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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]When the propagation distance between a TRP and UE (a link) is represented by a number of wavelengths, both the fractional cycle amount and the integer cycle number need to be derived. The phase measurement on a carrier/subcarrier is only able to measure the fractional cycle amount. Therefore the phase measurement is simply a necessary condition (not sufficient) to achieve the centi-meter accuracy. The integer cycle number should also be correctly determined so that the centi-meter accuracy may achieve. 

The integer cycle number could be determined through the joint estimation and search. To search the integer cycle, the cost function may need to be defined. The cost function is implementation specific and generally, after the fractional cycle measurement and the potential cancellation methods to improve the fractional cycle accuracy, the remaining errors may still be resided in the cost function. 

The RAN1 #110 meeting has defined several impairment models for further study. These impairments mainly influence the fractional cycle measurement. Then some issues may come up,
· Whether fractional cycle measurement result may impact the integer cycle determination?
· What is the search effort for the integer cycle number determination?

In this contribution, we further investigate the above issues, and propose the feasible solutions.

2 The experiments for integer cycle number search
The DL-RSTD measurements are used for the analysis. For each DL-RSTD value for a pair of TRPs, a curve (hyperbola) could be drawn, as shown in Fig. 2-1. Then for two DL-RSTD values corresponding to 3 TRPs, the two curves may have at least one intersected point. The sum of the distance between two intersected points, (or it is treated as the dispersion condition between points), could be used as the cost function to represent the cost for a set of DL-RSTD values.

Fig. 2-2 and 2-3 show the dispersion of the points for two different sets of DL-RSTD values. The set of DL-RSTD values in Fig. 2-3 could be viewed as the better candidate than that in Fig. 2-2 for the further UE position calculation. 

The following experiment is conducted. A set of ideal DL-RSTD values is perturbed by error within a range. The search is conducted by adjusting each DL-RSTD value by multiples of wavelength/3e8, where 3e8 denotes the light speed. For example, if there are 4 DL-RSTD values, and each value is adjusted by adding -1, 0 and 1 times the wavelength/3e8, then there are 34 = 81 candidates at the search domain. 

Fig. 2-4 shows the UE position error when there is error on each DL-RSTD value, and the search is not performed. The added error has 4 different ranges to investigate the performance degradation. The maximum range corresponds to 0.15 wavelength and the minimum range corresponds to 0.025 wavelength. It is seen that when the added error is larger, the UE position error is getting larger correspondingly. 

Fig. 2-5 shows the UE position error when there is no error on each DL-RSTD value, and the search is performed. It is seen that the results for integer cycle number are correct, resulting in the zero error at UE position. 

Fig. 2-6 to Fig. 2-9 show the search results when each ideal DL-RSTD value is perturbed by a small amount of error. This is similar to having the measurement error on the fractional cycle. When the induced error is small, as shown in Fig. 2-6, the performance due to different search range is quite comparable.

When the induced error is increasing, as shown in Fig. 2-7 to Fig. 2-9, the wider search range doesn't guarantee the performance in terms of the UE position error. As we further compare Fig. 2-4 with Fig. 2-7, 2-8 and 2-9, the UE position error becomes larger after performing the search than that without search. These results may also show that the local minimums are present when the cost function contains fractional cycle measurement errors.

To make search correctly, the fractional cycle measurement errors may need to be within a range, as we further compare Fig. 2-5/2-6 with Fig. 2-7/2-8/2-9. The search may fall into a local minimum when the fractional cycle measurement error is larger than a threshold.

The cost function and the corresponding brute force search maybe implementation specific. To take the above cost function as example, when the search range has the increment from -2*wavelength to +2*wavelength for each DL-RSTD value, the search domain has 54 = 625 candidates for 4 DL-RSTD values. This also means the candidate number will grow dramatically when the search range and/or the number of DL-RSTD values to be involved are increasing. For example, to search by the increment from -10*wavelength to +10*wavelength for a reported DL-RSTD value, and to utilize 6 DL-RSTD values for the cost function, the candidate number becomes 216 = 85766121, which is a crazy number.


