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	Reason for change:
	The MPQUIC functionality is dependent on the seamless integration of the HTTP/3 connect-udp extension and the underlaying multi-path QUIC support. The Multipath-QUIC IETF draft-ietf-quic-multipath [174] states the multi-path will be established between a UE and a QUIC server, both of which support the multi-path QUIC functionality. 
However, the QUIC server is normally beyond the N6 interface in the DNN, which is out of the control of 5GS. Therefore, the HTTP/3 Proxy (connect-udp) as standardized in the RFC 9298 [170] is adopted to proxy the UDP traffic (and also QUIC) over HTTP/3. Because of the convoluted complexity of the integrated scheme, the clause 5.32.6.2.2 references many IETF RFCs and WG drafts. These IETF documents specify many scenarios and negotiated settings that are required to make work both the Multipath-QUIC [174] and the HTTP/3 (connect-udp) Proxy [170]. Currently the clause lacks of the following supports:
(1) The Multipath-QUIC IETF draft [174] clearly suggests that both transport parameters ‘enable_multipath’ and ‘active_connection_id_limit’ be negotiated, as quoted here: 
… enable_multipath transport parameter during the handshake to negotiate the utilization of the multipath capabilities. The active_connection_id_limit transport parameter limits the maximum number of active paths that can be used during a connection…
Currently the clause 5.32.6.2.2 only specifies ‘enable_multipath’, without providing ‘active_connection_id_limit’. This needs to be corrected.
Further, two different places in the clause 5.32.6.2.2 state
i. ‘The MPQUIC functionality in the UE communicates with the MPQUIC Proxy functionality in the UPF (see Figure 4.2.10-1) using the user plane of the 3GPP access, or the non-3GPP access, or both, 
ii. ‘The network allocates to UE one IP address/prefix for the MA PDU Session and two additional IP addresses/prefixes, called "MPQUIC link-specific multipath " addresses/prefixes; one associated with 3GPP access and another associated with the non-3GPP access’
Thus, both together suggest that the value of ‘active_connection_id_limit’ be best to explicitly set as ‘2’.
(2) Currently the clause 5.32.6.2.2 specifies ‘…To use MPQUIC proxying for a UDP traffic flow, the UE then sends a HTTP/3 CONNECT request (see RFC 9298 [170]) to the MPQUIC proxy in the UPF…’. This is inaccurate.
As what the Figure 5.32.6.2.2-1 has clearly shown, the HTTP/3 (connect-udp) client at a UE is peering with the HTTP/3 (connect-udp) proxy at the corresponding anchor UPF. So, the UE shall send a HTTP/3 connect-udp request to the HTTP/3 proxy in UPF, instead of the MPQUIC proxy in UPF. 
Moreover, the RFC 9298[170] also provides the HTTP Datagram payload format, qutoed as the following:
UDP Proxying HTTP Datagram Payload {
     Context ID (i),
     UDP Proxying Payload (..),
   }
which indicates clearly the layered encapsulation structure of various data (i.e., original UDP payload, HTTP/3 connect-udp, then proxying UDP.)
Even if, according to the implications of the current wording, the IP address and the UDP port of the HTTP/3 proxy are the same as those of the MPQUIC proxy, this sentence does not reflect the true layered peering-relationship of the Figure 5.32.6.2.2-1. This needs to be corrected.
(3) Currently the clause 5.32.6.2.2 has referenced the RFC-9298 [170] quite a few times. The section-2 of the RFC-9298 states ‘…Thus, clients with proxy configuration interfaces that only allow the user to configure the proxy host and the proxy port exist…’. 
This indicates a practical scenario in which some UEs must have HTTP/3 Proxy information (i.e., IP address, UDP port) be configured, instead of thru dynamic setting. This scenario needs to be taken care.

	
	

	Summary of change:
	Add changes to address the three issues in ‘Reason for changes’:
(1) Add the support of ‘active_connection_id_limit’, with a note to specify the value to be ‘2’;
(2) Change wording from MPQUIC to HTTP/3 Proxy;
(3) Add a note to handle the corner scenario of UE’s proxy configuration.
