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1 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK23][bookmark: OLE_LINK15][bookmark: OLE_LINK21][bookmark: OLE_LINK12][bookmark: OLE_LINK11][bookmark: OLE_LINK22]A new Si has been approved since RAN#81[1], and the high-accuracy positioning requirement from commercial use cases are taken into consider:
· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
· End to end latency < [1]s
The current synchronization error of the NG-RAN is not enough to support even the most loose requirement of commercial use cases.In this paper,we give our analysis and testing result of high-accuracy synchronization receiver.Based on the spatial similarity of the GNSS signals, by DGNSS(Differential GNSS) ,decimeter or even centimeter level accuracy can be get, also, a nanosecond level synchronization can also be achieved within an area of 20km, in theory, the synchronization error can reach 1ns, now the receiver testing result is less than 3ns,this result is stable at any geographic area within 20km, the error’s allocation is like gentle hills.   
2 GNSS Neighborhood similarity and synchronization
GNSS signals’ spatial similarity is also called Neighborhood Similarity Theory, which means within a certain area, the GNSS signal measure errors of all the receiver are correlative, through which the nanosecond-level synchronization is achievable.The pseudo range error of satellite are mainly from the satellite clock error,ephemeris error,ionospheric error,troposphere error,receiver error and multipath error, expressed by the following formula: 


GNSS time precision is directly relative to the pseudo range error.The synchronization error get from single satellite can reach 3ns, if muti satellites were used jointly,the result can be further improved, in theory it can reach 1ns。 
It is mentionable that the synchronization is based on the Neighborhood Similarity, as the area expand, the similarity will decline till totally irrelevant, the synchro error will increase to 20~50ns。For 5G OTDOA positioning, usually the UE will take use the signal from the cells that are no more 5km away, the synchronization precision will be quite good. 

3 Testing result
Figure 1-3 gives the synchronization error curve, time service error curve and time service error distribution histogram of two receiver at a distance of 50m.Synchronization error
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Figure 1 Synchronization errorTime service error
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Figure 2 Time service errorTime service distribution
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Figure 3 Error distribution
From the figure above, we can see that although the time service error can he as high as 20ns, but the synchronization of the two receiver are consistent, it obey Gaussian distribution with a standard deviation of 1.6ns.
    The testing result is from two receiver at a distance of 50m, the crystal oscillator used is at the price of $80-$160,and other hardware and algorithm can still be improved in the future, so the synchronization accuracy can also be better.
According to our study, facing complicated environment, if the visible satellite sets are different for different receiver in a certain area, the synchronization error will be affected.In such case, with a new interface between receivers and corresponding information exchange to mitigate the error, a good synchronization result can be get over the regional internet.Under this mode, we can achieve a dynamic adjustment of the time error and the time clocks’ quality supervision.
4 Conclusion
Observation: Nanosecond level synchronization can be achieved based on GNSS signal neighborhood similarity and it can meet the high-accuracy positioning requirement of 5G.
5 Reference
[1] 3GPP RP-182155, “New SID: Study on NR positioning support,” Gold Coast, Australia, 2018
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