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1 Introduction

The new Rel-16 work item “Media Handling Extensions for 5G Conversational Services” (5G_MEDIA_MTSI_ext) aims to conduct normative work in TS 26.114 addressing the media rate adaptation and NR access requirements for a 5G MTSI UE, toward specifying the following functionality, as aligned with the agreed conclusions in TR 26.919: 

-
For media rate adaptation, recommend support for speech and video adaptation capabilities considering the potential solutions described in clause 5.3.5 of TR 26.919 

-
For 5G NR access, enable support for media handling with NR access, including that for speech and video, toward addressing the gaps indicated in clause 5.5.5 of TR 26.919. 

In regards to ANBR, these objectives include the following aspects observed in TR 26.919:

-
Recommend support of ANBR as an adaptation trigger, as described by clause 10.7 of TS 26.114 

-
Support for negotiation of radio capabilities on ANBR signalling as described in clause 5.5.6 of TR 26.919. 
2 RAN Support for ANBR
RAN-assisted codec adaptation and associated signaling of access network bitrate recommendation (ANBR) information from eNB/gNB to UE have been defined for LTE and NR access respectively in 3GPP TS 36.321 and TS 38.321. RAN support for ANBR (a.k.a RAN-assisted codec adaptation) has been enabled for both LTE and NR access as an optional feature. Furthermore, UE capability indication on RAN-assisted codec adaptation to eNB/gNB over the RAN interface has been enabled.
Moreover, from a media handling point of view, the support for ANBR as an adaptation trigger for MTSI has been specified in TS 26.114, but also been left optional for speech, and recommended for video in TS 26.114. During Rel-16, 5G_MEDIA_MTSI_ext work item aims to recommend ANBR support for both speech and video. 

In the meantime, when supported, ANBR-triggered adaptation needs to be used in an end-to-end fashion, as described by the workflows in clause 10.7.3 of TS 26.114 and no signaling is currently present to provide end-to-end coordination between the UEs in regards to ANBR-triggered adaptation capabilities. Some of the gaps and potential solutions on this aspect can be found in TR 26.919, i.e., on support for negotiation of radio capabilities on ANBR signalling as described in clause 5.5.6 of TR 26.919. Enabling such end-to-end coordination would be useful for the UEs to learn the ANBR-triggered adaptation capabilities of the remote UE and may accordingly determine the most suitable media rate adaptation algorithms on its end, e.g., in response to ANBR information received from its local eNB/gNB.   
Furthermore, from a conformance point of view, the LTE_VoLTE_ViLTE_enh test case included in TS 36.523-1 assumes that if a UE is capable of receiving ANBR information then it is also capable of using this ANBR information as an adaptation trigger. 
Such a conformance point is currently not supported by the existing media handling requirements on ANBR in TS 26.114, where ANBR is an optional/recommended feature, i.e., a UE is free to ignore ANBR information as an adaptation trigger. 
3 Proposed ANBR Enhancements
-
Recommend support of ANBR as an adaptation trigger, as described by clause 10.7 of TS 26.114, related CR can be found in Tdoc S4-181038.
-
Support for negotiation of radio capabilities on ANBR signalling. One potential solution is as described in clause 5.5.6 of TR 26.919. An alternative solution is described in clause 5, related draft CR can be found in Tdoc S4-181040.
-
Support for bitrate adaptation using ANBR can be signalled via the SDP-based capability indication through a new media-level SDP attribute  (e.g., “a=ANBR_adapt:<capabilities>”). A proposed solution is described in clause 4, related draft CR can be found in Tdoc S4-181039.  
4 Proposed Solution on Capability Indication for Support on ANBR-Triggered Adaptation

