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Discussion
We propose changes to Solution #5. 
1. In Solution #5 it is mentioned that AF provides the NEF with requirements for one or more of a 5GS delay, jitter. It is not clear why there should be multiple requirements for 5GS delay or jitter. Moreover, jitter requirement was removed from the conclusions. We propose to remove “jitter” requirement from AF, and the text “one or more of”. 
2. Since exposure for minimum and maximum 5GS delay has been removed in last meeting, then the related NOTE can be removed.
3. There is repeated information in clauses 6.5.2.1 and 6.5.5. Additionally, since there is a single option in place, there is no need to mention options nor comparisons between options. We propose to remove clause 6.5.2.1.

Proposal
Based on the discussion above, it is proposed to update 23.700-20 as follows.
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[bookmark: _Toc54930333][bookmark: _Toc54968138][bookmark: _Toc55460319]6.5	Solution #5: Deterministic QoS for Native 5GS
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For Key Issue #3A: Exposure of deterministic QoS, a solution is needed that allows "any AF that has knowledge of deterministic application requirements" to "be able to request TSC services from the 5GS and as authorized, be notified of pertinent network events." This solution provides a mechanism to do that whereby the AF may learn 5GS capabilities to support TSC, request QoS with specified requirements and supply information that can be used to derive TSCAI for 5GS QoS flows. The solution is applicable for all PDU Session Types (IP, Ethernet and unstructured), and is independent of DN TSN protocols (IEEE 802.1Qbv [8], IEEE 802.1Qci, IEEE 802.1Qcc [7]).
To enable the above capabilities, this solution proposes to enhance External Exposure of Network Capability (see TS 23.501 [2], clause 5.20), specifically for Provisioning and Monitoring capabilities, to notify for the support of the capability to provide deterministic QoS. To reuse the "Setting up an AF session with required QoS" procedure in TS 23.502 [3], clause 4.15.6.6 is proposed for setting QoS for TSC.
To cover a wide range of possible QoS parameters for TSC applications, the QoS Reference currently used in AF QoS requests is supplemented with requirements for specific parameters. When a requirement for a specific parameter is provided in the AF request, the PCF may, for the referenced QoS profile, dynamically replace default values with values that meet the specific requirement provided by the AF.
[bookmark: _Toc30694652][bookmark: _Toc43906675][bookmark: _Toc43906791][bookmark: _Toc44311917][bookmark: _Toc50536560][bookmark: _Toc54930335][bookmark: _Toc54968140][bookmark: _Toc55460321]6.5.2	Functional Description
The following capabilities are proposed using QoS request from AF:
-	The AF requests TSC QoS and provides traffic pattern as assistance parameters via procedure "Setting up an AF session with required QoS procedure", supplying the NEF. with requirements for one or more of a 5GS delay, jitter, Guaranteed Flow Bit Rate, Flow Direction, Burst Arrival Time at UE (uplink) or UPF (downlink), Burst Size, Burst Periodicity, Survival Time, and a Time Domain. The AF also provides a Traffic Description, Target UE PDU session Identification, AF Identification, and a QoS Reference. AF may also request subscription to events defined in Table 6.1.3.18-1, TS 23.503 [12]. Example of relevant events are Resource allocation outcome, QoS targets can no longer (or can again) be fulfilled, QoS Monitoring parameters. Service Data Flow deactivation (when the QoS flow is removed); and then the PCF may decide to subscribe to PCRTs in the SMF example PCRTs that may be used as defined in, Table 6.1.3.5-1, TS 23.503 [12] such as GFBR of the QoS Flow can no longer (or can again) be guaranteed. Additional events and PCRTs may be considered in the normative phase.
NOTE 1:	GPSI may be applied to identify the individual UE in a manner similar to that used for AF influence on Traffic Routing (see TS 23.501 [2], clause 5.6.7).
	The NEF authorizes the AF request and forwards the request to the PCF. Then:
