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Introduction
In the RAN # 94 meeting, the integrity of RAT dependent positioning technology was approved for research and discussion in the Rel-18 stage, as follows [1]：
	· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.


In the RAN # 110bis-e meeting, some problems about the error distribution in the integrity of RAT positioning technology were discussed. And achieved some consensus [2]：
	Agreement
· The following distributions are identified as candidates for modeling of the distribution for inter-TRP synchronization error (e.g., NR-RTD-Info in TS 37.355)
· Uniform distribution
· Note: this may already be consistent with the existing parameter NR-RTD-Info in TS 37.355
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions


In the last meeting, uniform distribution and normal distribution were selected as candidate distributions for modeling synchronization error distribution between TRP. This paper will discuss the distribution of synchronization error between TRP through investigation and research on existing data.
Distribution of synchronization error between TRPs
Time synchronization is a key problem in wireless networks. The requirements for specific clock accuracy vary according to the application. The accuracy is generally milliseconds or even nanoseconds. Especially in the field of target location, since the performance of any tracking algorithm is affected by the accuracy of clock synchronization, clock synchronization is particularly important for TRPs.
The clock synchronization error between TRPs usually occurs due to clock drift and other influences. How to determine and reduce the impact of such errors on the positioning results has become a problem that cannot be ignored in the field of high-precision positioning.
At the last meeting, uniform distribution and normal distribution were proposed as candidate distributions for modeling synchronization error distribution among TRPs. Through relevant research, this paper found that, as in literature [4], synchronization errors between different network levels were analyzed. Synchronization errors in high hop networks can be seen as the superposition of synchronization errors in low layer networks. Therefore, the distribution of synchronization errors in three hops networks is calculated in this paper, as shown in Figure 1
[image: ]
Figure 1. Synchronization error distribution
A total of 250 synchronization error data were counted, most of which were within the range of [- 5,5] ms, of which 8 readings were within the range of [21,40] ms.
Observation 1: the synchronization error data of 3 hop network in the range of [- 5,5] ms is approximately normal distribution.
Some hardware devices, such as an M12M parallel receiver, can track satellites in parallel and receive satellite signals, as shown in the figure below
[image: ]
Figure 2. M12M Parallel Receiver
The manufacturer of the equipment has given in the technical specification that the time synchronization error is normal distribution.
Observation 2: The design time synchronization error of some existing hardware devices in the market is normally distributed in the technical specifications.
Another example is the statistics of the relative time difference between two 1PPS outputs measured every hour in literature [5], that is, the delay between the rising edges of two precise pulses. Since the measured time difference of the rising edge of the 1PPS signal has a relative time offset and non-zero time jitter, the time interval between two precision pulses is usually uncertain, as shown in Figure 3 below 
[image: ][image: ]
Figure 3. (a).Relative time difference of 1PPS output per hour (b) 1PPS measurement time difference statistical distribution 
Observation 3: The relative time difference between the two 1PPS outputs presents a normal distribution.
Considering the compatibility with existing hardware and the observed data distribution:
Proposal 1: It is considered that the synchronization error distribution between TRPs is modeled as a normal distribution rather than a uniform distribution.
Conclusion
Observation 1: the synchronization error data of 3 hop network in the range of [- 5,5] ms is approximately normal distribution.
Observation 2: The design time synchronization error of some existing hardware devices in the market is normally distributed in the technical specifications.
Observation 3: The relative time difference between the two 1PPS outputs presents a normal distribution.
Proposal 1: It is considered that the synchronization error distribution between TRPs is modeled as a normal distribution rather than a uniform distribution.
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