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	Reason for change:
	At the meeting, SA2#131, the following editor’s notes are derived regarding TSC QoS support, and discussed at the meeting SA2#132.
Editor’s note: Which clock the periodicity and burst arrival time refer to is FFS.

Editor’s note: It is FFS how the Burst Arrival Time is used by 5G System to determine information that can be used by NG-RAN for efficient scheduling.
Interim Conclusion for key issue 3.2 including the following sentences is endorsed at the last meeting.
· Solution# 28A is considered as the working assumption for time synchronization of external TSN time domains via (g)PTP protocols between TSN translator functions at the side of UPF and UE. 

· Whether the reference time of the TSC AI parameters, is based on the 5G GM clock or the external TSN GM clock will be resolved in normative phase.  Whether the reference time of the TSC AI parameters, is based on the 5G GM clock or the external TSN GM clock will be resolved in normative phase.
Observation 1. From the interim agreement of TSN gNB knows 5G GM clock only, but does not know the external TSN GM clock.

From the Burst Arrival Time definitions, we can derive the followings.
· In UL case, Burst Arrival Time at the egress interface of the UE can be achieved by adding UE residence time to Burst Arrival Time at UE, which is derived from CNC. 
· In DL case, Burst Arrival Time at the ingress of the RAN can be achieved by adding UPF residence time and CN PDB to Burst Arrival Time at UPF which is derived from CNC. 
Observation 2. The error of Burst Arrival Time in UL is the max UE residence time.
Observation 3. The error of Burst Arrival Time in DL is the sum of max UPF residence time and CN PDB.
If gNB knows the TSN clock of the stream’s domain, it can apply configured grants for UL or SPS for the DL with the following parameters with the errors as above.
· The size of the resource is large enough to serve the traffic of the Burst Size within the AN PDB.
· The interval of the resources is the same as Periodicity.
· The start time of the resource allocation is aligned at n*Periodicity + Burst Arrival Time.
Observation 4. If gNB knows the TSN clock of the stream’s domain, it can utilize the Burst Arrival Time to align its start time of the resource allocation. 
However, in Solution# 28A, gNB knows only 5GS clock without knowing TSN clock, while UE and UPF know both TSN clock and 5GS clock. As depicted in Figure 1, we can consider solutions to solve the issue like the following.
· gNB receives TSN clock information including 5GS and TSN clock difference from UE or UPF.
· gNB receives the Burst Arrive Time based on 5GS clock rather than one based on TSN clock.
Observation 5. We need a solution (#1) for UE and/or UPF delivers TSN clock information to gNB or a solution (#2) for Burst Arrival Time based on 5GS clock to be delivered to gNB.
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In the former approach (Solution #1), gNB needs to keep separate clock for each domain and it also needs to keep the list of deterministic traffic streams for each TSN clock domain. One way to let gNB keep separate clock for each TSN clock domain is sending the offset (the difference of the 5GS clock and TSN clock) to the gNB. As the clock frequency difference is not so evident comparing with the clock value difference (offset), keeping separate clock means keeping a separate offset with the assumption that the clock frequency is the same as 5GS clock frequency.
In the latter approach (Solution #2), gNB need not keep separate clocks for each domain or the list of traffic streams for each TSN clock domain. UE and/or UPF or any other NF including AF needs to adjust the Burst Arrival Time to be based on 5GS clock considering the offset (the difference between 5GS clock and TSN clock). 
In both cases, how often the information should be delivered to gNB is not the same as how often the information should be shared between UE and UPF for TSN synchronization, because the precision requirements are different. For example, to increase scheduling efficiency of periodic deterministic traffic stream with periodicity 10ms does not require precision of 1us which is required in TSN clock synchronization. As the clock frequency difference is expected to be in hundreds of ppm level, we can use the periodicity information based on TSN clock without adjusting it into periodicity based on 5GS clock. However, the periodicity based TSN clock may also be adjusted into one based on 5GS if needed.
Observation 6. The difference of 5GS clock and TSN clock can be utilized in both solutions and the information delivery frequency is depending on the required precision.
For simpler gNB implementation, we may choose the latter solution. In that case, gNB is provided with the adjusted Burst Arrive Time which is based on 5GS clock. UE and/or UPF or any other NF including AF may adjust the Burst Arrive Time based on TSN clock into one based on 5GS clock. The delivery frequency of the adjusted Burst Arrival Time is much lower than the delivery frequency of the information between UE and UPF for TSN synchronization. The periodicity based TSN clock may also be adjusted into one based on 5GS if needed. We can also consider UE/UPF triggers the PDU session modification flows to inform gNB of the Burst Arrival Time adjusted most recently, because UE/UPF knows the offset in the course of TSN synchronization.
Observation 7. UE and/or UPF may trigger PDU session modification flows to inform gNB of the adjusted Burst Arrival Time as often as needed.
23.501 will be updated as the above.

