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1ST CHANGE
[bookmark: _Toc83301986][bookmark: _Toc75441206]5.27.1	Time Synchronization
[bookmark: _Toc83301987]5.27.1.1	General
For supporting time synchronization service, the 5GS is configured to operate in one of the following modes (if supported):
1)	as time-aware system as described in IEEE Std 802.1AS [104],
2)	as Boundary Clock as described in IEEE Std 1588 [126], provisioned by the profiles supported by this 3GPP specification including SMPTE Profile for Use of IEEE Std 1588 [126] Precision Time Protocol in Professional Broadcast Applications ST 2059-2:2015 [127];
NOTE 1:	Via proper configuration of the IEEE Std 1588 [126] data set members, the 5G internal system clock can become the time source for the PTP grandmaster function for the connected networks in the case of mode 1 and mode 2.
NOTE 2:	In some cases where the 5G internal system clock is the time source for the PTP grandmaster function for the connected networks, it might not be required for the UE to receive gPTP or PTP messages over user plane. The UE and DS-TT uses the 5G timing information and generates the necessary gPTP or PTP message for the end station if needed (this is implementation specific).
3)	as peer-to-peer Transparent Clock as described in IEEE Std 1588 [126], provisioned by the profiles supported by this 3GPP specification including SMPTE Profile for Use of IEEE Std 1588 Precision Time Protocol in Professional Broadcast Applications ST 2059-2:2015 [127]; or
4)	as end-to-end Transparent Clock as described in IEEE Std 1588 [126], provisioned by the profiles supported by this 3GPP specification including SMPTE Profile for Use of IEEE Std 1588 Precision Time Protocol in Professional Broadcast Applications ST 2059-2:2015 [127].
NOTE 3:	When the GM is external, the operation of 5GS as Boundary Clock assumes that profiles that are supported by the 5GS allows the exemption specified in clauses 9.5.9 and 9.5.10 of IEEE Std 1588 [126] where the originTimestamp (or preciseOriginTimestamp in case of two-step operation) is not required to be updated with the syncEventEgressTimestamp (and a Local PTP Clock locked to the external GM). As described in clause 5.27.1.2.2, only correctionField is updated with the 5GS residence time and link delay, in a similar operation as specified by IEEE Std 802.1AS [104].
NOTE 4:	When the GM is external and the operation mode of 5GS is as end-to-end Transparent Clock as described in IEEE Std 1588 [126], the 5GS Clock does not need to synchronize with the external GM Clock. As described in clause 5.27.1.2.2 and H.4, if needed, the residence time expressed in PTP GM can be converted from 5GS time and is used to update the correction field of the received PTP Sync or Follow_Up and Delay_Req/Pdelay_Req/Pdelay_Resp/Pdelay_Resp_Follow_Up messages.  
The configuration of the time synchronization service in 5GS for option 1 by TSN AF and CNC is described in clause 5.28.3, and for options 1-4 by AF and NEF or TSCTSF in clause 5.27.1.8 and clause 5.28.3.
The 5GS shall be modelled as an IEEE Std 802.1AS [104] or IEEE Std 1588 [126] compliant entity based on the above configuration.
The DS-TT and NW-TT at the edges of the 5G system may support the IEEE Std 802.1AS [104] or other IEEE Std 1588 [126] profiles' operations respective to the configured mode of operation. The 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] and may fulfil some functions related to IEEE Std 1588 [126], e.g. (g)PTP support and timestamping. Figure 5.27.1-1 illustrates the 5G and PTP grandmaster (GM) clock distribution model via 5GS.


Figure 5.27.1-1: 5G system is modelled as PTP instance for supporting time synchronization
Figure 5.27.1-1 depicts the two synchronizations systems considered: the 5GS synchronization and the (g)PTP domain synchronization.
-	5G Clock synchronization: Used for NG RAN synchronization and also distributed to the UE. 5G Clock synchronization over the radio interface towards the UE is specified in TS 38.331 [28].
-	(g)PTP domain synchronization: Provides synchronization service to (g)PTP network. This process follows IEEE Std 802.1AS [104] or IEEE Std 1588 [126].
The two synchronization processes can be considered independent from each other and the gNB only needs to be synchronized to the 5G GM clock.
The 5GS supports two methods for determining the grandmaster PTP Instance and the time-synchronization spanning tree.
-	Method a), BMCA procedure.
-	Method b), local configuration.
This is further described in clause 5.27.1.6.

[bookmark: _Toc20150063][bookmark: _Toc27846862][bookmark: _Toc36187993][bookmark: _Toc45183897][bookmark: _Toc47342739][bookmark: _Toc51769440][bookmark: _Toc75440854]2nd CHANGE
[bookmark: _Toc91148915]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 (support of the IEEE Std 802.1AS [104] PTP profile) may be determined as described in clause K.2.1.
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 for the path and link measurements is calculated as follows:
-	Upon reception of a PTP Delay_Req/Pdelay_Req/Pdely_Resp 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. If needed, the PTP port in the egress TT convert the calculated resident time in 5GS into the residence time expressed in PTP GM time e.g. by means of the factor as specified in Equation (6) of clause 12.2.2 of IEEE Std 1588 [126].
-	The PTP port in the egress TT modifies the payload of the PTP Delay_Req/Pdelay_Req/Pdelay_Resp 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 for the path and link measurements is calculated as follows:
-	Upon reception of a PTP Delay_Req/Pdelay_Req/Pdelay_Resp message from the upstream PTP instance, the ingress TT (i.e. NW-TT or DS-TT) makes an ingress timestamping (TSi) for the message.
-	If the ingress TT receives a Pdelay_Resp message with the twoStepFlag set to FALSE, then the ingress TT modifies the twoStepFlag to TRUE and creates a PTP Pdelay_Resp_Follow_UP Up 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. If needed, the PTP port in the egress TT converts the calculated residence time in 5GS into the residence time expressed in PTP GM time, e.g. by means of the factor as specified in Equation (6) of clause 12.2.2 of IEEE Std 1588 [126]. The egress TT then stores the calculated residence time expressed in PTP GM time and removes Suffix field that contains TSi before sending the PTP Delay_Req/Pdelay_Req/Pdelay_Resp 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.
-	Upon reception (or local creation) of the PTP Pdelay_Resp_Follow_UP Up message associated with the previously received PTP Pdelay_Resp message, the ingress TT for the PTP Pdelay_Resp_Follow_UP Up message modifies the payload of the PTP Pdelay_Resp_Follow_UP Up message that it sends towards the egress TT for the PTP Pdelay_Resp_Follow_UP Up message as follows:
-	Adds the (previously stored) calculated residence time of the associated PTP Pdelay_Req message to the correction field.
-	Upon reception of the PTP Pdelay_Resp_Follow_UP message associated with the PTP Pdelay_Resp, the egress TT for PTP Pdelay_Resp_Follow_UP Up message modifies the payload of the PTP Pdelay_Resp_Follow_UP Up message that it sends towards the downstream PTP instance as follows:
-	Adds the (previously stored) calculated residence time of the associated PTP Pdelay_Resp messages to the correction field.

END OF CHANGES
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