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---Start of the 1st Change---
[bookmark: _Toc83301566]4.4.8.3	Architecture for AF requested support of Time Sensitive Communication and Time Synchronization
This clause describes the architecture to enable Time Sensitive Communication AF requested time sensitive communication and time synchronization services. The Time Sensitive Communication and Time Synchronization related features that are supported based on AF request are described in clauses 5.27.1 and 5.27.2, respectively. Figure 4.4.8.3-1 shows the architecture to support Time Sensitive Communication and Time Synchronization services.
As shown in Figure 4.4.8.3-1, to support Time Synchronization service based on IEEE Std 802.1AS [104] or IEEE Std 1588 [126] for Ethernet or IP type PDU Sessions, the DS-TT, NW-TT and Time Sensitive Communication and Time Synchronization function (TSCTSF) are required in order to support the features in IEEE Std 802.1AS [104] or IEEE Std 1588 [126] as described in clause 5.27. The NEF exposes 5GS capability to support Time Synchronization service as described in clause 5.27.1.8. TSCTSF controls the DS-TT(s) and NW-TT for the (g)PTP based time synchronization service. In addition, TSCTSF supports TSC assistance container related functionalities.




Figure 4.4.8.3-1: Architecture to enable Time Sensitive Communication and Time Synchronization services

---Next Change---
[bookmark: _Toc83301992]5.27.1.4	DS-TT and NW-TT Time Synchronization functionality
This clause describes the support of Time Synchronization functionality supported by the 5G System. Synchronization between UPF/NW-TT and NG-RAN is outside scope of 3GPP.
DS-TT and NW-TT may support the following PTP instance types:
-	Boundary Clock as defined in IEEE Std 1588 [126] as described in clause 5.27.1.1;
-	End-to-End Transparent Clock as defined in IEEE Std 1588 [126] as described in clause 5.27.1.1;
-	Peer-to-Peer Transparent Clock as defined in IEEE Std 1588 [126] as described in clause 5.27.1.1;
-	PTP Relay instance as defined in IEEE Std 802.1AS [104].
Editor's note:	Support for external networks operating with IEEE Std 1588-2008 [107] is for further study.	Comment by Nokia: Considering the input received in S2-2105362 “LS from IEEE: RE: LS on Time Synchronization”, this EN could be removed adding a note
NOTE: 	Interoperability between configured 5GS PTP instances conformant to different IEEE Std 1588 editions should follow the recomendations of IEEE Std 1588 [126].
DS-TT and NW-TT may support the following transports for PTP:
-	IPv4 as defined in IEEE Std 1588 [126] Annex C;
-	IPv6 as defined in IEEE Std 1588 [126] Annex D;
	IEEE Std 802.3 [131] (Ethernet) as defined in IEEE Std 1588 [126] Annex E.
For operation as a Boundary clock or as a Transparent Clock, DS-TT and NW-TT may support the following path and link delay measurement methods:
-	Delay request-response mechanism as described in clause 11.3 of IEEE Std 1588 [126];
-	Peer-to-peer delay mechanism as defined in clause 11.4 of IEEE Std 1588 [126].
DS-TT and NW-TT may support acting as a PTP grandmaster, i.e. may support generating (g)PTP Announce, Sync and Follow_Up messages. DS-TT and NW-TT supporting (g)PTP shall support one or more PTP profiles as described in clause 20.3 of IEEE Std 1588 [126],  i.e.:
-	Default PTP Profiles in IEEE Std 1588 [126], Annex I;
-	IEEE Std 802.1AS [104] PTP profile for transport of timing as defined in IEEE Std 802.1AS [104] Annex F;
-	SMPTE Profile for Use of IEEE Std 1588 [126] Precision Time Protocol in Professional Broadcast Applications ST 2059-2:2015 [127].
TSN AF and TSCTSF may determine the PTP functionalities supported by DS-TT and NW-TT and may configure PTP instances in DS-TT and NW-TT using port and user plane node management information exchange as described in Annex K, clause K.2.