	
	

	Summary of change:
	PDU session modification procedures are updated for adjusting the Burst Arrival Time based on TSN clock into one based on 5GS clock.

	
	

	Consequences if not approved:
	Caluse is not complete.

	
	

	Clauses affected:
	4.3.3

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications

	TS/TR ... CR ... 

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	


*************** Start of changes ***************
4.3.3
PDU Session Modification

4.3.3.1
General

The procedure is used when one or several of the QoS parameters exchanged between the UE and the network are modified.

NOTE:
The conditions when to use this procedure for QoS change as well as the QoS parameters exchanged between the UE and the network are defined in TS 23.501 [2] clause 5.7.
4.3.3.2
UE or network requested PDU Session Modification (non-roaming and roaming with local breakout)

The UE or network requested PDU Session Modification procedure (non-roaming and roaming with local breakout scenario) is depicted in figure 4.3.3.2-1.
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Figure 4.3.3.2-1: UE or network requested PDU Session Modification (for non-roaming and roaming with local breakout)
1.
The procedure may be triggered by following events:

1a.
(UE initiated modification) The UE initiates the PDU Session Modification procedure by the transmission of an NAS message (N1 SM container (PDU Session Modification Request (PDU session ID, Packet Filters, Operation, Requested QoS, Segregation, 5GSM Core Network Capability, [Always-on PDU Session Requested])), PDU Session ID) message. Depending on the Access Type, if the UE was in CM-IDLE state, this SM-NAS message is preceded by the Service Request procedure. The NAS message is forwarded by the (R)AN to the AMF with an indication of User location Information. The AMF invokes Nsmf_PDUSession_UpdateSMContext (SM Context ID, N1 SM container (PDU Session Modification Request)).


When the UE requests specific QoS handling for selected SDF(s), the PDU Session Modification Request includes Packet Filters describing the SDF(s), the requested Packet Filter Operation (add, modify, delete) on the indicated Packet Filters, the Requested QoS and optionally a Segregation indication or Burst Arrival Times. The Segregation indication is included when the UE recommends to the network to bind the applicable SDF(s) on a distinct and dedicated QoS Flow e.g. even if an existing QoS Flow can support the requested QoS. The network should abide by the UE request, but is allowed to proceed instead with binding the selected SDF(s) on an existing QoS Flow. The Burst Arrival Times are a pair of old Burst Arrival Time and New Burst Arrival Time for TSCAI.
NOTE 1:
Only one QoS Flow is used for traffic segregation. If UE makes subsequent requests for segregation of additional SDF(s), the additional SDF(s) are multiplexed on the existing QoS Flow that is used for segregation.

The UE shall not trigger a PDU Session Modification procedure for a PDU Session corresponding to a LADN when the UE is outside the area of availability of the LADN.

The PS Data Off status, if changed, shall be included in the PCO in the PDU Session Modification Request message.


For a PDU Session which was established in the EPS, when the UE moves from EPS to 5GS for the first time, the UE includes an Always-on PDU Session Requested indication in the PDU Session Modification Request message if it wants to change the PDU Session to an always-on PDU Session.

