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	Reason for change:
	Issue #1: Unclear which 5GS entities performs gPTP capability handling
According to IEEE 802.1AS-2020 clause 5.4.1 PTP instances compliant with IEEE 802.1AS-2020 shall "implement the state machines related to signaling gPTP capability". gPTP capability signaling enables bridges to determine whether neighboring bridges support the gPTP protocol. 

It is currently not clear which 5GS entities perform sending and receiving of gPTP capability signaling.
Issue #2: Unclear which 5GS entity need to support the peer delay mechanism

According to IEEE 802.1AS-2020 clause 11.2.17.1, each port of a time-aware system shall measure propagation delay and neighbor rate ratio using the peer delay mechanism. It is currently not clear which 5GS entities need to support the peer delay mechanism.

Issue #3: Unclear which 5GS entity needs to handle Announce messages in case of an external GM
For the case that 5GS is not configured as GM for a gPTP domain, i.e. in case of an external GM, clause H.3 states "when the NW-TT port whose role is SlavePort receives the Announce message, the externally-observable behaviour of the Announce message handling by 5GS needs to comply with IEEE Std 802.1AS [104].". This statement leaves it open which network entity is in charge of transmitting Announce messages for PTP ports in Leader state.

Issue #4: Support of the path trace mechanism
According to IEEE 802.1AS-2020 clause 14.6.3, it is mandatory for bridges acting as a time-aware system to support the path trace mechanism. Key idea of the path trace mechanism is that each bridge that forwards Announce messages includes its clock identity in the pathSequence TLV, which is part of the Announce message.
With respect to announce message handling, clause H.3 currently addresses two scenarios:

For the case that 5GS is configured as GM for a gPTP domain clause H.3 states only that NW-TT generates the Announce messages of this gPTP domain but leaves it open whether 5GS (e.g. NW-TT) also performs the path trace mechanism as mandated by IEEE 802.1AS-2020.

For the case that 5GS is not configured as GM for a gPTP domain clause H.3 states: "With the external port configuration method in clause 10.3.1.3 of IEEE Std 802.1AS [104] when the NW-TT port whose role is SlavePort receives the Announce message, the externally-observable behaviour of the Announce message handling by 5GS needs to comply with IEEE Std 802.1AS [104].".
Thus, for the scenario that 5GS is not configured as GM for a gPTP domain, clause H.3 already implicitly mandates 5GS to support the path trace mechanism as lack of support would not be in line with externally observable behavior mandated by IEEE Std 802.1AS. However, clause H.3 leaves it open which 5GS network entity needs to support the path trace mechanism.

Issue #5: Unclear support of Message Interval requests by neighboring bridges

IEEE 802.1AS-2020 enables bridges to request neighboring bridges to use specific intervals for Announce, Sync, Pdelay_Req and Signaling messages containing gPTP-capable information (gPTP-capable messages). Bridges can issue such a request by sending a Signaling message containing the Message interval request TLV or the gPTP-capable message interval request TLV, respectively. A bridge that receives such requests uses the requested interval if the requested values are supported by the receiving bridge -- unless the bridge is configured to ignore requested intervals received in Signaling messages and to instead use interval values configured through management as illustrated in IEEE 802.1AS-2020 clauses 10.3.17.3, 10.3.18.3, 10.4.3.3 and 11.2.21.4.
Given that current Rel-16 specifications do not specify how to handle Signaling messages containing the Message interval request TLV or the gPTP-capable message interval request TLV, this CR proposes to state in TS 23.501 that in this release 5GS does not support handling such Signaling messages and that instead the intervals for sending Announce, Sync, Pdelay_Req and Signaling messages containing gPTP-capable information are pre-configured in DS-TT and NW-TT.
Note that this is aligned with the externally visible behaviour of a bridge defined by IEEE 802.1AS [104] with the following bridge internal variables set to true: useMgtSettableLogAnnounceInterval (IEEE 802.1AS [104] clause 14.8.14), useMgtSettableLogSyncInterval (IEEE 802.1AS [104] clause 14.8.19), useMgtSettableLogPdelayReqInterval (IEEE 802.1AS [104] clause 4.8.25), useMgtSettableLogGptpCapableMessageInterval (IEEE 802.1AS [104] clause 14.8.29).

