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	Reason for change:
	Support for multiple time domains.

An industrial automation network generally consists of two or more time domains [1]. Therefore, the integration of 5G in industrial automation requires that the 5G system shall be able to support different time domains for synchronization. 
Due to the mobility, different working clock domains may interact with each other. TS 22.104 [1] introduces two way of interactions as figure 1 is shown. 
· Merge: The Working Clock domains merge into one. 
· Separate: The members of the different Working Clock domains interact while keeping their own separate time synchronizations.
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Figure 1: working clock domain interactions [1]
This paper provides an update of Solution#11 option 3 [2] for supporting multiple TSN working domain including both “merge” and “separate” cases as defined in TS 22.104 [1].  

Proposal 1: The complete picture of 5G system support for multiple TSN working domains should cover both “merge” and “separate” cases.  

Proposal 2:  To consider Solution#11 option 3 as a way forward for supporting multiple TSN working domain.  
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[bookmark: _Toc532911069][bookmark: _Toc473190644][bookmark: _Toc500949091]6.11	Solution #11 Options for time synchronisation using TSN (key issue 3.2)
[bookmark: _Toc532911070]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 that act as boundary master clocks towards connected TSN device via 5G specific signalling, e.g. via 5G broadcast/5G unicast for timing of frame structure. In this option, the 5G RAN utilizes its fine-frame structure (e.g. below 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. via underlying transport network by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS messages).
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, i.e. time aware relay, that allows 5G system to use 802.1AS standardized signalling to exchange time information with neighbouring entities.
External TSN clock is made available for UEs when gNB is synchronized with TSN GM through underlying PTP capable transport network by using (g)PTP.
[bookmark: _Hlk527471678]Quality of supported clocks may have impact to usage of RRC (and SIB) resources, because obtaining required precision for external clock may need quite frequent time information updates over Uu. For instance, if frequency offset of TSN GM of stratum-4 class is 32 ppm related to 5G GM, clock drift is 32 µs per second at worst case. In order to meet 1µs accuracy, the time information update interval needs to be five times shorter than 160ms period for SIB, thus RRC signalling is required in this case. If accuracy class of TSN GM is stratum-3 (4.6 ppm), then SIB signalling is sufficient.
NOTE:	Similarly, UPF can be synchronized with external TSN GM through underlying transport network (which is out of scope of 3GPP). The UPF needs to be synchronized because it is a prerequisite for 5GS acting as a time aware relay according to 802.1AS-rev that all user plane nodes are synchronized.
UE acts as a boundary master clock towards N60 and may transmit PTP Sync messages with configured period.
Figure 6.11.1-2 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. Figure 6.11.1-2 also illustrates how an example of synchronizing N60 interface with external TSN clock.
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 with boundary clock mode approach (refer to IEEE 802.1AS-rev(d7.3)) exploits also unicast of time information for additional domains, when e.g. capacity of SIB is exceeded or on-demand SI not dynamic enough. In this case, UPF is synchronized with the TSN GM via transport network and the gNB is synchronized with UPF and TSN GM through underlying PTP capable transport network by using (g)PTP as it is makes the 5G system to look like a time aware relay.
NOTE 2:	Use of SIB broadcasting/RRC signaling for time synchronization needs confirmation from RAN WG2.


Figure 6.11.1-1: Overview for time synchronization with external clock mode approach (option 2)
Option 3: one time-aware relay implemented with Solution#8.
Single Time Domain
An alternative option can be an implementation with 5G blackbox model as described by Solution#8. In such an implementation, the entire 5G system can be kept untouched, therefore there will be minimal impact on the 5G system nodes.  The translator/adaptor function located at the edge of 5G system, can take care all 802.1AS related functions.  For example, the (g)PTP support, time stamping, BMCA can be all implemented in the translator.
It is a type of "distributed boundary clock" implementation, or in a 802.1AS term "distributed time-aware relay". Only the network elements at the edges of the 5G system (i.e. translator/adaptor) needs to support the IEEE 802.1AS operations. The 5G internal system clock will keep these network elements synchronized so that the timestamping of the gPTP event messages is done correctly. The 5G system has to properly handle the BMCA (in particular handling the gPTP Announce messages) in order to properly the set up the state of the PTP ports and select the GM. Given the specific operation described by the IEEE802.1AS, the actual timing operation consist in the processing of the correction field in the sync message (as well as of the proper handling of the peer-to-peer delay operations).
The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.


