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	First Change


3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply:

NOTE:
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

AC
Alternating Current

AL-SDU
Application Layer - Service Data Unit

AMR
Adaptive Multi-Rate

AMR-NB
Adaptive Multi-Rate - NarrowBand

AMR-WB
Adaptive Multi-Rate - WideBand

AMR-WB IO
Adaptive Multi-Rate - WideBand Inter-operable Mode, included in the EVS codec
ANBR
Access Network Bitrate Recommendation

ANBRQ
Access Network Bitrate Recommendation Query
APP
APPlication-defined RTCP packet

ARQ
Automatic repeat ReQuest

AS
Application Server

ATCF
Access Transfer Control Function

ATGW
Access Transfer GateWay

AVC
Advanced Video Coding

BFCP
Binary Floor Control Protocol

CCM
Codec Control Messages

CDF
Cumulative Distribution Function
cDRX
Connected Mode DRX
CMR
Codec Mode Request

cps
characters per second

CS
Circuit Switched

CSCF
Call Session Control Function

CTM
Cellular Text telephone Modem

CVO
Coordination of Video Orientation

DRX
Discontinuous Reception

DTMF
Dual Tone Multi-Frequency

DTX
Discontinuous Transmission

ECN
Explicit Congestion Notification

ECN-CE
ECN Congestion Experienced

ECT
ECN Capable Transport

eNodeB
E-UTRAN Node B

E-UTRAN
Evolved UTRAN
EVS
Enhanced Voice Services

FECC
Far End Camera Control
FIR
Full Intra Request

FLR
Frame Loss Rate

FoIP
Facsimile over IP
GIP
Generic IP access

GOB
Group Of Blocks

H-ARQ
Hybrid - ARQ

HEVC
High Efficiency Video Coding

HSPA
High Speed Packet Access

ICM
Initial Codec Mode

IDR
Instantaneous Decoding Refresh

IFP
Internet Facsimile Protocol

IFT
Internet Facsimile Transfer

IMS
IP Multimedia Subsystem

IP
Internet Protocol

IPv4
Internet Protocol version 4

IRAP
Intra Random Access Point

ITU-T
International Telecommunications Union - Telecommunications

JBM
Jitter Buffer Management

MGCF
Media Gateway Control Function

MGW
Media GateWay

MIME
Multipurpose Internet Mail Extensions

MO
Management Object

MPEG
Moving Picture Experts Group

MRFC
Media Resource Function Controller

MRFP
Media Resource Function Processor

MSMTSI
Multi-Stream Multimedia Telephony Service for IMS

MSRP
Message Session Relay Protocol

MTSI
Multimedia Telephony Service for IMS

MTU
Maximum Transfer Unit

NACK
Negative ACKnowledgment

NNI
Network-to-Network Interface

NTP
Network Time Protocol

PCM
Pulse Code Modulation

PDP
Packet Data Protocol

PLI
Picture Loss Indication
PLR
Packet Loss Ratio
POI
Point Of Interconnect

PSTN
Public Switched Telephone Network

PTZF
Pan, Tilt, Zoom and Focus

QCI
QoS Class Identifier

QMC
QoE Measurement Collection
QoE
Quality of Experience

QoS
Quality of Service

QP
Quantization Parameter
RoHC
Robust HeaderCompression

ROI
Region of Interest

RR
Receiver Report

RTCP
RTP Control Protocol

RTP
Real-time Transport Protocol

SB-ADPCM
Sub-Band Adaptive Differential PCM
SC-VBR
Source Controlled VBR
SDP
Session Description Protocol

SDPCapNeg
SDP Capability Negotiation

SID
SIlence Descriptor

SIP
Session Initiation Protocol

SR
Sender Report

SRVCC
Single Radio Voice Call Continuity
TFO
Tandem-Free Operation

TISPAN
Telecoms and Internet converged Services and Protocols for Advanced Network

