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Abstract of the contribution: This paper proposes to add a new solution for KI#4 QoS Monitoring. 
1. Discussion
This solution is introduced to simply monitor the data transmission delay one way latency and/or round trip latency between UPF and UE, where only UPF does the latency calculation and RAN does not need to be involved. 
For the study of URLLC in RAN WGs, it is always assumed to guarantee a data transmission successfully in a certain time .i.e. 1ms (currently some study for 10ms transmission in radio interface is triggered). That means even if there are a little more time allowed for radio transmission latency e.g. 0.2ms, the latency required in radio interface cannot be changed (i.e. it still needs to do the URLLC transmission in 1ms in radio interface). 

Observation-1: The transmission latency in radio interface cannot be adjusted so flexibly, e.g. in 0.1 millisecond. 

The process on RAN node can lead to additional latency as adding timestamp and/or calculating the time based on previous timestamp will consume additional time which however is added only for monitoring packet transmission. As the computing resource in RAN node is very tight, this problem will be amplified. Moreover, it highly depends on a serious time synchronization and a challenge for deployment exists. 
Observation-2: Process on RAN node can lead to inaccurate measurement result.
So, it is not quite meaningful to specifically measure the N3 Tunnel transmission delay.
Proposal: it is proposed to measure the URLLC transmission by only calculating the one-way latency and/or round trip latency between UPF and UE.
1. Change proposal
6.8
Solution #8 for Key Issue #4: QoS Monitoring

6.8.1
Description

This solution introduces a method to monitor a one way and/or a round trip latency between UE and UPF. The RAN side will just transparently transmit the monitoring packet without doing any additional work.

6.8.1.1
Activate QoS Monitoring

The dynamic monitoring for e2e latency can be performed per UE, Group or network slice and periodically or specifically triggered by UPF.
During the PDU Session establishment or modification procedure, the PCF or SMF can determine if the QoS monitoring is required and a corresponding monitoring rule in SMF will be activated. The latency monitoring rule indicates 
1) if UPF triggers monitoring, 
2) if it is performed periodically, 
3) the threshold of UL and/or DL and/or round trip packet latency and the reaction if the threshold cannot be satisfied (e.g. sending notification to SMF/PCF). 
The monitoring rule can be installed or updated to UPF together with PCC rule installation or updating. 
When the monitoring event is triggered i.e. the threshold of latency is reached, the UPF will send notification to SMF and the SMF may forward this notification to PCF.
6.8.2
Procedures

Editor's note:
This clause describes services and related procedures for the solution.

6.8.2.1
Activation of monitoring rule
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As figure-1 shows, similarly as PCC rule, during PDU Session Establishment, PCF sends the monitoring rule to SMF or SMF use the pre-configured monitoring rule and install it to UPF.

NOTE: a similar installation for monitoring rule can also be performed in PDU Session Modification procedure.

6.8.2.1
QoS monitoring
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After activation of monitoring rule, the UPF can send monitoring packet to measure the UL/DL/Round Trip transmission delay. To achieve it, it is assumed that the time synchronization precision between the UE and RAN achieves to microsecond level and the network latency between the RAN and UPF is regarded as symmetric.
As figure-2 shows, a new layer is introduced to convey the monitoring indicator and Sequence Number (SN). The monitoring packet is delivered via the same QoS flow as the URLLC service packet data. 
Firstly, as the red line in figure-2 shows, the UPF triggers to send a monitoring packet with encapsulating a monitoring indicator and SN in new layer, meanwhile UPF record the timepoint-1 for starting encapsulating the new layer. The RAN node transparently forward the monitoring packet from UPF to UE or vice versa. 

Secondly, when receiving the monitoring packet, UE decapsulate the packet and if there is a monitoring indicator in new layer, UE will respond to send a monitoring packet back to UPF immediately, and optionally it may add two timepoints (as timestamp): timepoint-2 for receiving the indicator in the new layer, and timepoint-3 for starting re-encapsulate the new layer for monitoring packet as the blue line in figure-2 shows. 
When receiving the responded monitoring packet from UE, the UPF decapsulates the packet and acquire the timepoint-2 and 3 from the new layer and records the timepoint-4 for acquiring the indicator in new layer.

The latency will be calculated as following: 

1) calculate the round trip latency = timepoint-4 – timepoint-1; and/or

2) if timestamps are added in the packet sent by UE, calculate the one-way UL transmission latency = timepoint-4 – timepoint-3, and DL transmission latency = timepoint-2 – timepoint-1; and/or

3) approximately calculate the UL/DL transmission latency = (timepoint-3 – timepoint-1)/2
If the UL/DL/Round trip latency calculated by UPF exceeds the threshold defined in monitoring rule, the UPF will notify SMF via N4 interface and SMF can further notify PCF via N7.

6.8.3
Impacts on Existing Nodes and Functionality

Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.

UE:

It shall be able to support encapsulating and decapsulating a new layer above SDAP to identify the monitoring indicator, SN, and also adding timestamps into the new layer.

NG-RAN:

No impact.

UPF:

It shall be able to support installation of monitoring rules from SMF.

It shall be able to support encapsulating and decapsulating a new layer above GTP-U and SDAP to contain the monitoring indicator, SN, timestamp (optional) for measuring latency.

SMF:

It shall be possible to install monitoring rule to UPF. SMF may acquire the monitoring rule from PCF or determine it locally.

PCF:

It may send monitoring rule to SMF during PDU Session Establishment/Modification.
6.8.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.
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