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[bookmark: _Ref16574428]Introduction
RAN4 has received an LS on the feasibility of time synchronization accuracy requirements and related testing from RAN1 R1-1909906 [4]. It included the following action to RAN4:
ACTION: 	RAN1 respectfully asks RAN4 and RAN5 to answer the question on the feasibility of time synchronization accuracy requirements and related testing.
The referenced question is as follows:
	[bookmark: _Hlk19608005]Question to RAN4 and RAN5: 
Does RAN4/RAN5 see it feasible to define performance requirements and related testing for time synchronization accuracy over Uu interface (i.e. between a gNB and a single UE)? Note: the time synchronization accuracy over Uu interface is on the order of hundreds of ns in order to achieve between sync master and device the time synchronization accuracy target of 1 µs.



This contribution elaborates on the considerations leading to the draft LS [6].
In particular, we will discuss the E2E nature of the time synchronization accuracy required for the Uu interface, the scope of RAN4, and the time synchronization accuracy performance requirements and testing currently included in RAN4.


Discussion
Background
In TS 22.104 [1], SA1 has specified requirements for cyber-physical control applications in vertical domains. Among others, the following requirements with respect to clock synchronization performance are captured [1]:
	Table 5.6.2-1: Clock synchronization service performance requirements
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	Clock synchronicity requirement 
	Service area 
	Scenario

	1
	Up to 300 UEs
	< 1 µs
	≤ 100 m x 100 m
	· Motion control
· Control-to-control communication for industrial controller

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	· High data rate video streaming

	3
	Up to 100 UEs
	< 1 µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs


 



The synchronicity requirements captured in this table are applicable for both intra- and inter-gNB cases. It is applicable to all UEs within the service area irrespective of the number of gNBs deployed within the area and the required accuracy is between the synchronization master in the gNB and any device of the global time/working clock domain.
Following discussions on propagation delay compensation needs, RAN2 sent a LS to RAN1 R2-1908160 [5] to inquire about the delay compensation methods assumed in the IIoT study TR 38.825 [2] and RAN1’s opinion on the need for delay compensation requirements.
The RAN1 reply R1-1909847 [4] recommended to specify overall synchronization accuracy requirements and tests, but RAN1 is uncertain about the feasibility of such requirements and test, and request RAN4 (and RAN5) to provide their view.

Time synchronization accuracy in RAN4
RAN4 has previously defined performance requirements and testing for the time synchronization accuracy over the air interface. Requirements for timing advance are captured in TS 38.133, section 7.3.2 [3].
The most relevant UE requirements on the transmit timing error can be found in TS 38.133, sections 7.1.2 [3] and the related test cases in 38.133 sections A.6.4, and A.5.4 [3]. The core requirement related to the UE transmit timing accuracy requirement, defined for initial transmission and non-initial transmission, states that the accuracy shall be within Te.

When it is not initial transmission, and the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to gradually adjust its timing to be within Te. The maximum transmit timing error requirement is captured in the following table in TS 38.133 [3]:
	Table 7.1.2-1: Te Timing Error Limit 
[Table modified by adding rightmost column]
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te
	Te (ns)

	1
	15
	15
	12*64*Tc
	391

	
	
	30
	10*64*Tc
	326

	
	
	60
	10*64*Tc
	326

	
	30
	15
	8*64*Tc
	260

	
	
	30
	8*64*Tc
	260

	
	
	60
	7*64*Tc
	228

	2
	120
	60
	3.5*64*Tc
	114

	
	
	120
	3.5*64*Tc
	114

	
	240
	60
	3*64*Tc
	98

	
	
	120
	3*64*Tc
	98

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
	


 



When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. All adjustments made to the UE uplink timing shall follow specific rules including maximum amount of adjustment per time period.
Within the scope of RAN4, these synchronization accuracy requirements, and related test cases, are focused on the timing requirements between the UE and gNB in UL and specify the accuracy of the UE transmitted UL signal offered by the physical layer over the air. I.e., it does not state timing requirements related to the upper layers.
Hence, these accuracy requirements cover the transmission timing/UL DL resource grid synchronisation. The internal clock of the UE is not related to this, and hence the requirements do not state any form of UE internal clock timing. I.e., the requirements relate to RAN4 requirements (air interface) and testing. RAN4 requirements does not require the UE to align its real time clock according to the transmission timing used over the air interface.

The overall synchronization accuracy requirements and tests, as asked for in Section 2.1, require the involvement of higher layers, as well as, a dedicated test interface output in the UE (e.g., PPS signal, timestamped messages) to inform the test equipment about internal clock states of the UE.

Such testing and requirement setting is not within the scope of RAN4 work. 
End-2-end requirements and corresponding testing is not in the scope of RAN4 work.
It is our understanding that possible time synchronization protocols (e.g., gPTP – generalized Precision Time Protocol) work independently of the RAT. Hence, standardization bodies outside of 3GPP (e.g., IEEE for TSN and gPTP), should define necessary tests which that are agnostic of the radio technology and introduce corresponding test interfaces/messages, to cover end-2-end testing of the system.

Proposed responses to RAN1
For RAN4 responses to reply LS we would propose following:
[bookmark: _Hlk19611873][RAN4 response]: RAN4 does neither consider it to be within RAN4 work nor feasible to define performance requirements and related testing for time synchronization accuracy over the Uu interface.
RAN4 requirements cover the synchronization accuracy error factors in the air interface (e.g., transmission timing error limit, and TA adjustment error). It is beyond RAN4 work to define additional requirements and test cases in 3GPP for overall synchronization accuracy.

RAN4 further discussed the issues raised in RAN1’s question, and would like to provide the following addition to the response:
[bookmark: _Hlk19611886][RAN4 remark]: Since the synchronization requirements are E2E and independent of the RAT, testing should rely on E2E test cases specified outside of 3GPP (e.g., by IEEE for TSN). This could be done, e.g., based on gPTP level timestamps.
Based on the discussion in the previous sections and proposed response the question raised in the LS, we have drafted a proposal for the reply-LS to RAN1 [6] for RAN4 to review.

Conclusion
[bookmark: _GoBack]In this contribution, we have discussed the feasibility of time synchronization accuracy requirements and related testing in RAN4. Proposed responses to the incoming LS have been given in section 2.3.
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