---Next Change---	Comment by Nokia: Minor updates to clause 5.27.1.8 to align it with 23.502 and update “reference time” to “access stratum time distribution”
[bookmark: _Toc83301996]5.27.1.8	Exposure of Time Synchronization
5G System supports time synchronization service that can be activated and deactivated by AF. Exposure of time synchronization comprises the following capabilities:
-	The AF may learn 5GS and/or UE availability and capabilities for time synchronization service.
-	The AF may request to control the time synchronization service with specific service parameters for targeted UE(s). The AF controls activation and deactivation of the time synchronization service for the target UE(s).
-	The AF may request to control the 5G access stratum as a time distribution method for targeted UE(s).
The AF may subscribe for 5GS and/or UE availability and capabilities for time synchronization service. The AF indicates in the request the DNN, S-NSSAI, and in addition the AF may indicate a list of UE identities or group identity to limit the subscription only to corresponding UEs. If the AF does not indicate DNN, S-NSSAI, the NEF determines the DNN, S-NSSAI based on the AF Identifier. The discovery of the TSCTSF is described in clause 6.3.24.
The TSCTSF (directly or via NEF) exposes the 5GS and/or UE availability and capabilities for synchronization service to the AF. The exposed information includes the list of user plane node identities, the list of UE identities and may include the supported time synchronization distribution methods (i.e. supported IEEE Std 1588 [126] or IEEE Std 802.1AS [104] operation modes or 5G clock sync), (g)PTP grandmaster capable, 5G Clock quality. The TSCTSF (directly or via NEF) exposure of UE availability and capabilities for (g)PTP time synchronization service per user plane node and UE, are as described in clause 4.15.9.2 of TS 23.502 [3].	Comment by Nokia: Updating this part of the text to align it with 23.502 table 5.2.6.25.8 “Time syncrhonziation capability event parameters” and 23.502 clause 4.15.9.2
The AF request to control the (g)PTP time synchronization service is sent to the TSCTSF (directly or via NEF) and may target a UE or multiple UEs. The request is may be targeted to: a set of AF-sessions that are associated with the exposure of UE availability and capabilities for synchronization service.  Individual UEs identified using GPSI, Group of UEs identified using External Group Identity, or an IP address/Prefix or a MAC address, or any UE accessing the combination of DNN, S-NSSAI.	Comment by NTT DOCOMO: Alignment with 23502
The AF request includes requested time synchronization distribution method (IEEE Std 1588 [126] or IEEE Std 802.1AS [104] operation (i.e. as a Boundary Clock, peer-to-peer Transparent Clock, or end-to-end Transparent Clock or as a PTP relay instance)). The request to control the (g)PTP time synchronization service may contain other service parameters as described in clause 4.15.9.3 of TS 23.502 [3].
The AF may request to use the 5G access stratum as a time synchronization distribution method. In this case, the time source is provided by the 5GS. 5G-AN provides the 5GS time to the UE via 3GPP radio access; UE/DS-TT may provide 5G access stratum timing information to end stations using implementation specific means. This method is applicable for both IP and Ethernet PDU Sessions. The request to control the 5G access stratum time distribution is described in clause 4.15.9.4 of TS 23.502 [3].
The AF or NEF selects the TSCTSF as specified in clause 6.3.24.
The AF request may include a time synchronization error budget (see also clause 5.2827.1.9). The time synchronization error budget defines an upper bound for time synchronization errors introduced by 5GS, when the NG-RAN provides 5G access stratum timinge information to a UE.
The TSCTSF uses the Time Synchronization parameters received from AF (directly or via NEF) to control the time synchronization service. When IEEE Std 1588 [126] or IEEE Std 802.1AS [104] operation have been selected, the TSCTSF determines the necessary (g)PTP parameters to activate and control the service in DS-TT(s) and NW-TTs. For this purpose, the TSCTSF uses the PMIC or UMIC to manage the IEEE Std 1588 [126] or IEEE Std 802.1AS [104] operation in the DS-TT(s) or NW-TTs, respectively (see clause 5.27.1.4).
