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Abstract of the contribution: This contribution proposes to address TSN Time Synchronization aspects
1 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 support for 802.1ASRev needs to be implemented, once available. 5G system can be as a time aware relay as per 802.1ASrev, which is configured as a boundary clock. While transparent clock configuration is expected not scaling up as easily due to need for port pairwise periodic gPTP signalling through 5G system between Ethernet ports in UPF and UE. Comparison between boundary and transparent modes of time aware relay is show in Table 1. 
· 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 enhances synchronization protocol for TSN use cases by introducing e.g. redundancy for grand master and support for multiple clock domains. It is for discussion if these enhancements can be exploited in 5G system for providing time synchronization including support for external clocks. 
· In the context of looking at 5GS as a time aware relay operating as a boundary clock, it means that the 5GS at its ports (e.g. UE and UPF side, N6 and N60) must support set of 802.1AS-rev mechanisms towards neighbour time aware systems. Whilst, 5GS native synchronization and timing methods are applied internally. This time synchronization approach with the boundary clock type of time aware relay can be applied for discussed TSN models. Indeed, synchronization scheme of 5G nodes exploits underlying transport network, that must be (g)PTP capable with time stamping units on Ethernet ports that are used for time synchronization. Thus, many aspects of synchronization are out of 3GPP scope, but may induce further requirements beyond, e.g., TR 22.804 section 8.1.6. If there are any 3GPP security aspects related to the e.g. use of external clocks should be studied by SA3.
Table 1 Comparison of transparent and boundary clock configurations of 802.1AS-rev
	Item
	Transparent Clock 
	Boundary Clock

	UPF
	UPF relays SYNC towards gNBs.
	UPF synchronizes with TSN GM as a slave.

	gNB
	gNB sends RRC message triggered by SYNC received in N3
	gNB synchronizes with 5G GM.
gNB synchronizes with TSN GM.
gNB broadcasts and unicasts time information for related to TSN GM  

	UE
	UE sends SYNC towards N60 triggered by RRC unicast.
	UE sends periodic SYNC towards N60 as a boundary master clock.

	Best Master Clock Algorithm
	No.
	Yes. External ports of 5G system.

	Scalability
	Poor.
	Better.



The same solution can be applied for different TSN architecture alternatives (5GS as a bridge, 5GS as a link, fully integrated model):
Table 2 Applicability of boundary clock
	TSN Model
	Sync OTA
	5G System synch incl. UPF
	Applicability of 5G as a relay configured as boundary clock. (.1AS-rev)
	Other Options 

	Bridge
	Yes.
	Yes.
	Yes. 
	

	Link
	Yes.
	Yes.
	Yes.
	5G as link can be used as a transparent link for e2e gPTP messages.

	Integrated
	Yes.
	Yes.
	Yes.
	



Synchronization requirements 
· The clock synchronisation service and performance requirements are specified in TR 22.804 section 8.1.6 [2]: 

8.1.6   Clock Synchronisation communication service requirement 
8.1.6.1 Clock synchronisation communication service level requirement  
	Reference number 
	Requirements 
	Use case requirement  
reference 

	Nsd.Csy.1 
	The 5G system shall support the processing and transmission of IEEE1588 / Precision Time Protocol messages to allow 3rd application which use this protocol to meet the clock synchronisation performance requirement. 
	Factories of the Future 4.3 
PMSE 2.5 
PMSE 3.6 
 

	Nsd.Csy.2 
	The 5G system shall support synchronising the time clock of UEs with external clocks through the 5G system.  
 
	Factories of the Future 18.8 
 

	Nsd.Csy.3 
	The 5G system shall be able to synchronise the time clock of the UEs that are distributed across different geographically deployed 5G networks.  
 
	Factories of the Future 18.18 
 



8.1.6.2 Clock synchronisation service performance requirement  
	clock synchronicity accuracy level  
	Number of devices in one Communication group for clock synchronisation 
	Synchronisation clock synchronicity requirement  
	Service area  
	Use case reference 

	1 
	 Up to 300 devices 
	< 1 µs 
	≤ 100 m2 
	Factories of the Future 2.4 
Factories of the Future 5.3 
PMSE 1.2,  
Electric Power Distribution 4.1 

	2 
	Up to 10 UEs 
	< 10 µs 
	≤ 2500 m2 
	PMSE 3.1 

	3 
	Up 500 UEs 
	< 20 µs 
	≤ 2500 m2 
	PMSE 2.1 



 
 
3 Interpretation of synchronization requirements 
3.1 Clock synchronization communication service 
To better understand the requirements, the general principle of how synchronization can be delivered for Time Sensitive Networks with a usage of 5G system is depicted in the figure below, where 5G system acts as a time aware relay in boundary clock mode according to IEEE802.1AS-rev. It is assumed that gNB is synchronized with 5G GM to meet synchronization requirements at Uu. 5G clock can be made available for UEs with signalling of time information related to absolute timing of radio frames. 