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[bookmark: _Toc138309622]5.32.6.2.2	MPQUIC Functionality
The MPQUIC functionality enables steering, switching, and splitting of UDP traffic between the UE and UPF, in accordance with the ATSSS policy created by the network. The operation of the MPQUIC functionality is based on RFC 9298 [170] "proxying UDP in HTTP", which specifies how UDP traffic can be transferred between a client (UE) and a proxy (UPF) using the RFC 9114 [171] HTTP/3 protocol. The HTTP/3 protocol operates on top of the QUIC protocol (RFC 9000 [166], RFC 9001 [167] , RFC 9002 [168]), which supports simultaneous communication over multiple paths, as defined in draft-ietf-quic-multipath [174].
The MPQUIC functionality in the UE communicates with the MPQUIC Proxy functionality in the UPF (see Figure 4.2.10-1) using the user plane of the 3GPP access, or the non-3GPP access, or both.
The MPQUIC functionality may be enabled for an MA PDU Session with type IPv4, IPv6 or IPv4v6, when both the UE and the network support this functionality. The MPQUIC functionality shall not be enabled when the type of the MA PDU Session is Ethernet.
The MPQUIC functionality is composed of three components:
1)	QoS flow selection & Steering mode selection: This component in the UE initiates the establishment of one or more multipath QUIC connections, after the establishment of the MA PDU Session and, for each uplink UDP flow, it selects a QoS flow (based on the QoS rules), a steering mode and a transport mode (based on the ATSSS rules). This component in the UPF selects, for each downlink UDP flow, a QoS flow (based on the N4 rules), a steering mode and a transport mode (based on the N4 rules). The supported transport modes are defined below.
	In the UE, this component is only used in the uplink direction, while, in the UPF, this component is only used in the downlink direction.
2)	HTTP/3 layer: Supports the HTTP/3 protocol defined in RFC 9114 [171] and the extensions defined in:
-	RFC 9298 [170] for supporting UDP proxying over HTTP;
-	RFC 9297 [172] for supporting HTTP datagrams; and
-	RFC 9220 [173] for supporting Extended CONNECT.
	The HTTP/3 layer selects a multipath QUIC connection to be used for each UDP flow and allocates a new QUIC stream on this connection that is associated with the UDP flow. It also configures this QUIC stream to apply a specific steering mode.
	In the UE, the HTTP/3 layer implements an HTTP/3 client, while, in the UPF, it implements an HTTP/3 proxy.
3)	QUIC layer: Supports the QUIC protocol as defined in the applicable IETF specifications (RFC 9000 [166], RFC 9001 [167], RFC 9002 [168]) and the extensions defined in:
-	RFC 9221 [169] for supporting unreliable datagram transport with QUIC; and
-	draft-ietf-quic-multipath [174] for supporting QUIC connections using multiple paths simultaneously.
When the MPQUIC functionality is applied, the protocol stack of the user plane is depicted in figure below.


Figure 5.32.6.2.2-1: UP protocol stack when the MPQUIC functionality is applied
Editor's note:	The above figure might need changes (e.g. related with the mandatory use of TLS) based on the security work in SA WG3.
If the UE indicates that it is capable of supporting the MPQUIC functionality, as described in clause 5.32.2, and the network agrees to enable the MPQUIC functionality for the MA PDU Session then:
i)	An associated MPQUIC Proxy functionality is enabled in the UPF for the MA PDU Session.
ii)	The network allocates to UE one IP address/prefix for the MA PDU Session and two additional IP addresses/prefixes, called "MPQUIC link-specific multipath " addresses/prefixes; one associated with 3GPP access and another associated with the non-3GPP access. In the UE, these two IP addresses/prefixes are used only by the MPQUIC functionality. Each "MPQUIC link-specific multipath" address/prefix assigned to UE may not be routable via N6. The MPQUIC functionality in the UE and the MPQUIC Proxy functionality in the UPF shall use the "MPQUIC link-specific multipath" addresses/prefixes for transmitting UDP flows over non-3GPP access and over 3GPP access. The MPQUIC Proxy functionality shall use the IP address/prefix of the MA PDU session for the communication with the final destination. In Figure 5.32.6.1-1, the IP@3 corresponds to the IP address of the MA PDU Session and the IP@4 and IP@5 correspond to the "MPQUIC link-specific multipath" addresses. The following UE IP address management applies:
-	The MA PDU IP address/prefix shall be provided to the UE via mechanisms defined in clause 5.8.2.2.
-	The "MPQUIC link-specific multipath" IP addresses/prefixes shall be allocated by the UPF and shall be provided to the UE via SM NAS signalling.
NOTE 1:	After the MA PDU Session is released, the same UE IP addresses/prefixes are not allocated to another UE for MA PDU Session in a short time.
iii)	The network shall send MPQUIC proxy information to UE, i.e. one IP address of UPF, one UDP port number and the proxy type (e.g. "connect-udp"). This information is used by the UE for establishing multipath QUIC connections with the UPF, which implements the MPQUIC Proxy functionality.
iv)	After the MA PDU Session is established, the UE determines the number of multipath QUIC connections to be established with the UPF. The UE determines to establish at least as many multipath QUIC connections as the number of QoS flows of the MA PDU Session, i.e. one multipath QUIC connection per QoS flow. Each multipath QUIC connection carries the UDP traffic mapped to a single QoS flow.
	For the downlink traffic to which the MPQUIC functionality is to be applied, the QoS rules provided to UE include downlink QoS information and the UE applies the downlink QoS information to establish multipath QUIC connections for the QoS flows used for the downlink traffic only.
v)	During a QUIC connection establishment, the UE and UPF negotiate QUIC transport parameters and indicate (a) support of QUIC Datagram frames and (b) support of multipath. They indicate support of QUIC Datagram frames by providing the "max_datagram_frame_size" transport parameter with a non-zero value (see RFC 9221 [169]) and they indicate support of multipath by providing both the "enable_multipath" transport parameter and the ‘active_connection_id_limit’ transport parameters (see draft-ietf-quic-multipath [174]).
NOTE 2:	Currently this clause states explicitly that the user plane of a Multipath-QUIC could be 3GPP access, non-3GPP access, or both. Thus, the value of the transport parameter ‘active_connection_id_limit’ can be set to be 2.
	In addition, during a QUIC connection establishment the QoS flow associated with this connection is determined. The UE sends all traffic of a QUIC connection over the QoS flow associated with this QUIC connection. This enables the UPF to determine the QoS flow associated with a QUIC connection and to select a QUIC connection for sending the downlink traffic of a QoS flow.
vi)	After a QUIC connection establishment, the HTTP/3 client in the UE and the HTTP/3 proxy in the UPF negotiate HTTP settings and indicate support of HTTP Datagrams (see RFC 9297 [172]) and support of Extended CONNECT (see RFC 9220 [173]). To use MPQUIC proxying for a UDP traffic flow, the UE then sends a HTTP/3 CONNECT request (see RFC 9298 [170]) to the MPQUIC  HTTP/3 (connect-udp) proxy in the UPF., which shares the same IP address and UDP port as the MPQUIC proxy that gets the information as explained in iii).
NOTE 3:	The RFC 9298 [170] elucidates further that some (HTTP/3) clients with proxy configuration interfaces only allow to configure the proxy host (i.e., IP address) and (UDP) port, instead of via dynamic ways. How the HTTP/3 (connect-udp) clients in such group of UEs may get the HTTP/3 (connect-udp) proxy information is left up to implementation 
vii) The network may indicate to UE the list of applications for which the MPQUIC functionality should be applied. This is achieved by using the Steering Functionality component of an ATSSS rule (see clause 5.32.8).

* * * * End of change * * * *
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