The TSCTSF stores the Notification Target Address in the UDR for the combination of DNN and S-NSSAI until the target UE establishes the PDU Session to this DNN/S-NSSAI. The PCF can retrieve the Notification Target Address from the UDR based on the DNN/S-NSSAI. The PCF notifies the TSCTSF for the PDU session establishment using the Notification Target Address as received from the UDR. The TSCTSF deletes the Notification Target Address from the UDR when it completes a time synchronization deactivation request for this DNN/S-NSSAI.	Comment by NTT DOCOMO: Overlap and conflict with 23502
For handling (g)PTP traffic, the PCF, according to PCC rule authorization, chooses a 5QI and dynamically set the PDB and/or MDBV according to requirements for (g)PTP protocol. The PCF provides the SMF with a PCC rule generated based on the AF request to control the (g)PTP time synchronization service. The SMF may take the information in the PCC rule to modify a PDU Session to create or modify or release a QoS flow for transmitting the (g)PTP messages. The PCF acknowledges the policy request to the TSCTSF. The TSCTSF may report the result of the time synchronization request to the AF (directly or via NEF).
The AF may provide a temporal validity condition to the TSCTSF (directly or via NEF) when the AF activates the time synchronization service. Temporal validity condition contains the start-time and stop-time (in absolute time value) attributes that describe the time period when the time synchronization service is active for the targeted AF sessions. The TSCTSF manages the temporal validity condition as described in clause 4.15.9.3 TS 23.502 [3]If the start-time and/or the stop-time of the Temporal Validity Condition is in the future, the TSCTSF maintains the start-time and stop-time for the time synchronization service for the corresponding AF Session(s). If the start-time is in the past, the TSCTSF treats the AF request as if the time synchronization service was activated immediately. When the start-time or stop-time is reached, the TSCTSF sends PMIC/UMIC signalling to configure the (g)PTP functionality in DS-TT(s) and NW-TT for activating or deactivating time synchronization service to the corresponding AF Session(s), and enables or disables the 5GS reference time distribution to the respective UEs (as AF requested time synchronization distribution method described in this clause).	Comment by NTT DOCOMO: Overlap and conflict with 23.502

---Next Change---	Comment by NTT DOCOMO: Corrects the conditions when the TSCTSF must clean the UDR. Also add the PCF subscription to Time-Sync data.


[bookmark: _Toc83302259]6.3.24	TSCTSF Discovery
The NF consumers (e.g. NEF, AF) may utilize the NRF to discover TSCTSF instance(s) unless TSCTSF information is available by other means, e.g. locally configured in NF consumers. The NRF provides NF profile(s) of TSCTSF instance(s) to the NF consumers.
The following factors may be considered for TSCTSF selection:
-	DNN(s) and S-NSSAI(s).
-	GPSI or External Group Identifier;.
-	SUPI or Internal Group ID.
If the TSCTSF is locally configured in NF consumers, it shall be ensured that the same TSCTSF is selected in all NF consumers (e.g. NEF, AF) for the given DNN and S-NSSAI. The same TSCTSF shall be configured also to PCF serving PDU Sessions for this DNN and S-NSSAI to notify the TSCTSF for a PDU Session.
If the TSCTSF is discovered from NRF, the discovered and selected TSCTSF shall store the TSCTSF NF ID and Notification Target Address to the UDR for the given UE’s SUPI or DNN and S-NSSAI. The NF consumer shall attempt to retrieve the TSCTSF NF ID for the given UE’s SUPI or DNN/S-NSSAI from the UDR. If the UDR does not contain a TSCTSF NF ID, the NF consumer shall discover the TSCTSF from the NRF. If the UDR contains a TSCTSF NF ID, the NF consumer shall use this TSCTSF NF ID to invoke the TSCTSF for the given DNN and S-NSSAI. The PCF serving the UE shall subscribe for notification of Time-Sync data change with the UDR for the given SUPI. The PCF serving PDU Sessions for the given DNN and S-NSSAI shall subscribe for notification of Time-Sync data change with the UDR, and use the Notification Target Address as received from the UDR to notify the TSCTSF for a PDU Session. The TSCTSF deletes the TSCTSF NF ID and the Notification Target Address from the UDR after all the PDU Session(s) for the given DNN and S-NSSAI are released or TSCTSF receives a cancellation for the subscription for UE availability for time synchronization service, whichever occurs first.