The support for bitrate adaptation using ANBR can be signalled via the SDP-based capability indication through a new media-level SDP attribute  (e.g., “a=ANBR_adapt:<capabilities>”). If UE signals this SDP capability, then its MTSI client ‘shall’ use ANBR as an adaptation trigger and it will not ignore ANBR signaling from its eNB / gNB to its UE that gets passed onto the application, i.e., the MTSI client or the media rate adaptation engine. This should help solve the conformance issue observed in clause 2, i.e., since it could serve as the conformance point needed to ensure that the UE uses ANBR information as an adaptation trigger. Furthermore, informing the remote UE via the SDP about the ANBR-triggered adaptation capabilities allows the remote UE to assess on whether or not to use aggressive bitrate adaptation algorithms (e.g., for ANBR-triggered rate up-switching) on its end, this is especially valid if the remote UE itself is also capable of performing ANBR-triggered adaptation, e.g., in response to ANBR information received from its local eNB/gNB.
Certain UE adaptation behaviors for MTSI clients supporting speech can be included as part of the UE capability indication based on this SDP attribute such as: 

-
For a receive UE (i.e., MTSI receiver), if DL ANBR information is received from eNB / gNB that is lower than the received bitrate, then UE shall send a CMR / RTCP-APP message to the sending UE based on the ANBR value

-
For a receive UE (i.e., MTSI receiver), if DL ANBR information is received from eNB / gNB that is higher than the received bitrate, then UE shall send a CMR / RTCP-APP message to the sending UE based on the ANBR value (to a new value that is the lowest bitrate of all relevant adaptation triggers).  

-
For a sending UE (i.e., MTSI sender), if UL ANBR information is received from the eNB / gNB that is lower than the sent bitrate, then UE shall reduce the sent bitrate based on the ANBR value

-
For a sending UE (i.e., MTSI sender), if UL ANBR information is received from the eNB / gNB that is higher than the sent bitrate, then UE shall increase the sent bitrate based on the ANBR value (to a new value that is the lowest bitrate of all relevant adaptation triggers)

Similarly for video, certain UE adaptation behaviors for MTSI clients can be included as part of the UE capability indication based on this SDP attribute such as: 

-
For a receive UE (i.e., MTSI receiver), if DL ANBR information is received from eNB / gNB that is lower than the received bitrate, then UE shall send a RTCP TMMBR message to the sending UE based on the ANBR value

-
For a receive UE (i.e., MTSI receiver), if DL ANBR information is received from eNB / gNB that is higher than the received bitrate, then UE shall send a RTCP TMMBR message to the sending UE based on the ANBR value (to a new value that is the lowest bitrate of all relevant adaptation triggers).  

-
For a sending UE (i.e., MTSI sender), if UL ANBR information is received from the eNB / gNB that is lower than the sent bitrate, then UE shall reduce the sent bitrate based on the ANBR value

-
For a sending UE (i.e., MTSI sender), if UL ANBR information is received from the eNB / gNB that is higher than the sent bitrate, then UE shall increase the sent bitrate based on the ANBR value (to a new value that is the lowest bitrate of all relevant adaptation triggers). Alternatively, before increasing the sent bitrate the sending UE (i.e., MTSI sender) may send a RTCP TMMBN message to the receiving UE based on the ANBR value (to a new value that is the lowest bitrate of all relevant adaptation triggers). Then the receiving UE (MTSI receiver) may send an ANBR query to its eNB / gNB and obtain the latest ANBR information, to check whether the bitrate value indicated in the TMMBN message can be supported. If it receives a lower ANBR value from its eNB / gNB, then the receiving UE would send a TMMBR message to the sending UE with this ANBR information.