[bookmark: _Hlk2302813]Figure 6.11.1-2a: 5G system is modelled as one time-aware relay using solution#8
The timing information from TSN working domain (external clock) is delivered via the UEs to the respective End stations.  This option assumes the 5G internal system clock (black clock) is made available to all nodes in the 5G system and this is made available to the network translator/adaptor via the underlying PTP compatible transport network. The 5G internal system clock can be made available to UE with signalling of time information related to absolute timing of radio frames (i.e. using SIB/RRC based methods described for LTE Rel-15). The timing information (gPTP messages, including the information on the incoming sync message timestamping) can be carried from the UPF to the UE as data packets (e.g. payload). The time stamp of UPF and UE are based on the 5G internal system clock.
Multiple Time domains support
gPTP frames from two (or more) different TSN working domains arrive at the UPF or translator at UPF side, these frames carry the gPTP multicast Ethernet destination MAC address and a specific PTP “domainNumber” that indicate the time domain they are referring to.
The UPF / translator makes ingress timestamping (TSi) per time domain for the gPTP messages. The TSi can be carried, for example, either in the suffix or “correctionField” of the gPTP message together with the original TSN timing information. UPF then forwards the modified gPTP messages to every UE via user plane (e.g. PDU session).
A UE receives the original TSN clock timing information and the TSi per time domain via gPTP messages and forwards them to the UE side translator. The UE translator then makes egress timestamping (TSe) for the gPTP messages for every external TSN working domains. The difference between TSi and TSe is considered as the residence time spent within the 5G system. The UE/translator regenerates the gPTP messages towards an end station with the original TSN timing information and calculated residence time in the “correctionField”. An end-station can select the proper TSN timing information based on the “domainNumber” in the gPTP message. Ingress and egress time stamping of the 5G system is based on a 5G time domain provided to gNBs from a 5G grand master (GM) clock. The 5G RAN remains independent from the one or more TSN working time domains. The solution is independent from the number of working time domains that are supported. This solution is compliant with IEEE 802.1AS, according to which it appears as a “time-aware system”. 
NOTE: The 5G system time can be provided to the UE/translator via over-the-air time synchronization and to the UPF/translator via a transport network.
[image: ]
Figure 6.11.1-2b. Supporting multiple TSN working domains with Solution#11 option3
Solution#11 option3 supports “merge” and “separate” cases through application layer (“application merge” and “application separate”). The end station receives gPTP messages for both working domains, then it can select “domainNumber” based on application decision.  For example, in figure 2, if the application decides “separate” case, then the green end station will select green working domainNumber, and the orange end station selects the orange working domainNumber.  If the application decides “merge” (orange working domain merges to green), the orange end station selects the green domainNumber. The detailed mechanism of merging is outside 3GPP scope.

Option 4. Multiple time domains merged into one domain using 5G clock.
In this option a single clock domain is sufficient and a suitable one could be provided by the 5G system itself (in fact, it normally has to operate synchronous with an internationally recognized standard such as GPS).
In the example shown in figure 6.11.1-3, the UE only receives 5G timing information through gNB, and acts as master clock to the TSN end stations. The TSN bridges and End stations at the right side of the figure also receives timing information from the 5G GM via UPF and underlying PTP compatible transport network. Therefore, all connected domains are locked to the 5GS clock (same universal time; all working clock domains synchronous to the universal time)
In this case each interface of the 5G system is seen by the connected TSN networks and by the End stations, as separate GMs, each of them operating in independent gPTP domains, but providing the same time to all the connected networks. For example, the 5G clock at the transport function (TP) of the UPF is acting as TSN GM and provides GM reference to the TSN work domain 1 and 2 on the right side of the figure. The 5G clock at UEs acts as TSN GM for the End stations that belonging to TSN domain 1 and 2 respectively.
[image: MTSN1]
Figure 6.11.1-3: Different time domains are merged into one time domain


Figure 6.11.1-4: An implementation option of figure 3 using blackbox model mentioned in Solution#8
An alternative option as shown in figure 6.11.1-4 can be an implementation with 5G blackbox model as described by Solution#8. In such an implementation, the entire 5G system can be kept untouched, therefore there will have minimal impact on the 5G system nodes.  The translator/adaptor function located at the edge of 5G system, can take care all 802.1AS related functions.  For example, the (g)PTP support, time stamping, can be all implemented in the translator.
The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.


* * * * End of Changes * * * *
[bookmark: _Toc522835471]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP S1-183120: " cyberCAV - 5G in Industrial Automation: Different and Multiple Time Domains for Synchronization ".
[2]	3GPP TS 22.104: " Service requirements for cyber-physical control applications in vertical domains".
[3]	3GPP TR 23.734-030: " Study on 5GS Enhanced support of Vertical and LAN Services ".
[4]
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