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1
Discussion
Proposal 1: We believe that in Rel-17 it should be specified:
· A single QUIC-based steering functionality that can operate with and without the multipath extensions. This means that the outcome of KI#2 should be a single solution, not multiple different solutions. 

The multipath extensions for QUIC are the extensions specified in draft-deconinck-multipath-quic or in another draft that may be created by the QUIC WG. These multipath extensions enable QUIC to efficiently split a data flow across multiple network paths (e.g. over 3GPP access and non-3GPP access) and it is useful for steering modes like Load Balancing.

During the establishment of the MA PDU Session, the UE and the network negotiate of whether the QUIC-based steering functionality will operate with or without the multipath extensions. For example, if the UE indicates it supports QUIC with the multipath extensions but the network (e.g. the selected UPF) does not support the multipath extensions, then the network indicates that the QUIC-based steering functionality shall operate without the multipath extensions.
NOTE 1: 
In case the UE and the network agree to apply the QUIC-based steering functionality with the multipath extensions, then either (a) all QUIC connections between the UE and UPF are multipath QUIC connections or (b) some QUIC connections between the UE and UPF are multipath QUIC connections while other QUIC connections are single path QUIC connections. The latter case (b) introduces a mixed mode of operation which is left FFS. In the rest of this document, case (a) is assumed.
Based on the Proposal 1 above, there are three different options that should be considered for specifying a single QUIC-based steering functionality in Rel-17:
Option 1: Specify a QUIC-based steering functionality based on Solution #8 (uses QUIC without multipath extensions) and Solution #7 (its counterpart that uses QUIC with multipath extensions);
Option 2: Specify a QUIC-based steering functionality based on Solution #1 (uses QUIC without multipath extensions) and Solution #6 (its counterpart that uses QUIC with multipath extensions);
Option 3: Specify a QUIC-based steering functionality based on Solution #13 (uses QUIC without multipath extensions) and Solution #14 (its counterpart that uses QUIC with multipath extensions).
Proposal 2: We believe that Option 1 causes several issues (see the next clause), therefore:
· The single QUIC-based steering functionality should be based on Option 2 and/or Option 3. 
2
Issues with Option 1

As mentioned above, Option 1 is to "specify a QUIC-based steering functionality based on Solution #8 and Solution #7", i.e. to specify a high-layer steering functionality. The "high-layer" means that the solution operates above the IP layer, similarly to MPTCP.
The figure below shows solution #8 (QUIC without the multipath extensions) using the transparent mode (i.e. no proxy in the UPF). The red colour designates the new elements introduced by this solution on top of Rel-16.
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Figure 2-1
Issues with Solution #8 (i.e. issues with Option 1 when operating without the multipath extensions):

1. Too many QUIC connections: For each UDP flow, a new QUIC connection between the UE and UPF must be created. This requires the UE and the UPF to keep state information for many simultaneous QUIC connections (thus large memory requirements) and, also, requires an inactivity timer per QUIC connection to clear the connection and the associated state information. Especially in the UPF (which can serve numerous UEs and thousands of simultaneous QUIC connections), the CPU and memory requirements for QUIC connection handling will be very challenging.

a. The same issue exists for solution #7, in which an MPQUIC connection is established per IP flow.

2. Since, for each IP flow, a new QUIC connection between the UE and UPF must be created, it requires both the UE and the UPF to be able to initiate QUIC connections. For example, if the UPF receives a DL packet via N6 for which there is no associated QUIC connection, the UPF should be able to initiate a new QUIC connection towards the UE, and the UE should apply reflective mechanisms to map the associated UL packets into this QUIC connection. This introduces a lot of complexity for no obvious advantage.

a. The same issue exists for Solution #7.

3. Bad performance: The fact that each QUIC connection operates over two separate and dissimilar paths (3GPP path and non-3GPP path) is not exposed to the QUIC protocol (as it is exposed to the MPTCP protocol). This would severely impact the performance because, as stated in draft-deconinck-quic-multipath, "the current design of QUIC does not enable multihomed devices to efficiently use different paths simultaneously". For example, if one path gets congested and introduces packet losses, the QUIC congestion controller will throttle the entire traffic of the QUIC connection and will not deliver traffic to the other path, even though it is not congested. As a result, the traffic transmitted via the MA PDU Session will experience unnecessary delays and reduced throughput.
4. The QUIC protocol in solution #8 is essentially applied for enabling per-packet splitting and reassembling across the two paths. However, using the QUIC protocol for this purpose, not only results to bad performance (according to the previous bullet) but it is also an overkill: Packet split and reassemble could be accomplished by enhancing the ATSSS-LL layer itself to support packet numbering and re-ordering. There is no need to use the QUIC protocol just to enable per-packet splitting and reassembling across the two paths.
5. The solution #8 relies on the PMF procedures (and requires PMF enhancements) to estimate RTT and loss rate, although the QUIC protocol itself supports RTT estimation and loss detection. The need for PMF enhancements to support e.g. RTT measurements per QoS flow are deemed unnecessary in light of other solutions in TR 23.700-93, which create one QUIC connection per QoS flow and then retrieve the RTT estimated by the QUIC protocol for this QUIC connection.
6. Difficult QoS handling in case of non-transparent mode: When solution #8 applies the non-transparent mode, all the traffic generated by the UE is destined to the UDP proxy address/port at the UPF. So, for each UDP flow sent to UPF, the UE needs to know the associated address and port of the final destination and must apply the QoS rules based on the address and port of the final destination.
7. Solution #8 by itself is not a full solution. As shown in Fig. 2-1, it requires the ATSSS-LL and the MPTCP steering functionalities for handling non-UDP traffic. Even for the UDP traffic, the packet scheduling is still performed by the ATSSS-LL.
Finally, it is important to note that:

· Solution #7 and Solution #8 feature significant differences and, therefore, cannot be considered a single solution operating in two modes (with and without multipath). For example, Solution #8 relies on ATSSS-LL for traffic steering, switching and splitting, whereas Solution #7 does not rely on ATSSS-LL as the traffic steering, switching and splitting is performed by MPQUIC. Also, Solution #7 requires two link-specific IP addresses (see IP@1, IP@2 in Figure 6.7.2-1 of TR 23.700-93), whereas Solution #8 does not require these link-specific IP addresses (see Figure 6.8.2-1 of TR 23.700-93).
From the above, we conclude that Option 1 is not the preferred way forward for Rel-17.
3
Proposal

Based on the above discussion, it is proposed that in Rel-17 it shall be specified:
· A single QUIC-based steering functionality that can operate with and without the QUIC multipath extensions. 

· This QUIC-based steering functionality shall be based on the principles of Solution #1, Solution #6, Solution #13 and Solution #14.
The proposed interim conclusions below specify the principles of the QUIC-based steering functionality for Rel-17.

START OF CHANGES (All Text New)
8.x
Interim Conclusions for KI#2: Additional Steering Functionalities
A single QUIC-based steering functionality shall be specified that can operate with and without the QUIC multipath extensions, which will be specified by IETF. This steering functionality is called "Low-Layer QUIC Steering" (LLQS) functionality and is based on the principles of Solution #1, Solution #6, Solution #13 and Solution #14.
More specifically, the LLQS functionality shall be based on the following:

1. The LLQS functionality shall be optional for the UE and for the network.

2. The model of a MA PDU Session using the LLQS functionality is illustrated in the following figure. Note that the "QUIC protocol" in this figure is the QUIC protocol specified by IETF in draft-ietf-quic-transport [6], draft-ietf-quic-recovery [7], draft-ietf-quic-tls [18] and in draft-ietf-quic-datagram [8] for unreliable datagram transport. The QUIC protocol may or may not support the QUIC multipath extensions that will be specified by IETF (e.g. based on the draft-deconinck-multipath-quic [10]).
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Figure 8.x-1

3. The LLQS Client in the UE operates as a client application over the QUIC protocol and its functionality is specified by 3GPP (see details below). Similarly, the LLQS Server in the UPF operates as a server application over the QUIC protocol and its functionality is specified by 3GPP (see details below).
4. The architecture reference model for ATSSS, specified in TS 23.501 [3] clause 4.2.10, shall be enhanced as shown in Figure 8.x-2. The LLQS functionality is implemented in the UE and in the PSA UPF. The PMF is not utilized by the LLQS functionality. When the UE supports the LLQS functionality, it may also be capable of supporting the ATSSS-LL functionality and the MPTCP functionality.
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Figure 8.x-2

5. The LLQS functionality can operate in two modes: (a) LLQS with multipath, or (b) LLQS without multipath. The LLQS mode is negotiated during the MA PDU Session establishment as follows:

a. 
When the UE requests the MA PDU Session, it indicates whether it support LLQS without multipath, or LLQS with multipath. If the UE indicates that it supports LLQS with multipath, then the UE also supports LLQS without multipath. The network, depending on its capabilities and policies, decides which LLQS mode to apply for the MA PDU Session. For example, if the UE indicates it support LLQS with multipath, the network may decide to apply either LLQS with multipath or LLQS without multipath, based on the network capabilities and policies.
Editor’s note: In case the UE and the network agree to apply LLQS with multipath, then either (a) all QUIC connections between the UE and UPF are multipath QUIC connections or (b) some QUIC connections are multipath QUIC connections, while other QUIC connections are single-path QUIC connections. For simplicity, it is assumed that case (a) is applied. The latter case (b) is left FFS.

