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=====  CHANGE  =====
Editor’s note: The revision for addressing comments received for S4-221319 during the MBS online meeting is highlighted.
7.1	Key Issue #X: How to provide End-to-End QoS for the 5G relay architecture
[bookmark: _Hlk114843861]7.1.1	Description of the key issue
To an AR/MR application, the QoS metrics that matter are the end-to-end QoS metrics, including:
· Delay
· Packet loss rate
· Bit rate
However, for the tethered AR glasses with 5G relay architecture, as shown in figure 7.1-1, a typical AR/MR end-to-end path traverses both the 5G network and non-5G networks. The non-5G networks, e.g., Wi-Fi, the Internet, do not provide guaranteed QoS. A key challenge for the tethered AR glasses with 5G relay architecture (Figure 4.4.4-1 in clause 4.4.4) is to properly estimate the required QoS allocations for the AR/MR sessionsis how to provide end-to-end QoS with a mix of a 5G network and non-5G networks. The QoS allocation must take into account the wireless tethering link from the AR glasses to the 5G device (e.g. phone). This applies to all QoS parameters, namely bitrate, packet loss, delay, and jitter. 
7.1.2	Potential solution
End-to-end latency
Figure 7.1.1-1 depicts a breakdown of the end-to-end delay and ssuggests a solution: the 5G network adjusts the delay within the 5G network to compensate for the delays incurred in non-5G networks such that the end-to-end delay meets an end-to-end delay requirement. Note that this solution has its limitation in that it is impossible for the 5G network to compensate for the delay in the non-5G networks if the aggregate delay in the non-5G network exceeds the delay imposed by the end-to-end delay requirement. as an example.
[image: A picture containing graphical user interface

Description automatically generated]
Figure 7.1.1-1: End-to-end delay breakdown
To meet the end-to-end latency requirement for the AR/MR session, the phone some entities must estimate the impact ofdetermine the delay on the tethering link on the overall QoS requirements. This corresponds to the , and component in the figure. Also, the delay on the Internet (between the UPF and the edge application server) . needs to be considered. The phone (e.g., through Media Access Function) and/or the UPF can perform such estimation by:
-	Running some measurement tests for latency, packet loss, and bitrate
-	Exchanging information with the radio and/or AF on the QoS policy
The 5GC may regularly adjust its QoS allocation for the 5G network based on the observation of the status of the tethering link and the Internet, thus targeting a consistent end-to-end QoS experience.
Additionally, the determined delay components need to be reported to the 5G system which uses the reported delays and the target end-to-end delay to determine the delay to be provisioned within the 5G system. 
Then, Figure 7.1-1 suggests that to meet a desired end-to-end latency requirement , the 5G network provides a delay as follows:

The above description can be extended to support delay provisioning within the 5G network in a statistical sense. For example, by taking into account the variation of the non-5G delays, the 5G network can determine the delay in the 5G network to make the end-to-end delay below a desired delay value 99% of the time. 
Other End-to-end QoS metrics
For other end-to-end QoS metrics, such as packet error rate and bit rate, further study on the potential solutions is needed.

7.1.2	End-to-End Latency
7. 2 	Key Issue #Y: How to determine the non-5G delay for the 5G relay architecture
7. 1.2.1	GeneralDescription of the key issue
In an end-to-end connection that includes a tethering link (e.g., Wi-Fi link), a 5G network and the Internet, the Wi-Fi segment and the Internet segment typically cannot guarantee latency. To achieve low end-to-end latency, one approach is to make the latency in the 5G network very conservative such that the end-to-end latency is below a target value. This, however, comes at a cost, because provisioning an uncessarily low latency in the 5G network means excessive resource allocation (e.g., to support a more robust modulation-and-coding scheme (MCS)) or pre-empting many other traffic flows. 
An alternative approach is to dynamically adjust the delay in the 5G network in accordance with the total delay incurred elsewhere on the end-to-end path. The delay on a Wi-Fi link may change over time depending on the interference generated by other nearby Wi-Fi networks operating on the same frequency. Similarly, the delay between the UPF and the application server depends on the location of this selected UPF and the network congestion level. Therefore, measurements may be used to estimate these time-varying delays on the non-5G segments.
There are two ways to measure the latency and they fill in the details for step 10 in Figure 5.2-5 in clause 5.2.
7. 1.2.2	Solution: Segment-by-segment delay measurement         
The delay on Wi-Fi link and the delay between the UPF and the application server are measured separately. One simple solution is to use the ICMP ping protocol (ICMP Echo and Echo Reply, IETF RFC792). The 5G phone sends a ping request to the AR glasses, which replies with a ping response. The 5G phone then obtains the RTT over the Wi-Fi link. Similarly, the UPF sends a ping request to the application server, which replies with a ping response, and the UPF obtains the RTT between the UPF and the application server. The respective RTTs can then be halved to get estimates of the one-way delays for the two non-5G segments. 
In step 4, the MAF reports the one-way delay estimate  to the AF. 
In step 7, the UPF reports the one-way delay estimate  to the SMF, which forwards the estimate to the AF.
In step 9, the AF determines the desired value for the delay in the 5G network needed to compensate for the variation in the delay in the non-5G segments in order to meet the end-to-end latency requirement for the application, and sends a delay request to the PCF.


