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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]In this contribution, we provide our views for the following design issues,
· Integer cycle search range
· Linear phase combination?



2 Integer cycle search range
The base period for 30KHz SCS with 100MHz BW is 8.13ns. For the carrier frequency at 4GHz, the corresponding propagation time for the electromagnetic wave to propagate the distance of a wavelength is 0.25ns. By using IFFT method, when UE determines the first path at a certain sample point in order to obtain the phase, the actual propagation distance associated to a TOA may be between the 16 wavelengths less than and 16 wavelengths greater than the distance associated to that sample point. This means the uncertainty range of a TOA value could be between -16 wavelengths/light speed and +16 wavelengths/light speed when the measured TOA value is put at the center, as shown in Fig. 2-1.

Further, the uncertainty range of a RSTD value could be between -32 wavelengths/light speed and +32 wavelength/light speed when the RSTD value is at the center. To search for 4 RSTD values for further position calculation, for example, the search number would be (32+1+32)^4 = 17850625, making the search impractical. 

It is not clear how LMF would perform the search since it is implementation specific. If the UE is able to observe a potential uncertainty range for each RSTD measurement, LMF may have the chance to search within a right range and within its computation capability.

The UE depending on the capability, may have the algorithm to provide the uncertainty range for the measured TOA in each measurement instance. For example, the higher resolution receiver using the minimum output energy criterion [1] may produce the lower output power when the steering vector has different signature (related to the delay) from the signals within the correlation matrix. The steering vector further changes the delay to produce another output power. Under lower SNR condition, the MOE output power difference may not be significant between different distances in terms of number of wavelengths, the uncertainty range could be larger based on UE’s observation, as shown in Fig. 2-2. Under higher SNR condition, when the MOE output power difference is quite significant between different distances, as shown in Fig. 2-3, the UE may even indicate that the search is not required for this link. 



Proposal 2.1: The search range for integer cycle could be provided by UE for each DL-RSTD measurement

[image: A picture containing text, antenna

Description automatically generated]
              Fig. 2-1, 

[image: ] [image: ]
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3 Cost function for the search
The cost is the sum of the distance between intersected points among the hyperbola curves for DL-RSTD measurements for the search in our evaluation. For each DL-RSTD value, it is adjusted by adding a delay time which is related to the propagation time the light propagates the distance of a wavelength (wavelength/light speed).

If the intersected points are closer to each other, it is believed that the corresponding set of the adjusted DL-RSTD values are treated as the potential candidate. The set of the adjusted DL-RSTD values with minimum sum of the distance is further used to calculate the position.

A DL-RSTD value could also be represented by the propagation time for the distance of an integer number of wavelengths plus a fractional wavelength. We have observed in [2] that, small error on the propagation time for a fractional wavelength may further influence the search of integer cycle. From the observation, when the error is larger than 5% of wavelength, the accuracy starts to degrade. The accuracy could be even worse than the TOA measurement based on the high resolution receiver, in which there is no search for the corresponding measurement reports. 

Under a stringent condition, for example the double difference method is used, and the error for fractional cycle measurement is within a range, the carrier phase measurement may perform very well. Once the condition is not met, the degradation could be worse than using high resolution receiver for TOA measurement. Then one alternative to improve the overall performance may be to define the finer reporting granularity when high resolution receiver is used. 


Proposal 3-1: Consider to define finer reporting granularity for the timing based measurement as an alternative, just in case that the carrier phase measurement may not meet the stringent condition  


4 Potential solution for the phase measurements in time domain
A path delay induces the phase change with a slope in frequency domain. A simple equation could express the relation,


Where y is the collection of the phases across subcarriers, x is the collection of the frequencies across subcarriers. The parameter a is the slope, which is also treated as TOA. It is also believed that the parameter b is crucial for deriving the phase.

The IFFT method projects the CFR vector to a IFFT matrix, where the IFFT matrix consists of N IFFT vectors. Assume that the maximum projection magnitude happens at the projection to the IFFT vector of index m, the associated projection phase has strong relation to the phase of the (N/2+1)-th element within the CFR vector. 

The IFFT vector of index m could be expressed as,
 [image: ]  --(1)
Where the first element in the left has the lowest frequency in RF among all the elements. 

