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1. [bookmark: _Toc504713888]Introduction
In S4aR230057 the RTC working group has agreed to work on signaling the end-of-burst indication in PDU set information in an RTP header extension. 
In this contribution, we discuss the syntax and semantics of end-of-burst signaling in RTP HE and the guidelines on how to set this field in the RTP HE at the application level.
2. Data burst
S2-2303879 defines a data burst “A set of multiple PDUs generated and sent by the application in a short period of time”. The definition also includes a note that states “A Data Burst can be composed of one or multiple PDU Sets”.
The concept of a Data Burst is relevant when discussing traffic that is associated with extended reality (XR) services. It is important because XR traffic is often transmitted in bursts. For example, an Application Server (AS) may send a burst of data to a UE. The burst of data may represent audio information, video information, etc. After transmitting the burst of the data to the UE, a period of time may elapse before the Application Server transmits another data burst to the UE.
In S2-2303845, SA2 has agreed that: 
· “An indication of End of Data Burst may be provided to the NG-RAN by the UPF, e.g., to configure UE power management schemes like connected mode DRX.” And 
· “According to the request and information from the SMF, the UPF identifies the last PDU of a Data burst in the DL traffic based on the End indication according to the Protocol Description and provides an End of Data Burst indication to the NG-RAN over GTP-U of the last PDU of a Data burst.”. 

The SMF configuration is based on a protocol description within the PCC Rules. S2-2303845 explains that: 
· “The PCF may provision the Protocol Description within PCC Rules based on the information provided by the AF and/or the local operator policies.” 
One such mechanism is to indicate the EOB indication in the PDU set information RTP Header Extension. The AS can set the EDB field in the PDU set information RTP HE and inform the UPF about the EOB. The UPF may send an EOB Indication to NG-RAN. When the NG-RAN receives the EOBI in the GTP-U header it understands that that specific PDU is the last PDU of a given Data Burst and it may put the UE to sleep.
3. Proposal
The end-of-burst indication can be signalled in the PDU Set information header extension. 
3.1 End-of-Burst signaling
The syntax and semantics of one-byte and two-byte RTP header extension for the marking of PDU sets and end of data burst (2 bits in length) in PDU Set information header extension is as follows:
3.1.1 Syntax
         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=5   |E| EDB | PRI   |      PSSN         |     PSN   |         
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |                            PSSize             |  Zero padding |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
Figure 1. RTP header extension using one-byte header format.
       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
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |       0x10    |    0x00       |           length              |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID           | L=6           |E| EDB | PRI   |      PSSN              
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
          |   PSN     |                    PSSize                     |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
Figure 2. RTP header extension using two-byte header format.
3.1.2 Semantics
The semantics of the fields of the RTP header extension are defined as follows:
· E (1 bit): this flag shall be set to one for the last PDU of the PDU Set. 
NOTE: the RTP packet marker bit is typically set to 1 only for the last packet of a whole frame. However, a frame may have several PDU Sets, so that only the last PDU of a frame will have both E and RTP marker bit set to 1.
· EDB (3 bits): The EDB field is 3-bits in length with the following semantics:
	Value
	Description

	000
	End of data burst marking is not set for this RTP stream and RTP payload type.

	001
	This PDU is not the last PDU of the data burst.

	010
	This value marks the last PDU of the data burst.

	011
	This PDU is part of the last PDU set of the data burst. The end-of-burst indication is signalled for all or some of the last PDUs in the last PDU set of the data burst.