When PCF is deployed, the SMF shall further report the PS Data Off status to PCF if the PS Data Off event trigger is provisioned, the additional behaviour of SMF and PCF for 3GPP PS Data Off is defined in TS 23.503 [20].


The 5GSM Core Network Capability is provided by the UE and handled by SMF as defined in TS 23.501 [2] clause 5.4.4b.

1b.
(SMF requested modification) The PCF performs a PCF initiated SM Policy Association Modification procedure as defined in clause 4.16.5.2 to notify SMF about the modification of policies. This may e.g.; have been triggered by a policy decision or upon AF requests, e.g. Application Function influence on traffic routing as described in step 5 in clause 4.3.6.2 and the Burst Arrival Time updates which includes information of a pair of old Burst Arrival Time and New Burst Arrival Time for TSCAI.

1c.
(SMF requested modification) The UDM updates the subscription data of SMF by Nudm_SDM_Notification (SUPI, Session Management Subscription Data). The SMF updates the Session Management Subscription Data and acknowledges the UDM by returning an Ack with (SUPI).

1d.
(SMF requested modification) The SMF may decide to modify PDU Session. This procedure also may be triggered based on locally configured policy or triggered from the (R)AN (see clause 4.2.6 and clause 4.9.1). It may also be triggered if the UP connection is activated (as described in Service Request procedure) and the SMF has marked that the status of one or more QoS Flows are deleted in the 5GC but not synchronized with the UE yet. The may also be triggered by the report on the Burst Arrival Time updates from the UPF.

If the SMF receives one of the triggers in step 1b ~ 1d, the SMF starts SMF requested PDU Session Modification procedure.

1e.
(AN initiated modification) (R)AN shall indicate to the SMF when the AN resources onto which a QoS Flow is mapped are released irrespective of whether notification control is configured. (R)AN sends the N2 message (PDU Session ID, N2 SM information) to the AMF. The N2 SM information includes the QFI, User location Information and an indication that the QoS Flow is released. The AMF invokes Nsmf_PDUSession_UpdateSMContext (SM Context ID, N2 SM information).

(AN initiated notification control) In case notification control is configured for a GBR Flow, (R)AN sends a N2 message (PDU Session ID, N2 SM information) to SMF when the (R)AN decides the QoS targets of the QoS Flow cannot be fulfilled or can be fulfilled again, respectively. The N2 SM information includes the QFI and an indication that the QoS targets for that QoS Flow cannot be fulfilled or can be fulfilled again, respectively. The AMF invokes Nsmf_PDUSession_UpdateSMContext (SM Context ID, N2 SM information). If the PCF has subscribed to the event, SMF reports this event to the PCF for each PCC Rule for which notification control is set, see step 2. Alternatively, if dynamic PCC does not apply for this DNN, and dependent on locally configured policy, the SMF may start SMF requested PDU Session Modification procedure, see step 3b.
2.
The SMF may need to report some subscribed event to the PCF by performing an SMF initiated SM Policy Association Modification procedure as defined in clause 4.16.5.1. This step may be skipped if PDU Session Modification procedure is triggered by step 1b or 1d. If dynamic PCC is not deployed, the SMF may apply local policy to decide whether to change the QoS profile.

Steps 2a to 7 are not invoked when the PDU Session Modification requires only action at a UPF (e.g. gating).

2a.
If redundant transmission has not been activated to the PDU session, and the SMF decides to perform redundant transmission for the new QoS Flow, and CN Tunnel Info is allocated by the SMF, an addtional CN Tunnel Info is allocated by the SMF and provided to the UPF via N4 Session Modification Request. The SMF also indicates the UPF to perform packet duplication and elimination for the QoS Flow.

2b.
The UPF response to the SMF. If redundant transmission has not been activated to the PDU session, and the SMF indicated the UPF to perform packet duplication and elimination for the QoS Flow in step 3a, and CN Tunnel Info is allocated by UPF, an addtional CN Tunnel Info is allocated by the UPF and provided to the SMF.

