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The following table describes the Multi-Access Rule (MAR) that includes the association to the two FARs for both 3GPP access and non-3GPP access in the case of supporting ATSSS.
Table 5.8.2.11.8-1: Attributes within Multi-Access Rule
	Attribute
	Description
	Comment

	N4 Session ID
	Identifies the N4 session associated to this MAR.
	

	Rule ID
	Unique identifier to identify this rule.
	

	Steering functionality
	Indicates the applicable traffic steering functionality:
Values "MPTCP functionality", "ATSSS-LL functionality".
	

	Steering mode
	Values "Active-Standby", "Smallest Delay", "Load Balancing" or "Priority-based".
	

	Steering Mode Indicator
(NOTE 4)
	Indicates either autonomous load-balance operation or UE-assistance operation if steering mode is set to "Load Balancing".
	

	Threshold values
(NOTE 3, 4)
	A Maximum RTT and/or a Maximum Packet Loss Rate
	The Threshold Values are applied by UPF as described in clause 5.32.8.

	Per-Access Forwarding
	Forwarding Action Rule ID
	The Forwarding Action Rule ID identifies a forwarding action that has to be applied.
	

	Action information
	Weight
	Identifies the weight for the FAR if steering mode is "Load Balancing"
	The weights for all FARs need to sum up to 100

	(NOTE 1)
(NOTE 2)
	Priority
	Values "Active or Standby" or "High or Low" for the FAR
	"Active or Standby" for "Active-Standby" steering mode and "High or Low" for "Priority-based" steering mode

	
	List of Usage Reporting Rule ID(s)
	Every Usage Reporting Rule ID identifies a measurement action that has to be applied.
	This enables the SMF to request separate usage reports for different FARs (i.e. different accesses)

	NOTE 1:	The Per-Access Forwarding Action information is provided per access type (i.e. 3GPP access or Non-3GPP access).
NOTE 2:	The Weight is treated as the default percentages if the Autonomous operation is allowed for the "Load Balancing" steering mode.
NOTE 3:   The Threshold Values may be provided when the Steering Mode is Priority-based or when the Steering Mode is Load-Balancing with fixed split percentages.
NOTE 4:	The Steering Mode Indicator and the Threshold Values shall not be provided together.



