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Abstract of the contribution: This contribution proposes a solution for Key Issue #4.
1.
Discussion
For some connections (e.g. PDU Sessions having low latency GBR QoS flows or URLLC requirements) QoS monitoring is required. Usually the QoS parameters for the downlink and for the uplink are the same. However, measuring the QoS parameters in the downlink does not automatically mean that the actual uplink QoS parameters are the same. Therefore, this solution proposes independent measurements of uplink QoS parameters and downlink QoS parameters.

2.
Proposal
It is proposed to agree the following changes to TR 23.725 v0.3.0.
***** Start of Changes *****

6.X
Solution #X for Key Issue #4: Monitoring the QoS parameters in DL and UL
6.X.1
Description
This solution applies to Key Issue 4 (QoS Monitoring to Assist URLLC Service).
For some connections (e.g. PDU Sessions having low latency GBR QoS flows or URLLC requirements) QoS monitoring is required. Usually the QoS parameters for the downlink and for the uplink are the same. However, measuring the QoS parameters in the downlink does not automatically mean that the actual uplink QoS parameters are the same. Therefore, this solution proposes independent measurements of uplink QoS parameters and downlink QoS parameters.
Figure 6.X.1-1 shows the architecture for QoS monitoring on the user plane path between UE and UPF. For simplicity no intermediate UPF (uplink classifier, UL-CL, or branching point) is shown, however, this solution can be also applied to scenarios where N9 interface is present. The SMF configures the QoS monitoring to UPF and NG-RAN node. The QoS monitoring is executed in the UPF and the QoS reports are sent to the SMF. 
The SMF may forward the QoS reports to PCF (based on configuration criteria). The network can inform customers (e.g. 3rd party application providers of AF) about the actual QoS conditions. This can be a new feature of the network to expose to customers.

[image: image1.emf] 

UE  

SMF  

AF  

(R) AN  node  

QoS monitoring ( Packet Delay Budget (PDB), Delay Jitter )  

GTP - U PDUs   marking  

UPF  

AMF  

QoS  monitoring :  configuratition +    reporting  

U u  

QoS  monitoring :  configuratition  

N 6  

N3  

N2  

PC F   A F  

QoS   reports  


Figure 6.X.1-1:  Architecture for QoS monitoring
The main feature of the proposed solution is to measure the QoS parameters between the UE and UPF by marking the user plane data packets. The benefit of using marking on user data packets is that the real transmission delay of user data (e.g. 1000 octets long) is measured.  The QoS parameters monitoring is maintained in the user plane entity terminating the N6 interface in the core network (e.g. the anchor UPF). The user plane packets for QoS monitoring are marked in flexible way (e.g. every 2nd or every 10th packets) which is referred as marking pattern.
6.X.2
Procedures
The QoS parameters for QoS flow apply to both uplink and downlink directions. The monitoring of the QoS parameters in both directions is proposed in separate procedures. 
The SMF can also detect if the actual QoS parameters are improved compared to the QoS parameters used for the QoS flow. Then, the network can offer improved connection quality to the customers (e.g. 3rd party application providers of AF).
6.X.2.1
Downlink QoS monitoring
The UE is not involved in the QoS measurement for DL data.  The AN node measures the transmission delay over the radio link and reports the measurement to the UPF.  For example the UPF can request from the AN node to report immediately after the DL packet transmission a “DL delivery status” for each packets to which the flag has been setup by the UPF.
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Figure 6.X.2.1-1:  QoS Flow monitoring in UPF for downlink data
QoS monitoring configuration:
1.
From UE to SMF (over AMF): PDU Session Establishment Request (PDU Session ID, DNN, S-NSSAI, SSC mode, PDU type). Upon reception of this message, the SMF determines that QoS monitoring needs to be applied to one or more of the QoS flows for this PDU Session (e.g. based on UE subscription data or based on policy rules for this PDU Sessions).
2.
SMF to UPF (on N4 interface): The SMF sends packet detection rules per QFI and additionally should indicates to the UPF to setup corresponding mechanism(s) for QoS monitoring. 

In addition, the SMF may configure the pattern for performing the QoS measurement in the user plane. For example, the pattern can indication that the measurement is performed for each 10th packet.


The SMF may also configure a particular QoS parameter to measure. For example, the QoS parameters to measure can be e.g. at least (1) delay or PDB for downlink data, (2) delay jitter and/or (3) packet error rate (PER).
3.
SMF to (R)AN node: N2 SM request (PDU Session ID, QFI(s), QoS Profile(s), CN Tunnel Info, S-NSSAI from the Allowed NSSAI, Session-AMBR, PDU Session Type, User Plane Policy Enforcement, Setup QoS measurement). 


The “Setup QoS measurement” indication may be used in the (R)AN node to prepare for the reception of marked downlink GTP-U packets for reporting.

4.
Between (R)AN node and UE: establishment or modification of AN resources. For example including DRB establishment for the PDU Session (or QoS flow) from step 3.
5.
The (R)AN node replies to the SMF that the requested QoS profile is acceptable. If the (R)AN node is not capable of QoS measurements, the (R)AN node indicates this to the SMF.
QoS monitoring execution:
6.
If the QoS monitoring has been setup (see step 2), according to the QoS monitoring pattern the UPF determines whether to include in the N3 GTP-U encapsulation header a PDU sequence number (SN) and an indication for packet delivery report.

