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1. Background
The 3GPP SA4 SmarTAR study item recommended specifying RTP header extensions for in-band end-to-end delay measurement, as documented in TR 26.806 [1]. The RTP header extensions can be used for delay compensation by the 5G network when the end-to-end path consists of both a 5G segment and one or more non-5G segments. An example of the end-to-end path is shown in Figure 1. The 5G segment is between the Phone and the UPF. There are two non-5G segments: the segment between the AR Glasses and the Phone which uses Wi-Fi, and the segment between the UPF and the Edge Application Server which uses the Internet. The non-5G segments, i.e., Wi-Fi and the Internet, do not guarantee delays. However, if the aggregate non-5G delays, denoted = + , where and  are the delay between the AR Glasses and the Phone and the delay between the UPF and the Edge Application Server respectively, is measured and known to the 5G network, the 5G network may adjust the delay within the 5G network (denoted ) to meet the end-to-end delay requirement.      


[bookmark: _Hlk142385328]  Figure 1: An end-to-end path and the delay breakdown
There exist mechanisms that may be used for end-to-end delay measurement, such as the ICMP ping messages and the RTCP packets. However, these mechansisms have the shortcoming that the measured delays may not represent the delays experienced by the media because the delay-measurement packets and the media packets may receive different QoS treatments. For more details, one may refer to clause 6.2 of TR 26.806 [1]. To resolve this issue, the timestamp(s) are sent along the RTP packets that carry the media. There is an RTP header extension that carries a single timestamp in RFC6051 [2], originally intended to speed up the synchronization between multiple RTP sessions. However, for end-to-end delay measurement, it is also necessary for a RTP packet to carry multiple timestamps. This motivates the normative work for extending the scheme in RFC6051.
With the proposed RTP header extension, the delay masurements may be carried as shown in Figure 2. Specifically, the one-way delay from the AR Glasses to the Edge Application Server is calculated as T2 - T1. The one-way delay in the oppositie direction is calculated as T4 – T3, and the round-trip time (RTT) is calculated as T4 – T1 – (T3 – T2). 
[image: ] 
Figure 2: In-band end-to-end delay measurement with RTP header extension
1.    Proposed changes



* * * * 1st change * * * *
4.4.3	RTP Header Extension for in-band end-to-end delay measurement
4.4.3.1	General
An RTP Header Extension that allows an RTP packet to carry timestamp(s) may help result in measured delays (including one-way delays, or rount-trip time (RTT)) that are representative of the delays experienced by the media. 
Figure 4.4.3.1-1 shows how the RTP Header Extension is used to measure the delays, where T1, T2, T3 and T4 are the Originate Timestamp, the Receive Timestamp, the Transmit Timestamp, and the final timestamp, respectively. The one-way delay from Device A to Device B is calculated as T2 - T1, the one-way delay in the oppositie direction is calculated as T4 – T3, and the RTT is calculated as (T4 – T1) – (T3 – T2).  
[image: ]
Figure 4.4.3.1-1: The RTP header extension for in-band end-to-end delay measurement.
The RTP Header Extension defined below follows RFC 8285.

 4.4.3.2	One-byte RTP Header Extension Format
The RTP header extension element for the RTP packet that carries ony th eone timestamp T1 is shown below.
           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
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |       0xBE    |    0xDE       |           length              |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID=1 | L=2   |     Originate Timestamp or T1 (24 bits)       |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

The RTP header extension element for the RTP packet that carries three timestamps T1, T2 and T3 is shown below.
           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
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |       0xBE    |    0xDE       |           length              |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID=2 | L=8   |     Originate Timestamp or T1                 |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |     Receive Timestamp or T2                   |  pad(0)       |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |     Transmit Timestamp or T3                  |  pad(0)       |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
4.4.3.3	Two-byte RTP Header Extension Format
The RTP header extension element for the RTP packet that carries one timestamp T1 is shown below.
          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
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |       0x100           |appbits|           length              |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID=1         | L=3           | Originate Timestamp or T1    …                          
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
                      |      pad(0)                                   |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

The RTP header extension element for the RTP packet that carries three timestamps T1, T2 and T3 is shown below.
       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
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |       0x100           |appbits|           length=3            |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID=2         | L=9           | Originate Timestamp or T1  …              
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
                      |            Receive Timestamp or T2            | 
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |     Transmit Timestamp or T3                  |  pad(0)       |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

4.4.3.4	Semantics
Originate Timestamp or T1 (24 bits): It represents the time when Device A transmits the RTP packet toward Device B. It has 24 bits, consisting of the 12 LSB bits of the integer part and the 12 MSB bits of the fractional part of the short (32-bit) NTP timestamp format defined in RFC 5905.   
Receive Timestamp or T2 (24 bits): It represents the time when Device B receives the RTP packet that carries the Originate Timestamp.
Transmit Timestamp or T3 (24 bits): It represents the time when Device B transmits the RTP packet that carries the Originate Timestamp, the Receive Timestamp, and the Transmit Timestamp.

* * * * End of 1st change * * * *
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