* * * * Second change * * * *
5.32.5	Access Network Performance Measurements
5.32.5.1	General principles
When an MA PDU Session is established, the network may provide the UE with Measurement Assistance Information. This information assists the UE in determining which measurements shall be performed over both accesses, as well as whether measurement reports need to be sent to the network.
Measurement Assistance Information shall include the addressing information of a Performance Measurement Function (PMF) in the UPF, the UE can send PMF protocol messages to:
-	For a PDU Session of IP type, Measurement Assistance Information contains one IP address for the PMF, one UDP port associated with 3GPP access and another UDP port associated with non-3GPP access. PMF messages sent by UE to one of these UDP ports, shall be transmitted to UPF via the default QoS flow.
-	For a PDU Session of Ethernet type, Measurement Assistance Information contains one MAC address associated with 3GPP access and another MAC address associated with non-3GPP access. PMF messages sent by UE to one of these MAC addresses, shall be transmitted to UPF via the default QoS flow.
NOTE 1:	To protect the PMF in the UPF (e.g. to block DDOS to the PMF), the IP addresses of the PMF are only accessible from the UE IP address via the N3/N9 interface.
NOTE 2:	After the MA PDU Session is released, the same UE IP address/prefix is not allocated to another UE for MA PDU Session in a short time.
If the SMF determines that access performance measurements per QoS flow shall be applied for the MA PDU Session, then the Measurement Assistance Information shall also include a list of QoS flows on which access performance measurements may be performed. For each QoS flow in this list, the following information is included:
-	The QFI of the associated QoS flow.
-	For a PDU Session of IP type, one UDP port associated with 3GPP access and another UDP port associated with non-3GPP access. PMF messages sent by UE to one of these UDP ports, shall be transmitted to UPF via the associated QoS flow.
-	For a PDU Session of Ethernet type, one MAC address associated with 3GPP access and another MAC address associated with non-3GPP access. PMF messages sent by UE to one of these MAC addresses, shall be transmitted to UPF via the associated QoS flow.
The QoS rules and the N4 rules provided by SMF to UE and to UPF respectively shall include information (e.g. packet filters containing the UDP port or the MAC address associated with a QoS flow), which enables the UE and UPF to route a PMF message to a specific QoS flow.
The UE and the UPF may need to perform access performance measurements in order to estimate the Round-Trip Time (RTT) and/or the Packet Loss Rate (PLR) that an SDF is expected to experience when transmitted on a certain access type. Based on these measurements and the provisioned ATSSS rules in the UE and MAR rules in the UPF, the UE and the UPF decide how to distribute the traffic of an SDF across the two accesses.
If the UE and the UPF decide to initiate access performance measurements to estimate the RTT and/or the PLR for an SDF, the access performance measurements shall be performed either
(a)	using the default QoS Flow, or
(b)	using the target QoS Flow, which is the QoS Flow that the SDF traffic is transmitted on.
When the access performance measurements are using the target QoS flow, it is termed that "access performance measurements per QoS flow" are applied for the MA PDU Session.
The UE shall indicate in its ATSSS capabilities that it supports access performance measurements per QoS flow. Based on this UE capability and other information (such as local policy), the SMF determines whether access performance measurements per QoS flow shall be applied for the MA PDU Session or not. If the SMF determines that access performance measurements per QoS flow shall be applied for the MA PDU Session, then:
-	The SMF indicates to UE (within the Measurement Assistance Information) and to UPF a list of QoS flows over which access performance measurements may be performed.
-	The list of QoS flows indicated by SMF is provided as assistance information. The UE and the UPF may initiate access performance measurements on one or more of the QoS flows included in this list but they may also initiate access performance measurements on other QoS flows not included in this list. The UE and the UPF shall be able to receive and respond to PMF messages sent on any QoS flow.
