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1. PMF Procedures for RTT Measurements
So far, it has been agreed that the UE may receive measurement assistance information during a MA-PDU Session establishment, which can be used by the UE to contact the Performance Measurement Functionality (PMF) in the UPF and perform measurements to calculate the RTT over 3GPP access and over non-3GPP access. However, the procedure for performing these measurements between the UE and the PMF is yet not agreed.

This clause discusses two measurement procedures between the UE and PMF, which can obtain RTT measurements. These two procedures are schematically shown in Fig. 1-1.
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Fig. 1-1: Two alternative procedures for RTT measurements (UL direction only)
1.1 Procedure 1
In procedure 1:
a.
A simple Echo Request / Echo Response mechanism is used. 

b.
The UE occasionally (e.g. once every 10s) sends a PMF-Echo Request message to PMF over an access network, which triggers the PMF to immediately respond with a PMF-Echo Response message over the same access network.

c.
Each PMF-Echo Response message may carry information that identifies the associated PMF-Echo Request message.

d.
For each PMF-Echo Request sent, the UE stores the time it was transmitted (Tx time) and, when the PMF-Echo Response is received, the UE calculates the RTT for this PMF-Echo Request message.

e.
The UE calculates an average RTT for a specific access network by averaging the RTT of all (or of the last N) PMF-Echo Request messages sent on this access network.

f.
How frequently the UE sends a PMF-Echo Request message on an access type can be configured in the UE. For example, it could be part of the measurement assistance information that the network provides to UE.

g.
The PMF-Echo Request messages are sent on the default QoS flow. They could be sent on every QoS flow but this seems too much and there are no requirements to calculate an average RTT per QoS flow.

g.
The PMF-Echo Request messages and the uplink (UL) PDUs sent by the UE share the same uplink user-plane resources. Similarly, the PMF-Echo Response messages and the downlink (DL) PDUs sent by the UPF share the same downlink user-plane resources.
h.
In the downlink direction (not shown in Fig. 1-1), the PMF can perform exactly the same procedure, i.e. it can occasionally send a PMF-Echo Request message to UE, which responds with a PMF-Echo Response.

1.2
Procedure 2
In procedure 2:
a.
The UE does not send PMF-Echo Request messages over an access network (unless the UE has no UL PDUs to send over this access network; see bullet f below).
b.
For each UL PDU sent, the UE stores the following parameters:

-
A PDU Identity (PDU ID), which is a unique identifier that distinguishes the UL PDU over all other UL PDUs stored in the UE (see below how the PDU ID is derived);

-
An Access Type, which is the access (3GPP or non-3GPP) over which the PDU was transmitted; and

-
A Tx Time, which is the time when the PDU was transmitted.

c.
The UPF occasionally sends a PMF-Ack message to UE immediately after receiving an UL PDU on one access. The PMF-Ack message contains the identity (PDU ID) of this UL PDU and it is sent on the same access, on which the UL PDU was transmitted. How frequently the UPF sends a PMF-Ack message (e.g., once every 5s, or once every 100 received UL PDUs) can be pre-configured in the UPF, or can be provided by the SMF. 

d.
When the UE receives a PMF-Ack message on one access, it checks the PDU ID in this message and determines when the UL PDU having this PDU ID was transmitted (Tx Time). Subsequently, the UE calculates the RTT for this UL PDU and derives an average RTT value for this access by averaging the RTT values of all (or of the last N) acknowledged UL PDUs on this access. The algorithm for deriving the average RTT value depends on the UE implementation.
e.
The UE needs to store information only for UL PDUs that may later be acknowledged by UPF with a PMF-Ack. Every time the UE receives a PMF-Ack for an UL PDU transmitted over one access type, it deletes the stored information for all UL PDUs transmitted prior to this UL PDU on the same access type. This is because a PMF-Ack for these UL PDUs will never be sent.

f.
If the UE transmits no UL PDUs on one access for a certain inactivity period (e.g. because the conditions in the ATSSS rules enforce the UE to send all UL PDUs to the other access), then the UPF does not receive UL PDUs on this access and does not send PMF-Ack messages back to UE over this access. In this case, after the inactivity timer expires in the UE, the UE may send a PMF-Echo Request message to UPF, which triggers the UPF to respond with a PMF-Echo Response message. The UE may periodically send PMF-Echo Request messages on one access and calculate the RTT value by using the PMF-Echo Response messages, as long as it has no UL PDUs to transmit on this access.
g.
The UPF may send a PMF-Ack message only for an UL PDU sent on the default QoS flow, or for any UL PDU independently of the QoS flow. When the UE sends a PMF-Ack for an UL PDU received with QFI-1, then the PMF-Ack is sent to UE using the same QFI-1. This enables the calculation of RTT per QoS flow, however, this is probably not needed in ATSSS Rel-16.
h.
To obtain its own RTT measurements, the UPF shall operate as defined in the above bullets for the UE. That is, the UPF shall store information for each DL PDU transmitted and shall use the PMF-Ack messages sent by the UE over an access type to calculate the RTT value for this access type. The UPF may also have its own inactivity timer and may start sending PMF-Echo Request messages on one access, when the inactivity timer for this access expires.
The identity of a PDU (PDU ID) is derived by the UE and UPF as follows:

-
If the PDU is an IPv4 packet, then the PDU ID is the destination IP address and the "IP Checksum" contained in the header of the IPv4 packet.

