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1   Introduction
In the new WID for NR IIoT [1], one of the objectives is to support the accurate reference timing delivery as follows:
· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].
The TR 38.825 has captured the accurate reference time provisioning as follows.

· In order to enable precise time synchronization using 5G/NR system, it is recommended to specify accurate reference timing delivery from gNB to UE using broadcast and/or unicast RRC signalling. The signalling specified in Rel-15 for E-UTRA can be used as a baseline, but the time information should have granularity no higher than 50 ns. 
In this contribution, we further analyse the reference timing delivery for CU-DU split case based on [2]. 
2   Discussion

In LTE system, the timeReference is regarded as baseline for Rel-16 time reference as follows.  This timeReference is used in both SIB16 and DLInformationTransfer message. 
TimeReferenceInfo-r15 ::=

SEQUENCE {


time-r15






ReferenceTime-r15,


uncertainty-r15





INTEGER (0..12)



OPTIONAL,
-- Need OR


timeInfoType-r15




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


referenceSFN-r15




INTEGER (0..1023)


OPTIONAL
-- Cond TimeRef
}

ReferenceTime-r15 ::=


SEQUENCE {


refDays-r15






INTEGER (0..72999),


refSeconds-r15





INTEGER (0..86399),


refMilliSeconds-r15




INTEGER (0..999),


refQuarterMicroSeconds-r15


INTEGER (0..3999)

}

For F1 interface, only MIB and SIB1 is generated by the DU, while other SI is generated by the CU. As captured in the TR 38.825, both the broadcast and unicast signalling can be used to deliver the reference time information. Then it comes the question which nodes generates the timing reference.  
· Case 1: CU generates the time reference

In this case, the CU generates the time reference and asks DU to broadcast. Specifically, 
when the time reference is generated in CU, CU send the time reference to DU in term of SFN boundary, DU send it in the SI-Window of the SFN. However this may not work well. 

For example, as referred to 38.801, the CU-DU split case, the CU-DU delay is allowed about 1.5~10ms. Hence considering the transport delay of CU-DU, there’s some risk missing the SI-window of the SFN indicated by CU. In addition, when DU send the MIB including the SFN to CU, considering the transport delay of CU-DU, DU and CU have different understand of the window start of SFN. If the window start of the SFN of CU and DU is different, then CU may indicate a not accurate SFN to DU. Non-synchronization SFN between CU and DU may decreasing the time accuracy of synchronization.
Table A-1 Requirements on the underlying transport network due to a certain functional split, as a consequence to support a certain feature/use case
	Protocol Split option
 

	Required bandwidth 
	Max. allowed one way latency [ms] 
	Delay critical feature

	Comment

	Option 2
	[DL: 4016Mb/s]
[UL:3024 Mb/s]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
	[1.5~10ms]
	
	[16Mbps for DL and 24Mbps for UL is assumed as signalling]


Further, for dedicated RRC transfer, the SFN/SIB1 is maintained and generated by DU while the RRC dedicated signalling is generated by CU. The RRC signalling includes the SFN and the time reference. As the above same issue is seen, Non-synchronization SFN between CU and DU may happen. This may decrease the accuracy of synchronization. 

In order to have the SFN synchronization, it brings more burden for the CU and DU and increase the complexity and cost.

· Case 2: DU generates the time reference.
The timing reference provided to UE is generated by DU and that DU has direct traceability to the clock so as to avoid the SFN mismatch caused by the timing delay between CU and DU. Considering the dedicated RRC for time reference is optional, if CU need the dedicated RRC for the time reference and associated SFN then DU can request it from DU if needed.

Proposal 1: The reference timing provided to UE is generated by DU for CU-DU case.  
3   Conclusion
In this contribution, we discussed packet duplication up to four RLC entities from RAN3 perspective, and the following observation and proposals are made.  
Proposal 2: The reference timing provided to UE is generated by DU for CU-DU case.  
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