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The comments to S4aI230007 and S4-230168 are at the end of this document.

===== 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. The order of the Data and the Timestamp msg (or Timestamp Reply Msg) may be switched.  

  
Fig. 6.2.3-2 In-band end-to-end delay measurement by piggybacking a delay measurement message to an RTP packet.

The timestamp message may be an ICMP Timestamp message (RFC792) with a timestamp field of 32 bits, which represents the number of milliseconds with respect to midnight Universal Time (UT). However, the achievable accuracy is generally worse than 1ms because of the delay uncertainty resulting from the operating system in a typical software-based implementation. Alternatively, Precision Time Protocol or PTP (IEEE 1588-2019) may be used for higher precision due to a typical hardware-based implementation. 
The target precision for the measurement depends on the overall latency and the use case. TR26.998 listed 50-60ms for the pose-to-render-to-photon latency. A target precision of 1 millisecond or better is desired.  
Using RTCP for delay measurement (as allowed in RFC3550) has the following drawbacks:
· First, although RTCP and RTP may use the same port number as allowed by RFC 5761 which was motivated to simplify NAT and firewall management, it is not guaranteed that they always use the same port number. When they use different port numbers, RTCP and RTP packets will be mapped to different QoS flows and receive different QoS. 
· Second, the payload type for RTCP packetrs (200 for sender report (SR) and 201 for receiver report (RR)) are different from those of RTP packets, and if a network takes into account the payload type in provisioning QoS (e.g., in Wi-Fi an RTP packet carrying video may be mapped to the Video access category, while RTCP packets may be mapped to the Best Effort access category), RTCP packets and RTP packets may receive different QoS. 
Third, the overhead of RTCP packets may be greater, because a separate packet, which includes the UDP packet header, the IP packet header and lower layer packet headers, needs to be sent.   
 

===== 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) the Direct Data Collection Client (TS26.531, V17.1.0). 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 Direct Data Collection Client reports to the Data Collection 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 =====


Appnedix
1. Comments for S4aI230007 
	S4aI230007
	[FS_SmarTAR] Latency Measurement and Reporting
	QUALCOMM Europe Inc. - Italy
	Ma Liangping


E-mail Discussion: none 
Revisions: none
Presenter: Ma Liangping
Online Discussion:
· Revision of a previous contribution with two new modifications. Adding a new end-to-end latency measurement procedure. ICMP (protocol 1) is different from UDP (protocol 15) resulting in potentially different QoS treatment in network. Packet size of ICMP ping could be very small compared with RTP data packets, which may also result in different delay through the network. This proposal uses in-band measurement of RTT piggybacked in regular RTP packets: timestamp message and timestamp reply message. Low overhead (e.g. three timestamps only occupies 20 overhead bytes).
· Richard: Have you considered standardising this idea through IETF AVTCore?
· Thorsten: Looks similar to the IEEE Precision Time Protocol (PTP) time sync (which isn’t focussed on measurement of RTT). Calculating the one-way RTT needs to take account of path asymmetry. Simply halving the two-way RTT may not be accurate. How precise can it be if the timestamp is only a few bytes? In PTP, there are 10-byte timestamps. What is the target precision here?
· Ma: Seems that PTP is only for one hop?
· Thorsten: That would apply to this Use Case.
· Thorsten: Putting into the same stream as the RTP traffic, looks like RTCP could work just as well as an RTP extension header. Better placed between header and payload, not trailing at end of packet. Or put the timestamp messages in dedicated RTP packets on the same 5-tuple as the media, differentiated by SSRC.
· Ma: Payload type information can be used to differentiate service. RTCP not meant to be sent frequently. Network may treat RTCP traffic differently from the related RTP stream since it has a different 5-tuple (i.e. different UDP port number).
· Thorsten: Step 9 (report statistics of delay from Control Session Client to AF) could be achieved by instantiating the EVEX architecture in TS 26.531. Better to reuse existing architecture components?
Decision:
S4aI230007 is noted.

2. Comments from S4-230168
	S4-230168
	[FS_SmarTAR] Latency Measurement and Reporting
	Qualcomm Technologies Ireland
	Ma Liangping


Presenter: Ma Liangping
Online Discussion:
· Regarding change 2, it is probably better to move the 1st paragraph just before the figure.
· Shane: I have a general concern on the CR. On the cover page, we don’t see some reasons for changes. 
· Linangping: It is explained in the 1st paragraph.
· Shane: It would have been good to provide directly the comments in the document and not via a link. And in change 2, modifications are not included as revision marks.
· Liangping: The blue content is a new content.
· Frederic: The recommendation is to use a revision mark.
· Shane: I need more time to check this late CR.
· Frederic: Ok, it will be addressed during a telco.
Decision: Postponed.
S4-230168 is postponed.
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