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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). The processing delay on the Edge Application Server is calculated as T3 – T2.
[image: ] 
Figure 2: In-band end-to-end delay measurement with RTP header extensions
An RTP header extension called “RTP Header Extension for Absolute Sender Time” [3] carrying only the originate timestamp has been defined. We leverage its exisitence and only define an RTP header extension (the one at the bottome in Figure 2) that carries three timestamps. The timestamp in [3] has 24 bits, taken from the NTP timestamp, with 6 LSB’s of the ‘second’ portion and 18 MSB’s of the ‘fractional’ portion. We adopt the same timestamp for the second RTP header extension. Since “RTP Header Extension for Absolute Sender Time” is only for the one-byte format, we extend it to the two-byte format.
Additionally, we need to bind the two RTP header extensions because the fields T1 and T2 in the second RTP header extension are based on the first RTP header extension. 
The comments received from the SA4 #125 meeting are included at the end of the paper for convenience. 
1.    Proposed changes
In the Clause 2 References, add the following reference:
* * * * 1st change * * * *
[10] RTP Header Extension for Absolute Sender Time                     https://webrtc.googlesource.com/src/+/refs/heads/main/docs/native-code/rtp-hdrext/abs-send-time

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

In Clause 4, add the following:
* * * * 2nd 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, the RTT is calculated as (T4 – T1) – (T3 – T2), and the processing delay on Device B is calculated as T3 – T2.  
[image: ]
Figure 4.4.3.1-1: The RTP header extensions for in-band end-to-end delay measurement.
The RTP Header Extensions defined below follow RFC 8285.

 4.4.3.2	One-byte RTP Header Extension Format
The RTP header extension element for the RTP packet that carries ony one timestamp T1 is shown below. This is the same as the “RTP Header Extension for Absolute Sender Time” [10].
           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   | 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   | L=8   |     Originate Timestamp or T1                 |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |     Receive Timestamp or T2                   |  
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
           Transmit Timestamp or T3   |       
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
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           | L=3           | Originate Timestamp or T1    …                          
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
                      |
      +-+-+-+-+-+-+-+-+

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              |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID           | L=9           | Originate Timestamp or T1  …              
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
                      |            Receive Timestamp or T2            | 
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |     Transmit Timestamp or T3                  | 
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

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 6 LSB bits of the integer part and the 18 MSB bits of the fractional part of the 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.

4.4.3.5	SDP signaling
The signaling of the delay measurement RTP header extensions shall follow the SDP signaling design and the syntax and semantics of the "extmap" attribute as outlined in RFC8285.The header extension identifiers shall be registered with IANA. 
The ABNF syntax for the “extmap” attribute is as follows:
extmap-attr="a=extmap:" header-ext-ID-1["/" direction] SP http://www.webrtc.org/experiments/rtp-hdrext/abs-send-time

extmap-attr="a=extmap:" header-ext-ID-2["/" direction] SP urn:3gpp:delay-measurement-1-timestamps:rel-18 SP (format SP dependent-extmap-ID)

header-ext-ID-1 =1*3DIGIT

header-ext-ID-2 =1*3DIGIT

direction = "sendonly" / "recvonly" / "sendrecv" / "inactive"

format = "short" / "long"

dependent-extmap-ID = header-ext-ID-1 

The extension attributes have the following semantics:
· header-ext-ID-1: the header extension ID for the first type of RTP header extension, which carries only T1.
· header-ext-ID-2: the header extension ID for the second type of RTP header extension, which carries T1, T2 and T3.
· “dependent-extmap-ID = header-ext-ID-1”: defines the binding between the two types of RTP header extensions. 
* * * * End of 2nd change * * * *

1. Meeting notes from SA4 #125 meeting

	S4-231180
	[5G_RTP] RTP header extension for in-band end-to-end delay measurement
	Qualcomm Technologies Ireland



Presenter: Liangping

Discussion: 
· Bo: Why would u use pad in the format
· Liangping: This is not part of the header extension
· Bo: in 4.4.3.2 there is 2 pad
· Liangping: its not fully clear but its not part of header extension
· Bo: first padding is wrong in this case
· Liangping: yes
· Andrei: who is the consumer of this metric. Why is there T1, there is a header extension (used in WebRTC) its also proposed. 
· Liangping: consumer can be, 5G system, in that case T1 is essential for 5G system. In figure 2 this is shown clearly. You need T1 to know T2. This allows estimating one way delay. Another consumer could be a device, e.g. for congestion control. 
· Hyun-Koo: We can use the report from xxx to use for one way delay
· Hyun-Koo: in Figure 2 packet caries T1, T2, T3, we do not need to signal T1 and T2 separately. 
· Serhan: End to end delay is misleading here
· Liangping: why
· Serhan: which end
· Liangping: server
· Shrinivas: what is the metadata (pose). Why do we need specific delay measurements
· Liangping: there is a study in SmarTAR. It's about accuracy.

Decision: noted
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