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A key to the "Rx-Tx time difference" measurement is the reception of the PSR/SRS signal in the base station. The required signal strength depends on the interference in the cell. The interference is dominated by the load of the cell and the number of UEs that are active in the cell. The signal power depend from the distance and the channel model. The simulations give an overview about the levels conditions and should help to define the requirements.

System simulations
Problem description

It is not possible to standardize a 100% safety for the position determination. Typical values for the signal-to-noise ratio for 10%, 50% and 90% of the UEs are the basis to define requirements and tests. The signal to noise ratios are complicated. In the service cell the base station controls the ratios. The base station has no influence on the UEs in the neighbor cell. Additionally, the level is lower due to the larger distance. In addition, the interference is also higher. System simulations are necessary to evaluate these conditions.

Figure 1 show the situation for the gNB. 
· UE1 and UE2 are in the serving cell with low interference for the neighbor cell. This position is quite ideal situation.
· UE3 is a example for a typical UE in the neighbor cell.
· UE4 is far from the serving cell and additional closed to it own serving cell. This means the power control reduce UE transmit power additional.
· UE5 is an example for high power in the neighbor cell.
· UE6 is a very far situation.
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Figure 1: Principle cell structure for a TDOA positioning.



Simulations assumptions [1]

Input:
•	Channel model: AWGN
•	FR1: 4GHz carrier, 100MHz BW (272 PRBs), 30kHz SCS
•	FR2: 40GHz carrier, 200MHz BW (128 PRBs), 120kHz SCS
•	3 BSs in a triangle.
•	1, 5, 10 UEs/cell as a start. Equal amount of UEs per cell.
•	1 UE antenna, 1 BS antenna
•	The closest BS is the serving BS
•	Perfect TA so that the serving BS receive all member UE SRSes at the same time
•	SRS are configured per serving cell, with no regard to other cells.
•	TX power = 23dBm
•	RX noise figure = 5 dB
•	Equal amount of UEs per cell.

•	SRS configurations:
· Symbol size =4
· Comb. Number =4
· Cyclic shift Max. Number =12
· Intra-cell, Offsets in Comb. and Cyclic shift keep orthogonal.
· Inter-cell, Offsets in Comb. and Cyclic shift is randomized.

Output: Serving cell and neighboring cell Ês/IoT [dB] CDF figures.



Simulation results graphical

Bandwidth and channel dependency

As example the figures depends on the bandwidth 5, 10, 100 MHz.for a AWGN channel and FR1:
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Example with UMa channel:
[image: ]




Observation 1: The signal to noise ration Ês/Iot depends strongly on the bandwidth
Observation 2: The signal to noise ration Ês/Iot depends strongly on the cannel conditions.



Compare FR1 and FR2
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Observation 3: The signal to noise ration Ês/Iot depends strongly on the frequency range.


Dependency on number of scheduled Ues

FR1:
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FR2:
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Observation 4: The signal to noise ration Ês/Iot independent on the number of scheduled UEs in a large range.

Dependance on Power Control

FR1:
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Observation 5: The power control has a significant influence. 


Discussion of the results

The simulation shows the signal to noise ratio for the SRS signal in a 7 cell scenario. The goal is to get reference values for the signal to noise ratios.
The CDF values means that on the left side of the diagram has a lower SNR and on the right side has a higher SNR. The 10% values means that 90% of the UEs has an higher SNR in the cell.
The values has an very high spreading depends on the environment.
Stable is a difference from around 20 dB between the SNR of the UEs in the serving cell and the neighbor cells.

Observation 6: The SNR of the UEs in the serving cell and the SNR of UEs in the neighbor cell is at least 20 dB. 


Conclusion
The simulations have shown that the values scatter very strongly. It becomes even more difficult, if complex reception conditions are added. For the link level simulations one SNR value each should be set for the tests in the serving cell and in the neighbor cell. 

Proposal 1: Define one value for the signal to noise ration Ês/Iot in the serving cell and on for the signal to noise ration Ês/Iot in the neighbor cell.
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