	
	

	Summary of change:
	Issue #1:
Clarify in clause 5.27.1. that DS-TT and NW-TT shall send gPTP capable messages
Issue #2:
Clarify in clause 5.27.1. that

- DS-TT and NW-TT shall support the Common Mean Link Delay Service (CMDLS) as defined in clause 10.4.1.3 of IEEE 802.1AS [104];

Issue #3:

In line with Rel-17, which mandates NW-TT to regenerate Announce messages, clarify in clause H.3 that:

- NW-TT shall regenerate Announce messages received on an NW-TT port in Follower state for all DS-TT ports and all NW-TT ports in Leader state. 
The NW-TT/UPF forwards the regenerated Announce messages to the PDU sessions related to each DS-TT.
Issue #4:

Clarify in clause H.3 that NW-TT shall support the path trace mechanism as defined in IEEE 802.1AS-2020 clauses 10.3.16.2.1 and 10.3.9.23.
Issue #5

Clarify in clause 5.27.1 that

- 5GS does not support handling Signaling messages containing the Message interval request TLV or the gPTP-capable message interval request TLV. 
- 5GS complies with the interval handling defined in IEEE 802.1AS [104] with the following bridge internal variables assumed to be set to true: useMgtSettableLogAnnounceInterval (IEEE 802.1AS [104] clause 14.8.14), useMgtSettableLogSyncInterval (IEEE 802.1AS [104] clause 14.8.19), useMgtSettableLogPdelayReqInterval (IEEE 802.1AS [104] clause 4.8.25), useMgtSettableLogGptpCapableMessageInterval (IEEE 802.1AS [104] clause 14.8.29).
- The intervals for sending Announce and Sync messages are pre-configured in NW-TT. The intervals for sending Pdelay_Req and gPTP-capable messages are pre-configured in DS-TT and NW-TT.

	
	

	Consequences if not approved:
	Issue #1:
IEEE 802.1AS-2020 compatible bridges connected to 5GS will not consider 5GS capable of supporting IEEE 802.1AS-2020, which will prevent successful time synchronization.
Issue #2:
Link delay and neighbor ratio cannot be determined, which leads to multiple issues:

- Cumulative rate ratio cannot be calculated by 5GS

- 5GS cannot provide txPropagationDelay to the CNC, which is however essential for CNC to be able to plan gate schedules across the TSN domain.
Issue #3:

Announce messages may not be regenerated by 5GS, which would prevent devices attached to 5GS to participate in the time sychronization processes
Issue #4:

Path trace mechanism not supported by 5GS as it is unclear which 5GS entity needs to support the path trace mechanism.
Issue #5:

Unclear which intervals DS-TT and NW-TT shall use for for sending Announce, Sync, Pdelay_Req and Signaling messages containing the gPTP-capable information.
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>>>>BEGINNING OF CHANGES<<<<
5.27.1.1
General

For supporting TSN time synchronization, the 5GS is integrated with the external network as a TSN bridge as described in clauses 4.4.8 and 5.28.1. It shall be modelled as an IEEE Std 802.1AS [104] compliant entity according to TS 22.104 [105]. For TSN time synchronization, the entire E2E 5G system can be considered as an IEEE Std 802.1AS [104] "time-aware system". Only the TSN Translators (TTs) at the edges of the 5G system need to support the IEEE Std 802.1AS [104] operations. UE, gNB, UPF, NW-TT and DS- TTs are synchronized with the 5G GM (i.e. the 5G internal system clock) which shall serve to keep these network elements synchronized. The TTs located at the edge of 5G system fulfil some functions related to IEEE Std 802.1AS [104], e.g. gPTP support, timestamping, rateRatio. Figure 5.27.1-1 illustrates the 5G and TSN grandmaster (TSN GM) clock distribution model via 5GS.

