[bookmark: _GoBack]3GPP TSG-RAN WG1 #94bis                                          R1-1810333
Chengdu, China, 8th – 13th Oct 2018

Source: 	ZTE 
Title:           Requirement to synchronization error
[bookmark: Source]Agenda item:	    7.2.10.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Introduction
[bookmark: OLE_LINK12][bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK11]A new study item (SI) on NR positioning has been approved [1] including the objectives of setting requirements.
Study requirements, evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
Identify requirements such as accuracy, latency, capacity, coverage, and etc (in RAN1 #94bis)
For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
In this contribution, we expressed our consideration on synchronization requirements to achieve a better location service in 5G.
2 Synchronization error and positioning accuracy
Network synchronization error is a key elements in the evaluation scenarios that will directly influence the positioning accuracy. In 37.857, we use perfectly synchronized case as baseline and network synchronization error case optionally.To some extent,this way could affect our evaluations’ practicality.
Among all the positioning methods, TDOA based positioning is a widely used fundamental method. They are also two main direction in this SI.The error equations of TDOA can be roughly expressed as below.
TDOA’s error is derived from TOA observation equation:



（,the index of base station）






    represent the base station i clock error, is the clock error between UE and standard clock, is distance measurement error. can be offset,but and are still the main sources for positioning error.
In indoor scenarios, because of the dynamic and complicated channel, it is very hard to eliminate the synchronization error by difference method,to offer high-accuracy synchronization method.From the analysis above, we can see that synchronization error is one of the two main error sources and in LTE, it is far more severe than the measuring error. 
A general relation between synchronization error and positioning error is listed in the table 1。
	[bookmark: OLE_LINK4]Synchronization error
	Maximal distance measuring  
	Average positioning error estimation 

	1ns
	0.3m
	0.2m

	3ns
	1m
	0.6m

	10ns
	3m
	1.8m

	3us
	900m
	540m



Currently the requirement to BS synchronization error is 3us, which is already behind the time and can not meet the requirement from high-accuracy positioning.
 
3 Research status on synchronization
3.1 wired synchronization system
The widely used synchronization system such as SyncE+1588v2 can already reach the synchronization accuracy of 100ns,but it’s still not enough to meet the requirement for meter-level positioning.These years also see a rapid development of high-accuracy synchronization system, a new framework has come into being as the figure below.
[image: ]
Figure 1: High-accuracy synchronization framework
[bookmark: OLE_LINK2]Synchronization network includes high-accuracy clock source and the clock transport network.The development of common visual satellite time service and atomic clock, the clock resource can already offer 10ns accuracy with quite low cost.The transmission network is mainly based on SyncE(synchronous ethernet)+PTP(precision time protocol ) structure.Nowadays, through the time index approach in physical layer, a 1~3ns time accuracy is already available.

Observation 1:The high-accuracy synchronization network already achieves sub-nanosecond level synchronization. 
Proposal 1: Add information about general synchronization framework,protocol and interface.
3.2 wireless synchronization system
GNSS system, as a mature and still developing system, compared with other telecommunication and satellite system,in terms of system concept, technique,implementation and management,  GNSS system had a obvious better compatibility and complementarity.The synchronization /clocking technique based on GNSS has prominent advantage in transitive accuracy,coverage and convenience and has now become the main technique for base station. 。
The single frequency GNSS can offer a time accuracy of 20~50ns,its main indexes are listed in the table 1.
table1 Main errors of GPS time service property list 
	error cause 
	Error effect
	Error character

	Receiver noise
	<1ns
	Related to each user independently

	Satellite clock model residual error
	
<7ns
	Related to each satellite independently

	Ephemeris error
	


	More stable, related to each satellite independently, related to satellite elevation

	Troposphere error
	0.3~2ns
	Related to satellite elevation

	Ionosphere error
	3~15ns
	Related to satellite elevation and ionosphere status



[bookmark: OLE_LINK3][bookmark: OLE_LINK1]GNSS has a characteristic of Neighborhood Similarity Theory,which means inside a certain scope of area the GNSS signal error of all receivers are related,this character make it possible to achieve nanosecond-level synchronization.The table 2 below shows the synchronization error within a area of 20km。 

Table 2 GPS time synchronization error within 20Km
	error cause 
	Error effect
	Error character

	Receiver noise
	<1ns
	Related to each user independently

	Satellite clock model residual error
	
<7ns
	Unchanged in a certain scope for one satellite

	Ephemeris error
	


	More stable, related to each satellite independently, related to satellite elevation

	Troposphere error
	0~1.7ns
	Related to satellite elevation

	Ionosphere error
	0-1.7~15ns
	Related to satellite elevation and ionosphere status



From the table above, we can see that thanks to the Neighborhood Similarity character, high-accuracy synchronization can be achieved within 20km, also with corresponding time calculating method and receiver carrier handling technique, a reasonable synchronization estimation would be 3nd, moreover, this error can reach 1ns in theory.。
The GNSS time synchronization system’s characteristic based on Neighborhood Similarity can be further demonstrated by figure 2.It is clear that a 3ns accuracy can be achieved with in any area less than 20Km。
[image: ]
Figure 2 Whole GNSS synchronization net time service error
Observation 2: The GNSS time service can offer 3ns level synchronization accuracy within a scope of 20Km。
Proposal 2:send LS to ran4 to add hierarchical high-accuracy synchronization requirements

  
4 Conclusion
Observation 1:The high-accuracy synchronization network already achieves sub-nanosecond level synchronization. 
Observation 2: The GNSS time service can offer 3ns level synchronization accuracy within a scope of 20Km。
Proposal 1: Add information about general synchronization framework,protocol and interface.
Proposal 2:send LS to ran4 to add hierarchical high-accuracy synchronization requirements
	Synchronization error
	Maximal distance measuring  
	Average positioning error estimation 
	Remarks

	1ns
	0.3m
	0.2m
	Decimeter level

	3ns
	1m
	0.6m
	Sub-meter level

	10ns
	3m
	1.8m
	Meter level

	3us
	900m
	540m
	Current requirement for telecommunication




[1] 3GPP RP-181399, “New SID: Study on NR positioning support”, La Jolla, USA, 2018-06
[2] 3GPP TS 38.133 NR; Requirements for support of radio resource management
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