The UE shall perform access performance measurements per QoS Flow only when this is explicitly indicated in the Measurement Assistance Information, i.e. only when the UE receives the list of QoS flows over which access performance measurements may be performed. Otherwise, the UE shall perform access performance measurements based on the default QoS Flow. The UPF shall perform access performance measurements per QoS Flow only when this is explicitly indicated by SMF, i.e. only when the UPF receives the list of QoS flows over which access performance measurements may be performed. Otherwise, the UPF shall perform access performance measurements based on the default QoS Flow.
The UE and the UPF may decide not to initiate access performance measurements using PMF over a certain target QoS Flow, when they already have access performance measurements for another target QoS Flow which they determine can be reused.
NOTE 3:	How the UE and UPF determine that the performance measurements using a certain target QoS Flow apply to another target QoS Flow is based on implementation e.g. AN resource to QoS Flow mapping in the UE or getting similar access measurements results with other QoS Flow.
When access performance measurements for an SDF are performed based on the target QoS Flow, the UE needs to be able to determine the QoS Flow a downlink packet arrives on. In order to enable this, the SMF shall include downlink Packet Filter information in the QoS rule provided to UE matching this SDF, unless Reflective QoS is used for the SDF.
NOTE 4:	For example, if a QoS Flow requires to activate Reflective QoS, the SMF does not need to provide downlink QoS Flow information for the QoS Flow to minimize usage of packet filters. When a data packet is received over a QoS Flow, the UE can decide whether to check the downlink QoS Flow information based on the existence of SDAP header for the QoS Flow.
The addressing information of the PMF in the UPF is retrieved by the SMF from the UPF during N4 session establishment.
The following PMF protocol messages can be exchanged between the UE and the PMF:
-	Messages to allow for Round Trip Time (RTT) measurements, i.e. when the "Smallest Delay" or "Load-Balancing" steering mode is used or when either “Priority-based” or “Load-Balancing” steering mode is used with RTT threshold value being applied;
-	Messages to allow for Packet Loss Rate (PLR) measurements, i.e. when the "Load Balancing" steering mode is used either “Priority-based” or “Load-Balancing” steering mode is used with PLR threshold value being applied;
-	Messages for reporting Access availability/unavailability by the UE to the UPF.
-	Messages for sending UE-assistance data to UPF. Such messages may be sent from the UE to UPF only when the UE receives the UE-assistance indicator in an ATSSS rule, as specified in clause 5.32.8. Further details are provided in clause 5.32.5.5.
Since steering modes can be different in up-link and down-link, the UE needs to be able to handle PMF protocol messages for RTT and PLR measurements received from UPF even if it is not using one of the steering modes associated with the RTT and PLR measurements (and vice versa). 
Editor's note:	It is FFS how the UE can send UE-assistance data to UPF when the PMF protocol is not used by the UE.
The PMF protocol is specified in TS 24.193 [109].
The PMF protocol messages used for access availability/unavailability reports shall be sent on the default QoS Flow, i.e. the QoS Flow associated with default QoS rule. The PMF protocol messages used for access performance measurements shall be sent either on the default QoS Flow, or on the target QoS Flow, as specified above.
The QoS Flow associated with default QoS rule for MA PDU Session is Non-GBR QoS Flow.
The UE shall not apply the ATSSS rules and the UPF shall not apply the MAR rules for the PMF protocol messages.
When the UE requests a MA PDU session and indicates it is capable to support the MPTCP functionality with any steering mode and the ATSSS-LL functionality with only the Active-Standby steering mode (as specified in clause 5.32.6.1), the network may send Measurement Assistance Information for the UE to send Access availability/unavailability reports to the UPF. In this case, the UE and UPF shall not perform RTT and PLR measurements using PMF as the UE and UPF can use measurements available at the MPTCP layer.
5.32.5.2	Round Trip Time Measurements
RTT measurements can be conducted by the UE and UPF independently. There is no measurement reporting from one side to the other. RTT measurements are defined to support the "Smallest Delay", "Priority-based" or "Load Balancing" steering mode (i.e. when RTT threshold value is applied).
The estimation of the RTT by the UE and by the UPF is based on the following mechanism:
1.	The PMF in the UE sends over the user plane PMF-Echo Request messages to the PMF in the UPF, and the PMF in the UPF responds to each one with a PMF-Echo Response message. Similarly, the PMF in the UPF sends over the user plane PMF-Echo Request messages to the PMF in the UE, and the PMF in the UE responds to each one with a PMF-Echo Response message.