External TSN clock can be made available for UEs with the same mechanism as 5G clock, when gNB is synchronized with TSN GM through underlying PTP capable transport network by using (g)PTP. Thus, gNB may need to cope with one or more clock domains. Quality of supported clocks may have impact to usage of RRC (and SIB) resources, because obtaining required precision for external clock, it may need quite frequent time information updates over Uu. E.g. if frequency offset of TSN GM is 10 ppm related to 5G GM, clock drift is 10 µs per second. 
Similarly, UPF can be synchronized with external TSN GM through underlying transport network. 

UE acts as a boundary master clock towards N60 and may transmit PTP Sync messages with configured period. 
 
Figure 1 illustrates how an example of synchronizing N60 interface with external TSN clock. Figure does not include aspects related to best master clock algorithm and grand master redundancy, e.g. possible connections between 5G GM and TSN GM grand masters. 
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Figure 1:  Overview for time synchronization with another clock (domain)
3.2 Observations and proposals
Proposal 1:  IEEE 802.1AS-Rev Time aware relay configured as a boundary clock should be considered as primary option for supporting external clocks through 5G. This option seems to offer better scalability, e.g., when UEs act as clock masters, common SIB signalling may be used over Uu. Thus, determination of precise residence time is not needed for synchronization. 
Observation 1: Support for external clocks can be separated from TSN model.
Observation 2: It is not yet clear if UPF needs to be synchronized also with 5G clock. 
Proposal 3:  The wired TSN network shall be guaranteed by IEEE to be a secure domain. The 5GS shall be guaranteed by 3GPP to be a secure domain. These two secure domains shall be connected through secure N6 interface to enable E2E secure s-plane. The SA3 can confirm the security aspects for gPTP synchronization.
Proposal 4: SA2 should define number of simultaneously supported clock domains.
Proposal 5: It should be clarified if TSN clock can be used as a 5G clock e.g. performance aspects
Observation 3: If frequency offset of TSN clock related to 5G clock is large, it may be beneficial to include signalling of signed frequency offset information along with time information in Uu. 
Observation 4: Underlying PTP capable transport network provides also internode e.g. inter gNB synchronization, thus it is expected that synchronization will not induce other 3GPP stack modifications but related to Uu synchronization. 
4 Proposal
It is proposed to introduce the following updates to TR 23.734:
* * * Start of Change 1 * * * 
6.11	Solution #11 Options for time synchronisation using TSN (key issue 3.2)
[bookmark: _Toc524419842]6.11.1	Description
This is a set of solutions for Key Issue 3.2.
TR 22.804 [6] describes a requirement for synchronization of all automation endpoints, in order for the endpoints to coordinate sensing and actuation procedures at a common sampling point, with alignment of the order of 1 microsecond. Refer to bullet 4, Clause 5.3.2.3 of TR 22.804 [6] for a description of the use case.
With TSN, synchronization is performed by 802.1AS/gPTP messages where each automation endpoint acts as an 802.1AS client, and a TSN Master Clock that generates the 802.1AS messages. For automation systems operating over a wireless interface, there are two options for the deliver of precise timing information to the UE.
Option 1: Transport of 802.1AS messages over the 5G system to convey timing to the UE. In this option, the 5G system appears as an 802.1AS compliant entity that allows northbound and southbound nodes to use 802.1AS standardized signalling to exchange time information.
Option 2: Conveying timing to the UE via 5G specific signalling, e.g. via 5G broadcast/frame structure. In this option, the 5G RAN utilizes its fine-frame structure (e.g. at PHY symbol level) to convey precise timing to the UE. The 5G RAN receives the TSN timing information via direct connectivity with the TSN master clock, e.g. by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS messages).


Figure 6.11.1-1: Time synchronization for UE with 5G signalling (Option 2)
Option 3: Conveying timing though 5G to UE that act as boundary master clocks towards connected TSN device using 802.1AS messages and by exploiting 5G specific broadcast/unicast signalling to synchronize over Uu. In this option, the 5G RAN utilizes its fine-frame structure (e.g. at PHY symbol level) to convey precise timing to the UE. The 5G RAN receives the TSN timing information from the TSN master clock, e.g., via underlying transport network by using an embedded PTP slave entity within the gNB. Similarly, UPF is synchronized with TSN master clock with embedded PTP slave entity. In this option, the 5G system appears as an 802.1AS compliant entity that allows 5G system to use 802.1AS standardized signalling to exchange time information with neighbouring entities.
(this option does not use UE specific 802.1AS messages within 5G).
Option 1 has the challenge that 802.1AS messages have to be transported via the 5G system with predictable latency (as is done via wired 802.1AS compliant nodes currently). This may be difficult for wireless systems due to the variability of latency over a wireless link.
Option 2 has the challenge that broadcast channel can only broadcast time for one timing domain.
Option 3 overcomes challenges 1 with boundary clock approach and may overcome challenge of option 2 by exploiting also unicast of time information for additional domain.

[image: ]
Figure 1:  Overview for time synchronization with boundary clock approach (option 3) 

[bookmark: _Toc524419843]6.11.2	Procedures
Editor's note:	This clause describes services and related procedures for the solution.

[bookmark: _Toc524419844]6.11.3	Impacts on Existing Nodes and Functionality
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.

[bookmark: _Toc524419845]6.11.4	Solution Evaluation
Editor's note:	This clause provides an evaluation of this solution.
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