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Abstract: This pCR proposes to update solution #16 for KI#2 
1. Introduction/Discussion
This pCR propose to update solution to address the following aspect.
-	How to enable 5GC and/or a third party trusted and/or non-trusted Application Function to select the most suitable local UPF and EAS considering end to end delay that includes delay between a candidate N6 interface of the 5GS and a candidate EAS.
2. Text Proposal
It is proposed to introduce the following changes in TR 23.700-49 v0.2.0.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc148498832][bookmark: _Toc160521038][bookmark: _Toc161389148][bookmark: _Toc157687580]6.16	Solution #16: Local UPF and EAS (re)selection considering access network delay and N6 delay information by 5GC or AF
[bookmark: _Toc148498833][bookmark: _Toc160521039][bookmark: _Toc161389149]6.16.1	Key Issue mapping
This solution addresses Key Issue #2: Enhancement of EAS and local UPF (re)selection and proposes enhancements on Local UPF/DNAI and EAS (re)selection considering access network delay and N6 delay information.
[bookmark: _Toc148498834][bookmark: _Toc160521040][bookmark: _Toc161389150]6.16.2	Description
In Rel-18, QoS Monitoring for packet delay can be used to determine the access delay in 5GS. QoS Monitoring for packet delay can be applied based on AF request or PCF policy control or both (see clause 5.33.3 of TS 23.501 [2]). The measurement of the UL/DL packet delay between NG-RAN and PSA UPF can be performed on different levels of granularities, i.e. per QoS Flow per UE level, or per GTP-U path level, subject to the operators' configuration. The SMF can request to activate QoS monitoring for the GTP-U path(s) between all UPF(s) and the (R)AN based on locally configured policies (see clause 5.33.3.3 of TS 23.501 [2]).
Case 1: 5GC performs N6 delay measurements
Based on the need to select an appropriate UPF for traffic offloading or based on an AF request, the SMF may control an UPF for delay monitoring related with N6 delay between an UPF and one or more EAS(s). As part of AF request, AF may provide an assistance information such as protocol specific configuration parameters.
Based on AF request or OAM, 5GC/SMF can configure UPF(s) to perform measurements and report results for N6 delay information with the following parameters:
-	the (list of) target EAS identified by their IP address or FQDN(s);
-	measurement type i.e. N6 delay (between UPF and EAS(s)) or combined delay (from a UE to EAS);
-	Application ID;
-	Measurement protocol to be used to monitor N6 delay along with the protocol-specific configuration parameters based on AF-provided assistance information;
NOTE 1:	In case more than one measurement protocol such as STAMP [RFC 8792], TWAMP [RFC 5357], ICMP and/or HTTP is supported by the UPF, a list of protocols in priority order can be provided.
NOTE 2:	Protocol-specific configuration parameters may include port number of the remote N6 entity for the measurement protocol, measurement role such as session-sender for STAMP, operation mode, security information, etc.
-	Reporting frequency and/or reporting threshold;
-	Reporting target: notification URI.
When UPF receives an application ID, UPF performs N6 delay measurements when UPF detected usage of this application.
Case 2: AF performs N6 delay measurements
AF can request both access network delay and N6 delay related information from 5GC via NEF.
The access network delay and N6 delay related information include:
-	requirements and/or reporting results for QoS monitoring packet delay in N3/N9 access network delay (as in clause 5.33.3 of TS 23.501 [2]);
-	requirements and/or reporting results for QoS monitoring over N6 delay, which may include AF-provided assistance information that includes N6 measurement configuration information related to EAS(es) on the data network (measurement endpoint(s), protocol, keys, etc.). 5GS measurement endpoint(s) can use to perform N6 delay measurements based on the AF-provided assistance information; or
-	5GC N6 measurement assistance information including 5GC N6 interface related measurement configuration information (measurement endpoint address(es), protocol, keys, etc.), which the AF and/or N6 measurement endpoint(s) on the data network side can use to perform N6 delay measurements when 5GC reporting for N6 delay information is not required.
When AF provides a list of DNAI(s) and/or EAS IP address(es), it may include access network delay and N6 delay related information in Nnef_TrafficInfluence_Create/Update service operation. SMF can use Rel-18 QoS Monitoring for packet delays to obtain access network delay information for each DNAI(s) and either obtain measurement results over N6 delay information for each DNAI (as described in Figure 6.16.3-1) or provide 5GC N6 measurement assistance information to AF (as described in Figure 6.16.3-2), depending on the AF request.