2.	In the case of a MA PDU Session of IP type:
-	The PMF in the UE sends PMF messages to the PMF in the UPF over UDP/IP. The destination IP address is the IP address contained in the Measurement Assistance Information and the destination UDP port is one of the two UDP ports contained in the Measurement Assistance Information. One UDP port is used for sending PMF messages to UPF over 3GPP access and the other UDP port is used for sending PMF messages to UPF over non-3GPP access. The source IP address is the IP address assigned to UE for the MA PDU Session and the source UDP port is a UDP port that is dynamically allocated by the UE for PMF communication. This source UDP port in the UE remains the same for the entire lifetime of the MA PDU Session.
-	The PMF in the UPF sends PMF messages to the PMF in the UE over UDP/IP. The source IP address is the same IP address as the one provided in the Measurement Assistance Information and the source UDP port is one of the two UDP ports as provided in the Measurement Assistance Information. One UDP port is used for sending PMF messages to UE over 3GPP access and the other UDP port is used for sending PMF messages to UE over the non-3GPP access. The destination IPv4 address is the IPv4 address assigned to UE for the MA PDU Session (if any) and the destination IPv6 address is an IPv6 address selected by the UE from the IPv6 prefix assigned for the MA PDU Session (if any). The destination UDP port is the dynamically allocated UDP port in the UE, which is contained in all PMF messages received from the UE. If the UE receives Measurement Assistance Information, the UE shall inform the network via the user plane about the UE's dynamically allocated UDP port, and the IPv6 address if IPv6 is used for PMF messages, so that it is possible for the UPF to know the UE's IPv6 address (if applicable) and dynamically allocated UDP port as soon as the MA PDU Session has been established.
3.	In the case of a MA PDU Session of Ethernet type:
-	The PMF in the UE sends PMF messages to the PMF in the UPF over Ethernet. The Ethertype is the Ethertype contained in the Measurement Assistance Information and the destination MAC address is one of the two MAC addresses contained in the Measurement Assistance Information. One MAC address is used for sending PMF messages to UPF over 3GPP access and the other MAC address is used for sending PMF messages to UPF over non-3GPP access. The source MAC address is a MAC address of the UE, which remains the same for the entire lifetime of the MA PDU Session.
-	The PMF in the UPF sends PMF messages to the PMF in the UE over Ethernet. The Ethertype is the same Ethertype as the one provided in the Measurement Assistance Information and the source MAC address is one of the two MAC addresses as provided in the Measurement Assistance Information. One MAC address is used for sending PMF messages to UE over 3GPP access and the other MAC address is used for sending PMF messages to UE over non-3GPP access. The destination MAC address is the MAC address of the UE, which is contained in all PMF messages received from the UE. If the UE receives Measurement Assistance Information, the UE shall inform the network via the user plane about the UE's MAC address so that it is possible for the UPF to know the UE's MAC address as soon as the MA PDU Session has been established.
4.	When the UP connection of the MA PDU session is deactivated on an access, no PMF-Echo Request messages are sent on this access. The PMF in the UPF shall not send PMF-Echo Request on this access if the UP connection is not available or after it receives notification from the (H-)SMF to stop sending the PMF-Echo Request on this access.
5.	The UE and the UPF derive an estimation of the average RTT over an access type and QoS Flow by averaging the RTT measurements obtained over this access type and QoS Flow.
* * * * Third change * * * *
[bookmark: _Toc20150151][bookmark: _Toc27846953][bookmark: _Toc36188084][bookmark: _Toc45183989][bookmark: _Toc47342831][bookmark: _Toc51769533][bookmark: _Toc75440971]5.32.8	ATSSS Rules
As specified in clause 5.32.3, after the establishment of a MA PDU Session, the UE receives a prioritized list of ATSSS rules from the SMF. The structure of an ATSSS rule is specified in Table 5.32.8-1. If the UE has indicated support of individual ATSSS rule updates, the SMF may update one or more individual ATSSS rules of the UE by sending updated ATSSS rules with the corresponding Rule IDs to the UE.
Table 5.32.8-1: Structure of ATSSS Rule
	Information name
	Description
	Category
	SMF permitted to modify in a PDU context
	Scope

