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	Reason for change:
	This paper proposes the following update:
1) If more than one TSCTSF intances are deployed for a given DNN, S-NSSAI in the network and the TSCTSF is discovered via NRF, then the selected TSCTSF shall store the assocation of (TSCTSF NF ID, DNN, S-NSSAI) to the UDR. Nevertheless, this is only applicable when AF request comes before PDU Session establishment, it doesn’t work when AF request comes after PDU Session establishment or even when there is no any AF request for the PDU Session. Furthermore, it states that such assocation is deleted after all the PDU Session(s) for the given DNN/S-NSSAI are released, however, TSCTSF has no concept of “PDU Session” and TSCTSF is still in use when there is active AF request targeting to the given DNN/S-NSSAI for time sync. or TSC QoS service. Notably, this assocation is used to select the same TSCTSF for a given DNN and S-NSSAI, it should be independent with the time sync. application data, i.e.  even when there is no time sync. data stored in the UDR, this assoction can also work. Given that BSF service is usually used to register the binding of a NF, e.g., PCF so as to enable discovery by other NFs, so it is more rational to use BSF service for handling of the assocation.As a matter of fact, only one of the TSCTSF instances can be used for the given DNN, S-NSSAI even multipleTSCTSF intances for a given DNN, S-NSSAI are deployed. Additionly, support of multipleTSCTSF intances for a given DNN, S-NSSAI brings extra network complexilities and impacts,  so it is hardly to see the benefits in practice.
In order to make TSCTSF discovery and selection workable, it is proposed that
Option 1: instead of UDR, use BSF service for the assocation of (TSCTSF NF ID, DNN, S-NSSAI) handling, i.e. PCF, NEF can retrieve BSF to obtain the assocation, and TSCTSF can (de)-register BSF for the assocation.
Option 2: simply specify that only one TSCTSF instance for a given DNN, S-NSSAI. This avoids the impacts to UDR/BSF services and the extra complexilities.
2) As it is described in H.2, only the ingress timestamp (TSi) of the PTP event (e.g. Sync) message is provided from the ingress TT.it seems only the PTP event message will be provided such suffix, which is not the truth. It is proposed to align these two parts. 
3) Only the Suffix field with Tsi of Sync message for one-step operation or Follow_Up message for two-step operation need to be removed. For other PTP message. The current description looks like there will be other possibilities.
4) It is not clear about the calculation of the residence time in 5G system for UE-to-UE communication scenario. UE-DS-TT residence time should be included to calculate the residence time.
5) The reference to delay asymmetry information to PTP messages is not correct. It should be 11.6 of IEEE Std 1588

	
	

	Summary of change:
	On TSCTSF Selection:
Option 1: 
Updates for TSCTSF instance discovery, e.g. PCF can use NRF to discover TSCTSF instance, TSCTSF stores the TSCTSF information in BSF, TSCTSF information can be retrieved from BSF, NEF/AF can use the TSCTSF ID retrieved from BSF to transfer the time sync. and QoS request, TSCTSF deletes the TSCTSF information when there is no active AF request and 5GS Bridge/PTP instance infromtion for a given DNN/S-NSSAI.
Option 2: 
Remove the UDR based TSCTSF instance discovery and selection 
On the description of residence time calculating:
Align the description between H.2 and clause 5.27.1.2.2.2 to clarify the suffix is added/deleted to both Sync message for one-step operation and Follow_Up message for two-step operation.
Correct the reference and clarify the calculating of residence time in UE2UE scenario.

	
	