Figure 7. 1.2.2-1: segment-by-segment delay measurement

7. 1.2.3	Solution: End-to-end delay measurement    
The delay measurement is carried out in an end-to-end fashion. This avoids the potential rejection of a measurement message that originates from the UPF and reaches the application server. The AR glasses sends a ping request message to the application server, which replies with a ping response. The AR glasses then estimate the UL one-way end-to-end delay  by halving the RTT. The 5G network estimates the UL one-way delay within the 5G network , e.g., by recording the time when the ping request arrives at the phone and the time when the ping request reaches the UPF and takes the difference. Alternatively, the 5G network can assign a new type of 5QI corresponding to a constant delay as the target delay value, e.g., 8ms. This way, the delay experienced by the measurement packet in the 5G network can be considered as a deterministic known value.
The estimated UL one-way delay on the non-5G segments is then .        

 Figure 7. 1.2.3-1: End-to-end delay measurement


TS 23.501 [TS23.501, V17.4.0] offers two measurement methods for measuring the delay in the 5G system , originally intended for QoS monitoring to assist URLLC service. The first method, termed “Per QoS Flow per UE QoS Monitoring”, leverages the GTP-U headers to carry the timestamps, and the second method, termed “GTP-U Path Monitoring”, leverages the GTP-U Echo protocol. The first method is shown in Figure 7.2.2-2.

 
Figure 7. 2.3-2: Measuring the delay in the 5G system: Per QoS Flow per UE QoS Monitoring in TS23.501
The SMF initiates a QoS monitoring request to the NG-RAN (step 2) and the PSA UPF (step 5).
Step 6: Time stamp T1 is taken in the PSA UPF before the PSA UPF sends a monitoring packet to the NG-RAN (i.e., gNB). 
Step 7: the PSA UPF sends a monitoring packet to the NG-RAN, containing T1, QFI and QoS Monitoring Packet (QMP) indicator.
Step 8: Time stamp T2 is taken when the monitoring packet is received by the NG-RAN. 
Step 10: Time stamp T3 is taken when the NG-RAN forwards an UL packet, or generate a dummy UL packet, where for either case the NG-RAN puts T1, T2, T3 and the QMP indicator in the GTP-U header. 
Step 11: Time stamp T4 is taken when the UL packet is received. 
Step 13. Between the NG-RAN and the PSA UPF, if they are synchronized, then the UL delay will be T4-T3, and the DL delay will be T2-T1. If they are not synchronized, then the procedure computes the average one-way delay (T2-T1 + T4-T3)/2.
Finally, the delay on the access network (between the UE and the NG-RAN) can be added to the results in step 13 to get the total delays in the 5G system.
7. 1.2.4	Time measurement protocol    
The ICMP ping protocol uses two timestamps generated at the transmitter to get an estimate of the RTT. The measured delay includes the time gap between the reception of the ping request message and the transmission of the ping response message at the receiver. The time gap contributes to the estimation error, and it depends on the operating system used at the receiver, and may become significant for low latency applications. 
Alternatively, ICMP timestamp approach (IETF RFC792) can be used, which, compared toICMP ping, provides the source two timestamps, one for the reception of the timestamp message and the other for the transmission of the timestamp reply message. The two timestamps are carried back to the source, which can use the difference to calculate the time gap and get a more accurate estimate of the RTT.  

7. 3 	Key Issue #Z: What and how to report the non-5G delay
7. 3.1	Description of the key issue    
In order for the 5G network to provide an appropriate delay over the 5G segment of the end-to-end path to meet a target end-to-end delay requirement, the non-5G delay needs to be reported to the 5G system. 
The delay over a non-5G network may vary over time. A key issue is what should be reported to the 5G network, and how.
7. 3.2	Potential solutions    
In the segment-by-segment measurement method (clause 7.2.2), the 5G device (e.g., phone) reports and delay between the AR glasses and the 5G device via Media access function (MAF). Other 5G functions on the 5G device is not excluded. The the UPF reports the delay between the UPF and the application server to SMF. 
In the end-to-end measurement method (clause 7.2.3), the AR glasses measures the end-to-end delay, forwards the measurement to the 5G device. The 5G device reports it through MAF to the 5G core network.
The reporting methodology may depend on the techering architectures. Figure 7.3-1 shows a possible call flow for delay reporting. The reported statistics of the end-to-end delay may include the mean and standard devication. 



Figure 7. 3.-1: reporting statistics of end-to-end delay based on end-to-end measurement




Figure 7. 3.-2: reporting statistics of delays based on partial path measurement
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