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Discussion
In the RTC SWG telco on May 6, the key issue #12 on Enhancements of Data Burst Marking was incorporated into TR 26.822. The key issue proposes to study the following aspects:
· Identify additional burst related traffic characteristics beneficial to the 5GS network, for example, time to next burst, burst size and other potentially relevant characteristics 
Editor’s Note: This is to be collaborated with SA2 and RAN WG.
· Identify and document the way RTP senders can generate data bursts e.g. 
· WebRTC paced sending implementation 
· Other common RTP implementations or libraries that are commonly used
· Develop additional signalling in the 5G RTP Header Extension to include additional burst related traffic characteristics.
· Develop guidelines and recommendations for the setting of data burst related parameters in the RTP Header Extension (if needed).
Summary of the Release 18 considerations on Time To Next Burst (TTNB)
The benefit of indicating the idle time between two data bursts (time to next burst) in addition to the End of Burst (EoDB) indication was already discussed in the document S4-230666 [1] that was contributed to Rel-18 WI 5G_RTP in SA4#123-e. 
The EoDB indication informs the UE that there is an opportunity to sleep until the beginning of the next burst and enables the usage of CDRX mechanisms. However, as discussed in [1], the optimal power state of the UE depends on the time to next burst since the UE requires different transition times to switch to different power consumption states, as described in TR 38.340 [2]. Therefore, EoDB by itself does not provide enough information for the UE or RAN to determine the appropriate power state for maximal power saving.
Resulting from the EoDB related discussions in SA4#123-e, SA4 sent the LS S4-230739 [3| to SA2 and RAN4, where SA4 stated that:
In addition to marking the last PDU of the data burst, SA4 sees the benefit of using additional bits to indicate inter-burst time, which may change dynamically due to various reasons, including application-layer rate control. SA4 believes that this can enable the RAN to switch to the most appropriate power state.
and requested SA2 and RAN2 to:
 provide feedback on the feasibility and value of introducing additional signaling bits related to the End of Burst within the Rel-18 timeframe.
SA2 provided the following reply to the LS by SA4 in [4]:
SA2 has discussed this issue and has taken a working assumption that additional bits to indicate inter-burst time is not supported in this release.
RAN2 provided the following reply to the LS by SA4 in [5]:
RAN2 inform that RAN can benefit from getting XR related information about End of Burst (1 bit). RAN2 have not identified any other dynamic information that is useful.
From the replies provided by SA2 and RAN2, it was understood that there was no agreement on the usefulness of the time to next burst information and no intention to enhance EoDB with additional bits to support such signaling in Rel-18.

Release 19 considerations on TTNB
The issue was reopened for discussion in Rel-19 within the FS_XRM_Ph2 study where SA2 is studying burst related parameters in the “Key Issue #5: QoS Handling when Traffic Characteristics Change Dynamically”. The key issue includes the following aspects as documented in TR 23.700-70 [6]:
· Identify what traffic characteristics are dynamically changed.
· Whether and how the 5G network can be enhanced to know about dynamic changes in traffic characteristics of GBR and non-GBR flows:
· What information from the Application in the DN, if any, is needed by the 5G network to be able to know the dynamic changes in traffic characteristics and how this information is provided by the Application in the DN.
· At what granularity does the 5GS need to know of changes in traffic characteristics (e.g. QoS Flow granularity).
· What handling may be needed when the 5G network knows about changes in the traffic characteristics.
NOTE:	This Key Issue may require coordination with RAN WGs and/or SA WG4.