	Consequences if not approved:
	Key logics regarding TSCTSF discovery and selection are not clear and  misuse of UDR for this. This also brings extra network complexilities and impacts with little benefit.
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[bookmark: OLE_LINK21]* * * * First change * * * *
5.27.1.2.2.1	Distribution of gPTP Sync and Follow_Up messages
The mechanisms for distribution of TSN GM clock and time-stamping described in this clause are according to IEEE Std 802.1AS [104].
NOTE 1:	It means Externally-observable behaviour of the 5GS bridge needs to comply with IEEE Std 802.1AS [104].
For downlink Time Synchronization, upon reception of a downlink gPTP message the NW-TT makes an ingress timestamping (TSi) for each gPTP event (Sync) message and uses the cumulative rateRatio received inside the gPTP message payload (carried within Sync message for one-step operation or Follow_up message for two-step operation) to calculate the link delay from the upstream TSN node (gPTP entity connected to NW-TT) expressed in TSN GM time as specified in IEEE Std 802.1AS [104]. NW-TT then calculates the new cumulative rateRatio (i.e. the cumulative rateRatio of the 5GS) as specified in IEEE Std 802.1AS [104] and modifies the gPTP message payload (carried within Sync message for one-step operation or Follow_up message for two-step operation) as follows:
-	Adds the link delay from the upstream TSN node in TSN GM time to the correction field.
-	Replaces the cumulative rateRatio received from the upstream TSN node with the new cumulative rateRatio.
-	Adds TSi in the Suffix field of the gPTP packet as described in clause H.2.
The UPF/NW-TT uses the domainNumber and sdoId in the received gPTP message to assign the gPTP message to a PTP instance in the NW-TT. The UPF/NW-TT then forwards the gPTP message from TSN network to the PTP ports in DS-TT(s) in Master state within this PTP instance via PDU sessions terminating in this UPF that the UEs have established to the TSN network. All gPTP messages are transmitted on a QoS Flow that complies with the residence time upper bound requirement specified in IEEE Std 802.1AS [104].
NOTE 2:	The sum of the UE-DS-TT residence time and the PDB of the QoS Flow needs to be lower than the residence time upper bound requirement for a time-aware system specified in IEEE Std 802.1AS [104] in the following cases:  a) If the PTP port in DS-TT is in Follower state and a PTP port in the NW-TT is in Leader state or , b) a PTP port in DS-TT is in Leader state and a PTP port in NW-TT is in Slave state.
NOTE 3:	If the PTP port in DS-TT is in a Slave state, and a PTP port in another DS-TT is in Master state, then the sum of the residence time for these two DS-TT ports and the PDB of the QoS flow of the two PDU Sessions calculated as above needs to be lower than the residence time upper bound requirement for a time-aware system specified in IEEE Std 802.1AS [104].
A UE receives the gPTP messages and forwards them to the DS-TT. The DS-TT then creates egress timestamping (TSe) for the gPTP event (Sync) messages for external TSN working domains. The difference between TSi and TSe is considered as the calculated residence time spent within the 5G system for this gPTP message expressed in 5GS time. The DS-TT then uses the rateRatio contained inside the gPTP message payload (carried within Sync message for one-step operation or Follow_up message for two-step operation) to convert the residence time spent within the 5GS in TSN GM time and modifies the payload of the gPTP message that it sends towards the downstream TSN node (gPTP entity connected to DS-TT) as follows:
-	Adds the calculated residence time expressed in TSN GM time to the correction field.
-	Removes Suffix field that contains TSi.
If the ingress DS-TT has indicated support of the IEEE Std 802.1AS [104] PTP profile as described in clause K.2.1 and the network has configured a PTP instance with the IEEE Std 802.1AS [104] PTP profile for the ingress DS-TT, the ingress DS-TT performs the following operations for received UL gPTP messages for the PTP instance:
-	Adds the link delay from the upstream TSN node (gPTP entity connected to DS-TT) in TSN GM time to the correction field.
-	Replaces the cumulative rateRatio received from the upstream TSN node (gPTP entity connected to DS-TT) with the new cumulative rateRatio.
-	Adds TSi in the Suffix field of the gPTP packet.
The UE transparently forwards the gPTP message from DS-TT to the UPF/NW-TT. If the ingress DS-TT port is in Passive state, the UPF/NW-TT discards the gPTP messages. If the ingress DS-TT port is in Slave state, the UPF/NW-TT forwards the gPTP messages as follows:
-	In the case of synchronizing end stations behind NW-TT, the egress port is in UPF/NW-TT. For the received UL gPTP messages, the egress UPF/NW-TT performs the following actions:
-	Adds the calculated residence time expressed in TSN GM to the correction field.
-	Removes Suffix field that contains TSi.
-	In the case of synchronizing TSN end stations behind DS-TT, the egress TT is DS-TT of the other UE, and the UPF/NW-TT uses the port number of the receiving DS-TT, and domainNumber and sdoId in the received gPTP message to assign the gPTP message to a PTP instance in the NW-TT. The UPF/NW-TT then forwards the received UL gPTP message to the PTP ports in DS-TT(s) in Master state within this PTP instance. The egress DS-TT performs same actions as egress UPF/NW-TT in previous case.
* * * * Next change * * * *
5.27.1.2.2.2	Distribution of PTP Sync and Follow_Up messages
This clause applies if DS-TT and NW-TT support distribution of PTP Sync and Follow_Up messages. PTP support by DS-TT and NW-TT may be determined as described in clause K.2.1.
The mechanisms for distribution of PTP GM clock and time-stamping described in this clause are according to IEEE Std 1588 [126] for Transparent clock and for the case of Boundary clock when the GM is external, where the originTimestamp (or preciseOriginTimestamp) is not updated by the 5GS as described by the exemption in clause 5.27.1.1. If the 5GS acts as the GM with a PTP instance type Boundary clock, then the 5GS updates the originTimestamp (or preciseOriginTimestamp in case of two-step operation) with the 5GS internal clock, as described in clause 5.27.1.7.