Assume that the phase part in each element of CFR is only related to the associated RF frequency and the propagation time. The CFR vector could be generally written as,
 [image: ] --(2)


The above expression could be justified by the following steps,
· [bookmark: _Hlk118537879]Let the frequency associated to first element be f1, the propagation time be Δt, and the SCS be Δf. Then the second element has the RF frequency f1+ Δf
· When the phase in the first element is expressed as -2π*f1*Δt, it could be further written as , and then 
· Furthermore, the above is equivalent to , which is the  in Eqn (2).
· -2π*Δf *Δt for second element from the left could be written as , where  could be 104 meters for SCS= 30KHz. Basically  has the value less than 1 and it could be equivalent to 

The phase could be extracted from the below value which is derived through inner product, 
[image: ]
Let . The summation term can be further expressed as
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[image: ]--- (A.1)

Note that the phase of  is . Then the phase of Eqn. (A.1) becomes
[image: ]
Then through the IFFT without performing the FFT shift, the phase of the first path observed in time domain is
[image: ]  ---(A.2)

And from Eqn. (2), the (N/2+1)-th element of the CFR has the phase in frequency domain as
[image: ] ---(A.3)

The phase rotation  could be manually compensated, depending on m being an even or odd number. The above also shows when the size of N is larger, the phase observed in time domain is very close to that on the (N/2+1)-th element of the CFR vector in frequency domain. The (N/2+1)-th element is the DC tone when N is chosen for the maximum bandwidth.

The smaller size of N for IFFT allows the UE to observe the phase of other subcarriers. The potential impact is the reduced multipath mitigation capability.

In reality, the number of CFR elements would be less than the IFFT size. Under a single carrier, there are guard bands at the edges so that the CFR could not be measured for a certain number of the subcarriers, as shown in Fig. 4-1. When IFFT is performed with size N which is greater than the number of PRS subcarriers, the 0 values may need to be stuffed. Then the observed phase in time domain may not be exactly represented by Eqn. (A.2). However, it is still better than 
[image: ] ---(A.4)

Another similar condition happens for the intraband contiguous CA case. Under single TX RF chain and single RX RF chain structure, UE may also apply a single IFFT with a larger size for receiving the consecutive CCs. The associated center may be moved to the edges between CCs, as shown in Fig. 4-2. There could be a number of subcarriers around the new center without PRS transmission so that the extraction of the CFR may not be possible. In this condition, the observed phase may still be better than Eqn. (A.4), but worse than Eqn. (A.2).

When a single IFFT could be applied, it may not justify the need of linear phase combination. The intra-band contiguous CA scenario also allows single IFFT operation.


Proposal 4-1: When a single IFFT could be applied for reception, the linear phase combination may not be needed. The intra-band contiguous CA scenario also allows single IFFT operation
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   Fig. 4-1,
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    Fig. 4-2, 


 
5 Potential solution for phase measurements in frequency domain
The high resolution receiver is generally treated as the solution to measure the TOA (the slope), not the phase. In the following, we develop mathematically how the high resolution receiver could be used to measure the phase of the path of interest (1st path) in frequency domain.

In [1], we have shown that the MOE detector has the output,
[image: ]
Where vector v1 is the steering vector to change the delay for producing the output power associated to the delay. The correlation matrix Ry is constructed by using all the subcarriers with DL-PRS. The vector length of v1 could be much less than IFFT size N. This is because the IFFT method and the high resolution receiver mitigates the influence of other paths by different approaches. The IFFT method reduces the correlation of other paths to the path of interest through the inner product operation. The larger IFFT size may reduce the correlation between two close paths more significantly. The high resolution receiver is to suppress the other paths having different signature from the path of interest. The suppression capability is not directly related to the vector length, but is mainly related to whether the constructed correlation matrix for further inversion, could be close to the correlation matrix derived by ensemble average.

Fig. 2-2 and 2-3 show the example of the MOE output with the delay in terms of number of wavelengths. The delay with maximum output power may further define the vector vmax. The filter w,
[image: ]
could be applied to CFR vector by a sliding way so that on different subcarriers, the phase for the path of interest could be derived.

Therefore, the carrier phase measurement may not need to be restricted to the measurement performed in time domain after IFFT, as long as the UE algorithm could measure the phase of a certain subcarrier with good quality.


Proposal 5-1: The carrier phase measurement may not need to be restricted to the measurement performed in time domain after IFFT, as long as the UE algorithm could measure the phase of a certain subcarrier with good quality


6 Conclusion

Proposal 2.1: The search range for integer cycle could be provided by UE for each DL-RSTD measurement
Proposal 3-1: Consider to define finer reporting granularity for the timing based measurement as an alternative, just in case that the carrier phase measurement may not meet the stringent condition  

Proposal 4-1: When a single IFFT could be applied for reception, the linear phase combination may not be needed. The intra-band contiguous CA scenario also allows single IFFT operation

Proposal 5-1: The carrier phase measurement may not need to be restricted to the measurement performed in time domain after IFFT, as long as the UE algorithm could measure the phase of a certain subcarrier with good quality
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