For the case where AF performs measurements, when a measurement endpoint in (local) data network perform N6 measurements between one or more UPF(s) and EAS, UPF(s) can act in the measurement role of receiver/reflector endpoint. In this case, based on AF request or OAM/SLA, (authorized) 5GC/UPF configuration information for QoS monitoring over N6 can be provided to AF as a 5GC assistance information.
This solution is based on following principles:
-	5GC/SMF configures UPF to perform measurements and report results on N3/N9 and N6 delay information as described in Figure 6.16.3-1. This is the case 1 where UPF has a measurement role as the session-sender.
-	Enhancement on Application Function influence on traffic routing procedure for AF to request/subscribe for each DNAI and/or EAS IP address(es):
-	associated requirements and/or reporting results for QoS monitoring packet delay over N3/N9 access network which can be used in both case 1 and 2;
-	for case 1, associated requirements and/or reporting results for QoS monitoring over N6 delay and/or associated N6 measurement configuration information related to EAS(es) on the data network for QoS monitoring over N6 delay or;
-	for case 2, 5GC N6 measurement assistance information for QoS monitoring over N6 delay. This is the case where UPF has a measurement role as the receiver/reflector;
-	Enhancement on exposure of User Plane Management Events (Early Notification) for SMF to provide EAS IP address(es), reporting results for QoS monitoring packet delay over N3/N9 access network (for case 1 and 2) and reporting results for QoS monitoring over N6 delay (for case 1), which can be the sum of the measured delays, or 5GC N6 measurement assistance information for QoS monitoring over N6 delay (for case 2), for each candidate DNAI(s).
-	Enhancement on exposure of User Plane Management Events for AF to confirm/select the target DNAI based on above information provided by SMF or direct reporting by UPF(s).
NOTE:	AF can additionally consider EAS load information available at compute-site level for DNAI/EAS selection transparently to 5GC.
Case 3: SMF N6 delay measurements
In the existing mechanism in Rel-18 5G system, the estimated user plane latency between the UE and the potential PSA-UPF is known to the SMF and the 5GC supports the AF influence to consider the user plane latency requirements requested by the AF. This enables SMF to select the PSA-UPF based on the AF requested requirements. However, user plane latency between the UE and the potential PSA UPF cannot represent the end-to-end delay between the EAS and the UE as it cannot include N6 delay (delay between the potential PSA UPF and EAS). To address this, it is proposed to provide enhancement of UPF selection considering N6 delay and AF request to include N6 delay requirement or end-to-end delay requirement.
[bookmark: _Toc148498835][bookmark: _Toc160521041][bookmark: _Toc161389151]6.16.3	Procedures
Case 1: 5GC performs N6 delay measurements
[bookmark: _GoBack]Figure 6.16.3-1 shows the enhancement on Procedure for AF requests to influence traffic routing in order to include monitoring over N6. For this given procedure, 5GC/UPF performs measurement over N6.


Figure 6.16.3.1: Procedure on AF request on monitoring over access and data network delays where data network delay measurement is performed by 5GC/UPF
0.	This call flow assumes that the UE has already established a PDU session.
1.	AF creates a request for 5GC to monitor N3/N9 delays as well as N6 delay. As part of this request, AF may also include AF-provided assistance information for QoS monitoring over N6 as described as part of case 1 in clause 6.16.2.
2.	The AF sends its request to the NEF. NEF performs necessary authorization control of the AF request, and, if necessary, maps the information provided by the AF.
3.	The same step 3 as in Figure 4.3.6.2-1 of TS 23.502 [3] where additionally, storing/updating the information includes monitoring over N6 request as well as AF-provided assistance information for QoS monitoring over N6.
4.	The same step 4 as in Figure 4.3.6.2-1 of TS 23.502 [3].
5.	The same step 5 as in Figure 4.3.6.2-1 of TS 23.502 [3] where additionally, PCF provides QoS monitoring over N6 related rules to SMF.
6.	SMF determines the impacted UPF(s) to perform QoS monitoring i.e. N6 delay measurements between the determined UPF(s) and the data network endpoints. SMF optionally determines the protocol-specific configuration parameters based on the received AF-provided assistance information.
Editor's note:	It is FFS to further clarify the impacted UPFs.