NOTE 1:	This means externally-observable behaviour of the PTP instance in 5GS needs to comply with IEEE Std 1588 [126].
Upon reception of a PTP event message from the upstream PTP instance, the ingress TT (i.e. NW-TT or DS-TT) makes an ingress timestamping (TSi) for each PTP event (i.e. Sync) message.
The PTP port in the ingress TT measures the link delay from the upstream PTP instance as described in clause H.4.
The PTP port in the ingress TT modifies the PTP message payload (carried within Sync message for one-step operation or Follow_Up message for two-step operation) as follows:
-	(if the PTP port in the ingress TT has measured the link delay) Adds the measured link delay from the upstream PTP instance in PTP GM time to the correction field.
-	(if the PTP port in the ingress TT has measured the link delay and rateRatio is used) Replaces the cumulative rateRatio received from the upstream PTP instance with the new cumulative rateRatio.
-	Adds TSi in the Suffix field of the PTP message as described in clause H.2.
NOTE 2:	If the 5GS is configured to use the Cumulative frequency transfer method for synchronizing clocks as described in clause 16.10 in IEEE Std 1588 [126], i.e. when the cumulative rateRatio is measured, then the PTP port in the ingress TT uses the cumulative rateRatio received inside the PTP message payload (carried within Sync message for one-step operation or Follow_Up message for two-step operation) to correct the measured link delay to be expressed in PTP GM time as specified in IEEE Std 1588 [126]. The PTP port in the ingress TT then calculates the new cumulative rateRatio (i.e. the cumulative rateRatio of the 5GS) as specified in IEEE Std 1588 [126].
NOTE 3:	If 5GS acts as an end-to-end Transparent Clock, since the end-to-end Transparent Clock does not support peer-to-peer delay mechanism, only the residence time spent within the 5GS in 5G GM time is used to update the correction field of the received PTP Sync or Follow_Up message.
The PTP port in the ingress TT then forwards the PTP message to the UPF/NW-TT. The UPF/NW-TT further distributes the PTP message as follows:
-	If the 5GS is configured to operate as Boundary Clock as described in IEEE Std 1588 [126], the UPF/NW-TT uses the port number of the receiving DS-TT (if the ingress TT is DS-TT), and domainNumber and sdoId in the received PTP message to assign the PTP message to a PTP instance in the NW-TT. The UPF/NW-TT then regenerates the Sync messages based on the received Sync messages for the PTP ports in Master state in NW-TT and DS-TT(s) within this PTP instance. The NW-TT/UPF forwards the regenerated Sync messages to the PDU session(s) related to the Master ports in the DS-TT(s) within this PTP instance.
-	If the 5GS is configured to operate as a Transparent Clock as described in IEEE Std 1588 [126], the UPF/NW-TT uses the port number of the receiving DS-TT (if the ingress TT is DS-TT), and domainNumber and sdoId in the received PTP message to assign the PTP message to a PTP instance in the NW-TT. The UPF/NW-TT then forwards the received Sync messages to PTP ports in DS-TT(s) within this PTP instance via all PDU Sessions terminating to this UPF, and to NW-TT ports within this PTP instance, except toward the ingress PTP port in the ingress TT.
NOTE 4:	If 5GS acts as a Transparent Clock, the NW-TT or DS-TT needs not to keep track of the PTP GM time. The 5GS does not maintain the PTP port states; the ingress PTP messages received on a PTP Port are retransmitted on all other PTP Ports of the Transparent Clock subject to the rules of the underlying transport protocol.
NOTE 5:	Due to the exemption described in clause 5.27.1.1, when the PTP instance in 5GS is configured to operate as a Boundary Clock, the 5GS does not need to synchronize its Local PTP Clock to the external PTP grandmaster. The PTP instance in 5GS measures the link delay and residence time and communicates these in a correction field. The externally observable behaviour of 5GS still conforms to the specifications for a Boundary Clock as described in IEEE Std 1588 [126].
The PTP port in the egress TT then creates egress timestamping (TSe) for the PTP event (i.e. Sync) messages 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 then uses the rateRatio contained inside the PTP message payload (if available, carried within Sync message for one-step operation or Follow_Up message for two-step operation) to convert the residence time spent within the 5GS in PTP GM time.
The PTP port in the egress TT modifies the payload of the PTP message (Sync message for one-step operation or Follow_Up message for two-step operation) that it sends towards the downstream PTP instance as follows:
-	Adds the calculated residence time to the correction field (Sync message for one-step operation or Follow_Up message for two-step operation).
-	Removes Suffix field of the PTP message that contains TSi.
NOTE 6:	If 5GS acts as an end-to-end Transparent Clock, since the end-to-end Transparent Clock does not support peer-to-peer delay mechanism, only the residence time spent within the 5GS in 5G GM time is used to update the correction field of the received PTP event (e.g. Sync or Follow_Up) message.
* * * * Next change * * * *
[bookmark: _Toc83302353][bookmark: _Toc51769719][bookmark: _Toc47343017][bookmark: _Toc45184175][bookmark: _Toc36188261][bookmark: _Toc27847128]H.2	Signalling of ingress time for time synchronization
The ingress timestamp (TSi) of the PTP event (e.g. Sync) message is provided from the ingress TT (NW-TT/UPF or DS-TT/UE) to the egress TT, if supported, to the egress TT in the PTP messages as described in clause 5.27.1.2.2.2 using the Suffix field defined in clause 13.4 of IEEE Std 1588 [126]. The structure of the Suffix field follows the recommendation of clause 14.3 of IEEE Std 1588 [126], with an organizationId specific to 3GPP, an organizationSubType referring to an ingress timestamp, and data field that carries the ingress timestamp encoded as specified in clause 5.3.3 of IEEE Std 1588 [126]. TS 24.535 [117] specifies the coding of the ingress timestamp in the (g)PTP messages between a DS-TT and a NW-TT.