TMMBN
Temporary Maximum Media Bit-rate Notification

TMMBR
Temporary Maximum Media Bit-rate Request

TrFO
Transcoder-Free Operation

UDP
User Datagram Protocol

UDPTL
Facsimile UDP Transport Layer (protocol)

UE
User Equipment

VoIP
Voice over IP

VOP
Video Object Plane

	Second change


8.2.1
Terminology

In the following paragraph(s), Jitter Buffer Management (JBM) denotes the actual buffer as well as any control, adaptation and media processing algorithm (excluding speech decoder) used in the management of the jitter induced in the transport channel. An illustration of an exemplary structure of an MTSI speech receiver with adaptive jitter buffer is shown in figure 8.1 to clarify the terminology and the relation between different functional components.
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Figure 8.1: Example structure of an MTSI speech receiver

The blocks "network analyzer" and "adaptation control logic" together with the information on buffer status form the actual buffer control functionality, whereas "speech decoder" and "adaptation unit" provide the media processing functionality. Note that the external playback device control driving the media processing is not shown in figure 8.1.

The grey dashed lines indicate the measurement points for the jitter buffer delay, i.e. the difference between the decoder consumption time and the arrival time of the speech frame to the JBM.

The functional processing blocks are as follows:

-
Buffer: The jitter buffer unpacks the incoming RTP payloads and stores the received speech frames. The buffer status may be used as input to the adaptation decision logic. Furthermore, the buffer is also linked to the speech decoder to provide frames for decoding when they are requested for decoding.

-
Network analyser: The network analysis functionality is used to monitor the incoming packet stream and to collect reception statistics (e.g. jitter, packet loss) that are needed for jitter buffer adaptation. Note that this block can also include e.g. the functionality needed to maintain statistics required by the RTCP if it is being used.

-
Adaptation control logic: The control logic adjusting playback delay and operating the adaptation functionality makes decisions on the buffering delay adjustments and required media adaptation actions based on the buffer status (e.g. average buffering delay, buffer occupancy, etc.) and input from the network analyser. Furthermore, external control input, including RTCP from the sender, can be used e.g. to enable inter-media synchronisation, to adapt the jitter buffer, or other external scaling requests. The control logic may utilize different adaptation strategies such as fixed jitter buffer (without adaptation and time scaling), simple adaptation during comfort noise periods or buffer adaptation also during active speech. The general operation is controlled with desired proportion of frames arriving late, adaptation strategy and adaptation rate.

-
Speech decoder: The standard AMR, AMR-WB or EVS speech decoder. Note that the speech decoder is also assumed to include error concealment / bad frame handling functionality. Speech decoder may be used with or without the adaptation unit.

-
Adaptation unit: The adaptation unit shortens or extends the output signal length according to requests given by the adaptation control logic to enable buffer delay adjustment in a transparent manner. The adaptation is performed using the frame based or sample based time scaling on the decoder output signal during comfort noise periods only or during active speech and comfort noise. The buffer control logic should have a mechanism to limit the maximum scaling ratio. Providing a scaling window in which the targeted time scale modifications are performed improves the situation in certain scenarios - e.g. when reacting to the clock drift or to a request of inter-media (re)synchronization - by allowing flexibility in allocating the scaling request on several frames and performing the scaling on a content-aware manner. The adaptation unit may be implemented either in a separate entity from the speech decoder or embedded within the decoder.
	Third change (new)


