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1
Introduction

This paper discusses potential issues on provision of precise clock synchronization services as per service level and performance requirements in TS 22.104 6.2.1 [1]:
· The 5G system shall support a mechanism to process and transmit IEEE1588 / Precision Time Protocol messages to support 3rd-party applications which use this protocol.
· The 5G system shall support a mechanism to synchronize the time clock of UEs with external clocks through the 5G system. 
· The 5G system shall be able to synchronize the time clock of the UEs that are distributed across different geographically deployed 5G networks. 
· Synchronicity requirement of <1µs or <10µs for <100m2 or 2500m2 service area. 
Provision of time reference information using System Information and dedicated RRC signaling like in LTE Rel-15 is a natural approach, but possible enhancements need to be considered, e.g., for exploiting NR properties for improved accuracy and providing multiple external clock domains.  

2
Discussion
2.1 Support for one or more external clocks in gNB
External “working clocks” are not necessarily synchronied with 5G reference clock thus existence of time drift and frequency offset needs to be considered. The accuracy of clocks be supported is not yet stated, but clocks that are used only in small area may not be expensive. E.g. Stratum-4 or -3 level of working clock may produce drift of 32 ppm or 4.6 ppm, respectively.
Drifting of external time related to SFN edges may be so fast that signaled time reference information needs to be a measured value rather than predicted in advance like in LTE Rel-15. For example, time drift within 160 ms SIB period may be up to 5 µs or 0.7 µs for clock levels above. 
UE will experience impacts due to drifting, e.g. it may cause jitter to working clock or synchronization may take longer time.  If signaled time reference information would include information about measured frequency offset from gNB, it would enable reducing these impacts. As a reference, gPTP [2] synchronization message contains also information about cumulated frequency offset.  
Proposal 1: Reference point for time reference information should point towards past moment, e.g., start of SFN rather than end of SFN, because predicting may not be accurate enough compared to use of measured value in signaling. 
Proposal 2: Introduction of frequency offset e.g., in units of [0.1 ppm] as part of reference time information should be considered to provide faster synchronization and reduce possible jitter with  working clock in UE.  
Even though the signalling part should be defined by RAN2, it has to follow the requirements as specified by SA1. Thus, in order to determine maximum value of frequency offset in proposal 2, SA1 should define minimum performance for external clocks that need to be supported first. RAN2 may need to wait for further work on these aspects to conclude in SA1, but this signalling issue can be resolved in WI phase. 
Another issue related to signalling of timing information is whether multiple clocks need to be delivered via broadcast or unicast signalling. 802.1AS uses PTP epoch (1.1.1970 00:00) for domain-0 while other domains may use arbitrary timescales and epochs. 5G internal reference clock may be already synchronized with PTP domain, thus it could be delivered via broadcasting option while working clocks, being only local, could be delivered via dedicated RRC signaling messages.

Proposal 3: broadcast signalling should be used for delivery of timing information for primary UTC/PTP time domain while additional clock domains should be supported with dedicated RRC signalling.  

Based on the requirements of 802.1AS, for PTP entities at least 40ns granularity is required for clock entities. Therefore, this should be a target for granularity of time information provided via RRC signalling in NR.   
Proposal 4: Reference time information provided with RRC signalling should have granularity of at least 40ns.

2.2 Compensating of propagation delay

Accuracy of compensation of radio propagation delay impacts the achievable synchronization accuracy and hence some enhancements for Timing Advance signalling may be required. However, to resolve this issue, further input from RAN1 is needed based on their evaluation of achievable synchronization accuracy over the NR Uu interface. 
Proposal 5: RAN2 should study improvements TA signaling based on findings in RAN1. 
3
Conclusion

This paper discussed potential issues on provision of precise clock synchronization services. Based on the discussion, the following proposals are made:

Proposal 1: Reference point for time reference information should point towards past moment, e.g., start of SFN rather than end of SFN, because predicting may not be accurate enough compared to use of measured value in signaling. 
Proposal 2: Introduction of frequency offset e.g., in units of [0.1 ppm] as part of reference time information should be considered to provide faster synchronization and reduce possible jitter with  working clock in UE.  

Proposal 3: broadcast signalling should be used for delivery of timing information for primary UTC/PTP time domain while additional clock domains should be supported with dedicated RRC signalling.  

Proposal 4: Reference time information provided with RRC signalling should have granularity of at least 40ns.

Proposal 5: RAN2 should study improvements TA signaling based on findings in RAN1. 
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