difference.

A fractional wavelength value could be represented between 0 and 1, or between 0 degree and 360 degree. For the phase difference reporting together with RSTD reporting, the range of -1 to 1 and -360 degree to 360 degree maybe used. We slightly prefer using the angle in degree.

To further look at the equation
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where,
· fc denotes the carrier frequency, fa denotes the frequency of a subcarrier
·  denotes the initial phase mismatch between TX and RX oscillator
·  denotes the transmission timing of the signal
·  denotes the arrival timing of the signal
·  denotes the slot (or symbol) boundary offset between TX and RX
·  is the desired phase

The initial phase mismatch is related to TX and RX oscillator. The UE may have a single oscillator. Then it is similar that UE has a single PEG (phase error group). The term  maybe related to group delay, which is related to TEG. Based on this, PEG may not be defined.
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Fig. 2: high resolution receiver may have the resolution by wavelength unit, which could be used to provide the search range for LMF 



3 Conclusion
Proposal 2-1: The reporting of the phase measurement is together with the existing measurement reports

Proposal 2-2: By default, the reporting of the phase measurement corresponds to the phase in DC tone

Proposal 2-3: It is up to NW request and UE capability to report the phase measurements on other subcarriers

Proposal 2-4: The definition of carrier phase measurement is independent on the time or frequency domain, similar to RSRPP measurement definition

Proposal 2-5: When phase measurement is reported with RSTD measurement, it is associated with the phase difference

Proposal 2-6: The phase measurement reporting unit may consider the angle in degree 

Proposal 2-7: Up to UE capability, report the search range for each phase measurement
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