-	The PCF may, according to PCC rule authorization, choose a 5QI based on the QoS Reference and dynamically set the PDB and/or MDBV according to the received 5GS Delay and Burst Size requirements. As authorized, AF specified parameter values are used to over-ride default values, for the 5QI. If an AF request for a parameter value exceeds an authorization, the PCF may assign the highest authorized value. The GFBR for QoS Flow is set according to the Guaranteed Flow Bit Rate.
-	The 5GS may set the TSCAI Burst Arrival Time (BAT), Periodicity and Survival Time according to the requested Periodicity, Burst Arrival Time and Survival Time received from the AF.
-	If Time Domain information was supplied by the AF and the 5GS uses the same Time Domain, then no adjustment is needed for deriving TSCAI information. If the Time Domain provided by AF is different from 5GS Time Domain and the SMF has clock drift information for that Time Domain (i.e. clock drift between 5G timing and AF supplied Time Domain), then 5GS may adjust the TSCAI information so that it reflects the 5GS Clock. If Time Domain information is not provided or the SMF does not have synchronization information for a requested Time Domain, then the TSCAI information will be used without adjustment.
-	If the AF provides burst spread, the 5GS will provide burst spread as part of TSCAI to the NG-RAN.
-	When subscribed events are met the PCF reports them to the NEF, and NEF will notify the AF. The subscribed event may be reported once the SMF reports a PCRT to the PCF.
-	Following the procedure in clause 4.16.5.1, TS 23.502 [3] PCF reports the events to the NEF, and NEF notifies the AF.
NOTE:	The minimum and maximum 5GS delays are independent from packet-length transmission time.
-	The 5GS provides the response to a request from an AF for TSC QoS.
Editor's note:	Whether and how to apply Hold and forward buffers for Ethernet PDU sessions if CNC is not present is FFS.
The following capabilities are proposed for TSC connectivity monitoring:
-	The AF sends request to NEF to monitor the status of TSC connectivity via a set of events for a UE or group of UEs.
-	If the request is authorized, the NEF subscribes the required monitoring events to suitable NFs (e.g. AMF, SMF).
-	When the NF detects the subscribed events occurs, the NF sends the event notification to NEF. The NEF forwards to the AF the received reporting event.
To support notification, the additional events may be added to the list of monitoring capabilities specified for the NEF in TS 23.502 [3] (see clause 4.15.3.1). Existing events in that list that are relevant for TSC and can be subscribed to are : PDU Session Status (detected by SMF), Communication failure (detected by AMF), and Loss of Connectivity (detected by AMF). The jitter measurements as described in Solution 13 can also be reported via the Nnef_AFsessionWithQoS service or Nnef_EventExposure services to support subscription and notification of QoS Monitoring for URLLC (see TS 23.502 [3] clause 4.2.6.9 and TS 23.503 [12] clause 6.1.3.18).
For supporting TSC communication, which may be beyond IEEE  802.1 TSN applications,  DS-TT and NW-TT in Rel-17 have similar functionalities as in Rel-16 such as: handling of PTP messages similarly as gPTP messages are handled in Rel-16, BMIC signalling for NW-TT and PMIC signalling for both DS-TT and NW-TT.
[bookmark: _Toc54930336][bookmark: _Toc54968141][bookmark: _Toc55460322]6.5.2.1	Hold and Forward support
One option is envisioned to support Hold and Forward Buffers in Rel-17:
1.	H&F buffers are configured according to R16 IEEE 802.1Qbv [8] parameters, only for Ethernet PDU Sessions. Since there is no CNC, it is the responsibility of the AF/NEF to construct the IEEE 802.1Qbv [8] managed objects which are transferred in the PMIC as in Rel-16. The Gate Control managed objects are defined in TS 23.501 [2], Table 5.28.3.1-1,  are reproduced below.
Table 6.5.2.1-1: Gate Control Parameters in PMIC
	Port management information
	Applicability (see NOTE 6)
	Supported operations
	Reference

	
	DS-TT
	NW-TT
	by TSN AF
(see NOTE 1)
	

	GateEnabled
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-29

	AdminBaseTime
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-29

	AdminControlList
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-29

	AdminCycleTime (see NOTE 3)
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-29

