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===== CHANGE 1  =====
[bookmark: _Toc119672431]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. 
For delay measurement, it is important that the measured delay is representative of the delay to be experienced by the data packets. Delay measurements based on delay measurement messages such as the ping message (ICMP Echo and Echo Reply) may not accurately reflect the delay experienced by the data packets for two reasons: (1) the delay measurement message uses a protocol number (e.g., 1 for ping) that is different from the protocol number for the data packet (e.g., 17 if the data packet is sent with RTP/UDP), resulting in different IP 5-tuples and consequently different QoS treatment in the communication network; (2) the packet size of a delay measurement typically is much smaller than that of a data packet, resulting in different transmission delays which are part of the overall delay.
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.
===== END OF CHANGE 1  =====



After Figure 6.2.3-1:
===== CHANGE 2 =====
To make the end-to-end delay measurements accurately reflect the end-to-end delay experienced by the data packets, one potential solution is to use in-band measurement as shown in Fig. 6.2.3-2. A timestamp message is piggybacked to an RTP packet that carries data. The payload type field in the RTP packet header is determined by the data, and an RTP header extension is added to instruct the receiver how to separate the timestamp message and the data. This way, the RTP packet is treated as a data packet with packet size substantially the same as an RTP packet that carries data only. Similarly, a timestamp reply message is piggybacked to an RTP packet in the reverse direction.   

    
Fig. 6.2.3-2 In-band end-to-end delay measurement by piggybacking delay measurement message to an RTP packet.
 
===== END OF CHANGE 2 =====



===== CHANGE 3 =====
[bookmark: _Toc119672437]6.3.2	Potential solutions    
In the segment-by-segment measurement method (clause 6.2.2), the 5G device (e.g., phone) reports and delay between the AR glasses and the 5G device via Media access function (MAF)Control Session Client. 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 6.2.3), 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 tethering architectures. Figure 6.3-1 shows a possible call flow for delay reporting for the end-to-end measurement approach. The reported statistics of the end-to-end delay may include the mean and standard deviation. 

Figure 6.3-2 shows a possible call flow for delay reporting for the partial path measurement approach, where 
· DWM: delay between Wi-Fi and Media Access Function (MAF) on the 5G Device
· DWW: delay between Wi-Fi on the AR Glasses Device and Wi-Fi on the 5G Device
· DME: delay between MAF and the Edge/Cloud
The end-to-end delay De2e = DWW+ DWM + DME.
In step 15, the Control Session Client reports to the AF a desired value for the delay within the 5G network Dc.





Figure 6.3.-1: reporting statistics of end-to-end delay based on end-to-end measurement




Figure 6.3.-2: reporting statistics of delays based on partial path measurement
===== END OF CHANGE 3 =====
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