3a.
For UE or AN initiated modification, the SMF responds to the AMF through Nsmf_PDUSession_UpdateSMContext (N2 SM information (PDU Session ID, QFI(s), QoS Profile(s), Session-AMBR), N1 SM container (PDU Session Modification Command (PDU Session ID, QoS rule(s), QoS rule operation, QoS Flow level QoS parameters if needed for the QoS Flow(s) associated with the QoS rule(s), Session-AMBR, [Always-on PDU Session]))). See TS 23.501 [2] clause 5.7 for the QoS Profile, and QoS rule and QoS Flow level QoS parameters.

If the PDU Session Modification was requested by the UE to modify a PDU Session to an always-on PDU Session, the SMF shall include an Always-on PDU Session Granted indication in the PDU Session Modification Command to indicate whether the PDU Session is to be changed to an always-on PDU Session or not via the Always-on PDU Session Granted indication in the PDU Session Modification Command.


The N2 SM information carries information that the AMF shall provide to the (R)AN. It may include the QoS profiles and the corresponding QFIs to notify the (R)AN that one or more QoS flows were added, or modified. It may include only QFI(s) to notify the (R)AN that one or more QoS flows were removed. The SMF may indicate for each QoS Flow whether redundant transmission shall be performed by a corresponding redundant transmission indicator. If the PDU Session Modification was triggered by the (R)AN Release in step 1e the N2 SM information carries an acknowledgement of the (R)AN Release. If the PDU Session Modification was requested by the UE for a PDU Session that has no established User Plane resources, the N2 SM information provided to the (R)AN includes information for establishment of User Plane resources.

The N1 SM container carries the PDU Session Modification Command that the AMF shall provide to the UE. It may include the QoS rules, QoS Flow level QoS parameters if needed for the QoS Flow(s) associated with the QoS rule(s) and corresponding QoS rule operation and QoS Flow level QoS parameters operation to notify the UE that one or more QoS rules were added, removed or modified.
3b.
For SMF requested modification, the SMF invokes Namf_Communication_N1N2MessageTransfer (N2 SM information (PDU Session ID, QFI(s), QoS Profile(s), Session-AMBR), N1 SM container (PDU Session Modification Command (PDU Session ID, QoS rule(s), QoS Flow level QoS parameters if needed for the QoS Flow(s) associated with the QoS rule(s), QoS rule operation and QoS Flow level QoS parameters operation, Session-AMBR))).


If the UE is in CM-IDLE state and an ATC is activated, the AMF updates and stores the UE context based on the Namf_Communication_N1N2MessageTransfer and steps 4, 5, 6 and 7 are skipped. When the UE is reachable e.g. when the UE enters CM-CONNECTED state, the AMF forwards the N1 message to synchronize the UE context with the UE.
3c.
For SMF requested modification due to updated SMF-Associated parameters from the UDM, the SMF may provide the SMF derived CN assisted RAN parameters tuning to the AMF. The SMF invokes Nsmf_PDUSession_SMContextStatusNotify (SMF derived CN assisted RAN parameters tuning) towards the AMF. The AMF stores the SMF derived CN assisted RAN parameters tuning in the associated PDU Session context for this UE.

4.
The AMF may send N2 PDU Session Request (N2 SM information received from SMF, NAS message (PDU Session ID, N1 SM container (PDU Session Modification Command))) Message to the (R)AN.

5.
The (R)AN may issue AN specific signalling exchange with the UE that is related with the information received from SMF. For example, in case of a NG-RAN, an RRC Connection Reconfiguration may take place with the UE modifying the necessary (R)AN resources related to the PDU Session.


The (R)AN may consider the updated CN assisted RAN parameters tuning to reconfigure the AS parameters.