	AdminControlListLength (see NOTE 3)
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-28

	Tick granularity
	X
	X
	R
	IEEE Std 802.1Q [98] Table 12-29



There are two sub-options when using IEEE 802.1Qbv [8] Managed Objects (MOs):
2.	IEEE 802.1Qbv [8] MOs are used to configure H&F buffers only for Ethernet PDU Sessions.
A comparison of these options is given in the table below:
Table 6.5.2.1-2: Comparison of Options for Configuring H&F Buffers
	
	IEEE 802.1Qbv [8] for Ethernet PDU Sessions

	Impacts UE/DS-TT and UPF/NW-TT
	No Impact

	AF/NEF needs to create Qbv parameters
	Yes

	[bookmark: _Toc30694653][bookmark: _Toc43906676][bookmark: _Toc43906792][bookmark: _Toc44311918][bookmark: _Toc50536561]IEEE 802.1Qbv [8] parameters are used in the 5GS but not in the DN (no TSN DN or CNC).
	Yes
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An overall procedure for Native 5GS deterministic QoS is illustrated in Figure 6.6.3-1:


Figure 6.5.3-1: Procedure for Exposure the deterministic QoS
1.	PDU Session Establishment for UE1 as specified in clause 4.3.2.2.1 of TS 23.502 [3]. If the AF is located inside the operator's domain, the PCF exposes the UE-DS-TT residence time to the AF as defined in TS 23.502 [3] and the AF is configured with the UE to UPF/NW-TT delay per Type of Service.
2.	If the AF is located outside the operator's domain, the NEF exposes Deterministic QoS Capability to AF, as shown in Figure 6.5.3-2. If the NEF learns the UE-DS-TT residence time from PCF and NEF is configured with the UE to UPF/NW-TT delay per Type of Service.
3.	Setting up an AF session with required QoS procedure specified in the TS 23.502 [3] clause 4.15.6.6. is executed with the following modifications:
-	The parameters described in clause 6.5.2 "Function Description" may be specified in the AF request to the NEF
-	The NEF may forward to the PCF the additional parameters received at the NEF, and the PCF derives the 5QI and sets the PCC Rule accordingly. The PCF includes the Time Domain to the PCC Rule.
-	The response from PCF to NEF, and NEF to AF contains additional information on the TSC resources allocated for the request.
4.	The PCF creates the PCC rule and provides to SMF. The PCF also includes the TSC traffic pattern information from NEF/AF.
5.	The SMF may calculate the TSCAI similar to TS 23.501 [2] clause 5.27.2, with the following modifications:
	The SMF assigns the TSCAI with the Time Domain as received from the PCF to a QoS Flow. If the SMF receives clock drift information from UPF for that Time Domain (i.e. clock drift between 5G timing and AF supplied Time Domain), then SMF may adjust the TSCAI information of the QoS Flow so that it reflects the 5GS Clock.
6.	The SMF configures the U-plane and sends the N2 message with TSCAI to NG-RAN. The SMF distributes the parameters for Hold and Forward Buffering to the UE and UPF.
AF requested TSC QoS:
The following procedure is used to expose 5GS information to aid the AF in formulating a request for TSC QoS (step 3 of Figure 6.5.3-1).
The information provided in the Capability Response can aid the AF in formulating a request for TSC QoS by allowing the AF to:
1.	Requesting delay and jitter based on 5GS reported minimum and maximum delay (between two UE(s) or UE and DN) for PDU Sessions.
2.	Specify in the request for QoS, the relevant MAC address, GPSI or IP address.
NOTE:	For Ethernet PDU sessions, "UE MAC address" is a required input parameter for the Nnef_AFsessionWithQoS_Create service operation.


