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[bookmark: _Toc3549537][bookmark: _Toc524217474]7.3.8	Delay Budget Information (DBI) Signaling
RAN delay budget reporting is specified in TS 36.331 [160] for E-UTRA and TS 38.331 [163] for NR. RAN delay budget reporting through the use of RRC signalling to eNB / gNB allows UEs to locally adjust air interface delay. Based on the reported delay budget information, a good coverage UE on the receiving end (i.e., the UE that contains the MTSI receiver) can reduce its air interface delay, e.g., by turning off CDRX or via other means. This additional delay budget can then be made available for the sending UE (i.e., the UE that contains the MTSI sender), and can be quite beneficial for the sending UE when it suffers from poor coverage. When the sending UE is in bad coverage, it would request the additional delay from its local eNB / gNB, and if granted, it would utilize the additional delay budget to improve the reliability of its uplink transmissions in order to reduce packet loss, e.g., via suitable repetition or retransmission mechanisms, and thereby improve end-to-end delay and quality performance.
While RAN-level delay budget reporting as defined in TS 36.331 [160] and TS 38.331 [163] allows UEs (i.e., MTSI sender and MTSI receiver) to locally adjust air interface delay, such a mechanism does not provide coordination between the UEs on an end-to-end basis. To alleviate this issue, this clause defines RTCP signalling to realize the following capabilities on signalling of delay budget information (DBI) across UEs: (i) an MTSI receiver can indicate available delay budget to an MTSI sender, and (ii) an MTSI sender can explicitly request delay budget from an MTSI receiver. 
More specifically, the RTCP-based signalling of DBI is composed of a dedicated RTCP feedback (FB) message type to carry available additional delay budget during the RTP streaming of media, signalled from the MTSI receiver to the MTSI sender. In addition, the defined RTCP feedback message type may also be used to carry requested additional delay budget during the RTP streaming of media, signalled from the MTSI sender to the MTSI receiver. 
A corresponding dedicated SDP parameter on the RTCP-based ability to signal available or requested additional delay budget during the IMS/SIP based capability negotiations is also defined, as described in sub-clause 6.2.8. 
Such RTCP-based signaling of DBI can also be used by an MTSI receiver to indicate delay budget availability created via other means such as jitter buffer size adaptation as mentioned in clause 8.2.1. 
The signalling of available or requested additional delay budget information (DBI) shall use RTCP feedback messages as specified in IETF RFC 4585 [40]. The RTCP feedback message is identified by PT (payload type) = RTPFB (205) which refers to RTP-specific feedback message. FMT (feedback message type) shall be set to the value '10' for delay budget information (DBI). The RTCP feedback method may involve signalling of available or requested additional delay budget in both of the immediate feedback and early RTCP modes.
As such, the RTCP feedback message shall be sent from the MTSI receiver to the MTSI sender to convey to the sender the available additional delay budget from the perspective of the receiver. The recipient UE of the RTCP feedback message (i.e., the UE containing the MTSI sender) may then use this information in determining how much delay budget it may request from its eNB / gNB over the RAN interface, e.g. by using RRC signalling based on UEAssistanceInformation as defined in TS 36.331 [160] and TS 38.331 [163].
The FCI (feedback control information) format shall be as follows. The FCI shall contain exactly one instance of the available additional delay budget information, composed of the following parameters:
-	Available additional delay budget delay - specified in milliseconds (16 bits)
-	Sign 's' for the additional delay budget delay and whether this is positive or negative– specified as a Boolean (1 bit)
-	Query 'q' for additional delay budget – specified as a Boolean (1 bit)
The sign value, 's' may be positive, indicated by ‘1’ or negative, indicated by ‘0’. Essentially, when the additional delay parameter takes on a positive value, the UE indicates that there is additional delay budget available. In case the additional delay parameter takes on a negative value, the UE indicates that the available delay budget has been reduced. A sequence of RTCP feedback messages may be sent by the UE to report on the additional delay budget availability in increments. 
When the MTSI receiver sends RTCP feedback messages indicating the available delay budget for the received RTP stream, the query parameter shall be to be set to '0'. When the MTSI sender sends RTCP feedback messages indicating the requested delay budget for the RTP stream sent from the MTSI sender to the MTSI receiver, the query parameter shall be set to '1'. In this case, the value of delay indicates the additional delay budget requested by the sender of the RTCP feedback message (i.e., the MTSI sender) for the RTP stream sent from the MTSI sender to the MTSI receiver. 
The FCI for the proposed RTCP feedback message shall follow the following format where (i) 's' stands for the single-bit message on the sign of the additional delay parameter and (ii) 'q' stands for the single-bit message on query:
 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
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|            delay              |s|q|     zero padding          |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

The high byte of delay shall be followed by the low byte, where the low byte holds the least significant bits.
Annex V presents example signalling flows on RAN delay budget reporting usage for voice in MTSI with and without DBI signalling. 
An MTSI receiver shall not indicate available delay budget to an MTSI sender via DBI signalling more frequently than once every T_DBI seconds, provided that the necessary amount of RTCP bandwidth is available. If an MTSI receiver indicates available delay budget to an MTSI sender via DBI signalling, this shall mean that the indicated delay budget amount is available to the MTSI sender for at least the duration of T_DBI seconds. An MTSI sender shall not request delay budget from an MTSI receiver via DBI signalling more frequently than once every T_DBI seconds. T_DBI shall be set to a value between 1 – 3 seconds.
NOTE 1: The requirement on how to set the exact value of T_DBI is FFS.    