Annex X (informative): 
Delay Adaptation and Example Uses of DBI Signaling 
X.1
General
End-to-end delay and jitter performance plays an important role in determining MTSI quality of experience. MTSI sender and MTSI receiver may perform adaptation based on delay budget adjustments, including jitter buffer size adaptation at the receiver, air interface delay adjustments at both sender and receiver using RAN delay budget reporting as specified in TS 36.331 [160] for E-UTRA and TS 38.331 [X] for NR. MTSI sender and MTSI receiver may also exchange delay budget information (DBI) with each other as described in clause 7.3.X, to signal available delay budget as well as to request delay budget. 
This clause provides various example informative signalling flows on delay adaptation using these mechanisms. 
Figure X.2.1 presents a signaling flow example for RAN delay budget reporting usage for voice in MTSI without DBI signalling. 
Figure X.2.2 and X.2.3 present signaling flow examples for RAN delay budget reporting usage in MTSI involving uni-directional DBI signalling with only indication of available delay budget from MTSI receiver to MTSI sender. 
Figure X.2.4 presents a signaling flow example for RAN delay budget reporting usage in MTSI involving bi-directional DBI signalling with indication of available delay budget from MTSI receiver to MTSI sender and requested delay budget from MTSI sender to MTSI receiver. 
Figure X.2.5 presents a signalling flow example on usage of RAN delay budget request in MTSI with bi-directional DBI signalling and with jitter buffer adjustment.
X.2
Example Signaling Flows on Delay Adaptation
In Figure X.2.1, a signaling flow for RAN delay budget reporting usage for voice in MTSI without DBI signalling is presented. 
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Figure X.2.1: Signaling flow on usage of RAN delay budget reporting in MTSI without DBI signalling.
Step 1: UE-1 sends UE-2 rate request via CMR or RTCP-APP for voice at bitrate R0. The "Request" message here is a generalized application level rate request message that corresponds to CMR or RTCP-APP for voice.
Step 2: UE-2 sends RTP media flow for voice with bitrate R0.

Step 3: UE-1 detects good radio conditions locally, e.g., eNB-1 sends a DL access network bitrate recommendation (ANBR) of bitrate R1 > R0 to UE-1, and UE-1 measures low block error rate (BLER) over the local radio link based on the monitoring of successful downlink packet transmissions, and it may also measure downlink throughput over the radio air interface that is much higher than the received bitrate (after accounting for the relevant headers). In the meantime, UE-1 detects high packet losses after monitoring reception of RTP packets (also by monitoring RTCP sender and receiver reports) and applying the highest possible jitter buffer according to the reference Jitter Buffer Management (JBM) in clause 8 (subject to the JBM compliance requirement of MTSI). Hence, UE1 concludes that UE2's local radio conditions are poor.

Step 4: UE-1 sends a UEAssistanceInformation message as specified in TS 36.331 [160] to eNB-1 with type-1 to turn off cDRX. It is assumed that eNB-1 grants this request and turns off cDRX for UE-1. Turning off cDRX is relevant only when PLR is high, which is the conclusion of UE-1 in this example, as per Step 3. It should however be noted that UE-1 can increase the JBM depth to compensate the delay for high jitter. In this scenario, delay budget request from UE-1 to eNB-1 is not necessary and UEAssistanceInformation message may not be sent. Moreover, due to other considerations, UE-1 may choose not to turn cDRX off, e.g., when saving battery power is critical.

Step 5: UE-2 detects high packet losses on its uplink due to poor coverage conditions, e.g., it may measure high BLER over its local radio link based on the monitoring of successful uplink packet transmissions, e.g., by monitoring the HARQ acknowledgements received. UE-2 requests additional delay budget from eNB-2 in order to perform additional re-transmissions to increase the reliability of its UL transmissions. When requesting this additional delay budget, UE-2 may also consider end-to-end RTT measured based on RTCP reports. It is assumed that eNB-2 grants this request. Because UE-1 has already turned its cDRX off, it is unlikely that the JBM constraint at UE-1 will lead to packet losses in response to the increase air interface delay over the RAN corresponding to UE-2. 

Step-6: UE-1 measures reduced packet losses and improved voice quality. 

It should be noted that the actions of UE-1 in Steps 3-4 above and actions of UE-2 in Step 5 above are completely independent and these are not necessarily sequential, as there is no coordination between the two UEs in this example.