	ATSSS Rule ID
	Unique identifier to identify the ATSSS Rule
	Conditional
(NOTE 6)
	No
	PDU context

	Rule Precedence
	Determines the order in which the ATSSS rule is evaluated in the UE.
	Mandatory
(NOTE 1)
	Yes
	PDU context

	Traffic Descriptor
	This part defines the Traffic descriptor components for the ATSSS rule.
	Mandatory
(NOTE 2)
	
	

	Application descriptors
	One or more application identities that identify the application(s) generating the traffic (NOTE 3).
	Optional
	Yes
	PDU context

	IP descriptors
(NOTE 4)
	One or more 5-tuples that identify the destination of IP traffic.
	Optional
	Yes
	PDU context

	Non-IP descriptors
(NOTE 4)
	One or more descriptors that identify the destination of non-IP traffic, i.e. of Ethernet traffic.
	Optional
	Yes
	PDU context

	Access Selection Descriptor
	This part defines the Access Selection Descriptor components for the ATSSS rule.
	Mandatory
	
	

	Steering Mode
	Identifies the steering mode that should be applied for the matching traffic and associated parameters.
	Mandatory
	Yes
	PDU context

	Steering Mode Indicator
	Indicates either autonomous load-balance operation or UE-assistance operation if steering mode is set to "Load Balancing".
	Optional
	Yes
	PDU context

	Threshold Values
	A Maximum RTT and/or a Maximum Packet Loss Rate.
	Optional
	Yes
	PDU context

