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1 	Introduction
In order to support Time-Sensitive Communications (TSC, as defined in TR 23.734) over Uu interface, accurate time synchronization between gNB and UE may be needed. In particular, to support IEEE TSN-based TSC in industrial environments, 5GS shall meet the synchronization requirements captured in TS 22.104 [3]. Several architecture-level solutions have been proposed in SA2 and captured in TR 23.734 [5] to meet those requirements. Most of those solutions are dependent on a highly-accurate 5G clock delivery mechanicm between gNB and UE. Hence, it has been agreed in the SI phase [6] that:
To meet clock synchronization requirements in clause 5.6 of TS 22.104 [6], accurate reference timing delivery by a gNB to UEs is used.
It has been further agreed in [6] that:
Accurate reference timing delivery is carried out using broadcast and/or unicast RRC signalling (similar to E-UTRAN approach in [7]). Granularity of the signalled reference timing is at most 50 ns and determination of exact value needs further evaluation. Section 6.3.5 provides an analysis for synchronization accuracy achievable using accurate reference timing delivery.
In this contribution, we discuss the details of SIB/RRC-based signalling for the internal 5G clock delivery from gNB to UE. A similar method can be used for 802.1AS compliant signalling of external/TSN clock(s) if that capability shall be supported (out of scope of rthis contribution, pending further agreements in SA2).
2 	SIB/RRC-based 5G clock delivery
Clock delivery with 0.25 us granularity has been introduced in Rel-15 of LTE by means of the timeReferenceInfo-r15 IE in SIB16 (for broadcast delivery) and in the DLInformationTransfer RRC message (for unicast delivery). The format of timeReferenceInfo-r15 IE is shown in Fig. 1.
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Figure 1: timeRefrenceInfo-r15 information element fields as specified in LTE
Proposal 1: An IE similar to the timeRefrenceInfo-r15 is introduced to SIB9 and DLInformationTransfer RRC message in Rel-16.

Considering the synchronization requirements in TS 22.104 and the feedbacks from RAN1 and RAN3 on the timing error (TE) budgets between gNB and UE, respectively, gNB and TSN GM, certain enhancements to the Rel-15 signalling mechanism are needed in terms of clock granularity and SFN referencing.
In the LS from RAN2 [4], RAN1 was asked to provide feedback on the achievable time synchronization accuracy over the Uu interface. In its reply [1], RAN1 has concluded that:
A timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. It is RAN1´s conclusion, that the synchronization accuracy is improved when using higher SCS. For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us).
•	Note that the RAN1 analysis does not contain the effects of the granularity & accuracy of the absolute timing indication information by the gNB, which are outside of the RAN1 study scope.
In the same LS [4], RAN3 was asked to provide feedback on the achievable time synchronization accuracy from RAN network perspective. In its reply [2], RAN3 has concluded that:
The maximum absolute time error (TE) between TSN GM clock and gNB is summarized in the following table:

	Synchronization source
	Synchronization accuracy

	Local on-site GNSS receiver (GPS is TSN GM clock) 
	|TE| = 100 ns absolute, 200ns relative between nodes.

	Local on-site TSN GM clock
	TE is negligible.

	Remote TSN GM clock entity using cascaded PTP capable transport network connections
	|TE| ~N*40ns, where N is number of PTP hops. 




[bookmark: _Hlk4548328][bookmark: _Hlk475363]Feedback from RAN1 [1] indicates that TE < ±540 ns is achievable between gNB and UE for 15 kHz SCS. Considering that some of the contributors to the TE, such as DL frame alignment error, TO measurement error, TA signalling granularity, and TA adjustment accuracy are SCS-dependent, the TE is reduced for higher SCS’s. Feedback from RAN3 [3] indicates that, for some deployment options, TE between UPF and gNB may be negligible. Therefore, not to limit the synchronization performance at higher SCS’s by the granularity of the time information reported via SIB/RRC, we propose that the time information indicates time reference with 10 ns granularity. For that purpose, 17-bit refTenNanoSeconds field of type INTEGER [0 … 99999] is needed in the referenceTime structure (in addition to refDays, RefSeconds, and refMilliSeconds).
Proposal 2: The granularity of the time reference information should be 10 ns.

The timescale and epoch of the time reference may be the same as those used in timeReferenceInfo-r15 in LTE. 
Proposal 3: The timescale and epoch used for the time reference information is the same as in the timeReferenceInfo-r15. 
In Release 15, the ending boundary of SIB period is used as time stamping reference. However, it may have an ambiguity e.g. in TDD deployments, when UE at the last beam of scanned beams may receive SIB e.g. at the next SFN. Furthermore, to enable precise time stamping based on measurement rather than forecast, the reference time should refer to time in the past rather than the time in future, as in LTE Rel-15. The simplest way to achieve that, while avoiding any ambiguity about what the reference SFN is, would be to always include reference SFN for both broadcast and unicast signalling of reference time information.
Proposal 4: Reference SFN should be always provided for both broadcast and unicast signalling of reference time information. 
Proposal 5: The reference time should refer to the passed time i.e. the starting boundary of the reference SFN.
Another piece of information required in the time reference IE is uncertainty. The uncertainty in timeReferenceInfo-r15 indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. Similarly, the uncertainty in time reference info in Rel-16 could indicate the number of LSBs which may be inaccurate in the refTenNanoSeconds field. Since 17 bits would be used for refTenNanoSeconds, 5 bits would be needed for the uncertainty. 
Proposal 6: The uncertainty INTEGER [0 … 17] indicates the number of LSBs in the ref10NanoSeconds field that may be inaccurate. 
3	Conclusions
[bookmark: _GoBack]The following proposals were made with respect to the SIB/RRC-based 5G clock delivery from gNB to UE:
Proposal 1: An IE similar to the timeRefrenceInfo-r15 is introduced to SIB9 and DLInformationTransfer RRC message in Rel-16.
Proposal 2: The granularity of the time reference information should be 10 ns.
Proposal 3: The timescale and epoch used for the time reference information is the same as in the timeReferenceInfo-r15. 
Proposal 4: Reference SFN should be always provided for both broadcast and unicast signalling of reference time information. 
Proposal 5: The reference time should refer to the passed time i.e. the starting boundary of the reference SFN.
Proposal 6: The uncertainty INTEGER [0 … 17] indicates the number of LSBs in the ref10NanoSeconds field that may be inaccurate. 
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