---Next Change---	Comment by Nokia: Some editorial changes to annex H.4
[bookmark: _Toc83302355]H.4	Path and Link delay measurements
The procedure described in this clause is applicable if DS-TT and NW-TT support operating as a boundary clock or as a time-aware system or as peer to peer Transparent Clock or end to end Transparent Clock, and when the PTP instance in 5GS is configured to operate as a time-aware system or as a Boundary Clock or as peer to peer Transparent Clock or as end to end Transparent Clock. Whether DS-TT/NW-TT support operating as a boundary clock or peer to peer Transparent Clock or end to end Transparent Clock or as a time-aware system or as peer to peer Transparent Clock (support of the IEEE Std 802.1AS [104] PTP profile) may be determined as described in clause K.2.1.	Comment by Nokia: The beginning of the paragraph is just mentioning  P2P TC but later in the annex we also have E2E TC, thus we could generalize this start.	Comment by NTT DOCOMO: I agree
PTP ports in DS-TT and NW-TT may support the following delay measurement mechanisms:
-	Delay request-response mechanism as described in clause 11.3 of IEEE Std 1588 [126];
-	Peer-to-peer delay mechanism as defined in clause 11.4 of IEEE Std 1588 [126];
-	Common Mean Link Delay Service.
Depending on the measurement mechanisms supported by DS-TT and NW-TT as well as the configured clock mode of 5GS, the PTP ports in DS-TT and NW-TT are configured as follows:
-	PTP ports configured to operate as a time-aware system according to IEEE Std 802.1AS [104] may be configured to use the peer-to-peer delay mechanism or Common Mean Link Delay Service;
-	PTP ports configured to operate as a Boundary Clock according to IEEE Std 1588 [126] may be configured to use the delay request-response mechanism, the peer-to-peer delay mechanism or Common Mean Link Delay Service.
PTP ports in 5GS configured to operate as a peer-to-peer Transparent Clock according to IEEE Std 1588 [126] shall use the peer-to-peer delay mechanism.
PTP ports in 5GS configured to operate as an end-to-end Transparent Clock according to IEEE Std 1588 [126] do not actively participate in path and link measurements mechanisms but shall calculate and add residence time and delay asymmetry information to PTP messages as defined in clause 10.2.2 of IEEE Std 1588 [126].
If DS-TT and NW-TT support operating as an end-to-end Transparent Clock, then the residence time for one-step operation as an end-to-end Transparent Clock is calculated as follows:
-	Upon reception of a PTP Delay_Req message from the upstream PTP instance, the ingress TT (i.e. NW-TT or DS-TT) makes an ingress timestamping (TSi) for the message.
-	The ingress timestamp is conveyed to the egress TT via the PDU Session as described in clause H.2.
-	The PTP port in the egress TT then creates egress timestamping (TSe) for the PTP message for external PTP network. The difference between TSi and TSe is considered as the calculated residence time spent within the 5G system for this PTP message expressed in 5GS time.
-	The PTP port in the egress TT modifies the payload of the PTP Delay_Req message that it sends towards the downstream PTP instance as follows:
-	Adds the calculated residence time to the correction field.
-	Removes Suffix field that contains TSi.
If DS-TT and NW-TT support operating as an end-to-end Transparent Clock, then the residence time for two-step operation as an end-to-end Transparent Clock is calculated as follows:
-	Upon reception of a PTP Delay_Req message from the upstream PTP instance, the ingress TT (i.e. NW-TT or DS-TT) makes an ingress timestamping (TSi) for the message.
-	The ingress timestamp is conveyed to the egress TT via the PDU Session as described in clause H.2.
-	The PTP port in the egress TT then creates egress timestamping (TSe) for the PTP message for external PTP network. The difference between TSi and TSe is considered as the calculated residence time spent within the 5G system for this PTP message expressed in 5GS time. The egress TT then stores the calculated residence time and removes Suffix field that contains Tsi before sending the PTP Delay_Req message towards the downstream PTP instance.
-	Upon reception of the PTP Delay_Resp message associated with the PTP Delay_Req, the egress TT for the PTP Delay_Req message (i.e. the ingress TT for the PTP Delay_Resp message) modifies the payload of the PTP Delay_Resp message that it sends towards the ingress TT of the PTP Delay_Req message (i.e. egress TT for the PTP Delay_Resp message) as follows:
-	Adds the (previously stored) calculated residence time to the correction field.
---End of Changes---
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