When the UPF sends the DL packet with an indication for packet delivery report, the UPF starts a timer. The UPF stops the timer when DL data delivery report is received for the given sequence number (SN). Please see step 9.
7.
If the indication for packet delivery report in the N3 header was included, the (R)AN node determines the downlink transmission delay.  The (R)AN node determines the successfully transmission of DL packet upon e.g. receiving HARQ feedback to a corresponding transport block (TB).
8.
The (R)AN node sends immediately after successful transmission of the DL packet a message including DL data delivery report to the UPF. This indication can be carried in a message similar to the “Downlink Data Delivery Status” message as specified in TS 36.425 clause 5.4.2.

NOTE: the (R)AN node can use also use UL N3 data PDU to piggyback the DL data delivery report.
9.
The UPF stops the corresponding timer for this SN and determines the PDB or the PDB-jitter or PER or other required QoS parameter in the downlink.

It is assumed that the delay or RTT for transmission over N3 interface is known in the UPF and is denoted as RTT_N3. For example the UPF can periodically send GTP-U Echo Request message and by receiving the Echo Reply message the UPF can measure the RTT over the N3 interface.

The time elapsed at the UPF between the transmission of the DL data and the reception of the DL data delivery report message for the same packet (same SN) is denoted as TMEAS.  The actual downlink PDB on the path from UPF to the UE can be calculated as TPDB-DL = TMEAS – (RTT_N3 / 2).


If DL data delivery report message is not received in the UPF by the time when the timer for a particular DL packet (e.g. particular SN) exceeds a predefined value (e.g. PDB according to the 5QI or QCI, e.g. 10 ms), the UPF can consider the DL packet as lost. The UPF considers this DL packet loss to calculate the PER.
10.
UPF to SMF: the UPF sends QoS monitoring report to the SMF. The UPF may send the report periodically or only when the QoS measurements have exceeded certain threshold of the used QoS profile.  The UPF can also apply averaging algorithm for the QoS measurement to avoid too frequent or inaccurate QoS reports to the SMF. For example, if the UPF determines that e.g. 90% of the DL packets exceed certain setup QoS parameter (e.g. downlink PDB or downlink PDB-jitter), the UPF can trigger to send a report to the SMF.
6.X.2.2
Uplink QoS monitoring
For measurements in the uplink (UL), the UE is configured to add a time-stamp in the UL PDCP PDU (or SDAP PDU). Based on the time-stamp, the (R)AN node can measure the UL transmission delay over Uu interface. The (R)AN node includes the UL transmission delay over Uu interface in the N3 GTP-U PDU uplink packet header to the UPF.
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Figure 6.X.2.2-1: QoS Flow monitoring at UPF for uplink data
QoS monitoring configuration:
1. – 3.
Similar to steps 1 – 3 from Figure 6.X.2.1-1.
4.
The NAS S1 SM signalling in PDU Session Establishment Accept message  or PDU Session Modification request message (PDU Session ID, QoS rules, UL QoS measurement setup, pattern) includes an indication to configure (or activate) the UE for UL QoS monitoring. The QoS monitoring is for UL data transmission. Additionally, the UE may receive a pattern or frequency to which uplink packets the measurement should be applied. For example the pattern (or frequency) can be every 10th packet from the QoS flow.
5.
Similar to step 5 from Figure 6.X.2.1-1.
QoS monitoring execution:
6.
Upon passing UL data packet from the IP layer down to the radio layer instance of the DRB or QoS flow to which QoS monitoring is activated and the pattern matches (e.g. each 10th packet), the radio data layer includes a time stamp in the radio data layer header (SDAP or PDCP layer header). 

The time stamp is a relative time unit based on the system time broadcasted by the respective (R)AN node under which the UE is connected (or camping). For example, the time stamp can be the radio frame sequence number, sub-frame number and further timing information.
7.
The (R)AN node calculates the uplink radio transmission delay time for this datagram (referred as TUL-Tx-Uu). The (R)AN node calculates the TUL-Tx-Uu by subtracting the current time at the (R)AN node with the time stamp from the UL radio data layer header (e.g. from SDAP or PDCP header information).

In step 7b, the (R)AN node includes the uplink radio transmission delay time (TUL-Tx-Uu) in the N3 GTP-U PDU uplink packet header.
8.
The UPF performs measurement for transmission delay over the N3 interface. For example, the UPF can send GTP-U Echo request message and the corresponding GTP-U entity (RAN node) sends GTP-U Echo response message.
9.
The UPF (having the role of PSA) determines the uplink QoS measurement (Delay, Jitter, PER). The actual measured uplink PDB on the path from UE to the UPF can be calculated as TPDB-UL = TUL-Tx-Uu + (RTT_N3 / 2) where the TUL-Tx-Uu is the value from the N3 GTP-U PDU uplink packet header.
10.
Similar to step 10 from Figure 6.X.2.1-1 with the difference that the UPF reports the uplink QoS monitoring report.

NOTE:
Please note the QoS monitoring reports can be separate for downlink and for uplink, but can be also a single report including all gathered QoS monitoring information.
6.X.3
Impacts on Existing Nodes and Functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.

6.X.4
Solution Evaluation

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

***** End of Changes *****
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