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Abstract of the contribution: This contribution addresses KI#3.2 TSN time synchronization aspects. 
1. Discussion
Merge of Solution#11 option 3 and Solution# 28
5G system modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization
According to TR 23.734 [1], the 5G System is integrated with the external network as a TSN bridge. For supporting TSN time synchronization, this "logical" TSN bridge shall be modelled as an IEEE 802.1AS [2] compliant entity according to TS 22.104 [3].
The entire 5G system can be considered as an 802.1AS "time-aware system". Only the network elements at the edges of the 5G system (i.e. translator/adaptor) need to support the IEEE 802.1AS operations. 
UE, gNB, UPF are synchronized with 5G GM, 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 Best Master Clock Algorithm, BMCA (in particular handling the gPTP Announce messages) in order to 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). 
It is important to highlight that for a full conformance with IEEE 802.1AS [3]. One key requirement is that the “preciseOriginTimestamp” as generated by the TSN GM is delivered without being updated across the network towards the end application. Combination of the preciseOriginTimestamp and of the correctionField allows the slave to recover the correct time. This option of merging Solution#11 option 3 with Solution#28 meets this requirement.
Note: solutions where the preciseOriginTimestamp is regenerated, as an example at the UE (e.g. Solution 11 Option 2), would not be compliant with IEEE802.1AS.  It can be noted however, that the option where the 5GS is seen by the connected TSN networks to be acting as the actual TSN GM (e.g., Solution 11 option 4) would be compliant.
In such a model, 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. The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.
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Figure 6.28.1-1: 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization

Distribution of timing information
Distribution of 5G internal clock
The 5G internal system clock (black clock) is made available to all nodes in the 5G system. The UPF / UPF side translator can get 5G internal clock from gNB via the underlying PTP compatible transport network. The 5G internal system clock can be made available to UE / UE side translator with signaling of time information related to absolute timing of radio frames (i.e. using SIB broadcast or RRC unicast based methods described for LTE Rel-15). 
Distribution of TSN clock and time-stamping
For the downlink, gPTP frames from TSN working domain(s) arrive at the UPF or translator at UPF side, the UPF / translator makes an ingress timestamping (TSi) for the gPTP messages. The TSi can be carried 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 and forwards them to the UE side translator. The UE translator then makes egress timestamping (TSe) for the gPTP messages for external TSN working domains. The difference between TSi and TSe is considered as the residence time spent within the 5G system. The UE/translator modifies the gPTP messages towards an end station with the original TSN timing information and calculated residence time in the “correctionField” at gPTP header.
For the UL transmission, UE sends the gPTP packet to the UPF, using the similar approach as DL packet handling. 
Note*: The merged solution can provide clock synchronization in both downlink and uplink directions, while solution 11#option2 is only addressed for a downlink case.  
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Figure 6.28.1-2: Distribution of TSN clock and time-stamping within 5G system
There are different approaches to calculate the 5GS residence time in the above picture:
1. Time stamping at ingress and egress point: A 5G timestamp is added when PTP message arrives at the ingress point. When the PTP message is to exit the 5GS (point of egress), the UE/Translator checks difference between the current time and the time stamp corresponding to the point of PTP message ingress (at the UPF/Translator) and calculates the residence time of the message in 5G.
2. Residence time based on measurement. This is first achieved by an explicit time stamping of the ingress time TSi (t0). The signaling of t0 is used to measure the residence time. The egress point then releases the gPTP message until the time TSe(t1)= TSi(t0) +TR where TR is the residence time based on the measurement. 