Additional MTSI client adaptation behaviors described in clause 10.7.3 of TS 26.114 may also be included within the scope of the capability indication signalling based on this newly defined SDP attribute. 
5 Proposed Alternative Solution on Negotiation of Radio Capabilities on ANBR Signaling 
In regards to support for radio capabilities on ANBR signaling, an SDP-based capability indication method has been described in clause 5.5.6 of TR 26.919, that allows indicating that ANBR signaling is supported over a given access network, i.e., LTE or NR access, in other words indicating that UE can query and receive ANBR information, and further its eNB can send ANBR information. For example, in case of LTE access, a UE that supports ANBR reception over the LTE air interface also checks with its eNB on whether it also supports ANBR signaling, and if so, it includes the SDP attribute anbr_e2e in its SDP offer or answer, as described in TR 26.919. However, this approach is problematic due to the following reasons:

1.   Access specific nature of this SDP-based capability indication requires SDP renegotiation every time the UE changes access, e.g., handover from NR to LTE. Such frequent SDP renegotiations are costly and not desirable from core network perspective. 

2.   Furthermore, during session setup, the UE is unlikely to have the information on ANBR capabilities of its eNB/gNB, so the UE can only indicate its own ANBR capabilities in the SDP offer and it would have to update the SDP later upon learning that the eNB/gNB does or does not support ANBR, which it will find out following the logical channel establishment that follows the bearer setup (depending on whether the bitrate query prohibit timer is included in the logical channel configuration message received from the eNB/gNB as specified in TS 36.331 and TS 38.331). 
To alleviate these problems, the following RTP/RTCP signalling may be defined to signal generic radio capability information across UEs, which can also include the radio capabilities around ANBR signalling:
1)
A new RTCP feedback (FB) message type to carry radio capability information for the current access network during the RTP streaming of media (signalled from the MTSI receiver to the MTSI sender, where the RTCP feedback message describes the radio capabilities on the receive side).

2)
A new SDP parameter on the RTCP-based ability to signal radio capability information for the current access network during the IMS/SIP based capability negotiations. 

3)
A new RTP header extension type to carry radio capability information for the current access network during the RTP streaming of media (signalled from the MTSI sender to the MTSI receiver where the RTP header extension message describes the radio capabilities on the sender side).

4)
A new SDP parameter on the RTP-based ability to signal radio capability information for the current access network during the IMS/SIP based capability negotiations. 

Current access network means the access network to which the UE is connected. 

For the above, the radio capability information for the given access network may include:

(i)     ANBR signalling capability, e.g., for LTE access whether the UE is able to receive ANBR from its eNB (for both downlink and uplink ANBR) and whether its eNB is able to send ANBR information to the UE, or for NR access whether the UE is able to receive ANBR and its gNB is able to send ANBR

(ii)    Delay budget reporting capability, as described in detail in TR 26.910, e.g., for LTE access whether the UE is able to perform delay budget reporting and its eNB is able to receive delay budget reports, or for NR access whether the UE is able to perform delay budget reporting and its gNB is able to receive delay budget reports 

RTCP feedback messages signalled from the MTSI receiver to the MTSI sender may carry radio capability information for both downlink and uplink, e.g., in case of ANBR signaling capability, this would indicate the ability for the eNB/gNB to send and UE to receive downlink ANBR, uplink ANBR or both.
RTP header extension messages signalled from the MTSI sender to the MTSI receiver may carry radio capability information for both downlink and uplink, e.g., in case of ANBR signaling capability, it would indicate the ability for the eNB/gNB to send and UE to receive downlink ANBR, uplink ANBR or both.
A UE may include the above mentioned SDP parameters in the SDP offer/answer only if it supports the corresponding radio capabilities over the given access network, e.g., in case of ANBR, only if the UE supports ANBR information reception from its access network. Then, once the session and associated bearers and logical channels are established, the UE would also learn whether its access network (e.g., eNB in case of LTE access and gNB in case of NR access) is able to send ANBR information to the UE. Based on this knowledge, the UE can inform the remote UE on the radio capability information (e.g., ANBR support capability) using the above mentioned RTP/RTCP signalling methods. 

