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1. RTT measurements with TCP
1.1. General

So far, the following agreements have been made regarding how the RTT measurements between the UE and the UPF can be obtained:

1. In the case of MPTCP, the RTT measurements are obtained by the TCP layer for each subflow (i.e. for each access network), which are further utilized by the MPTCP connection for traffic steering, switching and splitting. 

2. In the ATSSS-LL case, the RTT measurements are obtained by the PMF in the UE and in the UPF by sending “echo request” and “echo response” packets over the UDP protocol. The Measurement Assistance Information contains the IP Address and UDP ports where the UE should send “echo request” packets to.
As can be seen from the above, there is clearly an overlap between TCP procedures used for RTT measurements (in case of MPTCP) and PMF/UDP procedures used for RTT measurements (in case of ATSSS-LL). We believe that this overlapping should be avoided and that the existing TCP procedures for RTT measurements should be used in both cases (for MPTCP and for ATSSS-LL). If we apply the existing TCP procedures for RTT measurements in both cases, we foresee the following benefits: 

1. For MA PDU Sessions with type IP, the PMF layer will not need to apply its own mechanism for RTT measurements. It can simply retrieve the RTT measurements for the underlying TCP layer via existing APIs.
2. In addition, using TCP simplifies the model, as a TCP connection is first established from the UE to UPF, and then either the UE or the UPF can exchange measurement messages (e.g. “echo request”, “echo response”) via this TCP connection. On the other hand, if we use UDP, the UPF will not be able to send any measurement messages to UE until the UE first sends a measurement message to UPF, which includes its source UDP port. In some cases also, the source UDP port assigned in the UE may be ephemeral (i.e. transient), thus, it would use a different source UDP port than other UEs. Reserving a fixed source UDP port on the UE is not feasible as the port may be used by an application or service running on the UE. 
3. Furthermore, TCP is a byte-stream protocol that handles any size of “writes” done by the application (i.e. the PMF in this case). This means the size of the measurement messages can be arbitrary, which allows a richer set of information to be exchanged between the PMF instances in the UE and UPF. This will be able to better facilitate potential enhancements in the future. However, with UDP, the PMF protocol needs to be defined with size constraints to avoid IP fragmentation.

All of this could be avoided if we use TCP rather than UDP for RTT measurements between the UE and PMF.
1.2. Procedures

This clause specifies how RTT measurements can be obtained by leveraging the existing mechanisms of the TCP protocol. The following figure illustrates the signalling between the UE and the UPF right after the establishment of a MA PDU Session using the ATSSS-LL functionality (and assuming the UE is registered over both accesses).
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Fig. 1: RTT measurements between UE and UPF using the existing TCP mechanisms
Step 1. After the MA PDU Session is established and the UE receives Measurement Assistance Information and ATSSS rules, the PMF in the UE initiates two TCP connections to the PMF in the UPF:

· One TCP connection to the <IP address> and <Port> contained in the Measurement Assistance Information; and

· One TCP connection to the <IP address> and <Port+1> contained in the Measurement Assistance Information.

· Routing rules in the UE are used to route the traffic of the first TCP connection over 3GPP access and the traffic of the second TCP connection over non-3GPP access, based on the destination TCP ports
After both TCP connections are established:

· The TCP layer in the UE has estimated the RTT values over both accesses and the PMF in the UE may retrieve these RTT values from the TCP layer via existing APIs. 

NOTE 1: 
All modern operating systems, including iOS and Android, provide mechanisms to extract TCP state information which includes RTT, RTT variance, retransmissions, etc. This can be achieved via mechanisms such as TCP_INFO, sock_diag, or equivalent.

· Similarly, the TCP layer in the UPF has estimated the RTT values over both accesses and the PMF in the UPF may retrieve these RTT values from the TCP layer via existing APIs.

Step 2. The PMF in the UE decides to send a PMF-Echo Request message via the first TCP connection, i.e. via 3GPP access. This PMF-Echo Request message serves two purposes:
· First, it indicates to UPF that the 3GPP interface in the UE is available, thus, the UPF may forward DL traffic to UE via 3GPP access. 

· Second, it enables the TCP layer in the UE to update the RTT value over 3GPP access. The PMF in the UE can extract the updated RTT value from the TCP layer (via existing APIs) right after it receives the PMF-Echo Request message. 
Step 3. Similarly to the previous step, the PMF in the UPF decides to send a PMF-Echo Request message via the second TCP connection, i.e. via non-3GPP access. This PMF-Echo Request message enables the TCP layer in the UPF to update the estimated RTT value over non-3GPP access (which can be retrieved by the PMF in the UPF via existing APIs).
In case no RTT measurements are needed (e.g. because no ATSSS rule is configured with a “Smallest Delay” steering mode), the above two TCP connections between the UE and UPF are still established. In this case, however, no PMF-Echo Request/Response messages are exchanged. Instead, the UE sends only PMF-Access Report messages to report path characteristic information to UPF (e.g. to report when a certain path becomes available or unavailable). The UPF does not send any PMP messages to UE. 

2. Proposal

Based on the discussion in the previous clause, it is proposed that:

· For MA PDU Sessions with type IP, the RTT measurements should be obtained based on the existing TCP mechanisms, for both MPTCP and ATSSS-LL.
For MPTCP, the existing TCP mechanisms are already applied. For ATSSS-LL, RTT measurements can be obtained with the existing TCP mechanisms, as follows:

1. The PMF in the UE establishes two TCP connections to the PMF in the UPF using the <IP address> and <Port> contained in the Measurement Assistance Information: One TCP connection to <IP address>:<Port> and another TCP connection to <IP address>:<Port+1>. Routing rules in the UE and UPF route the traffic of the first TCP connection over 3GPP access and the traffic of the second TCP connection over non-3GPP access.

2. Each of these TCP connections is established over an access network right after the user-plane resources are setup on this access network. After that, the TCP connection remains active for as long as the MA PDU Session is established and the UE remains registered on the associated access. When the UE goes to CM-IDLE state on an access, the TCP connection on this access is not released. It remains idle with the TCP-level keepalive disabled. 

3. By applying existing TCP mechanisms, each TCP connection maintains a list of parameters including the RTT, the RTT variance, the lost segments, etc. These parameters can be retrieved by the PMF via existing APIs. This way, there is no need for PMF to calculate these parameters. 
4. The PMF in the UE may send a PMF-Echo Request message via one TCP connection in order to (a) trigger the TCP layer in the UE to update the RTT value of this TCP connection, and (b) to inform the UPF that the access associated with this TCP connection is available in the UE and may be used for DL traffic.

5. Similarly, the PMF in the UPF may send a PMF-Echo Request message via one TCP connection in order to (a) trigger the TCP layer in UPF to update the RTT value of this TCP connection.

6. Every PMF-Echo Request message received by the PMF triggers the immediate transmission of a PMF-Echo Response message.

7. When the UE goes to CM-IDLE on an access, the PMF layer stops sending PMF-Echo Request messages on this access.

8. In case no RTT measurements are needed (e.g. because no ATSSS rule is defined with “Smallest Delay” steering mode), the above two TCP connections between the UE and UPF are still established. In this case, however, no PMF-Echo Request messages are exchanged. Instead, the UE sends PMF-Access Report messages to UPF via these TCP connections to report path characteristic information to UPF (e.g. to report when a certain path becomes available or unavailable). The UPF does not send any PMP messages to UE.
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