Figure 6.5.3-2: TSC Capability exposure towards external AF
The NEF obtains 5GS capability to support Determinists QoS for a PDU session using the PCF provided information and the local configuration in NEF. The AF receives 5GS bridge minimum and maximum delay information. Since the "Minimum 5GS Delay supported" and "Maximum 5GS Delay supported" are dependent on UE residence time, this information is reported as part of the capability exposure procedure:
Procedure for 5GS TSC Capability exposure towards AF:
1.	The AF requests the 5GS Capabilities to support Determinists QoS.  The AF includes one or more MAC addresses of devices, GPSIs or IP addresses in the Nnef_TSC_Capability_Request, one or more MAC addresses of devices, GPSIs or IP addresses. It also includes an Application Identifier. Note some of these MAC addresses may belong to devices connected via a UE, and some to devices connected via the DN as the AF may be unaware of network topology.
2.	The NEF finds the PCF (e.g: by using the BSF) that serves the PDU session and then NEF sends a request to the PCF.
3.	If the UE-DS-TT has reported a residence time and the PCF indicates TSC QoS is supported for the Application Identifier, then the PCF provides the UE-DS-TT Residence time and TSC QoS information for the AF Identifier to the NEF..
4.	For devices where UPF MAC learning has detected the AF requested MAC address as a Source Address in an uplink frame (and hence the device is connected via the associated PDU session), or where the IP address and GPSI is associated with a UE (and hence the BSF found a PCF for the UE address/GPSI, the NEF provides in the Nnef_TSC_Capability_Response:
a.	The "minimum 5GS delay supported" and "maximum 5GS delay supported" for the Application Identifier, taking into account UE Residence time and the delay associated with a TSC 5QI.
	For other devices (those whose MAC address has not been detected by the UPF as a Source Address in an uplink frame), or where the IP address or GPSI is not recognized, the NEF indicates in the Nnef_TSC_Capability_Response that the device is not connected via a PDU Session..
NOTE 2:	NEF aggregates UE-DS-TT residence time and per QoS configured UE to UPF/NW-TT delay to determine the delay to be provided to the AF.
TSC connectivity monitoring:


Figure 6.5.3-3: Procedure for TSC connectivity monitoring
1.	The AF sends Nnef_EventExposure_Subscribe Request to NEF to monitor the status of TSC connectivity via a set of events for a UE or group of UEs. The events are those listed in clause 4.15.3.1 of TS 23.502 [3].
	Event Reporting Information defines the type of reporting requested (e.g. one-time reporting, periodic reporting or event-based reporting, for Monitoring Events).
2.	If the reporting event subscription is authorized by the NEF, the NEF sends the Subscribe Requests to the related NFs that detect the events, as described in TS 23.502 [3] procedures for subscription to these events.
3.	The NEF sends Nnef_EventExposure_Subscribe Response to AF as described in TS 23.502 [3] procedures for subscription to these events.
4.	The NFs detects the monitored event occurs and sends the event report to the NEF as described in TS 23.502 [3] procedures for subscription to these events.
5.	The NEF sends to the AF the notification of TSC communication monitoring event changed as described in TS 23.502 [3] procedures for subscription to these events.
[bookmark: _Toc30694654][bookmark: _Toc43906677][bookmark: _Toc43906793][bookmark: _Toc44311919][bookmark: _Toc50536562][bookmark: _Toc54930338][bookmark: _Toc54968143][bookmark: _Toc55460324]6.5.4	Impacts on services, entities and interfaces
Impacts on existing entities and interfaces
The solution has the following impacts:
1.	An additional Nnef service is used to expose 5GS TSC capabilities to support Deterministic QoS.
2.	Additional parameters are included in existing messages in the "AF session with required QoS procedure" specified in the TS 23.502 [3] clause 4.15.6.6.
3.	The PCF uses the additional AF supplied parameters to calculate a PCC rule.
4.	"Burst Spread" is sent from the PCF to the SMF, which uses it to determine a Burst Spread TSCAI parameter.
5.	Time Domain is provided from PCF to the SMF, which is used by the SMF to associate the QoS Flow to a Time Domain. The solution assumes that the 5GS can be made aware of the timing in the AF supplied Time Domain, this can be provided via Time Synchronization service as described in Solution #7.
NOTE: UE and UPF impacts are noted in the Addendum on Hold and Forward Buffers
AF:
-	Deliver TSC connectivity monitoring request message to NEF.
-	Deliver TSC QoS request with TSC QoS reference, TSC traffic pattern, and subscription to events to the PCF.
[bookmark: _Toc54930339][bookmark: _Toc54968144][bookmark: _Toc55460325]6.5.5	Addendum: Hold and Forward Buffers for Deterministic QoS
[bookmark: _Toc54930340][bookmark: _Toc54968145][bookmark: _Toc55460326]6.5.5.1	H&F Buffer OptionsSupport
One option is envisioned to support Hold and Forward Buffers in Rel-17:

1.	H&F buffers are configured according to Rel-16 IEEE 802.1Qbv [8] parameters, possibly only for Ethernet PDU Sessions. Since there is no CNC, it is the responsibility of the AF/NEF to fabricate the IEEE 802.1Qbv [8] managed objects which are transferred in the PMIC as in Rel-16. The Gate Control managed objects are defined in TS 23.501 [2], Table 5.28.3.1-1, and are reproduced below.
Table 6.5.5.1-1: Gate Control Parameters in PMIC
	Port management information
	Applicability (see NOTE 6)
	Supported operations
	Reference

	
	DS-TT
	NW-TT
	by TSN AF
(see NOTE 1)
	

	[bookmark: _Hlk11532839]GateEnabled
	X
	X
	RW
	[bookmark: _Hlk11532855]IEEE Std 802.1Q [98] Table 12-29

	AdminBaseTime
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-29

	AdminControlList
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-29

	AdminCycleTime (see NOTE 3)
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-29

	AdminControlListLength (see NOTE 3)
	X
	X
	RW
	IEEE Std 802.1Q [98] Table 12-28

	Tick granularity
	X
	X
	R
	IEEE Std 802.1Q [98] Table 12-29



[bookmark: _MON_1587198493]2.	IEEE 802.1Qbv [8] Managed Objects are used to configure H&F buffers only for Ethernet PDU Sessions.
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3GPP
SA WG2 TD

image1.emf
AMF UE SMF PCF NEF AF

1. UE establish the PDU session for TSC

6. User Plane configuration and N1/N2 message

2. Service Exposure

3. Setting up an AF session with required QoS procedure 

(modified)

5. Calculate 

the TSCAI

4. Provision PCC rule


Microsoft_Visio_2003-2010_Drawing.vsd
AMF


UE


5. Calculate the TSCAI


SMF


PCF


NEF


AF


4. Provision PCC rule


2. Service Exposure


3. Setting up an AF session with required QoS procedure (modified)


1. UE establish the PDU session for TSC


6. User Plane configuration and N1/N2 message



image2.emf
AF NEF PCF

1. Nnef_TSC_Capability_Request

2. Npcf_EventExposure_Request

3. Npcf_EventExposure_Response

4- Determination of 

PDU session support 

for deterministic QoS

5. Nnef_TSC_Capability_Response


Microsoft_Visio_Drawing.vsdx

AF

NEF

1.
Nnef_TSC_capability_Request



4
Nnef_TSC_capability_ Response
PCF


AF
NEF
PCF
1. Nnef_TSC_Capability_Request
2. Npcf_EventExposure_Request
3. Npcf_EventExposure_Response
4- Determination of PDU session support for deterministic QoS
5. Nnef_TSC_Capability_Response



image3.emf
AF NEF

5. Nnef_EventExposure_Notify

1. Nnef_EventExposure_Subscribe/

unsubscribe Request

3. Nnef_EventExposure_Subscribe/

unsubscribe Response

4. TSC monitoring events 

detected

2. TSC Events subscription to 

related NFs


Microsoft_Visio_Drawing1.vsdx
AF
NEF
5. Nnef_EventExposure_Notify
1. Nnef_EventExposure_Subscribe/
unsubscribe Request
3. Nnef_EventExposure_Subscribe/
unsubscribe Response
4. TSC monitoring events detected
2. TSC Events subscription to related NFs