The signalling of radio capability information for the current access network may use RTCP feedback messages as specified in IETF RFC 4585. As such, the RTCP feedback message is sent from the MTSI receiver to the MTSI sender to convey to the sender about the radio capability information for the current access network from the perspective of the receiver. The recipient UE (MTSI sender) of the RTCP feedback message would basically learn about the radio capabilities on the MTSI receiver side and can perform various media adaptation actions based on this information. When the UE for the MTSI receive client moves into a new access network, e.g., a handover from NR to LTE, then the MTSI receiver may send a new RTCP-FB message to the MTSI sender describing the radio capabilities over the new access network.
The RTCP feedback message may be identified by PT (payload type) = PSFB (206) which refers to payload-specific feedback message.  FMT (feedback message type) may be set to the value 'Y' for radio capability information for the current access network.  The RTCP feedback method may involve signalling of radio capability information for the current access network in both of the immediate feedback and early RTCP modes.

The FCI (feedback control information) format can be as follows. The FCI may contain exactly one instance of the radio capability information for the current access network, composed of the following parameters:

(i)    ANBR_support – Boolean parameter on ANBR signaling capability, e.g., for LTE access whether the UE is able to receive ANBR from its eNB and whether its eNB is able to send ANBR information to the UE, or for NR access whether the UE is able to receive ANBR and its gNB is able to send ANBR

(ii)    Delay_budget – Boolean parameter on Delay budget reporting capability, as described in detail in TR 26.910, e.g., for LTE access whether the UE is able to perform delay budget reporting and its eNB is able to receive delay budget reports, or for NR access whether the UE is able to perform delay budget reporting and its gNB is able to receive delay budget reports 
A 3GPP MTSI client (based on TS 26.114) supporting this RTCP feedback message can offer such capability in the SDP for all media streams containing video / audio. The offer can be made by including the a=rtcp-fb attribute in conjunction with the following parameter: 3gpp-radio-capability. A wildcard payload type ("*") may be used to indicate that the RTCP feedback attribute applies to all payload types. Here is an example usage of this attribute: 

a=rtcp-fb:* 3gpp-radio-capability
The ABNF for rtcp-fb-val corresponding to the feedback type "3gpp-radio-capability"can be given as follows:

rtcp-fb-val =/ "3gpp-radio-capability" 

In some settings, the radio capability information for the current access network may be signalled by the MTSI sender to the MTSI receiver as part of the transmitted RTP stream using RTP header extensions. . The recipient UE (MTSI receiver) of the RTP header extension message would basically learn about the radio capabilities on the MTSI sender side and can perform various media adaptation actions based on this information. 

An example RTP header extension message format is as follows:

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
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|   ID  | len=7 |q|p|          zero_padding                     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


Where parameters q and p stand for:

(i) q – Boolean parameter on ANBR signaling capability, e.g., for LTE access whether the UE is able to receive ANBR from its eNB and whether its eNB is able to send ANBR information to the UE, or for NR access whether the UE is able to receive ANBR and its gNB is able to send ANBR

(ii) p – Boolean parameter on Delay budget reporting capability, as described in detail in TR 26.910, e.g., for LTE access whether the UE is able to perform delay budget reporting and its eNB is able to receive delay budget reports, or for NR access whether the UE is able to perform delay budget reporting and its gNB is able to receive delay budget reports 

When the UE for the MTSI sender client moves into a new access network, e.g., a handover from NR to LTE, then the MTSI sender may send a new RTP header extension message to the MTSI receiver describing the radio capabilities over the new access network.

A 3GPP MTSI client (based on TS 26.114) supporting this RTP header extension message can offer such capability in the SDP for all media streams containing video / audio. This capability can be offered by including the a=extmap attribute indicating a dedicated URN under the relevant media line scope. The URN corresponding to the capability to signal radio capability information for the current access network is: urn:3gpp:radio-capability. Here is an example usage of this URN in the SDP: 

a=extmap:7 urn:3gpp:radio-capability
The number 7 in the example may be replaced with any number in the range 1-14.