In FS_XRM_Ph2, a solution defining the necessary 5GS signaling mechanisms for TTNB was contributed to the KI#5 [7]. This solution proposes a mechanism to provide TTNB dynamically where TTNB carries information about whether the time to next burst is within a threshold. In detail:
· The AF provides the  protocol description information carrying TTNB with an initial threshold the network to the UPF. 
· The AS sends RTP stream with the burst information using the latest threshold to UPF and RAN. 
· The UPF processes the received RTP stream, marks the TTNB into GTP-U header based on received RTP HE before sending it to the RAN. 
· The received TTNB can be used by the RAN for the power saving management. 
· The AS can update the threshold based on the feedback received from the UE.
From the above KI definition and proposed solution, it is understood that there is an interest in reconsidering the feasibility and value of TTNB in Rel-19.
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Proposal
This contribution handles the first aspect in KI#12 and proposes a solution for signaling the time to next burst (TTNB) for incorporation into TR 26.822.
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[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684]6.X	Solution #X: Time to next burst extension for the RTP HE for PDU Set marking
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685]6.X.1	Key Issue mapping
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]This solution addresses the key issue #12.
[bookmark: _Toc500949101]6.X.2	Description
6.X.2.1	Background
TS 26.522 [2] defines a data burst as a set of multiple PDUs generated and sent by the application such that there is an idle period between two data bursts. A Data Burst can be composed of one or multiple PDU Sets.
TS 23.501 [3] enables an End of Data Burst (EoDB) indication to be added to the last PDU of each Data Burst in the GTP-U header to configure the UE power management schemes like Connected Mode Discontinuous Reception (CDRX). The procedure is as follows: 
· PCF may provision the Protocol Description within the PCC rules based on the information provided by the AF and/or the local operator policies. 
· SMF should request the UPF to detect the last PDU of the data burst and mark the EoDB in the GTP-U header of the last PDU in downlink, according to the PCC rule and/or the local operator policies.
· UPF identifies the last PDU of a data burst in the downlink traffic based on the End indication according to the Protocol Description and provides an EoDB indication to the RAN in the GTP-U header of the last PDU of a data burst.
If packets are transmitted in a bursty fashion, the idle time between two bursts is largely determined by the video frame inter-arrival time (e.g., ~33 ms for 30 fps). However, it may vary from burst to burst depending on the instantaneous variations in frame rate and when the NAL units comprising a PDU Set is made available by the encoder to the RTP packetizer, which may depend on the scene complexity. Furthermore, encoders that enable frame reordering may pass multiple frames to the RTP sender at once which are transmitted in a single burst that continues over multiple frame intervals. 
Paced sending is a technique used  in WebRTC to smooth the flow of packets sent to the network by spreading transmission across the frame interval. If paced sending is used, the sending time of the next packet or group of packets is determined by the pacer which may also consider factors such as frame rate and total bytes currently in the queue. In this case, since the transmission of the packets of a video frame is spread over the entire frame, the data burst concept may not apply depending on the amount of packets grouped together.
The EoDB indication informs the UE that there is an opportunity to sleep until the beginning of the next burst and enables the usage of CDRX mechanisms. However, the optimal power state of the UE depends on the time to next burst (TTNB) since the UE requires different transition times to switch to different power/sleep states, as described in TR 38.840 [x]. Therefore, EoDB by itself does not provide enough information for the UE or RAN to determine the appropriate sleep state for maximal power saving. 
Table X shows the relative power consumption and total transition time (ramping down and up) of each sleep state for FR1 (frequency range 1, up to 7 GHz). Time interval for the sleep should be larger than the total transition time entering and leaving a power state.
Table X: Relative power and total transition time for the sleep states defined in TR 38.340 [x].
	Sleep State
	Relative Power 
	Total transition time 

	Deep sleep
	1
	 20 ms 

	Light sleep
	20
	 6 ms 

	Micro sleep
	45
	 0 ms* 

	* Immediate transition is assumed for power saving study purpose from or to a non-sleep state



6.X.2.1	Solution description
In this solution, the RTP HE for PDU Set marking defined in TS 26.522 [2] clause 4.2 is extended to include a TTNB field. TTNB is the time interval between the transmission of the last packet in the current burst and first packet of the next burst, i.e., inter-burst time. 
The TTNB field is 8 bits in length and is expressed in milliseconds. It can be an optional field added by the RTP sender only if the AS is able to obtain the TTNB information and it is subject to SDP negotiation between the sender and the receiver. TTNB is set to 0, if the current PDU is not the last PDU of the burst or if the sender cannot determine the TTNB.
Real-time congestion control algorithms like SCReAM [y] maintain an RTP queue at the sender side to temporarily store the RTP packets pending transmission. Thus, they can adapt the sending rate of packets depending on the congestion level and size of the frames produced by the video encoder. TTNB can be determined by RTP senders that implement such congestion control algorithms since they can choose when the next burst of packets will be sent.
An RTP sender determines the time to next burst based on its wall clock time. The timing is determined based on the sending time of the packets and not the time they are received by the RTP receiver. Optimization based on potential network jitter is not in the scope of this solution but can be implemented in the UPF or RAN. 
TTNB can be used by the receiver UE to initiate the most adequate sleep state. For example, if TTNB is more than 20ms, the receiver UE could achieve the optimal power saving by going to deep sleep.
An example implementation of the TTNB field is shown below for the one-byte version of the RTP HE for PDU Set marking.
       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   | len   |E| R |D|  PSI  |      PSSN         |     PSN   |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |                     PSSize                    |     NPDS
      +.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+
                      |      TTNB     |
      +.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+

TTNB can be signaled as an optional extension attribute in the SDP signaling. An example usage of extmap attribute for such signaling is shown below.
a=extmap:7 urn:3gpp:pdu-set-marking:rel-18 short ttnb	
Editor’s Note: This solution requires coordination with SA2 and RAN2.
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