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Add the following references to clause 2:
===== CHANGE #1  =====
[14] D. Singer, H. Desineni and R. Even, "RFC 8285: A General Mechanism for RTP Header Extensions", 2017.
[15] D. Mills, et al, “RFC5905: Network Time Protocol Version 4: Protocol and Algorithms Specification”, 2010.
[16] C. Perkins, T. Schierl, “RFC6051: Rapid Synchronisation of RTP Flows”, 2010.
===== END of CHANGE #1  =====

At the end of clause 6.2.3, add the following:
===== CHANGE #2  =====
RTP header extensions defined in RFC8285 [14] can be used to do timestamp piggybacking. There are two formats of RTP header extension, namely the one-byte and the two-byte formats [14].
Figure 6.2.3-3 shows the timestamp piggybacking in the RTP packet payload that allows for measuring the one-way delays in both directions as well as the round-trip time. Specifically, uplink one-way delay = T2 – T1, downlink one-way delay = T4 – T3, and round-trip time = T2 – T1 + T4 – T3 = T4 – T1 – (T3 – T2).
The reason for putting the timestamp(s) in the RTP packet payload rather than in the RTP header is to accurately capture the processing delay (e.g., encryption of the payload in the case of SRTP) and other delays (e.g., wait time experienced by the media in the processing pipeline) experienced by the media. 
Note that RFC6051[16] specifies an RTP header extension that carries a timestamp, which has shortcomings compared to putting the timestamp(s) in the RTP packet payload. Although the motivation of the technique in RFC6051, i.e., putting a timestamp in the RTP header extension, was to speed up the synchronization between multiple RTP sessions, the technique has the benefit of offering more accurate delay measurement than the RTCP approach and ICMP approach described earlier because the latter approaches lead to a different treatment between the measurement packets and the RTP packets in the network. However, the technique in RFC6051 is not preferred because the timestamp fails to capture the processing delay and other delays experienced by the media, and, as a lesser problem, the technique currently supports only one timestamp to be carried in the RTP header extension.   

[image: ]
Fig. 6.2.3-3 In-band end-to-end delay measurement by piggybacking timestamps to an RTP packet.

The one-byte RTP header extension for piggypacking timestamps is shown in Figure 6.2.3-4. The header extension consists of a single RTP header extension element, the ID of which is set to 1, and the length L field of which is set to 2 (which indicates a size of 3 bytes rather than 2 bytes for the ‘data’ field of the RTP header extension element in the one-byte format according to RFC8285 [14]), and the data of which is labeld “#timestamps, start, size” occupying 24 bits. Specifically,
· The “#timestamps” field specifies the number of timestamps. In the case of piggybacking the originate timestamp (T1), this field is set to 1; in the case of piggybacking the originate timestamp (T1), the receive timestamp (T2) and the transmit timestamp (T3), this field is set to 3.
· The “start” field specifies whether the timestamps are at the beginning of the RTP payload or at the end of the RTP payload. 
· The “size” field specifies the size of the timestamps. The size depends on the timestamp formats. Considering the granularity and overhead, the 32-bit short NTP timestamp format [15] or a truncated version of it seems a good choice.
              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=1            |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID=1 | L=2   |     #timestamps, start, size                  |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
Fig. 6.2.3-4 The one-byte RTP header extension for piggybacking timestamps.
The two-byte RTP header extension for piggypacking timestamps is shown in Figure 6.2.3-5. The difference is that the ID and the L fields together occupy 2 bytes rather than 1 byte as in the one-byte format. Note that the value in the L field indicates the size of the data of the RTP header extension element literally, i.e., L=2 means 2 bytes.
              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=1            |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID=1         |         L=2   | #timestamps, start, size      |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
Fig. 6.2.3-5 The two-byte RTP header extension for piggybacking timestamps.
For both the one-byte format and the two-byte format, the timestamp(s) are put in the RTP payload according to the respective “#timestamps, start, size” fields. 
===== END OF CHANGE #2  =====
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Presenter: Ma Liangping
Online Discussion: none
Decision: Noted.
S4-230458 is noted.  
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