6 Proposed Alternative Solution to Inform PCRF on Radio Capabilities around ANBR Signaling 

While the proposed alternative solution in clause 5 on the indication of radio capabilities around ANBR signalling based on RTP/RTCP signalling avoids the undesirable need for SDP renegotiations due to handovers and unknown eNB/gNB capabilities, only the remote UE will be informed about the ANBR signalling capabilities as a result of this RTP/RTCP signalling solution. In other words, the PCRF will not be informed via the SDP on the radio capabilities of that UE and its eNB/gNB around ANBR signalling, and therefore it may not be possible to realize the PCRF-based enhancements described in clause 5.5.5 of TR 26.919, i.e., PCRF will not be able to derive the QoS parameters for a bearer to that UE (GBR, MBR, etc) with the knowledge of the presence or absence of ANBR support. If such signalling to the PCRF were possible, the PCRF/PCF would then use this information on presence/absence of ANBR support to determine that it could set MBR>GBR with very high confidence given that aggressive bitrate adaptation algorithms will be possible when operating at rates >GBR when ANBR assistance from eNB is present. 

To help solve this issue, we propose the following RAN signalling procedure from eNB/gNB to the MME over the S1 / S1-U interface to potentially accompany the proposed signalling in clause 5, in order to enable the possibility of informing PCRF on whether the UE and its eNB support ANBR before the bearer establishment to a particular UE (say for a voice telephony session): 
1-
An eNB/gNB receives UE radio access capability information from the UE on its ANBR capabilities, i.e., based on the recommendedBitRate-r14 and recommendedBitRateQuery-r14 messages defined in TS 36.306 for LTE and similar messages for NR defined in TS 38.306. 
2-  An eNB/gNB would only send the ANBR support message to the MME if it supports ANBR signalling itself. If an eNB/gNB does not support ANBR signaling, it does not need to send ANBR support information on the UEs connected to it.

3-
In the case an eNB/gNB supports ANBR, it can send the ANBR support indication on a per-UE basis to the MME. 

4-
In terms of concrete messages, the UE CAPABILITY INFO INDICATION message as defined in TS 36.413 and TS 38.413 can be used. Such UE Capability Info Indication functionality is used by the eNB/gNB to provide the UE Capability Info when received from the UE to the MME. It has the following semantics (from TS 36.413):

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	Ignore

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	Reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	Reject

	UE Radio Capability
	M
	
	9.2.1.27
	
	YES
	Ignore

	UE Radio Capability for Paging
	O
	
	9.2.1.98
	
	YES
	Ignore

	UE Application Layer Measurement Capability
	O
	
	BIT STRING (SIZE(8))
	Each bit in the bitmap indicates an UE Application layer measurement capability, refer to TS 25.331[10].
Bit 0 = QoE Measurement for streaming service

Bit 1 = QoE Measurement for MTSI service

Value ‘1’ indicates “Capable” and value ‘0’ indicates “not Capable”.

Unused bits are reserved for future use.
	YES
	ignore

	LTE-M Indication
	O
	
	9.2.1.135
	
	YES
	ignore


Here the UE Radio Capability IE highlighted above is specified as follows in TS 36.413 (a likewise specification for NR exists in TS 38.413 pointing to TS 38.331):

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UE Radio Capability 
	M
	
	OCTET STRING
	Includes either the UERadioAccessCapabilityInformation message as defined in 10.2.2 of TS 36.331 [16], or the UERadioAccessCapabilityInformation-NB message as defined in 10.6.2 of TS 36.331 [16].


5-
The MME would then pass the ANBR capability information to the PCRF via S11/S5/S8/Gx interfaces.

Since all the relevant messages are already defined in the RAN specifications mentioned above, no standards changes would be required for enabling such a procedure and this can replace the SDP-based approach for informing the PCRF in regards to radio capabilities around ANBR signalling.
7 Proposal

It is proposed to agree on enabling the ANBR enhancements for MTSI described in clause 3, and start developing normative functionality in TS 26.114 taking into account the potential solutions detailed out in clauses 4 and 5.
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