Observation 2-1: The brute force search for the integer cycle number may fall into a solution of local minimum when the fractional cycle measurement error is larger than a threshold

Observation 2-2: From the simulation, the fractional cycle error after any cancellation method may need to be kept within 0.025 wavelength to ensure the integer cycle search performance
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            Fig. 2-1,                                      Fig. 2-2, (square mark is the UE location)
                                            (The dispersion between the 6 points is larger than that in Fig. 2-3)
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       Fig. 2-3, (square mark is the UE location)
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            Fig. 2-4,                                 Fig. 2-5,
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            Fig. 2-6,                                 Fig. 2-7,
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            Fig. 2-8,                                 Fig. 2-9,


3 Feasibility of integer cycle number indication from UE to NW 
For UE assisted positioning, by taking DL-TDOA as example, the LMF may search the integer cycle number based on the reported DL-RSTD values. As mentioned above, if the wavelength is used as the search step, the search effort would be huge.

Some algorithms at UE side may be able to provide the indication of the search range. Fig. 3-1 shows the output of the high resolution receiver, based on minimum output energy criterion (in Appendix 1). In Fig. 3-1, there is a LOS path with propagation distance of 1078 wavelengths. The detector shows sharp drop of the output power when the search vector is adjusted to inspect the arrival signal with propagation distance other than 1078 wavelengths. In this case, the integer cycle search range could be quite limited, since there is high confidence on a certain wavelength number.

In Fig. 3-2 with SNR = 5.5dB, the detector output may not have sharp drop as compared to Fig. 3-1 with SNR = 30dB, then the integer cycle search range could be widened.

Fig. 3-3 shows the case having the second path to arrive 4ns later than the first path, which is equivalent to have additional propagation distance of 16 wavelengths under 4GHz carrier frequency. The detector output shows two separate peaks and the peak shape is not as sharp as that in Fig. 3-1. In this case, the integer cycle search range could also be widened.

The high resolution receiver basically utilizes the multi-subcarrier property of OFDM signal to estimate the integer cycle number per link (a TRP to UE). The estimation result may show the expected value and the uncertainty range. For a DL-RSTD reporting, the reported DL-RSTD value may be treated as the expected value, and the uncertainty range could be further reported as the assistance for the integer cycle number search by NW.

Proposal 3-1: UE may optionally report the uncertainty range of the integer cycle number for the measurement (for example, DL-RSTD measurement)

Proposal 3-2: RAN1 to further study the feasibility of the detection of uncertainty range of the integer cycle number and the reporting of the uncertainty range
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          Fig. 3-1,                                   Fig. 3-2, 
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     Fig. 3-3, 



4 Conclusion
Observation 2-1: The brute force search for the integer cycle number may fall into a solution of local minimum when the fractional cycle measurement error is larger than a threshold

Observation 2-2: From the simulation, the fractional cycle error after any cancellation method may need to be kept within 0.025 wavelength to ensure the integer cycle search performance

Proposal 3-1: UE may optionally report the uncertainty range of the integer cycle number for the measurement (for example, DL-RSTD measurement)

Proposal 3-2: RAN1 to further study the feasibility of the detection of uncertainty range of the integer cycle number and the reporting of the uncertainty range
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6 Appendix 1
The high resolution receiver based on MUSIC algorithm has been studied in earlier release. We try to develop another method based on minimum output energy (MOE) detection. The MOE detection also borrows the idea from array signal processing for DOA estimation.

Mathematically, the received signal in frequency domain could be expressed as
[image: ],
where v1 is assumed to be the desired signal and v2 is the interfering signal. The correlation matrix of the received signal y, as a vector, could be written as
[image: ],
where it is assumed that v1 and v2 are uncorrelated. 

By applying the constraint optimization,
[image: ],
the filter w is derived,
[image: ].
The output power could be further expressed as
[image: ]

The vector v1 is adjusted to search the timing. The step size of adjusting the v1, in our evaluation, is wavelength/12.
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