* * * * Next change * * * *
[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, 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. Whether DS-TT/NW-TT support operating as a boundary 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.
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].	Comment by Editor: Nokia: clause 11.6 doesn’t exist in 1588-2019. Clause 10.2.2 (the one used in the current text) is the right one to use there “10.2.2 Default PTP message processing in end-to-end Transparent Clocks”

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.

* * * * Changes for Option 1 * * * *
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* * * * Next change * * * *
[bookmark: _Toc75441111]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).
-	External Group Identifier.
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 DNN and S-NSSAI. The NF consumer shall attempt to retrieve the TSCTSF NF ID for the given 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 PDU Sessions for the given DNN and S-NSSAI shall 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.

* * * * Next change * * * *
[bookmark: _Toc83302284][bookmark: _Toc51769664][bookmark: _Toc47342962][bookmark: _Toc45184120][bookmark: _Toc36188207][bookmark: _Toc27847074][bookmark: _Toc20150266]7.2.15	BSF Services
The following NF services are specified for BSF as described in TS 23.503 [45]:
Table 7.2.15-1: NF Services provided by BSF
	Service Name
	Description
	Reference in TS 23.502 [3]

	Nbsf_Management
	Allows a PCF to register/deregister itself and to be discoverable by NF service consumers (NOTE 1).

	5.2.13.2

	NOTE 1:	There may be both PCF for a PDU Session and PCF for a UE. Each of them may separately and independently register itself at the BSF. Each of them may separately and independently be discovered by a consumer of the BSF.



* * * * End of changes * * * *

* * * * Changes for Option 2 for information * * * *
[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).
-	External Group Identifier.
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 DNN and S-NSSAI. The NF consumer shall attempt to retrieve the TSCTSF NF ID for the given 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 PDU Sessions for the given DNN and S-NSSAI shall 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.

* * * * End of changes * * * *

