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Abstract of the contribution: This contribution addresses editor's notes of the MP-DCCP solution and proposes updates accordingly. 
Discussion
This document addresses the two editor's notes of solution 3 as follows. 

Editor's note: It is FFS if the separate MP-DCCP connections are required or if PDUs with different QoS can be multiplexed into one MP-DCCP connection.
Discussion 1: Multiplexing into one MP-DCCP connection would require a QoS-aware MP scheduling which would increase complexity with little benefit. 
Proposal 1: It is proposed to remove the EN without additional change.
Editor's note:
Proposal on re-ordering modes will be part of a future contribution, i.e., is FFS.
Discussion 2: S2-2202728 describes Re-ordering modes and features. If S2-2202728 (or a revision of it) is agreed solution 3 just needs to refer to it. 

Proposal 2: It is proposed to remove the EN and add a reference as shown in change 2.
Proposal
It is proposed to update solution 3 in TR 23.700-53 according to change proposals below.

START OF CHANGES 
6.3.2
Description

This solution is largely based on Solution #6 “MPQUIC-LL Steering Functionality” defined in TS 23.700-93 with the main difference of using MP-DCCP instead of MP-QUIC.
The MP-DCCP-LL solution is applicable to applications relying on any type of traffic (plain IP, Ethernet, TCP, UDP), but at least provides ATSSS functionalities to non-TCP based traffic (e.g., UDP, QUIC). MP-DCCP-LL is able to co-exist with ATSSS-LL and MPTCP, even if it can take over their functionality.

To support ATSSS using the MP-DCCP-LL steering functionality, the architecture reference model for ATSSS, as specified in TS 23.501 [2] clause 4.2.10, is enhanced as shown in Figure 6.3.2-1. The MP-DCCP-LL steering functionality is implemented in the UE and in the PSA UPF. The PMF functionality is not needed for an MA PDU Session that applies MP-DCCP-LL. 
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Figure 6.3.2-1: Reference Architecture for ATSSS using MP-DCCP

The MP-DCCP protocol is specified in draft-ietf-tsvwg-multipath-dccp [12]: “DCCP Extensions for Multipath Operation with Multiple Addresses". It is designed to support the multipath scenario, and provides Steering, Switching, Splitting decisions and optimizations in terms of features and modules for multipath scheduling in order to support, e.g., steering modes as specified for ATSSS at ATSSS sender and re-ordering functionality at ATSSS receiver side. Depending on the traffic direction, the UE or PSA UPF acts as ATSSS sender or ATSSS receiver, respectively. The UE, according to [16], uses the MP-DCCP-LL functionality to establish multiple sub-flows as DCCP tunnels which are set up and operated towards the PSA UPF for bi-directional usage. Within each sub-flow inherent sequencing is given and DCCP congestion control provides real-time path characteristic information, which is required for splitting based steering modes (e.g., priority-based, smallest delay, load-balancing) and packet reordering measures. 
The MP-DCCP-LL provides an unreliable tunnelling service between the UE and the UPF that is based on:

1.
The DCCP protocol specified in RFC4340 [11] along with accompanying documents that describe congestion control (CCID2 [19], CCID3 [20], CCID4 [21], CCID5 [22]); and

2.
The DCCP extension specified in draft-ietf-tsvwg-multipath-dccp [12] for supporting multipath DCCP.

The Figure 6.3.2-2 shows the model of an MA PDU Session that operates using the MP-DCCP-LL steering functionality.
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Figure 6.3.2-2: Model of MA PDU Session using MP-DCCP-LL

The MP-DCCP-LL is composed of the following components which can also be found in Figure 6.3.2-3:

-
MP-DCCP Tunnel Client (MDTC): The MDTC operates in the UE as a MP-DCCP client application and provides the following functionality:

-
It establishes N MP-DCCP connections with the MP-DCCP tunnel server (MDTS) in the UPF. The number N of MP-DCCP connections, as well as the destination IP address & port for each MP-DCCP connection, is determined from information contained in the PDU Session Establishment Accept message (see the "MP-DCCP Connection Setup Information" below). Each MP-DCCP connection is established immediately after the setup of the MA PDU Session.

NOTE 1:
As explained below, each MP-DCCP connection carries the traffic of one QoS flow only. By using a separate MP-DCCP connection for each QoS flow, we ensure that PDUs belonging to different QoS flows, which may require a different QoS treatment, are not multiplexed in the same MP-DCCP connection, hence, each MP-DCCP connection does not need to support QoS-aware scheduling.

-
It receives UL PDUs from the upper layer and, for each UL PDU:

-
First, it selects a QoS flow based on the QoS rules in the UE.

-
Then, it selects a steering mode to be applied for the UL PDU based on the ATSSS rules in the UE.

-
It compresses the headers (e.g., IP, UDP, TCP, Ethernet) of the UL PDU.

-
Finally, it selects a MP-DCCP connection to transmit the PDU based on the selected QoS flow and the selected steering mode. For each established MP-DCCP connection, the MDTC maintains an associated steering mode and QoS flow indicator.

NOTE 2:
It is assumed that the scheduler of a MP-DCCP connection can apply only one steering mode. Therefore, if different steering modes are needed for the traffic of a QoS flow, then different MP-DCCP connections are setup for this QoS flow, one per steering mode.

-
MP-DCCP Tunnel Server (MDTS): The MDTS operates in the UPF as a MP-DCCP server application and provides the following functionality:

-
It accepts the MP-DCCP connections requested by MDTC in the UE.

-
It receives DL PDUs from the upper layer and, for each DL PDU, it selects a MP-DCCP connection to transmit the PDU. The MP-DCCP connection is selected based on the N4 (e.g., MAR) rules.

-
MP-DCCP protocol: The DCCP protocol as defined by IETF with the applicable multipath extensions [12]. It receives PDUs from the MDTC in the UE (or the MDTS in the UPF) indicating the MP-DCCP connection to be sent on and, for each PDU, it selects an access type (i.e., a MP-DCCP sub-flow) to transmit the PDU. The access type selection is based on the steering mode associated with the MP-DCCP connection and the measurements provided by the MP-DCCP protocol (e.g., RTT, loss rate, congestion).

The MP-DCCP-LL functionality tunnels PDUs (e.g., IP packets or Ethernet frames) over a multipath DCCP transport. The protocol stack in the UE and UPF is shown in Figure 6.3.2-3. The different IP addresses shown in this figure are explained in the next clause.
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Figure 6.3.2-3: Protocol stack for MP-DCCP-LL

In summary, the MP-DCCP-LL steering functionality:
a.
Supports a multipath, unreliable, and transparent bi-directional tunneling service between the UE and UPF.

b.
Does not support retransmission of lost DCCP datagrams but supports loss detection, according to RFC4340 [11].

c.
Provides mechanisms for reordering of out-of-order arrived DCCP datagrams as described in section 6.3.7.

d.
Supports congestion control per DCCP sub-flow, based on standardized CC algorithms [19], [20], [21], [22] or newly developed ones (see e.g., draft-romo-iccrg-ccid5 [22]). As a result, the UE and the UPF may stop sending datagram frames on a DCCP sub-flow when congestion is detected by the MP-DCCP protocol on this sub-flow.

e.
Supports round-trip, packet loss measurements per DCCP sub-flow, as part of the CCID framework as specified in RFC4340 and provides available bandwidth estimation.

f.
Supports steering modes compatible with the ATSSS rules, the QoS rules and the N4 rules as defined in Rel-17.

6.3.3 MA PDU Session Establishment procedure
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Figure 6.3.3-1: MA PDU Session establishment using MP-DCCP

The above Figure 6.3.3-1 shows how an MA PDU Session is established when (a) the UE indicates support for MP-DCCP-LL and (b) the network accepts to apply MP-DCCP-LL for one or more traffic flows. All steps are the same as the steps used to establish an MA PDU Session in Rel-17 specifications. The additions to support MP-DCCP-LL are further discussed below.

1a.
In the PDU Session Establishment Request the UE indicates (in the 5GSM capability) that it supports the MP-DCCP-LL steering functionality and, possibly, other steering functionalities such as MPTCP and ATSSS-LL.

1b.
The AMF selects an SMF supporting ATSSS.

5a.
In the SM Policy Control Create Request, the SMF includes the ATSSS Capabilities of the MA PDU Session (see TS 23.502 [3] and TS 29.512 [23]), which contain the MP-DCCP-LL capability and, possibly, other capabilities already defined, such as "MPTCP functionality with any steering mode and ATSSS-LL functionality with any steering mode", etc.

5b.
The PCF decides to allow the requested MA PDU Session and creates PCC rules containing MA PDU Session Control information (see TS 29.512 [23]), which specifies a steering functionality (e.g., MP-DCCP-LL, ATSSS-LL), a steering mode (e.g., Active/Standby), etc.

6a.
Based on the received PCC rules, the SMF creates N4 rules for the UPF including MAR rules for MP-DCCP-LL.

6b.
In the N4 Session Establishment Request, the SMF includes the N4 rules and indicates to UPF that MP-DCCP-LL Control Information should be provided (see next step). The MP-DCCP-LL Control Information indicates to UPF how many MP-DCCP connections are needed, which is determined from the received PCC rules map to QoS Flows. For example, if the SMF has two QoS Flows carrying traffic with steering functionality = MP-DCCP-LL, then the SMF indicates to UPF that two MP-DCCP connections are needed.

6c.
Based on the requested MP-DCCP-LL Control Information, the UPF provides the following MP-DCCP-LL parameters:

1)
Two "UE link-specific MP-DCCP-LL" IP addresses used only by the MP-DCCP-LL functionality in the UE, one associated with the 3GPP access and another associated with the non-3GPP access. It is possible that the UPF provides "UE link-specific MP-DCCP-LL" IP addresses that are not routable via N6 (e.g., IPv6 link-local addresses). For example, the "UE link-specific MP-DCCP-LL" IP addresses may be the following:


UE link-specific MP-DCCP-LL IP address over 3GPP access = 10.10.1.1


UE link-specific MP-DCCP-LL IP address over non-3GPP access = 10.10.2.1

NOTE 1:
The "UE link-specific MP-DCCP-LL" IP addresses are similar to the "UE link-specific multipath" IP addresses used for MPTCP, specified in TS 23.502 [3] and TS 29.244 [24].

NOTE 2:
In case MP-DCCP-LL and MPTCP are enabled for the same MA PDU Session, the "UE link-specific MP-DCCP-LL" IP addresses and the "UE link-specific multipath" IP addresses can be the same.

2)
"MP-DCCP Address Information" which contains (1) two "UPF link-specific MP-DCCP-LL" IP addresses for the UPF, one for each access and (2) one UPF port number per MP-DCCP connection.

7.
Based on the received PCC rules and the MP-DCCP-LL parameters received from UPF, the SMF creates the following information, which will be sent to the UE:

-
ATSSS rules,

-
QoS rules, and

-
"MP-DCCP Connection Setup Information" which contains information for the UE to setup the MP-DCCP connections with the UPF. For example, it indicates that MP-DCCP Connection #1 over 3GPP access should be established toward the UPF IP address 10.10.1.2 and UPF port 53671.

8a. In the PDU Session Establishment Accept, the ATSSS Container (defined in TS 24.193 [25]) contains:

1)
The ATSSS rules, which are applied by MDTC in the UE to route the traffic of the MA PDU Session across the DCCP connections; and

2)
The "network steering functionalities information" (see TS 24.193 [25]), which contains:

a.
The two "UE link-specific MP-DCCP-LL" IP addresses provided by UPF in step 6c; and

b.
The "MP-DCCP Connection Setup information" created by SMF in step 7.

11.
Based on the received "MP-DCCP Connection Setup information" the MDTC in the UE establishes one or more MP-DCCP connections with the MDTS in the UPF. The UE establishes the MP-DCCP connections immediately after receiving the PDU Session Establishment Accept message. The application protocol negotiated during each MP-DCCP connection will be decided by stage-3 (for example, it could be "mp-dccp-ll").

The MP-DCCP connections established between the MDTC in UE and the MDTS in UPF include also MP-DCCP connections associated with downlink-only QoS flows. This is achieved by sending "MP-DCCP connection setup information" to UE that includes information for establishing a MP-DCCP connection associated with a downlink-only QoS flow. The UE does not send uplink PDUs to a MP-DCCP connection associated with a downlink-only QoS flow, because the UE has no associated QoS rule for this MP-DCCP connection. However, the UE sends DCCP packets (e.g., Data-ACK, etc.) over this MP-DCCP connection based on the normal MP-DCCP protocol operation.

CHANGE 2
6.3.7
Support of Re-Ordering 
Traffic splitting over access paths with different characteristics causes scrambling of the original data stream. A reassembly of such data stream requires a re-ordering. MP-DCCP does path sequencing, connection sequencing and has inherent latency information, i.e. all properties that are necessary for the packet receiving side, i.e. UE or UPF, to be able to do proper re-ordering. Different re-ordering strategies may be used which can be achieved by using specific Re-ordering modes, but these are not subject to this solution. Such re-ordering modes and enhancing re-ordering features can be applied in the UE and UPF to the MA-PDU Session data traffic as described in solution X
. RModes and RFeatures are signalled as part of ATSSS and N4 rules. 


End of Changes

�Note for the editor: This should point at the solution as agreed in a revision of S2-2202728.
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