In Figure X.2.2, another signaling flow example for RAN delay budget reporting usage in MTSI involving delay budget information (DBI) signalling as described in clause 7.3.X is presented. In this example, uni-directional DBI signalling is depicted with only indication of available delay budget from MTSI receiver to MTSI sender. 
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Figure X.2.2: Signaling flow on usage of RAN delay budget reporting with uni-directional DBI signaling in MTSI.
Steps 1-4: These are identical to the earlier signalling flow in Figure X.2.1.
Step 5: If delay budget information signalling is supported between UE-1 and UE-2, UE-1 sends an RTCP feedback (RTCP-FB) message as specified in clause 7.3.X to UE-2 indicating the availability of additional delay budget due to cDRX being turned off. A concrete delay number may also be reported as part of the RTCP-FB message that corresponds to the air interface delay reduction on UE-1's RAN after turning off cDRX, which would essentially be available for UE-2 to improve the reliability of its uplink transmissions. The reported delay number may also be determined considering UE1's JBM constraints and can be based on its assessment of how much additional delay it can tolerate. 

Step 6: UE-2 detects high packet losses on its uplink due to poor coverage conditions. UE-2 requests additional delay budget from eNB-2 in order to perform further re-transmissions to increase the reliability of its UL transmissions. When requesting the additional delay budget from eNB-2, UE-2 may also consider the RTCP-FB message it received from UE-1 on the availability of delay budget from UE-1's perspective. It is assumed that eNB-2 grants this request. 
Step-7: UE-1 measures reduced packet losses and improved voice quality.
In this example, the available delay budget may be computed by the UE-1 (MTSI receiver) based on network delay, jitter, packet loss rate (PLR) and potentially other parameters. It may also take into account constraints on JBM (i.e., based on reference JBM in clause 8). In this respect, the following observations can be made on the expected UE behaviour:

a)
Allowing UE-2 to use more retransmission will increase the jitter. This may potentially cause more packets dropped at the JBM for UE-1.

b)
On the other hand, more retransmission also allows UE-2 to reduce packet losses in its RAN uplink and this means more end-to-end reliability. So there is a fine balance here, while it would also be expected that the end-to-end performance is limited by the high packet losses on the UL, and hence more retransmissions will help improve the end-to-end quality and delay performance.

c)
UE-1 turning off cRDX will help to reduce end-to-end delay. In the meantime, if UE-1 needs to save on battery power and it is critical that cDRX is kept on for this purpose, then UE-1 may choose not to turn cDRX off. Even with cDRX off, if UE-1 decides that it can tolerate any further delay or jitter at its JBM, it may indicate this available delay budget via the RTCP-FB message for DBI signalling as defined in clause 7.3.X.

d)
It is up to UE-1 to signal any additional delay budget to UE-2. If UE-1 figures that it is already close to its JBM constraint and cannot tolerate any additional delay or jitter (as this would lead to more packets being dropped), it may not signal additional delay availability to UE-2. 
The signalling flow example in Figure X.2.2 relies on DBI signalling between the MTSI sender and MTSI receiver whereas the signalling flow in Figure X.2.1 does not include such signalling. The following can be observed when DBI signalling is not present:
1)
While the MTSI sender and MTSI receiver UEs may both be independently able to adjust their air interface delays based on the information in their MTSI clients, they are never aware of the capabilities or actions of the other UE. For example, while an MTSI receiver in good coverage may turn off cDRX to create delay budget for an MTSI sender, it may be the case that the MTSI sender does not even support delay budget reporting, or that the MTSI sender's eNB may not grant the additional delay budget to the MTSI sender, so the effort of the MTSI receiver may not deliver any end-to-end performance gain, and end up wasting the battery power of the MTSI receiver UE. Likewise, an MTSI sender in poor coverage may increase its air interface delay in an attempt to perform further retransmissions to mitigate against packet losses, without any knowledge of the possible detrimental impacts on the MTSI receiver, e.g., packets being dropped at the jitter buffer management (JBM) level.