	Steering Functionality
	Identifies whether the MPTCP functionality or the ATSSS-LL functionality should be applied for the matching traffic.
	Optional
(NOTE 5)
	Yes
	PDU context

	NOTE 1:	Each ATSSS rule has a different precedence value from the other ATSSS rules.
NOTE 2:	At least one of the Traffic Descriptor components is present.
NOTE 3:	An application identity consists of an OSId and an OSAppId.
NOTE 4:	An ATSSS rule cannot contain both IP descriptors and Non-IP descriptors.
NOTE 5:	If the UE supports only one Steering Functionality, this component is omitted.
NOTE 6:	The ATSSS Rule ID shall be present if the UE indicates support of individual ATSSS rule updates.



The UE evaluates the ATSSS rules in priority order.
Each ATSSS rule contains a Traffic Descriptor (containing one or more components described in Table 5.32.8-1) that determines when the rule is applicable. An ATSSS rule is determined to be applicable when every component in the Traffic Descriptor matches the considered service data flow (SDF).
Depending on the type of the MA PDU Session, the Traffic Descriptor may contain the following components (the details of the Traffic Descriptor generation are described in clause 5.32.3):
-	For IPv4, or IPv6, or IPv4v6 type: Application descriptors and/or IP descriptors.
-	For Ethernet type: Application descriptors and/or Non-IP descriptors.
One ATSSS rule with a "match all" Traffic Descriptor may be provided, which matches all SDFs. When provided, it shall have the least Rule Precedence value, so it shall be the last one evaluated by the UE.
NOTE 1:	The format of the "match all" Traffic descriptor of an ATSSS rule is defined in stage-3.
Each ATSSS rule contains an Access Selection Descriptor that contains the following components:
-	A Steering Mode, which determines how the traffic of the matching SDF should be distributed across 3GPP and non-3GPP accesses. The following Steering Modes are supported:
-	Active-Standby: It is used to steer a SDF on one access (the Active access), when this access is available, and to switch the SDF to the available other access (the Standby access), when Active access becomes unavailable. When the Active access becomes available again, the SDF is switched back to this access. If the Standby access is not defined, then the SDF is only allowed on the Active access and cannot be transferred on another access.
-	Smallest Delay: It is used to steer a SDF to the access that is determined to have the smallest Round-Trip Time (RTT). As defined in clause 5.32.5, measurements may be obtained by the UE and UPF to determine the RTT over 3GPP access and over non-3GPP access. In addition, if one access becomes unavailable, all SDF traffic is switched to the other available access. It can only be used for the Non-GBR SDF.
-	Load-Balancing: It is used to split a SDF across both accesses if both accesses are available. It contains the percentage of the SDF traffic that should be sent over 3GPP access and over non-3GPP access. Load-Balancing is only applicable to Non-GBR SDF. In addition, if one access becomes unavailable, all SDF traffic is switched to the other available access, as if the percentage of the SDF traffic transported via the available access was 100%.
-	Priority-based: It is used to steer all the traffic of an SDF to the high priority access, until this access is determined to be congested. In this case, the traffic of the SDF is sent also to the low priority access, i.e. the SDF traffic is split over the two accesses. In addition, when the high priority access becomes unavailable, all SDF traffic is switched to the low priority access. How UE and UPF determine when a congestion occurs on an access is implementation dependent. It can only be used for the Non-GBR SDF.
-	A Steering Mode Indicator, which indicates that the UE may change the default steering parameters provided in the Steering Mode component and may adjust the traffic steering based on its own decisions. Only one of the following Steering Mode Indicators may be provided:
-	Autonomous load-balance indicator: This indicator may be provided only when the Steering Mode is Load-Balancing. When provided, the UE may ignore the percentages in the Steering Mode component (i.e. the default percentages provided by the network) and may autonomously determine its own percentages for traffic splitting, in a way that maximizes the aggregated bandwidth in the uplink direction. The UE is expected to determine its own percentages for traffic splitting by performing measurements across the two accesses. The UPF may apply a similar behaviour when the autonomous load-balance indicator is included in an N4 rule.
-	UE-assistance indicator: This indicator may be provided only when the Steering Mode is Load-Balancing. When provided by the network, it indicates that (a) the UE may decide how to distribute the UL traffic of the matching SDF based on the UE's internal state (e.g. when the UE is in the special internal state, e.g. lower battery level), and that (b) the UE may inform the UPF how it decided to distribute the UL traffic of the matching SDF. In the normal cases, although with this indicator provided, the UE shall distribute the UL traffic as indicated by the network.
NOTE 2:	Typically, the UE-assistance indicator can be provided for SDFs for which the network has no strong steering requirements. For example, when the network has no strong steering requirements for the default traffic of an MA PDU Session, the network can indicate (i) that this traffic must be steered with Load-Balancing steering mode using 50% - 50% split percentages, and (ii) that the UE is allowed to use other split percentages, such as 0% - 100%, if this is needed by the UE to optimize its operation (e.g. to minimize its battery consumption).
-	Threshold Values: One or more threshold values may be provided when the Steering Mode is Priority-based or when the Steering Mode is Load-Balancing with fixed split percentages (i.e. without the Autonomous load-balance indicator or UE assistance indicator). A threshold value may be either a value for RTT or a value for Packet Loss Rate. The threshold values are applicable to both accesses and are applied by the UE and UPF as follows:
-	Load-Balancing Steering Mode with fixed split percentages (i.e. without the Autonomous load-balance indicator or UE assistance indicator): When at least one measured parameter (i.e. RTT or Packet Loss Rate) on one access exceeds the provided threshold value, the UE and UPF may continue to send traffic on this access but should reduce the traffic on this access by an implementation specific amount and shall send the amount of reduced traffic on the other access. When all measured parameters (i.e. RTT and Packet Loss Rate) for both accesses do not exceed the provided threshold values, the UE and UPF shall apply the fixed split percentages.
-	Priority-based Steering Mode: When one or more threshold values are provided for the Priority-based Steering Mode, these threshold values should be considered by UE and UPF to determine when an access becomes congested. For example, when a measured parameter (i.e. RTT or Packet Loss Rate) on one access exceeds the provided threshold value, the UE and UPF may consider this access as congested and send the traffic also to the low priority access.
-	A Steering Functionality, which identifies whether the MPTCP functionality or the ATSSS-LL functionality should be used to steer the traffic of the matching SDF. This is used when the UE supports multiple functionalities for ATSSS, as specified in clause 5.32.6 ("Support of Steering Functions").
NOTE 3:	There is no need to update the ATSSS rules when one access becomes unavailable or available.
As an example, the following ATSSS rules could be provided to UE:
a)	"Traffic Descriptor: UDP, DestAddr 1.2.3.4", "Steering Mode: Active-Standby, Active=3GPP, Standby=non-3GPP":
-	This rule means "steer UDP traffic with destination IP address 1.2.3.4 to the active access (3GPP), if available. If the active access is not available, use the standby access (non-3GPP)".
b)	"Traffic Descriptor: TCP, DestPort 8080", "Steering Mode: Smallest Delay":
-	This rule means "steer TCP traffic with destination port 8080 to the access with the smallest delay". The UE needs to measure the RTT over both accesses, in order to determine which access has the smallest delay.
c)	"Traffic Descriptor: Application-1", "Steering Mode: Load-Balancing, 3GPP=20%, non-3GPP=80%", "Steering Functionality: MPTCP":
-	This rule means "send 20% of the traffic of Application-1 to 3GPP access and 80% to non-3GPP access by using the MPTCP functionality".
d)	"Traffic Descriptor: Application-1", "Steering Mode: Load-Balancing, 3GPP=20%, non-3GPP=80%, "Threshold Value for Packet Loss Rate: 1%", "Steering Functionality: MPTCP":
-	This rule means "send 20% of the traffic of Application-1 to 3GPP access and 80% to non-3GPP access as long as the Packet Loss Rate does not exceed 1% on both accesses, by using the MPTCP functionality. If the measured Packet Loss Rate of an access exceeds 1%, then the traffic of Application-1 may be reduced on this access and sent via the other access".
* * * * End of changes * * * *


