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Abstract: This contribution proposes a solution to measure the transmission delay on N6 between application server and PSA UPF.
1. Discussion
In current specifications, the UL/DL delay and core network delay(between RAN and UPF) can be measured by adding time stamp in GTP data packet header through the cooperation of RAN and UPF. But the transmission delay on N6 between application server and PSA UPF may not be known before-hand by 5GS and AF, therefore the 5GS and AF can not agree on a preferred burst arrival time.
This contribution proposes a solution address KI#3A: Exposure of deterministic QoS, which gives a mechanism to measure the delay on N6. In this solution, the clock of PSA UPF and the application server are synchronized, PSA UPF carries the delay measurement indication in the IPv6 extension header of UL data packet, to request the application server insert the timestamp in IPv6 extension header when sending the DL data packet. After receiving the DL data packet, PSA UPF extracts the timestamp from the packet , and calculates the N6 delay based on the comparation of the packet arriving time and the packet’s timestamp. Therefore 5GS can set the accurate packet burst arrivel time for RAN by adding burst arrival time provided by AF (already known by network in current specifications) with N6 transmission delay and CN PDB.
2. Text Proposal
It is proposed to capture the following changes in TR 23.700-20
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6.X	KI#3A, New Solution #X: Transmission Delay Measurement on N6
[bookmark: _Toc500949099][bookmark: _Toc22214909]6.X.1	Description
[bookmark: _Toc500949101]This solution is for key issue#3A,which addresses exposure of deterministic QoS aspects related to:
b)	Ability for AF to indicate periodicity, burst size, burst arrival time (as defined in Rel-16 for TSC Assistance information) and Survival Time, optionally burst spread (variation of burst arrival time for DL traffic resulting from jitter on N6, if applicable) along with Timing Domain (reference for these parameters) associated with these parameters to the NEF
In R16 standarization, the UL/DL transmission delay in 5G system can be measured based on QoS monitoring mechanism. The main idea is SMF activates the end to end UL/DL packet delay measurement between UE and PSA UPF through encapsulating time stamp in GTP-U header. 
For unsynchronized scenario, the RTT/2 can be obtained baesd on sending QoS Monitoring Packet, which is specifically used for UL/DL packet delay measurement. But for N6 case, it is not suitable for asking application server to create specific packet for delay measurement. And for this IIoT scenario , it is supposed that the equipments in N6 support deterministic transmission, therefore the time synchronization is required.
This solution proposes a mechanism to measure the delay on N6 with the pre-condition that the application server deployed in N6 supports for time synchronization.
In this solution, the first step is to realize the time synchronization between PSA UPF and the application server before or after the PDU session establishment. Other solutions for key issue 3B can be considered to realize this.
During the PDU session establishment, the SMF sends N4 rule to PSA UPF for N6 delay measurement.The rule may include traffic direction, IP 5 tuples, the frequency of N6 delay measurement and observation period. For the UL data, the N4 rule also includes construction of extension header for carrying N6 delay measurement indication. For the DL data, the N4 rule also includes extracting the timestamp from extension header and removing the extra header.
Then PSA UPF can insert the delay measurement indication in the UL data packet when the UE sending the packet. If the packet supports IPv6 routing, the delay measurement indication is carried on IPv6 extension header. While if the packet supports IPv4, the delay measurement indication can be carried on e.g. In-band Network Telemetry header which is referred to https://p4.org/assets/INT-current-spec.pdf. The PSA UPF is responsible for constructing IPv6 extension header or INT header. There is a pre-agreement between 5GS and application server that what kind of packet header should be selected.
Editor’s NOTE: how the UE get the specific application server IP address is FFS
When the application server in N6 accepts the UL packet and identifies the delay measurement indication, the application server should record this packet’s IP 5 tuples. When the application server sends the DL data which matches the recording IP 5 tuples, the application server should insert the sending timestamp in the corresponding IPv6 extension header or INT header. PSA UPF extracts the sending timestamp and calculates the N6 transmission delay.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Therefore 5GS can calculate the accurate packet burst arrivel time of RAN side by adding burst arrival time provided by AF (already known by network in current specifications), N6 transmission delay and CN PDB.
[bookmark: _Toc22214910]6.X.2	Procedures
The N6 transmission delay measurement procedure is described in Figure 6.X.2-1.


Figure 6.X.2-1 Procedure for N6 transmission delay measurement
1. PSA UPF and application server supports IEEE 802.1AS, and can be synchronized before or after the PDU session establishment. 
2. UE initiates PDU Session Establishment Request, SMF sends N4 rule to UPF through N4 session establishment request or N4 session modification request. The N4 rule may include traffic direction, IP 5 tuples, the frequency of N6 delay measurement and observation period. For the UL data, the N4 rule also includes construction of IPv6 extension header or INT header for carrying N6 delay measurement indication. For the DL data, the N4 rule also includes extracting the timestamp in IPv6 extension header or INT header.
3. UE sends a UL data packet.
NOTE: The UL data packet contains normal application data that the application anyway sends; i.e. the UE does not create any special data packets.
4. 
5. [bookmark: _GoBack]UPF detects that the destination address of the UL data packet is the application server on the N6 port, UPF constructs the extention header and inserts the N6 transmission delay measurement indication in the specified IPv6 extension header or INT header, and trigger the N6 transmission delay measurement.
6. The UL data packet is sent from PSA UPF to the application server.
7. When the server receives the UL data packet, it recognizes the N6 delay measurement indication in the extension header and decides to start the N6 delay measurement for the service flow. When the server sends DL data packets, it will add a timestamp representing the sending time in the corresponding place in the extension header.
8. When PSA UPF receives the DL data packets, it extracts the timestamp from the extension header and calculates the unidirectional downlink N6 delay according to the packet receiving time and the timestamp. PSA UPF removes the extention header.
9. The DL data packet is sent from PSA UPF to UE.
10. UPF reports the calculated N6 transmission delay to SMF through N4 Association Update Procedure.
11. SMF calclulates the Burst Arrival Time for RAN based on AF providing Burst Arrival Time, N6 transmission delay and CN-PDB.Then SMF sends the updated Burst Arrival Time to RAN.

[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911]6.X.3	Impacts on Existing Nodes and Functionality
Editor's Note: This clause captures impacts on existing 3GPP nodes and functional elements.
SMFs:
· Configure the UPF for N6 delay, and send the corresponding N4 rules to UPF.
· Calculate the precise Burst Arrival time with considering N6 delay.
UPF:
· Support the synchronization with application server.
· Based on the N4 rules, the UPF can detect the corresponding data packets and construct the IPv6 extension header or INT header for UL packet. And the N6 delay indication can be carried on the extension header. 
· Extract the timestamp in DL packet and remove IPv6 extension header or INT header 
· Calculate the N6 transmission delay periodically and report to SMF.

* * * * End of changes * * * *
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