Signalling Method 
The 5GS signaling method used to carry the timing information (TSN clock information and ingress timestamping) is: directly concatenating the ingress timestamp with the original PTP message to form a PDU packet which can be delivered between UE and UPF within a PDU session.
· Method 1.1: Concatenation applies to each gPTP SYNC message. UE filters the message based on EtherType=gPTP and messageType=SYNC.
· Method 1.2: Concatenation applies to each gPTP SYNC message, and Network places these messages in a new 5G flow. UE does not have to filter the message. This 5G flow does not carry any other packets.
Note*: Selection of method 1.1. and 1.2 is FFS

Residence time based on measurement 
This is achieved through explicit signalling of ingress timestamps for measuring the residence time of each PTP message as Figure 6.28.1-3 is shown.  
The incoming gPTP message is stamped by t0 (TSi), then it is delivered to egress point (UE for downlink, and UPF at uplink) using 5G signalling method.  The signaling of t0 is used to measure the 5GS residence time. The egress point then releases the PTP message until the time TSe(t1)= TSi(t0) +TR where TR is the residence time based on the measurement..  
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Figure 6.28.1-3: Delay correction based on the measurement of variable residence time within 5GS transparent clock with the signalling of ingress time t0

Support for multiple TSN working domains. 
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Figure 6.28.2-1: Supporting multiple TSN working domains

IEEE 802.1 AS gPTP frames from two (or more) different TSN working domains arrive at the TSN translator/adaptor at UPF side. Each TSN working domain has its own gPTP messages. 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) for the gPTP messages of all domains. The TSi can be carried in the suffix or correctionField of gPTP that was belonging to its own domain.
A UE receives the original TSN clock timing information and the TSi (via gPTP messages for both working domains) and forwards them to the UE side TSN translator which can be implemented either as a part of UE or as a separate entity. 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 modifies 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”. 
According to TS 22.104 [3], 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 [3] introduces two way of interactions as figure x 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.


[image: TSN5GSync_merge_sep]

Figure x: working clock domain interactions [3]
The solution can support both TS22.104 required 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.  



* * * * Start of Change * * * *
[bookmark: _Toc473190644][bookmark: _Toc500949091]* * * * Start of Change * * * *
[bookmark: _Toc4424299]Revised merged solution
6.28.X1	IntroductionDescription
This solution addresses key issue #3.1 System Enhancements to support Time Sensitive Networking (TSN) and #3.2 Time synchronization with particular consideration in supporting multiple TSN clock domain. 
According to TR 23.734 [1], the 5G System is integrated with the external network as a TSN bridge. For supporting TSN time synchronization, this "logical" TSN bridge shall be modelled as an IEEE 802.1AS [2] compliant entity according to TS 22.104 [3].
The entire 5G system can be considered as an 802.1AS "time-aware system". Only the network elements at the edges of the 5G system (i.e. translator/adaptor) need to support the IEEE 802.1AS operations. 
UE, gNB, UPF are synchronized with 5G GM, 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 Best Master Clock Algorithm, BMCA (in particular handling the gPTP Announce messages) in order to 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). 
It is important to highlight that for a full conformance with IEEE 802.1AS [3]. One key requirement is that the “preciseOriginTimestamp” as generated by the TSN GM is delivered without being updated across the network towards the end application. Combination of the preciseOriginTimestamp and of the correctionField allows the slave to recover the correct time. This option (i.e. of merging Solution#11 option 3 with Solution#28.2) meets this requirement.
NOTE: solutions where the preciseOriginTimestamp is regenerated, as an example at the UE (e.g. Solution 11 Option 2), would not be compliant with IEEE802.1AS.  It can be noted however, that the option where the 5GS is seen by the connected TSN networks to be acting as the actual TSN GM (e.g., Solution 11 option 4) would be compliant.
In such a model, 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. The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.
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Figure 6.28.1-1: 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization
Distribution of timing information
Distribution of 5G internal clock
The 5G internal system clock (black clock) is made available to all nodes in the 5G system. The UPF / UPF side translator can get 5G internal clock from gNB via the underlying PTP compatible transport network. The 5G internal system clock can be made available to UE / UE side translator with signaling of time information related to absolute timing of radio frames (i.e. using SIB broadcast or RRC unicast based methods described for LTE Rel-15). 
Distribution of TSN clock and time-stamping
For the downlink, gPTP frames from TSN working domain(s) arrive at the UPF or translator at UPF side, the UPF / translator makes an ingress timestamping (TSi) for the gPTP messages. The TSi can be carried 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 and forwards them to the UE side translator. The UE translator then makes egress timestamping (TSe) for the gPTP messages for external TSN working domains. The difference between TSi and TSe is considered as the residence time spent within the 5G system. The UE/translator modifies the gPTP messages towards an end station with the original TSN timing information and calculated residence time in the “correctionField” at gPTP header.
For the UL transmission, UE sends the gPTP packet to the UPF, using the similar approach as DL packet handling. 
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Figure 6.28.1-2: Distribution of TSN clock and time-stamping within 5G system

