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Abstract of the contribution: This contribution proposes necessary enablers for time synchronization based on alignment with upcoming IEEE802.1AS-rev. 
[bookmark: _Hlk514274591]Discussion
· The key to provide ultra-reliable deterministic and time sensitive communications is to establish a common concept of time across the system. For support of TSN, it is commonly assumed that all network elements need to implement 802.1ASRev once available. In the context of looking at 5GS as a virtual TSN bridge, it means that the 5GS at its ports (e.g. UE and UPF side, N6 and N60) must support 802.1AS-rev mechanisms end to end. Whilst, 5GS native synchronization and timing methods may be applied internally..
· IEEE 802.1AS-Rev/D6.0 specifies two types of time-aware systems; Time-aware relay and Time-aware end-station based on system model that consists of three layers; application, media independent and media dependent parts. It optimises synchronization protocol for TSN use cases by introducing e.g. redundancy for grand master.
· 5G System, e.g. UPF<->UE, is a "time aware relay" exploiting media dependent, 5GS specific mechanisms for synchronization and delay measurements,:
· TimeInfo message using both broad- and unicast method for informing System Frame Number (SFN) - time (UTC / GPS time) relation
· Timing Advance for estimating radio propagation delay
· [bookmark: _Hlk521992443]TSN capable transport network based on, e.g., PTP and synchronous ethernet
· [bookmark: _Hlk521992519]UPF needs to be made as time-aware device e.g. by exploiting TSN capable transport network  or implementing gPTP.
· The 5GS can be a time-aware relay, with support for
· gPTP (incl. prop delay measurements and ingress/egress timestamping) on its external interfaces, e.g. UE<->DTE and UPF<->TSNbridge
· ClockSlave on at least one interface (e.g. on UPF<->TSNbridge interface),
· ClockMaster (e.g. on UE<->DTE interface),
· residence time measurements,
· Best Master Clock Selection (BMCS)algorithm and
· Grand Master (GM) capability to exploit clock sources of 5GS, e.g., for GM redundancy.
· 5GS determines residence time (including internal path delay) between UPF ingress and UE egress port by exploiting 2-step or 1-step procedure, i.e. transmitting follow-up message or adding time-stamps on fly,
· 5GRAN nodes may belong to several gPTP domains, e.g. "TSN" and "working clock" e.g., for supporting vertical LANs and different clock sources 
· When 5GS is not a grandmaster, it retransmits time information from GM with residence time correction.
· 5GS as time-aware system is characterized, among other attributes, by the clockAccuracy, which is the expected accuracy of the ClockMaster, and, in case it acts as a GM, by clockClass.
· UE will be able to work as a ClockMaster towards device(s) with slave clock (in TSN DTE (end-station or relay) connected to it via gPTP with TSN capable link media.
· We need 5GS media specific internal residence time measurements e.g., from the UPF<->TSNbridge ingress to the UE<->DTE egress
To achieve time synchronization at TSN end-station via 5GS:
· 1.Determine residence time of 5GS (including propagation delays) per each UPF-UE port pair by exploiting 5G native methods, including known SFN/time relation with Timing Advance, synchronization of fronthaul, etc.
· 2. Insert residence time of 5GS into correction field of the gPTP time information
It should be noted that:
· Residence time is also needed for CNC / IEEE 802.1Qcc support
· 5GS may contain own GM and form own gPTP domain
· When 5GS acts as GM, time information is not propagated from N6 to UE, instead N6 is also in master state.
· Maximum residence time according to 802.1AS-rev, B.2 is 10ms and resolution of local clocks not more than 40ns.

For reference: LTE clock information granularity is refined: Reduced to 0.25 us from 10 ms (SIB 16)
	· TimeReferenceInfo field descriptions​

	· referenceSFN​
· This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN.​
· If the time field is included in SystemInformationBlockType16 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after  the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.​

	· time, timeInfoType​
· This field indicates time reference with 0.25 us granularity. The maximum value corresponds to 2^55-1. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay.  The indicated time in 0.25 us unit from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time. If timeInfoType is not included, the origin of the time is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the interpretation of the origin of the time is unspecified and left up to upper layers. ​
· ​
· If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.​

	· ​

	· uncertainty​
· This field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.​