When the last PDU in a data burst is not delivered to the UPF due to congestion or unstable network conditions, indicating all or some of the last PDUs in the last PDU set of the data burst with EDB flag value 0x011 helps the UPF in identifying the end of the data burst.
· PSI (4 bits): the PDU Set Importance field indicates the importance of this PDU Set compared to other PDU Sets within the same RTP stream.
· PSSN (10 bits): the sequence number of the PDU Set to which the current PDU belongs. This value wraps around at 1023, however, using the RTP packet sequence number and PSSN pair may be used to uniquely distinguish PDU Sets.
· PSN (6 bits): the sequence number of the current PDU within the PDU Set. A receiver shall use the RTP packet sequence number together with the PSN to detect PDU Sets that contain more than 64 PDUs. 
NOTE: Due to the potential interleaving of PDUs of different PDU Sets and eventually also the loss of the first PDU of a PDU Set, the PDU sequence number cannot be derived directly from the RTP sequence number of the packet.
· PSSize (24 bits): the PDU Set Size indicates the total size of all PDUs of the PDU Set to which this PDU belongs in bytes. This field is optional and subject to offer/answer negotiation, where the Application Server may indicate whether it will be able to provide the size of the PDU Set for that RTP stream. If not enabled, the field should not be present. If enabled, but the AS is not able to determine the PDU Size for a particular PDU Set, it should set the value to 0 in all PDUs of that PDU Set.
EOB (2 bits): End-of-burst indication. 
· When this flag is set to 0x00 the current PDU is not the last PDU of the data burst.
· This flag shall be set to 0x01 for the last PDU of the data burst. 
· When this flag is set to 0x10 the end-of-burst indication is not indicated in the PDU Set information RTP header extension or reserved for future usage.
· When this flag is set to 0x11 the PDU is part of the last PDU set of the data burst. The end-of-burst indication is signalled for all the PDUs in the last PDU set of the data burst.


3.2 SDP Signaling
The URN for the PDU Set marking shall be set to “urn:3gpp:pdus-marking:rel-18”. 3GPP should register this header extension identifier with IANA as maintained in Real-Time Transport Protocol (RTP) Parameters (iana.org).
The ABNF syntax for the extmap attribute for the signaling of PDU Set and End of Burst marking is defined as follows:
extmap-attr="a=extmap:" 1*5DIGIT ["/" direction] SP "urn:3gpp:pdus-marking:rel-18" SP extensionattributes
extensionattributes = *3(format / "pdu-set-size" / "end-of-burst")
format = "short" / "long"
3.3 Guidelines for setting EOB field
The end of a burst in a media stream may be identified by setting the RTP HE EOB field to 0x01 for the last PDU of an Intra Random Access Pictures (IRAP) picture. The IRAP frames in a media stream are larger in size and usually require several PDUs and PDU sets to transmit the coded frame data.
The end-of-burst may be indicated for the last PDU of each coded picture. 
The end-of-burst may be indicated for all or some of the last PDUs in the last PDU set of a coded frame or GOP, using RTP HE EOB field value 0x11. In this case, the UPF/RAN may detect an EOB when it completely receives the PDUs of the last PDU set (e.g., by comparing the number of bytes received for this PDU set with the PDU set size or checking if the E flag in the RTP HE is set.)
An Application Server (AS) acting as a relay may add PDU set information RTP header extension before transmitting the PDUs to the UPF. In this process, the AS may not know the media timestamp directly. In such case, the AS relies on the RTP timestamp present in the RTP header of the PDUs to calculate the media timestamp.
Typically, all PDUs that are associated with a burst should be associated with the same presentation time stamp. In case of multiple media streams present in a stream, the PDU sets that are associated with the same media time stamp considering the presentation time stamp and the duration of the frame across all the media shall be part of the data burst. To determine end-of-burst, when two or more media flows are part of the same burst, the timestamps in the RTP packet header are not compared directly to each other. Rather, they are compared to a reference clock to determine if they were transmitted at the same time.
In PDUs carrying video NAL units, Tthe end-of-burst may also be detected when the marker (M) bit in the RTP header is set. The marker bit is intended to allow significant events such as frame boundaries to be marked in the RTP packet stream when they carry video NAL units. When a marker bit is set in an RTP header of an RTP packet carrying video NAL units, it is interpreted that the frame boundary is reached and the corresponding PDU and/or PDU set is marked with end-of-burst indication in the RTP HE.
4. Proposal
We propose to agree the proposed syntax, semantics, SDP signaling and guidelines for marking the end-of-burst indication to the PDU set information RTP header extension in 5G_RTP permanent document.
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