2)
When UE-1 and UE-2 independently adjust their air interface delays, they rely on the end-to-end measurements available at their MTSI clients, e.g., by monitoring reception of RTP packets and RTCP sender and receiver reports, and knowledge of their local radio conditions. Purely relying on this information, an MTSI receiver may not be able to correctly detect the need for additional delay budget at the MTSI sender, e.g., as it may be the case that the losses are caused in the network. An explicit indication from the MTSI sender as would be enabled by DBI signaling can help the MTSI receiver make the right conclusion. Moreover, the MTSI receiver may not be able to determine exactly how much additional delay budget is needed on the air interface for the MTSI sender UE. Likewise, an MTSI sender may not be able to determine exactly how much additional delay budget it could ask from its eNB in the absence of any DBI signaling.

3)
With the use of DBI signaling, delay budget adaptation and consequent larger number of retransmissions can be done faster via the real time exchange of delay budget information using RTP/RTCP signalling compared to the case when DBI signalling is absent, which would have to rely on measurements and inference at the UEs based on packet statistics, collection of which requires a certain observation period and averaging window.
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Figure X.2.3: Another signaling flow on usage of RAN delay budget reporting with uni-directional DBI signalling in MTSI.
The signaling flow in Figure X.2.3 is identical to the one in Figure X.2.2, except that in step 7, UE-1 still observes high packet loss rate and the following additional steps are taken:

Step 8: UE-1 sends UE-2 rate request via CMR or RTCP-APP for voice at bitrate R2 < R0. Other kinds of adaptation may also be invoked, for instance the use of application layer redundancy or transitioning to a more robust codec mode based on the negotiated codecs (e.g., channel-aware mode for EVS), in case the receiver side detects major packet loss but delay and jitter are within desired bounds.

Step 9: UE-2 sends RTP media flow for voice with bitrate R2.
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Figure X.2.4: Signaling flow on usage of RAN delay budget reporting in MTSI with bi-directional DBI signalling.
The signalling flow in Figure X.2.4 is a variant of the one in Figure X.2.2, where UE-2 requests additional delay budget from UE-1 during the media flow (as depicted by Step 2b in Figure X.2.4), e.g., via the use of an RTCP-FB message for DBI signalling as defined in clause 7.3.X, after having detected poor radio conditions (e.g., high BLER) over the local RAN. The presence of this request message may further inform UE-1 that the radio conditions on UE-2's side are poor (in addition to its own detection, e.g., based on monitoring of RTP receive statistics). Another benefit of the bi-directional exchange of delay budget information between the two UEs is that this could help in identifying the scenario where the packet losses are introduced by neither of the RANs of UE1 and UE2 (i.e., both UEs enjoying good radio conditions) but rather by the network. In the meantime, it should be noted that the dominant cause of packet losses is expected to be from RAN impediments and the likelihood that the packet losses are caused by the network is quite small.
When DBI signalling is present as in examples provided in Figures X.2.2, X.2.3 and X.2.4, the frequency of the DBI signaling needs to be limited such that terminals do not continuously have to expect new delay budget signaling, i.e., RTCP-FB message frequencies for both available delay budget and requested delay budget signalling need to be limited.
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Figure X.2.5: Signaling flow on usage of RAN delay budget reporting in MTSI with bi-directional DBI signalling and jitter buffer adjustment.

The signalling flow in Figure X.2.5 is a case of jitter buffer adjustment where UE-2 is suffering from poor network performance, e.g. under continuous weak coverage. UE-2 requests additional delay budget from UE-1 during the media flow (Step 3 in Figure X.2.5), e.g., via the use of an RTCP-FB message for DBI signalling as defined in clause 7.3.X, where a certain amount of expected extra delay is indicated. After receiving the request, jitter buffer in UE-1 may be extended (Step 4 in Figure X.2.5) to allow the sender to perform more uplink retransmissions and feedback to UE-2 how much additional delay is available for the uplink retransmissions after jitter buffer adjustment (Step 5 in Figure X.2.5). When UE-2 detects radio performance improved, it could notify UE-1 that it does not need an additional delay via another RTCP-FB message for DBI signalling to request a negative delay budget value (Step 7 in Figure X.2.5) and then UE-1 can shorten the jitter buffer accordingly (Step 8 in Figure X.2.5). 
	End of document
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