6. When the network decides to apply LLQS with multipath for the MA PDU Session, then:

a. 
After the MA PDU Session is established, the LLQS Client creates N multipath QUIC connections to the LLQS Server, where the number N is determined by the "QUIC Connection Setup information" contained inside the MA PDU Session Establishment Accept message.
b. 
The "QUIC Connection Setup information" is constructed by the SMF based on the received PCC rules. For example, if the SMF receives the following two PCC rules, the "QUIC Connection Setup information" would instruct the UE to establish two multipath QUIC connections, one associated with QFI=12 and steering mode Active/Standby and another associated with QFI-12 and steering mode Load Balancing.
i. {SDF-1, 5QI=12, Steering Functionality=LLQS with multipath, Steering mode=Active/Standby}, 

ii. {SDF-2, 5QI=12, Steering Functionality=LLQS with multipath, Steering mode=Load Balancing}.
NOTE 1: 
It is assumed that the scheduler of a multipath QUIC connection can apply only one steering mode. Therefore, if different steering modes are needed for the traffic of a QoS flow, then different multipath QUIC connections are setup for this QoS flow, one per steering mode.
c. 
One multipath QUIC connection is established per QoS flow and per steering mode. 
d. 
As shown in Fig. 8.x-3(a), the LLCS Client first applies the QoS rules to select a QoS flow for an UL PDU, then selects a steering mode (according to the ATSSS rules) for the UL PDU and, finally, selects a multipath QUIC connection to send the UL PDU based on the selected QoS flow (QFI) and the selected steering mode. The LLQS Server in the UPF operates similarly for the DL packets but applies the N4 rules instead. For each multipath QUIC connection, the UE and the UPF maintain the associated QoS flow and steering mode.
e. 
Each DL/UL packet is encapsulated within a QUIC Datagram frame specified in draft-ietf-quic-datagram [8].
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(a) LLQS with multipath in the UE
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(b) LLQS without multipath in the UE


Figure 8.x-3
7. When the network decides to apply LLQS without multipath for the MA PDU Session, then:

a. 
After the MA PDU Session is established, the LLQS Client creates N QUIC connections to the LLQS Server over 3GPP access and N QUIC connections to the LLQS Server over non-3GPP access, where the number N is determined by the "QUIC Connection Setup information" contained inside the MA PDU Session Establishment Accept message.

b. 
The "QUIC Connection Setup information" is constructed by the SMF based on the received PCC rules. For example, if the SMF receives the following two PCC rules, the "QUIC Connection Setup information" would instruct the UE to establish two QUIC connections, one associated with QFI=12 and 3GPP access and another associated with QFI-12 and non-3GPP access.
i. {SDF-1, 5QI=12, Steering Functionality=LLQS without multipath, Steering mode=Active/Standby}, 

ii. {SDF-2, 5QI=12, Steering Functionality=LLQS without multipath, Steering mode=Load Balancing}.

c. 
One QUIC connection is established per QoS flow and per access. 

d. 
As shown in Fig. 8.x-3(b), the LLCS Client first applies the QoS rules to select a QoS flow for an UL PDU, then selects an access network (according to the ATSSS rules) for the UL PDU and, finally, selects an QUIC connection to send the UL PDU based on the selected QoS flow (QFI) and the selected access network. The LLQS Server in the UPF operates similarly for the DL packets but applies the N4 rules instead. For each QUIC connection, the UE and the UPF maintain the associated QoS flow and access type.
e. 
Each DL/UL packet is encapsulated within a QUIC Datagram frame specified in draft-ietf-quic-datagram [8].

f. 
The LLQS Client and the LLQS Server retrieve RTT measurements from the QUIC protocol per QUIC connection. Based on these measurements, the LLQS Client and the LLQS Server determine the RTT per QoS flow and may apply this RTT for access selection (e.g. when a Smallest Delay steering mode should be applied).

Editor’s Note: It is FFS whether a signalling protocol is used between the LLQS Client and the LLQS Server (e.g. the MASQUE protocol defined in draft-ietf-masque-connect-udp [20] or the tunnel protocol defined in draft-piraux-quic-tunnel [9]). Such signalling protocol may be useful to associate a QUIC connection for a specific QFI and other parameters, without the need to provide "QUIC Connection Setup information" during the MA PDU Session.
8. Note that, when LLQS without multipath is applied, the access type for a PDU is selected by the LLQS Client in the UE or the LLQS Server in the UPF. However, when LLQS with multipath is applied, the access type for a PDU is selected by the QUIC protocol using the QUIC multipath extensions and a steering mode.

9. The ATSSS rules, the QoS rules and the N4 rules remain the same and they are applied as in Rel-16.
10. The MA PDU Session establishment procedure is based on the concepts specified in solution #1, solution #6, solution #13 and solution #14. During the MA PDU Session, the UE receives:
a. 
The "QUIC Connection Setup information" referred to above. However, this may not be needed as explained in the previous Editor’s Note.
b. 
Two "UE link-specific LLQS" IP addresses used only by the LLQS functionality in the UE, one associated with the 3GPP access and another associated with the non-3GPP access. 

NOTE 2:
The "UE link-specific LLQS" IP addresses are similar to the "UE link-specific multipath" IP addresses used for MPTCP, specified in TS 23.502 [4] and TS 29.244 [22]. If LLQS and MPTCP are enabled for the same MA PDU Session, the "UE link-specific LLQS" IP addresses and the "UE link-specific multipath" IP addresses can be the same.

c. 
The address of the LLQS Server in the UPF.
Editor’s Note: Further details of the LLQS functionality, including further details of the MA PDU Session establishment procedure, will be provided in a later version of this TR.
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