There are different approaches to calculate the 5GS residence time in the above picture:
1. Time stamping at ingress and egress point: A 5G timestamp is added when PTP message arrives at the ingress point. When the PTP message is to exit the 5GS (point of egress), the UE/Translator checks difference between the current time and the time stamp corresponding to the point of PTP message ingress (at the UPF/Translator) and calculates the residence time of the message in 5G.
2. Residence time based on measurement. This is first achieved by an explicit time stamping of the ingress time TSi (t0). The signaling of t0 is used to measure the residence time. The egress point then releases the gPTP message until the time TSe(t1)= TSi(t0) +TR where TR is the residence time based on the measurement. 

Signalling Method 
The 5GS signaling method used to carry the timing information (TSN clock information and ingress timestamping) is directly concatenating the ingress timestamp with the original PTP message to form a PDU packet which can be delivered between UE and UPF within a PDU session.
· Method 1.1: Concatenation applies to each gPTP SYNC message. UE filters the message based on EtherType=gPTP and messageType=SYNC.
· Method 1.2: Concatenation applies to each gPTP SYNC message, and Network places these messages in a new 5G flow. UE does not have to filter the message. This 5G flow does not carry any other packets.
NOTE: Selection of method 1.1. and 1.2 is FFS.

Residence time based on measurement 
This is achieved through explicit signalling of ingress timestamps for measuring the residence time of each PTP message as Figure 6.28.1-3 is shown.  
The incoming gPTP message is stamped by t0 (TSi), then it is delivered to egress point (UE for downlink, and UPF at uplink) using 5G signalling method.  The signaling of t0 is used to measure the 5GS residence time. The egress point then releases the PTP message until the time TSe(t1) = TSi(t0) +TR where TR is the residence time based on the measurement.
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Figure 6.28.1-3: Delay correction based on the measurement of variable residence time within 5GS transparent clock with the signalling of ingress time t0

Support for multiple TSN working domains. 
[image: ]
Figure 6.28.2-1: Supporting multiple TSN working domains

IEEE 802.1 AS gPTP frames from two (or more) different TSN working domains arrive at the TSN translator/adaptor at UPF side. Each TSN working domain has its own gPTP messages. 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) for the gPTP messages of all domains. The TSi can be carried in the suffix or correctionField of gPTP that was belonging to its own domain.
A UE receives the original TSN clock timing information and the TSi (via gPTP messages for both working domains) and forwards them to the UE side TSN translator which can be implemented either as a part of UE or as a separate entity. 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 modifies 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”. 
The solution can support both TS22.104 required 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.  

* * * * 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 TR 23.734 version 16.0.0: "Study on enhancement of 5G System (5GS) for vertical and Local Area Network (LAN) services".
[2]   "IEEE Standard for Local and metropolitan area networks--Timing and Synchronization for Time-Sensitive Applications," IEEE Std 802.1AS-Rev/D7.3, pp. 1-502, August 2018.
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PROPOSAL
It is proposed to adopt the merged solution of Soln #11 option 3 and Solution#28.2 as described in “Revised merged solution” clause.  If needed, a CR can be written against TR 23.725 to update and include this merged solution.
[bookmark: _GoBack]
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