· 

It is proposed to introduce the following changes in TR 23.734:
*** First Change ***
6.X	Solution #X: Method to support time synchronization
6.x.1	Description
The key to provide ultra-reliable deterministic and time sensitive communications is to establish a common concept of time across the system. For support of TSN, it is commonly assumed that all network elements need to implement 802.1ASRev once available. In the context of looking at 5GS as a virtual TSN bridge, it means that the 5GS at its ports (UE and UPF side, N6 and N60) must support 802.1AS-rev mechanisms end to end. Whilst ,5GS native synchronization and timing methods may be applied internally.
IEEE 802.1AS-Rev/D6.0 specifies two types of time-aware systems; Time-aware relay and Time-aware end-station based on system model that consists of three layers; application, media independent and media dependent parts. It optimises synchronization protocol for TSN use cases by introducing e.g. redundancy for grand master.
5GS (UPF<->UE is a "time aware relay" exploiting media dependent, 5GS specific mechanisms for synchronization and delay measurements,)
· TimeInfo message using both broad- and unicast method for informing System Frame Number (SFN) – time (UTC/GPS time) relation
· Timing Advance for estimating radio propagation delay
· TSN capable fronthaul transport network based on, e.g., PTP and synchronous ethernet
· UPF needs to be made as time-aware device e.g. by exploiting TSN capable fronthaul transport network or implementing gPTP
The 5GS can be a time-aware relay, with support for the following:
· gPTP (incl. prop delay measurements and ingress/egress timestamping) on its external interfaces, e.g. UE<->DTE and UPF<->TSNbridge.
· ClockSlave on at least one interface (e.g. on UPF<->TSNbridge interface),
· ClockMaster (e.g. on UE<->DTE interface),
· residence time measurements,
· Best Master Clock Selection algorithm and
· GM capability to exploit clock sources of 5GS, e.g., for GM redundancy.
· 5GS determines residence time (including internal path delay) between UPF ingress and UE egress port by exploiting 1-step or 2-step procedure, i.e. transmitting follow-up message or adding time-stamps on fly
· 5GRAN nodes may belong to several gPTP domains, e.g. "TSN" and "working clock", e.g., for supporting vertical LANs and different clock sources
· When 5GS is not grandmaster, it retransmits time information from GM with residence time correction.
· 5GS as time-aware system is characterized, among other attributes, by the clockAccuracy, which is the expected accuracy of the ClockMaster, and, in case it acts as a GM, by clockClass.
· UE will be able to work as a ClockMaster towards device(s) with slave clock (in TSN DTE (end-station or relay) connected to it via gPTP with TSN capable link media.
· We need 5GS media specific internal residence time measurements e.g., from the UPF<->TSNbridge ingress to the UE<->DTE egress
To achieve time synchronization at TSN end-station via 5GS:
· 1. Determine residence time of 5GS (including propagation delays) per each UPF-UE port pair by exploiting 5G native methods, including known SFN time relation with Timing Advance (TA), synchronization of fronthaul, etc.
· 2. Insert residence time of 5GS into correction field of the gPTP packet
It should be noted that:
· Residence time also needed for CNC / IEEE 802.1Qcc support
· 5GS may contain own GM and form own gPTP domain
· When 5GS acts as GM, time information is not propagated from N6 to UE, instead N6 is also in master state.
Following figure illustrates use of gPTP for time synchronization between TSN bridge and end station with 5GS as a time aware relay exploiting 5G native methods:



[bookmark: _Toc326248711][bookmark: _Toc512502577][bookmark: _Toc512502624]6.X.3	Impacts on Existing Nodes and Functionality
Editor's note:	This clause describes impacts to existing services and interfaces.
[bookmark: _Toc326248712][bookmark: _Toc512502578][bookmark: _Toc512502625]6.X.4	Solution Evaluation
Editor's note:	This clause describes evaluation of this solution.
*** End of changes ***
3GPP
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Note i: Residence time also needed for CNC / IEEE 802.1Qcc support
Note ii: 5GS nodes may have own local GM and  form own gPTP domain
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1. Determine residence time of 5GS (including propagation delays) per each UPF-UE port pair by exploiting 5G native methods, including known SFN/time relation with TA, Synchronization of fronthaul, etc.
To achieve time synchronization at TSN end-station via 5GS:
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2. Insert residence time of 5GS into correction field of the PTP packet

Note i: Residence time also needed for CNC / IEEE 802.1Qcc support
Note ii: 5GS may contain own GM and form own gPTP domain
Note iii: When 5GS acts as GM, then time information is not propagated from N6 to UE...

1. Measure residence time of 5GS (including propagation delays) per each UPF-UE port pair by exploiting 5G native methods, including known SFN/GPT relation with TA, S-plane of fronthaul, etc.
To achieve time synchronization at TSN end-station via 5GS:



