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[bookmark: _Hlk115458812]Abstract of the contribution: This paper updates the solution description to address editor’s notes and questions/comments received at previous meeting.
1 	Discussion
This paper updates the solution description to address editor’s notes and questions/comments received at previous meeting as below:
Question 1: What is the problem if IP packets (PDUs) that below to different QoS flows are transmitted in the same MP-DCCP connection? The scheduling in MP-DCCP layer does not need to handle QoS because this is handled by the lower layers. Why QoS-aware scheduling would be required by the MP-DCCP layer?
Answer 1: Because lower layer QoS prioritization impacts flow/congestion control of the multi-path protocol. 
Question 2: Based on solution #2.4, the UE decides to use inner-header compression (IHC) or not. But how can the network enforce IHC? Operators may want to activate IHC and not rely on UE’s decision.
Answer 2: We propose to add negotiation, i.e. UE signals support of IHC, network decides on whether shall be applied or not. Solution adopted accordingly.
Question 3: The Impacts clause needs to describe the protocol overhead, in particular, when header compression is not applied. 
Answer 3: Added overhead section.
Question 4:  The UE knows the QoS flow and the steering mode associated with each MP-DCCP connection from the received MP-DCCP Connection Setup Information. But how can the UPF know the QoS flow and the steering mode associated with each MP-DCCP connection? 
Answer 4: clarified accordingly in the solution.
Question 5: Does the UPF needs to have two IP addresses (one per access) per MP-DCCP connection, as currently shown?
Answer 5: No, a single IP address is needed at the UPF side –> corrected accordingly.
Question 6: Clarify that, since there is one MP-DCCP connection per QoS flow and per steering mode, the number of MP-DCCP connections depends on the number of QoS flows and on the number of steering modes.
Answer 6: clarified accordingly in the solution.
Question 7: The following IETF drafts are expired and should be removed from the list of references: “draft-amend-iccrg-multipath-reordering”, “draft-romo-iccrg-ccid5”, “draft-amend-tsvwg-multipath-framework”.
Answer 7: removed.
Question 8: What information does the UPF receive to determine the need to allocate resources for a new MP-DCCP connection and how the UPF knows the QoS and the steering mode associated with this MP-DCCP connection?
Answer 8: see answer 4.


2	Proposal
It is proposed add this solution in TR 23.700-53 as follows. 
FIRST CHANGE 
6.3	Solution #2.1: MP-DCCP based Steering Functionality
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This solution addresses Key Issue #2 "New steering functionalities for non-TCP traffic" proposing MP-DCCP-LL to enable Access Traffic Steering, Switching and Splitting for any type of traffic, e.g. UDP, etc.
The ATSSS feature is to enable a UE the advantage that application traffic can use both access resources to raise the bandwidth or/and access reliability by simultaneously connecting over both 3GPP and non-3GPP accesses. Since release-16, the splitting mode is only available to TCP streams using the ATSSS-HL functionality based on MPTCP. For UDP and even plain IP traffic, it can only be supported by the ATSSS-LL functionality, thus an UDP or even an IP packet flow cannot be efficiently split over both accesses due to missing re-ordering support and to the lack of access path bandwidth capabilities, so actually the increase of bandwidth requirement is not achieved for those types of traffic. This solution is proposed to introduce a new steering method based on MP-DCCP to resolve this issue.
The Datagram Congestion Control Protocol (DCCP) was specified in IETF in RFC 4340 [11] for the transport layer to complement TCP and UDP for traffic that does not require reliable transport and re-transmission (in contrast to TCP traffic), but needs session and congestion control (in contrast to UDP traffic). For an introduction to DCCP please refer to RFC 4336 [15]. DCCP RFC 4340 [11] and its multipath pendant MP-DCCP, draft-ietf-tsvwg-multipath-dccp [12] provide protocol inherent measurement of path characteristics like latency, packet loss and available bandwidth. In that regard MP-DCCP is similar to MPTCP and therefore can support the same steering modes. Different to MPTCP though, is the handling of missing packets. Re-transmission and resulting head-of-line blocking are not under the responsibility of (MP-)DCCP, which is therefore similar to the ATSSS-LL characteristics provided for any type of traffic. This makes it suitable to be applied to Ethernet, IP and higher layer traffic when it becomes integrated with an encapsulation framework, draft-amend-tsvwg-multipath-framework [16], which tunnels these types of traffic over a MP-DCCP connection. Moreover MP-DCCP provides measures to facilitate the process of re-ordering at the termination points of ATSSS. For this purpose, timing and sequencing information are transmitted along with the encapsulated data to facilitate re-ordering or partial reordering of the data received from the 3GPP and non-3GPP access. Both access types provide different path characteristics that let the original data stream scramble during transport after it has been split. Re-ordering helps in the receiving ATSSS entity (UPF or UE) to reconstruct a certain degree order.
For example, MP-DCCP supports similar functionality as provided by ATSSS-LL and ATSSS-HL (MPTCP) for all ATSSS steering modes, for any type of traffic, and provides re-ordering capabilities. MP-DCCP does not introduce encryption but relies on the security layer of 3GPP.
MP-DCCP implementation already supports the following steering modes:
-	Cheapest Pipe First (similar to Priority-based of ATSSS): MP-DCCP priority-based scheduling mechanism allows the operator to assign a cost value to each network path. In case of congestion the next available path is chosen, in case of equal cost paths the path with minimum delay is selected.
-	Handover mode (similar to Active Standby of ATSSS): Data on the prioritized path (main path) are switched to next available one, as soon as prioritized DCCP tunnel becomes unavailable.
-	MinRTT (similar to Smallest Delay of ATSSS): Prioritizes the path with the smallest round trip time.
-	Round-Robin: Alternates PDU distribution between available accesses paths.
-	Fixed-Ratio (similar to Load Balancing of ATSSS): allows distribution of traffic based on a given ratio (e.g. 60:40).
-	Redundancy mode: Data are sent via all available paths to enhance reliability.
-	OTIAS mode: The "Out-of-Order Transmission for In-Order Arrival Scheduling" for multipath transport protocols supports reordering at the receiver side and is defined in IEEE AINAW [17].
And the following re-ordering modes:
-	Passive: Forward PDUs as received (effectively no re-ordering).
-	Static: Out-of order PDUs are hold in a re-ordering buffer until a static timer expires (e.g. 50ms). During this time delayed and missing packets are sorted into the sequence gaps.
-	Adaptive: Like the Static re-ordering mode but with an adaptive timer, which covers the latency difference across the access paths. The adaptive timer value is built from the MP-DCCP timing information sent along with the PDUs.
-	Static + Fast packet loss detection: Like the Static re-ordering mode, but additionally exploit the connection and path sequencing used in MP-DCCP for early packet loss detection, see clause 5.6 of draft-amend-iccrg-multipath-reordering [18].
-	Adaptive + Fast packet loss detection: Like the Adaptive re-ordering mode, but additionally exploit the connection and path sequencing used in MP-DCCP for early packet loss detection, see clause 5.6 of draft-amend-iccrg-multipath-reordering [18].
This solution can be applied to any type of traffic, at least to the UDP based application traffic, with IP-based MA PDU Sessions for various IP versions (IPv4, IPv6, IPv4v6).
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This solution is largely based on Solution #6 "MPQUIC-LL Steering Functionality" defined in TR 23.700-93 [5] 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/IP, UDP/IP), but at least provides ATSSS functionalities to non-TCP based traffic (e.g. UDP/IP, QUIC/UDP/IP). 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.


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 the means for access traffic Steeringsteering, Switchingswitching, and Ssplitting 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 draft-amend-tsvwg-multipath-framework [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, RFC 4341 [19], CCID3, RFC 4342 [20], CCID4, RFC 5622 [21], CCID5, draft-romo-iccrg-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.


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.
-	If negotiated, Iit compresses the inner headers (e.g. IP, UDP, TCP, Ethernet) of the UL PDU.
Editor's note:	It is FFS how the header compression parameters are negotiated between the UE and UPF. It should be investigated whether such negotiation can be supported with the solution #2.4.
-	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) a QoS flow, (b) a MP-DCCP connection to transmit the PDU, and (c) a steering mode. The MP-DCCP connection is selected based on the N4 (e.g. MAR) rules.
-	If negotiated, iIt compresses the inner headers (e.g. IP, UDP, TCP, Ethernet) of the DL PDU.
Editor's note:	It is FFS how the header compression parameters are negotiated between the UE and UPF. It should be investigated whether such negotiation can be supported with the solution #2.4.
-	MP-DCCP protocol: The DCCP protocol as defined by IETF with the applicable multipath extensions, draft-ietf-tsvwg-multipath-dccp [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.




Figure 6.3.2-3: Protocol stack for MP-DCCP-LL	Comment by Dieter Gludovacz: Corrected IP@
In summary, the MP-DCCP-LL steering functionality:
a.	Supports a multipath, unreliable, and transparent bi-directional tunnelling service between the UE and UPF.
b.	Does not support retransmission of lost DCCP datagrams but supports loss detection, according to RFC 4340 [11].
c.	Provides mechanisms for reordering of out-of-order arrived DCCP datagrams as described in clause 6.3.7.
d.	Supports congestion control per DCCP sub-flow, based on standardized CC algorithms RFC 4341 [19], RFC 4342 [20], RFC 5622 [21], draft-romo-iccrg-ccid5 [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 RFC 4340 [11] 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. One steering mode is supported per MP-DCCP connection.
g.	Optionally, Ssupport compression of the inner headers (e.g. IP, UDP, TCP, Ethernet) of the UL and DL PDUs.
[bookmark: _Toc112909551][bookmark: _Toc112910050]6.3.3	MA PDU Session Establishment procedure



 
Figure 6.3.3-1: MA PDU Session establishment using MP-DCCP
[bookmark: _Toc43811571][bookmark: _Toc43708218][bookmark: _Toc43708142][bookmark: _Toc43708068][bookmark: _Toc43336514]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, inner header compression (IHC), supported compression profile, 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 and decides to use IHC and which compression profile.
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 which map to QoS Flows and steering modes. For example, if the SMF has two QoS Flows carrying traffic with steering functionality = MP-DCCP-LL, and steering mode= smallest delay then the SMF indicates to UPF that two MP-DCCP connections are needed. It also includes IHC configuration information.
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) twothe "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.
3) 
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 
a) information for the UE to setup the MP-DCCP connections with the UPF. For example, it indicates that a MP-DCCP Connection #1  over 3GPP access should be established toward the UPF IP address 10.10.3.1.2 and UPF port 53671 for QFI-x and steering mode=smallest delay.
b) IHC configuration information
8a.	In the PDU Session Establishment Accept, the ATSSS Container (defined in TS 24.193 [13]) 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 [13]), 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").
When MP-DCCP-LL functionality is enabled for the MA PDU Session:
-     any QoS rules or PDRs that apply to the MA PDU Session IP address/prefix and port also apply to the "link-specific multipath" addresses/prefixes and ports used by the UE to establish MP-DCCP subflows over 3GPP and non-3GPP accesses; and
-     any QoS rules or PDRs that apply to the IP address/prefix and port of the final destination server in DN also apply to the IP address and port of the MDTS for corresponding MP-DCCP subflows that are terminated at the UPF.
NOTE 2:  How these associations are made is left up to the UE and UPF implementations.

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.
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The MA PDU Session Modification procedure (either network-requested or UE-requested) may be used to add or remove QoS flows from an established MA PDU Session, as specified since Rel-16.
After the MA PDU Session Modification procedure is completed, then:
-	If a QoS flow is deleted and this QoS flow was used to transfer MP-DCCP-LL traffic, then the MP-DCCP connection associated with this QoS flow (one DCCP connection per access) is released. The UE receives updated "MP-DCCP Connection Setup Information" in order to determine which MP-DCCP connection to release.
-	If a QoS flow is created and this QoS flow will be used to transfer MP-DCCP-LL traffic, then the MP-DCCP connection associated with this QoS flow (one DCCP connection per access) is established between the UE and UPF. The UE receives updated "MP-DCCP Connection Setup Information" in order to determine the UPF IP addresses and ports for the new MP-DCCP connections.
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To better explain the MP-DCCP-LL operation, we consider an example in this clause. In this example, it is assumed that the PCF creates two PCC rules which contain steering functionality = MP-DCCP-LL (see Figure 6.3.5-1 below) and the UPF provides the following MP-DCCP-LL parameters:
1)	"UE Link-specific MP-DCCP-LL" IP addresses:
	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
2)	MP-DCCP-LL Address Information:
	UPF Link-specific MP-DCCP-LL IP address for both 3GPP access = 10.10.1.2
	UPF Link-specific MP-DCCP-LL IP addressand for non-3GPP access = 10.10.3.12.2
	UPF Port for MP-DCCP Connection #1 = 53671
	UPF Port for MP-DCCP Connection #2 = 53672
Based on the above MP-DCCP-LL Address Information, the SMF creates the following " MP-DCCP Connection Setup information", which is sent to UE.
-	MP-DCCP Connection #1:
-	UPF Link-specific MP-DCCP-LL IP address for 3GPP access: 10.10.3.1.2
-	UPF Link-specific MP-DCCP-LL IP address for non-3GPP access: 10.10.2.2
-	UPF Port: 53671
-	Associated QFI: QFI-x
-	Associated Steering Mode: Active/Standby
-	MP-DCCP Connection #2:
-	UPF Link-specific MP-DCCP-LL IP address for both 3GPP access: 10.10.1.2
-	UPF Link-specific MP-DCCP-LL IP address forand non-3GPP access: 10.10.3.12.2
-	UPF port: 53672
-	Associated QFI: QFI-y
-	Associated Steering Mode: Smallest Delay
The UE applies the received "UE link-specific MP-DCCP-LL" IP addresses and the " MP-DCCP Connection Setup information" and establishes two MP-DCCP connections with the UPF over both 3GPP access and non-3GPP access, as shown below.




Figure 6.3.5-1: Example of MP-DCCP-LL Operation	Comment by Dieter Gludovacz: Corrected UPF IP@
After the two MP-DCCP connections are established between the UE and the UPF, the MP-DCCP-LL routes the PDUs received from the upper layers to one of the flows of a MP-DCCP connection, as illustrated in Figure 6.3.5-2 and Figure 6.3.5-3 below for up-link and down-link traffic, respectively.
First, the QoS rules are applied on a received PDU (e.g. IP packet or Ethernet frame) to determine a QFI for this PDU. Subsequently, the MDTC finds a matching ATSSS rule for the PDU based on which it identifies the steering mode that should be applied for this PDU. Finally, the MDTC selects a MP-DCCP connection for the PDU based on the selected QFI and the steering mode. For each MP-DCCP Connection, the MDTC maintains an associated steering mode and QFI according on the received " MP-DCCP Connection Setup information". Finally, the PDU is encapsulated in a DCCP datagram and is added to a DCCP/IP packet destined to [UPF Link-specific MP-DCCP-LL IP address = 10.10.3.1.2, UPF Port = 53671].
NOTE 1:	The QFI selected for a PDU is transferred down to the selected access (3GPP or non-3GPP) so that the selected access can transfer the PDU via the corresponding QoS flow. For a packet created by the MP-DCCP protocol itself (e.g. a Data ACK), the QFI delivered to the access is the QFI associated with the MP-DCCP connection over which this packet is transmitted.
NOTE 2:	The header compression, if performed by the MP-DCCP Tunnel Client and the MP-DCCP Tunnel Server (see clause 6.3.2) is not shown in the following two figures for simplicity.




Figure 6.3.5-2: Example of user-plane operation with MP-DCCP-LL (UL direction)	Comment by Dieter Gludovacz: Corrected UPF IP@




Figure 6.3.5-3: Example of user-plane operation with MPDCCP-LL (DL direction)
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[bookmark: _Toc50381006][bookmark: _Toc54626608][bookmark: _Toc57124755][bookmark: _Toc66301504]MP-DCCP solution supports all specified steering modes in TS 23.501 [2]. In addition, MP-DCCP can support additional steering modes as listed in clause 6.3.1.
MP-DCCP protocol may provide additional modes by new scheduling algorithms and by flexibly combining any of the existing steering modes.
[bookmark: _Toc96622106][bookmark: _Toc101168783][bookmark: _Toc112909555][bookmark: _Toc112910054][bookmark: _Toc97103574]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 protocol itself does not does specify re-ordering mechanisms but provides path sequencing (DCCP packet sequencing [11]), connection sequencing (MP_SEQ option [12]) and has inherent latency (MP_RTT option[12]) or timing (DCCP timestamp option[11]) information exchange, i.e. all properties that are necessary for the packet receiving side, i.e. UE or UPF, to be able to implementdo proper re-ordering properly. Different re-ordering strategies may be used which can be achieved by using implementation specific means.
6.3.7	User-plane overhead
This section shows additional header sizes used by the MP-DCCP-LL solution to encapsulate and transport PDUs over the user-plane. 
Note: Outer IP header is not considered as not different between solutions.
Data Packet
MP_RTT for Reordering
---DCCP------- + -----MP-DCCP--- + Payload
Generic Header + MP-SEQ + MP-RTT + IP + UDP
12 or 16       + 9      + 12      + 20 + 8 = 61/65 Bytes

DCCP Timestamp for reordering
---DCCP------------------- + MP-DCCP + Payload
Generic Header + timestamp + MP-SEQ  + IP + UDP
12 or 16       + 6         + 9       + 20  + 8 = 55/59 Bytes


Depending on which combination of short or long DCCP header and the type of delay information exchange (DCCP timestamp option or MP_RTT option) is used for reordering the additional headers add 55 Byte to 65 Byte to the actual payload. It is recommended to use short DCCP header (12 Bytes) and timestamp option (6 Bytes) for implementations which results in additional 55 Byte only.
Compression of IP/UDP or IP/TCP or Ethernet headers can significantly reduce overhead.


6.3.9	Co-existence with MPTCP and ATSSS-LL
The MP-DCCP and the MPTCP steering functionalities complement each other as the former supports multipath transport for UDP/IP/Ethernet traffic, while the latter supports multipath transport for TCP/IP traffic.
Since the UE indicates if it supports the MP-DCCP steering functionality (in the PDU Establishment Request message), the network may configure the UE/UPF to apply MP-DCCP for UDP data flows, only if it is supported by the UE. Otherwise, the network may configure the UE/UPF to apply ATSSS-LL for UDP data flows.


[bookmark: _Toc97103575][bookmark: _Toc100745525][bookmark: _Toc101168784][bookmark: _Toc112909556][bookmark: _Toc112910055]6.3.810	Impacts on services, entities, interfaces and IETF protocols
[bookmark: _Hlk115360232]The ATSSS rules and the N4 rules are enhanced to support values for the MP-DCCP-LL steering functionality and for potentially new steering modes. The UE and the UPF receive information (see the " MP-DCCP Connection Setup information" for UE respectively "MP-DCCP-LL Control Information" for UPF) which indicates how many MP-DCCP connections should be established between the UE and the UPF, and the QoS flow and steering mode associated with each MP-DCCP connection.
IETF protocols:
-	The MP-DCCP-LL solution is based on the following draft specifications defined by IETF. The MP-DCCP-LL does not require any changes to these specifications.
	RFC 4340 [11], draft-ietf-tsvwg-multipath-dccp [12].
AMF:
-	No impact. It is assumed that if 5GC supports ATSSS / Rel-18, then all ATSSS-capable SMFs in 5GC are capable of supporting MP-DCCP-LL.
SMF:
-	From the PCC rules, it shall determine the number of MP-DCCP connections needed.
-	Shall indicate to UPF the number of MP-DCCP connections needed.
[bookmark: _Hlk115360382]-	Shall create and send to UE the " MP-DCCP Connection Setup Information" based on the “MP-DCCP-LL Address Information” received from UPF.
[bookmark: _Hlk115360467][bookmark: _Hlk115360415]-	From the received PCC rules, it shall create corresponding ATSSS rules and QoS rules for the UE.
[bookmark: _Hlk115360457]-	From the received PCC rules, it shall create corresponding N4 rules (PDRs, MAR, QER, etc.) for the UPF.
- 	Decides whether to use IHC and forwards IHC configuration information to UE and UPF
PCF:
-	Shall be able to create PCC rules using the MP-DCCP-LL steering functionality.
UPF:
[bookmark: _Hlk115360510]-	Shall be able to allocate the "UE Link-specific MP-DCCP-LL" IP addresses.
-	Shall be able to allocate MP-DCCP-LL Address Information, i.e. two one IP addresses used for MP-DCCP-LL (one per access) and one UDCCP port number for each MP-DCCP connection.
-	Shall apply the N4 rules (e.g. PDRs and associated MARs) to select a MP-DCCP connection and an access (sub-flow) on this connection, for each DL PDU. Each MAR using the MP-DCCP-LL steering functionality shall identify a MP-DCCP Connection.
-	Shall select a MP-DCCP connection for an DL PDU based on the steering mode and QoS flow selected with this PDU.
-	Shall be able to support the DCCP protocol with multipath extensions.
-	Shall apply the QoS Enforcement Rules (QERs) to map the traffic of each MP-DCCP connection to a QoS flow.
-	Applies inner header compression based on the received when IHC configuration received in N4 rules
UE:
-	Shall be able to indicate support of MP-DCCP-LL and whether IHC is supported and which compression profile it supports when requesting a MA PDU Session.
-	Shall establish N MP-DCCP connections to UPF via each access, based on the received " MP-DCCP Connection Setup Information".
-	Shall apply the ATSSS rules to select a steering mode for each UL PDU.
-	Shall select a MP-DCCP connection for an UL PDU based on the steering mode and QoS flow selected with this PDU.
-	Shall be able to support the DCCP protocol with multipath extensions.
-	Shall apply the QoS rules to map the traffic of a SDF to a QoS flow.
- 	Shall apply IHC based on the received compression profile in the MP-DCCP Connection Setup Information 
. 
Second CHANGE 

[bookmark: _Toc22214898][bookmark: _Toc23254031][bookmark: _Toc97103544][bookmark: _Toc100745495][bookmark: _Toc101168753][bookmark: _Toc112909524][bookmark: _Toc112910023]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G system, Stage 2".
[4]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[5]	3GPP TR 23.700‑93: "Study on access traffic steering, switch and splitting support in the 5G System (5GS) architecture; Phase 2".
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[14]	3GPP TS 24.302: "Access to the 3GPP Evolved Packet Core (EPC) via non-3GPP access networks; Stage 3".
[15]	IETF RFC 4336: " Problem Statement for the Datagram Congestion Control Protocol (DCCP)".
[16]	draft-amend-tsvwg-multipath-framework: "A multipath framework for UDP traffic over heterogeneous access networks".
Editor's note:	The above document cannot be formally referenced until it is published as an RFC.
[17]	IEEE AINAW, "Out-of-Order Transmission for In-Order Arrival Scheduling for Multipath TCP", DOI:10.1109/WAINA.2014.122.
[18]	draft-amend-iccrg-multipath-reordering: "Multipath sequence maintenance".
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[21]	IETF RFC 5622: "Profile for Datagram Congestion Control Protocol (DCCP) Congestion ID 4: TCP-Friendly Rate Control for Small Packets (TFRC-SP)".
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