6.
The (R)AN may acknowledge N2 PDU Session Request by sending a N2 PDU Session Ack (N2 SM information (List of accepted/rejected QFI(s), AN Tunnel Info, PDU Session ID, Secondary RAT usage data), User location Information) Message to the AMF. In case of Dual Connectivity, if one or more QFIs were added to the PDU Session, the Master RAN node may assign one or more of these QFIs to a NG-RAN node which was not involved in the PDU Session earlier. In this case the AN Tunnel Info includes a new N3 tunnel endpoint for QFIs assigned to the new NG-RAN node. Correspondingly, if one or more QFIs were removed from the PDU Session, a (R)AN node may no longer be involved in the PDU Session anymore, and the corresponding tunnel endpoint is removed from the AN Tunnel Info. The NG-RAN may reject QFI(s) if it cannot fulfil the User Plane Security Enforcement information for a corresponding QoS Profile, e.g. due to the UE Integrity Protection Maximum Data Rate being exceeded.

If the PLMN has configured secondary RAT usage reporting, the NG-RAN node may provide RAN Usage Data Report.


If the redundant transmission has not been activated to the PDU session, and the SMF indicates to the RAN that one of the QoS Flow shall perform redundant transmission, the RAN includes an additional AN tunnel info in N2 SM information.

7.
The AMF forwards the N2 SM information and the User location Information received from the AN to the SMF via Nsmf_PDUSession_UpdateSMContext service operation. The SMF replies with a Nsmf_PDUSession_UpdateSMContext Response. N2 SM information may include Secondary RAT Usage Data.

If the (R)AN rejects QFI(s) the SMF is responsible of updating the QoS rules and QoS Flow level QoS parameters if needed for the QoS Flow(s) associated with the QoS rule(s) in the UE accordingly.

8.
The SMF may update N4 session of the UPF(s) that are involved by the PDU Session Modification by sending N4 Session Modification Request message to the UPF (see NOTE 3).


If new QoS Flow(s) are to be created, the SMF updates the UPF with UL Packet Detection Rules of the new QoS Flow.

NOTE 2:
This allows the UL packets with the QFI of the new QoS Flow to be transferred.

If an additional AN Tunnel Info is returned by RAN in step 6, The SMF informs the UPF about this AN Tunnel Info for redundant transmission.

9.
The UE acknowledges the PDU Session Modification Command by sending a NAS message (PDU Session ID, N1 SM container (PDU Session Modification Command Ack)) message.

10.
The (R)AN forwards the NAS message to the AMF.

11.
The AMF forwards the N1 SM container (PDU Session Modification Command Ack) and User Location Information received from the AN to the SMF via Nsmf_PDUSession_UpdateSMContext service operation. The SMF replies with a Nsmf_PDUSession_UpdateSMContext Response.


If the SMF initiated modification is to delete QoS Flows (e.g. triggered by PCF) which do not include QoS Flow associated with the default QoS rule and the SMF does not receive response from the UE, the SMF marks that the status of those QoS Flows is to be synchronized with the UE.

12.
The SMF may update N4 session of the UPF(s) that are involved by the PDU Session Modification by sending N4 Session Modification Request (N4 Session ID) message to the UPF. For a PDU Session of Ethernet PDU Session Type, the SMF may notify the UPF to add or remove Ethernet Packet Filter Set(s) and forwarding rule(s).
NOTE 3:
The UPFs that are impacted in the PDU Session Modification procedure depends on the modified QoS parameters and on the deployment. For example in case of the session AMBR of a PDU Session with an UL CL changes, only the UL CL is involved. This note also applies to the step 8.
13.
If the SMF interacted with the PCF in step 1b or 2, the SMF notifies the PCF whether the PCC decision could be enforced or not by performing an SMF initiated SM Policy Association Modification procedure as defined in clause 4.16.5.1.


SMF notifies any entity that has subscribed to User Location Information related with PDU Session change.


If step 1b is triggered to perform Application Function influence on traffic routing by step 5 in clause 4.3.6.2, the SMF may reconfigure the User Plane of the PDU Session as described in step 6 in clause 4.3.6.2.

*************** End of changes ***************
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