7.	SMF provides N4 session rules that includes the configuration of QoS monitoring over N6 which includes all or part of the parameters listed in clause 6.16.2 as part of case 1.
8.	UPF(s) performs QoS monitoring over N6 using the configuration sent by SMF.
9.	UPF(s) reports QoS monitoring results to SMF.
10.	SMF obtains QoS monitoring results and calculates the sum of the delays, i.e. the total delay including access network (N3/N9) and data network (N6) delays.
11.	While constructing the list of candidate DNAIs/EASs, SMF takes into account either the sum of the delays or N6 delay monitoring results for each candidate DNAI/EAS.
12.	The procedure defined for notification of user plane management event described in clause 4.3.6.3 of TS 23.502 [3] is followed. When SMF sends the notification, SMF includes the respective delay measurement result along with each candidate DNAI/EAS.
Case 2: AF performs N6 delay measurements
Figure 6.16.3-2 shows the enhancement on Procedure for AF requests to influence traffic routing in order to include monitoring over N6. For this given procedure, AF performs measurement over N6.


Figure 6.16.3.2: Procedure on AF request on monitoring over access and data network delays where data network delay measurement is performed by AF based on 5GC-provided assistance information
0.	This call flow assumes that the UE has already established a PDU session.
1.	AF creates a request for 5GC to monitor N3/N9 delays and to provide an assistance information. The AF uses the 5GC-provided assistance information as described as part of case 2 in clause 6.16.2 to perform N6 delay measurements.
2.	The AF sends its request to the NEF. NEF performs necessary authorization control of the AF request, and, if necessary, maps the information provided by the AF.
3.	The same step 3 as in Figure 4.3.6.2-1 of TS 23.502 [3] where additionally, storing/updating the information includes the requirement for 5G-provided assistance information for monitoring over N6.
4.	The same step 4 as in Figure 4.3.6.2-1 of TS 23.502 [3].
5.	The same step 5 as in Figure 4.3.6.2-1 of TS 23.502 [3] where additionally, PCF provides QoS monitoring over N3/N9 related rules to SMF along with the requirement for 5G-provided assistance information to be sent to AF.
6.	SMF determines the impacted UPF(s) to perform QoS monitoring over N3/N9.
7.	The SMF sends the request to the UPF(s) via N4 session establishment/update.
8.	UPF reports QoS monitoring results to SMF.
9.	SMF obtains QoS monitoring results and determines the list of candidate DNAI(s)/EAS(s).
10.	The procedure defined for notification of user plane management event described in clause 4.3.6.3 of TS 23.502 [3] is followed where additionally, when SMF sends the notification, SMF includes the respective N3/N9 delay measurement and 5GC-provided assistance information to AF in order to AF to perform N6 delay measurements over each candidate DNAI/EAS.
11.	AF performs N6 delay measurements based on the information provided by SMF. Then, AF performs EAS (re)selection. AF may additionally consider the EAS load information available at compute-site level when confirming/selecting the Target DNAI from the list of candidate DNAI(s)/EAS(s).
Case 3 SMF performs UPF/EAS selection considering N6 delay
The procedure is to address case 3 in clause 6.16.2 based on the existing procedure described in the clause 4.3.6.2 of TS 23.502 [x] with additional parameters sent via the AF request and its corresponding SMF behaviour.


Figure 6.16.3.3: AF request with N6 delay requirement and UPF/EAS selection (case 3)
1.	The AF (e.g. EAS or EES) decides to sends AF traffic influence request. In addition to the input parameters described in TS 23.502 [3], clause 5.2.6.7, this request includes the user plane latency requirements. The user plane latency requirement may include the following information:
-	N6 delay requirement: The value of this information is the delay between the potential PSA UPF and EAS. The SMF uses this value to ensure N6 delay between the PSA UPF and EAS. The SMF uses this value to perform UPF selection and further EAS selection. This value can be jointly provided with the existing user plane latency requirement.
-	Minimum N6 delay preference indication: This indication denotes the preference of the AF for the shortest N6 delay. Based on this, t the SMF (re)selects the PSA UPF with the minimum N6 delay.
-	End-to-end delay requirement: The value of this information is the delay between the UE and EAS. The SMF uses this value to ensure the delay between the PSA UPF and UE. The SMF uses this value to perform UPF selection and further EAS selection.