[image: image1.emf]TE

Transp.t

5G GM

gNB

UE

PTP-

compatible5G 

transport

TSN 

Working 

Domain

TSN 

Bridge

End

Station

TSN GM

End

Station

Uu

DS-TT

5G  system can be considered as an 

802.1AS "time - aware system"

S

M M S S

M

5GS

5GS

5GS

TSe

5GS

TSi

TSN

M S S M

TSN

TSN

TSN

TSN

TSN

5G Time

Domain

: TSN timingdirection

5GS

TSN

: 5GS time synchronization

: TSN time synchronization

UPF

NW-TT

: 5GS timing direction


Figure 5.27.1-1: 5G system is modelled as IEEE Std 802.1AS [104] compliant time aware system for supporting TSN time synchronization

Figure 5.27.1-1 depicts the two synchronizations systems considered: the 5GS synchronization and the TSN domain synchronization, as well as the Master (M) and Slave (S) ports considered when the TSN GM is located at TSN working domain.

-
5GS synchronization: Used for NG RAN synchronization. 5G RAN synchronization is specified in TS 38.331 [28].

-
TSN domain synchronization: Provides synchronization service to TSN network. This process follows IEEE Std 802.1AS [104].

The two synchronization processes can be considered independent from each other and the gNB only needs to be synchronized to the 5G GM clock.

To enable TSN domain synchronization, the 5GS calculates and adds the measured residence time between the TTs into the Correction Field (CF) of the synchronization packets of the TSN working domain.

In this Release, 5GS only supports method b) defined in clause 10.3.1.1 of IEEE 802.1AS [104] for determining the grandmaster PTP Instance and the time-synchronization spanning tree.

This implies that in this release the 5GS Bridge PTP port states are assumed to be locally configured in DS-TT and NW-TT as follows:

-
For DS-TT ports the PTP port state is MasterPort for all gPTP domains.

-
When the TSN GM is external to the 5GS, for one of the NW-TT ports (per each gPTP domain) the PTP port state is SlavePort and for all other NW-TT ports of the same gPTP domain the PTP port state is either PassivePort or MasterPort (depending on implementation).

-
When the 5GS is configured as master (5G GM) for a gPTP domain for the connected networks, all NW-TT ports are in MasterPort state for that gPTP domain.
DS-TT and NW-TT shall send gPTP capable messages on their Ethernet ports as defined in clause 10.4.1.3 of IEEE 802.1AS [104].
DS-TT and NW-TT shall support the Common Mean Link Delay Service (CMDLS) as defined in clause 10.4.1.3 of IEEE 802.1AS [104].
In this release of the specification 5GS does not support handling Signaling messages containing the Message interval request TLV or the gPTP-capable message interval request TLV. The externally visible behaviour of 5GS complies with the interval handling defined in IEEE 802.1AS [104] with the following bridge internal variables assumed to be set to true: useMgtSettableLogAnnounceInterval (IEEE 802.1AS [104] clause 14.8.14), useMgtSettableLogSyncInterval (IEEE 802.1AS [104] clause 14.8.19), useMgtSettableLogPdelayReqInterval (IEEE 802.1AS [104] clause 4.8.25), useMgtSettableLogGptpCapableMessageInterval (IEEE 802.1AS [104] clause 14.8.29). The interval for sending Announce and Sync messages are pre-configured in NW-TT.
NOTE:
In case the TSN GM is external to the 5GS, the Sync interval follows the Sync interval of the upstream bridge since 5GS only forwards received Sync messages as described in clause 5.27.1.2.2.
The intervals for sending Pdelay_Req and gPTP-capable messages are pre-configured in DS-TT and NW-TT.
>>>>NEXT CHANGES<<<<
H.3
Signalling for Announce message
The DS-TT and NW-TT port roles are set according to clause 5.27.1.1. When the 5GS is configured as master (5G GM) for a gPTP domain for the connected networks, the NW-TT generates the Announce messages of this gPTP domain.

NOTE:
How NW-TT generates the Announce message is implementation specific.

With the external port configuration method in clause 10.3.1.3 of IEEE Std 802.1AS [104], when an NW-TT port in Follower role receives an Announce message, then NW-TT regenerates the Announce message for all DS-TT ports and all NW-TT ports in Leader state. The NW-TT/UPF forwards the regenerated Announce messages to the PDU sessions related to each DS-TT. DS-TT forwards the Announce messages to devices attached to the DS-TT.
NW-TT shall support the path trace mechanism as defined in IEEE 802.1AS-2020 clauses 10.3.16.2.1 and 10.3.9.23.
>>>>END OF CHANGES<<<<