-
If the PDU is an IPv6 packet, then the PDU ID is the destination IP address and the "Transport Checksum" (i.e. the checksum in the UDP header, or in the TCP header, or in the SCTP header, etc.) contained in the header of the IPv6 packet.

-
If the PDU is an Ethernet frame, then the PDU ID is the destination MAC address and the "Frame Check Sequence" (FCS) contained in the Ethernet frame. 

Editor’s note: Is it FFS if additional header information is required (e.g. port numbers) to ensure that a PDU ID shall be unique across all PDU IDs stored in the UE and in the UPF.

As an example, the information stored in the UE for transmitted UL PDUs (or in the UPF for transmitted DL PDUs) might look like the following, in case of an MA-PDU Session with IPv4 type. The "Tx Time" represents the transmission time of each PDU in Unix Epoch time format.

       PDU ID
Access Type 

Tx Time

[Dest_addr1, IP_checksum1]
3GPP


1549087394283

[Dest_addr2, IP_checksum2]
Non-3GPP

1549087447526

[Dest_addr3, IP_checksum3]
Non-3GPP

1549087461456

[Dest_addr1, IP_checksum4]
3GPP


1549087480442

[Dest_addr4, IP_checksum5]
3GPP


1549087493998

[Dest_addr1, IP_checksum6]
Non-3GPP

1549087494088

[Dest_addr5, IP_checksum7]
Non-3GPP

1549087497899

...
...


...
The following figure illustrates an example of how the procedure 2 could operate in case of an MA-PDU Session with IPv4 type. Note that for every transmitted UL PDU, the UE derives a PDU ID (from the header information in the UL PDU), and provides this PDU ID to the PMF in the UE, which stores and maintains a table with all unacknowledged UL PDUs. The UPF also derives a PDU ID for every received UL PDU and provides the PDU ID to the PMF in the UPF. When the PMF in the UPF decides to acknowledge a received UL PDU, it sends a PMF-Ack including the PDU ID of this UL PDU. The PMF-Ack is sent via the established PMF session and on the same access, which the UL PDU was received on.
After receiving a PMF-Ack via one access type, the PMF in the UE calculates/updates the average RTT for this access type.
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Fig. 1-2: Example operation with procedure 2 and IPv4 MA-PDU Session
2. Overall PMF Procedures
The Fig. 2-1 below depicts the overall PMF messages that can be exchanged between the UE and UPF, after the establishment of a MA-PDU Session with user-plane resources on both accesses.
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Fig. 2-1: An example of overall PMF procedures between the UE and UPF
1. A PMF Session is initiated by the UE by sending a PMF-Start Request message over any access type. This message is sent to the IP address and UDP port of the PMF functionality in the UPF (both of them included in the measurement assistance information). The UPF responds with PMF-Start Accept, or with a PMF-Start Reject, if (for some reason) the UPF does not want to start PMF signalling with the UE.

2. After the PMF Session is established, the procedure 2 described above is utilized for obtaining RTT measurements. This means that:

a. 
As long as the UE transmits UL PDUs on one access, the UE does not send PMF-Echo Requests on this access. The UE transmits the UL PDUs and stores information for each transmitted UL PDU. As specified above, this information includes a PDU identity (PDU ID), an Access Type and the Tx Time.
b. 
The UPF occasionally sends a PMF-Ack to the UE that includes the identity of a received UL PDU. This enables the UE to calculate/update the RTT value for the access which the PMF-Ack was received on.

c. 
If the UE does not transmit any UL PDUs on one access, then the UE may send a PMF-Echo Request on this access, which triggers the UPF to respond with a PMF-Echo Response on the same access. This response enables the UE to calculate/update the RTT value for this access.

d. 
The same procedure is executed in the DL direction, where the UPF sends DL PDUs to UE and the UE occasionally sends a PMF-Ack message to UPF.
3. When the UE detects that one access type becomes unavailable (e.g. due to signal loss), the UE sends a PMF-Status Report message to UPF via the other access type. This informs the UPF to stop sending DL PDUs via the unavailable access.

4. When the UE detects that one access type becomes available again (e.g. due to signal recovery), then: 
a. 
If the UE has no UL PDUs to send over this access, it sends another PMF-Status Report message to UPF. This is an explicit indication to UPF that this access is available again.
b. 
Otherwise, the UE simple sends the UL PDUs to this access. This is an implicit indication to UPF that this access is available again.
3. Proposal
Based on the above discussion, it is proposed that:

-
The PMF procedures between the UE and UPF are specified based on Fig. 2-1 above.
-
For measuring the RTT value on a specific access, the procedure 2 is applied (as defined above). 
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