-	Minimum End-to-end delay preference indication: This indication denotes the preference of the AF for the shortest end-to-end delay. Based on this, the SMF (re)selects the PSA UPF with the minimum end-to-end delay.
-	Delay requirement class information: This information denotes either assured class or best effort class.
2-4.	The steps 2-4 of Figure 4.3.6.2-1 in clause 5.2.6.7 of TS 23.502 [x] are performed.
5.	In addition to the existing PCC rule information, the N6 delay requirement and/or end-to-end delay requirement is/are sent to the SMF.
6.	When the PCC rule information is received from the PCF, the SMF may take appropriate actions to configure the user plane path of the PDU Session, including UPF selection considering the provided N6 delay requirement and/or end-to-end delay requirement.
7-8.	The SMF configures the EASDF with the DNS handling rule. After that, when the UE sends the DNS query and the EASDF gets the corresponding DNS response including EAS IP address(es), the EASDF notifies the SMF with the EAS IP address(es).
9.	If the notification from the EASDF contains a single EAS IP address, the SMF performs UPF selection for the EAS IP address considering the N6 delay requirement and/or end-to-end delay requirement received from the PCF in step 5. For this purpose, the SMF considers the measured/estimated N6 delay, if available (e.g., by utilizing the measurement at UPF or NWDAF-provided analytics as in clause 6.12.3.1).
	If the notification from the EASDF contains multiple EAS IP addresses, the SMF jointly performs UPF selection and EAS selection considering the N6 delay requirement and/or end-to-end delay requirement received from the PCF in step 5. For this purpose, the SMF considers the measured/estimated N6 delay, if available (e.g., by utilizing the measurement at UPF or NWDAF-provided analytics as in clause 6.12.3.1).

[bookmark: _Toc148498836][bookmark: _Toc160521042][bookmark: _Toc161389152]6.16.4	Impacts on services, entities and interfaces
Application Function (AF):
-	(for the case where 5GC performs measurements) provides requirements for reporting results for QoS monitoring over N6 delay.
-	(for the case where 5GC performs measurements) provides assistance information related to data network endpoints for N6 delay measurement.
-	(for the case where AF performs measurements) receives 5GC-provided assistance information on N6 delay measurement.
-	(for the case where AF performs measurements) selects Target DNAI considering delay information (N3/N9 delay as well as N6 delay) and potentially locally available compute-site level EAS load information.
Network Exposure Function (NEF):
-	may authorize AF provided requirements and configuration information for QoS monitoring over N6 delay
-	(if necessary) maps the AF provided requirements and/or assistance information.
-	(for case 3) exposes an API for AF to provide N6 delay requirement or end-to-end delay requirement, and optionally its related information (minimum delay preference and Delay requirement class)
Session Management Function (SMF):
-	(for the case where 5GC performs measurements) determines UPF(s) to perform QoS monitoring over N6 (e.g. N6 delay measurements) and optionally determines the protocol-specific configuration parameters.
-	(for the case where 5GC performs measurements) configures UPF(s) to perform QoS monitoring over N6 (e.g. N6 delay measurements).
-	(for the case where 5GC performs measurements) receives reports on QoS monitoring over N6 from UPF.
-	(for the case where 5GC performs measurements, optionally) calculates the sum of the measured delay of N3/N9 delay (between the UE and PSA UPF) and N6 delay (between the PSA UPF and EAS/DN)..
-	(for the case where AF performs measurements) provides 5GC-assistance information on N6 delay measurements to AF.
-	(for case 3) performs UPF (re)selection considering N6 delay requirement or end-to-end delay requirement
-	(for case 3) performs EAS (re)selection considering N6 delay requirement or end-to-end delay requirement
Policy Control Function (PCF):
-	(for the case where AF performs measurements) provides the rule to SMF regarding 5GC-provided assistance information to be sent to AF
-	(for the case 3 where AF provides requirements for delay) creates and provides the SMF with the PCC including N6 delay requirement or end-to-end delay requirement, and its related information (minimum delay preference and Delay requirement class)
User Plane Function (UPF):
-	receives measurement parameters/configuration from SMF on QoS monitoring over N6.
-	(for the case where 5GC performs measurements) QoS monitoring over N6 (e.g. N6 delay measurements).
-	(for the case where 5GC performs measurements) includes QoS monitoring over N6 (e.g. N6 delay measurement) results to QoS monitoring report.
-	(if authorized for the case where AF performs measurements) responds to AF delay measurement messages.
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