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[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc120623878]6.2	Key Issue #2: How to determine the non-5G delay for the 5G relay architecture
[bookmark: _Toc120623879]6.2.1	Description 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 unnecessarily 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.
[bookmark: _Toc120623880]6.2.2	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.
NOTE:	How UPF retrieves the RTT between the UPF and the application server and further exposes the latency results to the AF are not supported in SA2 in current release.
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.


	Comment by Huawei: Regarding the delay report in Step 8, add PCF into the reporting path.
Step9&10, change 5G to 5GS. 
Figure 6.2.2-1: segment-by-segment delay measurement
[bookmark: _Toc120623881]6.2.3	Solution: End-to-end delay measurement    
[bookmark: _GoBack]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 or using the QoS monitoring mechanism to obtain the UL one-way delay within the 5G network. 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.
Editor’s Note:	How UPF detects and reports the arrival time of the ping test is not supported yet in SA2.
The estimated UL one-way delay on the non-5G segments is then .        

 
Figure 6.2.3-1: End-to-end delay measurement
TS 23.501 [TS23.501, V16.4.0] 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 6.2.2-2.



Figure 6.2.3-2: Measuring the delay in the 5G system: Per QoS Flow per UE QoS Monitoring in TS 23.501 [9]
The PCF generates the QoS monitoring policy based on the request from the AF (directly or via NEF) (step 2). 
The SMF initiates a QoS monitoring request to the NG-RAN (step 23) and the PSA UPF (step 54).
Step 6: Time stamp T1 is taken in the PSA UPF, indicating the time before when 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 in the GTP-U header.
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 UL/DL packet delay results of RAN part, T1, T2, T3 and the QMP indicator in the GTP-U header. 
Step 121: 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.
FinallyStep 14:, Tthe 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, i.e. UL, DL or RT latency.
Finally, the UPF reports the QoS monitoring results to SMF and SMF further reports to PCF. The PCF then exposes the QoS monitoring results to the AF directly or via NEF as requested and the AF eventually obtains the UL/DL or average delay within the 5G System.
Piggybacking timestamps rather than the timestamp message or timestamp reply message to an RTP data packet may reduce the communication overhead. For example, the Timestamp message or Timestamp Reply message are of the following format (RFC792):

    0                   1                   2                   3
    0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
   |     Type      |      Code     |          Checksum             |
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
   |           Identifier          |        Sequence Number        |
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
   |     Originate Timestamp                                       |
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
   |     Receive Timestamp                                         |
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
   |     Transmit Timestamp                                        |
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
Figure 6.2.3-3: The packet format of Timestamp Reply message in RFC792
For the Timestamp message, the size is 12 bytes. If only the timestamp portion – the Originate Timestamp – is piggybacked, the size is reduced to 4 bytes. To let the receiver know the type of the information (i.e., how many timestamps are contained), the Type field can be added. As a result, the total size is 5 bytes. The savings is 7 bytes. This may not look much but can be significant if frequent measurements are needed.
Similarly, for the Timestamp Reply message, the size is 20 bytes. If again only the timestamps and the Type information is included in the piggybacked RTP packet, the size is reduced from 20 bytes to 13 bytes. 
Assuming the number of Timestamp messages are the same as the number of Timestamp Reply messages, the average saving is 44%.
[bookmark: _Toc120623882]6.2.4	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 to ICMP 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.  

* * * * End of changes * * * *
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