Timing-wise, it is possible that DBI signalling may happen concurrently or asynchronously between the MTSI sender and MTSI receiver, i.e., the MTSI receiver may indicate available delay budget to the MTSI sender, while the MTSI sender may request delay budget from an MTSI receiver. 
If the MTSI sender receives available delay budget information from an MTSI receiver via DBI signaling, this delay budget is available for its uplink over the duration of at least T_DBI seconds.  Thus, if an MTSI receiver has already indicated available delay budget to the MTSI sender via DBI signalling, reception of a DBI request from the MTSI sender during any time within the time window of T_DBI seconds shall not trigger any further DBI signalling from the MTSI receiver to the MTSI sender on the available delay budget at any time sooner than T_DBI seconds following the last indication of the available delay budget. 
Once the period of T_DBI seconds following the last indication of the available delay budget is over, if the available delay budget has changed, the MTSI receiver shall inform the MTSI sender on the new delay budget availability (as a relative value as explained above) using DBI signalling. If the MTSI sender does not receive any new DBI signalling on the available delay budget from the MTSI receiver after the T_DBI second period is over, it shall mean the continued availability of the same amount of delay budget indicated to the MTSI sender via the latest DBI signalling.
Likewise, if the MTSI sender no longer needs the additional delay budget it has requested earlier or has a delay budget request that is different from what it had requested earlier, it shall inform the MTSI receiver about the new delay budget request (as a relative value as explained above) via DBI signalling. If the MTSI receiver does not receive any new DBI signalling on the requested delay budget from the MTSI sender after the T_DBI second period is over, this shall mean that the MTSI sender is still requesting the same amount of delay budget indicated to the MTSI receiver via the latest DBI signalling.
It should be noted that the delayBudgetReportingProhibitTimer parameter for RAN delay budget reporting as defined in TS 36.331 [160] for E-UTRA and TS 38.331 [163] for NR may take any of the values among 0, 0.4, 0.8, 1.6, 3, 6, 12 and 30 seconds, as set by the local eNB / gNB. Hence, if an MTSI receiver is to provide additional delay budget by locally adjusting air interface delay via RAN delay budget reporting (as supposed to adjusting its jitter buffer size, which can be set independently from the delayBudgetReportingProhibitTimer parameter), the frequency of its signalling to eNB / gNB is subject to the delayBudgetReportingProhibitTimer parameter. Likewise, when an MTSI sender requests delay budget from its local eNB / gNB via RAN delay budget reporting, the frequency of this signalling is subject to the delayBudgetReportingProhibitTimer parameter. Therefore, it should be observed that end-to-end delay adaptation through the use of RAN delay budget reporting and DBI signalling may be limited when the eNB / gNB sets the delayBudgetReportingProhibitTimer parameter to a large value. In particular, if delayBudgetReportingProhibitTimer is set to a value larger than T_DBI seconds, then DBI signaling cannot be used in conjunction with RAN delay budget reporting. 
[bookmark: _GoBack]Provided that the delayBudgetReportingProhibitTimer configurations over the uplink and downlink access networks of the respective MTSI sender and MTSI receiver both do not exceed 3 seconds, T_DBI should be set to a value greater than or equal to the maximum of the delayBudgetReportingProhibitTimer configurations over uplink and downlink access networks. In case an MTSI receiver adjusts its jitter buffer size and does not use RAN delay budget reporting, delayBudgetReportingProhibitTimer parameter for downlink may be considered to be set to zero as part of this recommendation. Typical delayBudgetReportingProhibitTimer configurations will be in the values of 0, 0.4, 0.8, 1.6 seconds, so setting T_DBI to 1.6 seconds is recommended to operate with typical delayBudgetReportingProhibitTimer configurations.
NOTE 2: T_DBI may be selected taking into account delayBudgetReportingProhibitTimer configurations over uplink and downlink access networks of the corresponding MTSI sender and MTSI receiver, respectively. The exact configuration of T_DBI with respect to delayBudgetReportingProhibitTimer is FFS.    
When transcoding is present on the media path between the MTSI sender and MTSI receiver in the packet-switched domain, the end-to-end delay and quality performance enhancements realized by DBI signalling are still applicable as long as the media gateway in between passes the RTCP feedback messages carrying DBI. There may be a possible reduction however on the end-to-end performance gains, due to the additional delays incurred from transcoding. 
When transcoding is present on the media path between an MTSI sender in the packet-switched domain and a media receiver in the circuit-switched domain, the end-to-end delay and quality performance enhancements realized by DBI signalling may still be applicable if the media gateway is able to offer additional delay budget, e.g., by extending its jitter buffer size, while also considering the fixed delay over the circuit-switched domain. In this case, the media gateway may receive delay budget request from the MTSI sender via DBI signalling, and the media gateway may further inform the MTSI sender about available delay budget via DBI signalling (note that no DBI signalling happens in the circuit switched domain).  
In case of multiparty conferencing, DBI signalling may also be useful to improve end-to-end delay and quality performance of the RTP streams exchanged between the clients and conferencing server. In particular, an MSMTSI client (as defined in Annex S) and an MSMTSI MRF (as defined in Annex S) may negotiate DBI signalling using the SDP based procedures described in sub-clause 6.2.8. An MSMTSI client may then use DBI signalling to indicate available additional delay budget for the RTP streams received from the MSMTSI MRF and also request additional delay budget for the RTP streams it sends to the MSMTSI MRF. Likewise, an MSMTSI MRF may then use DBI signalling to indicate available additional delay budget for the RTP streams received from the MSMTSI client and also request additional delay budget for the RTP streams it sends to the MSMTSI client.
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