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Abstract of the contribution: Does a historical overview of the 3GPP defined rate adaptation mechanisms and proposes to send LS to RAN2 and SA4 for the use of ECN in 5GS.
1. Background
Explicit Congestion Notification (ECN) was added in 3GPP specifications for first time in TS 23.401 [1] in rel.9. In rel.10 SA2 completed a work item with a study phase on “Enabling Coder Selection and Rate Adaptation for UTRAN and E-UTRAN for Load Adaptive Applications” (ECSRA_LAA) of which the results are documented in TR 23.860 [2]. 
The key findings of this Technical Report are: 

- 
The ECN-based rate adaptation procedures defined for RTP-based voice services in E-UTRA (Rel-9) can be reused for RTP-based voice services in UTRA/HSPA. Further work on support of this capability is not expected in SA WG2.

-
The ECN-based rate adaptation framework defined for RTP-based voice services in E-UTRA (Rel-9) can be reused for RTP-based video services in E-UTRA and UTRA/HSPA. Further study of the detailed procedures for how MTSI clients should adapt their video encoding rates in response to ECN indications is out of scope for SA WG2.

SA2 and SA4 as a result of this TR recommendation did corresponding CRs in TS 23.060, TS 23.401, TS 23.203, TS 23.228 and TS 26.114. 

For the reader’s convenience the following two figures illustrate how ECN works with MTSI in LTE/HSPA/EPC: 
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Lack of flexibility
> Can only support codec rate reduction, not for up-side tuning (NOT Adaptive)
> Not applicable to EVS codec adaption since ECN parameter (ecn-capable-rtp) s not designed
n SIP SDP for EVS (out of 3GPP scope, see T526.114)
> E-UTRAN can not directly and easily participate in the codec modfication.
High Complexity
> eNB s required to support decoding IP inside the PDCP SDU for the ECN check/set(with
increasing cost, encryption/decryption issues)
> Other nodefouter ) than eNB in the data path may set the ECN-CE for other reason while
the UE has to do the same codec rate reduction.
> Unclear UE behavior upon recelving the ECN-CE, e.g. when/how the UE will perform the
codec adaptation procedure? the modification step-size,
ifficult Compatibility
> ach node(router) in the data path (including eN and IMS) needs to be upgraded and be
version-compatible for supporting ECN, otherwise unexpected mistake or failure (RFC2481,
RFC3168)
> Complicated oT
* Inefficiency
> ECN-based ICM starts from a lower rate codec for a quite long time duration (600ms
duration), which prevents higher codec rate from quick changing.
> Rely on the long-time statistics of the lost packets in application layer





Figure 1: Codec rate adaptation procedure for downlink direction (extracted from TR 36.750 [5])
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Figure 1: Codec rate adaptation procedure for uplink direction (extracted from TR 36.750 [5])

Observation 1: ECN-based rate adaptation has only been studied for E-UTRA, UTRA/HSPA support in SA2. 

Observation 2: ECN-based rate adaptation has only been studied for RTP-based voice and video serviceses using MTSI clients. 
In rel.14 RAN did a study on” […] enhancement of VoLTE” (RP-160563 [3]) that included in its objectives RAN-based codec adaptation for VoLTE and ViLTE. The motivation slides that accompanied this SID in RP#71 (RP-160163 [4]) indicated: 
· The existing ECN-based voice codec mechanism is not sufficient to fulfill the requirement of real-life network

And further down (extract from slide 8 of [4]):
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As part of this study RAN produced a Technical Report in TR 36.750 [5] that stated: 
5.1
Identified problems of existing mechanisms

ECN is a congestion indication mechanism which indicates congestion by means of IP-packet marking. It needs all network nodes on the routing path to behave correctly. If any node on the routing path does not support ECN, or it does not understand the meaning of ECN-Capable Transport (ECT) codepoint, ECN mechanism may not work correctly.

The result of this study was that RAN2 agreed to define a Access Network Based Rate adaptation mechanism and related signalling is defined in TS 36.300 [6], clause 23.15 (“Support for MMTEL voice and video enhancements”). The basic principle of this mechanism is that the eNB sends codec adaptation indication with recommended bit rate to assist the UE to select or adapt to a codec rate for MMTEL voice or MMTEL video. 
SA4 has defined procedures in MTSI specifications (TS 26.114 [7)) and a new SDP attribute “anbr” that is used in SDP offer/answer re-negotiation for MTSI. 

In rel.15 RAN added the same functionality for “RAN assisted codec adaptation” for MMTEL voice and video in TS 38.300 [8] clause 16.2.1. SA4 did the same for use of MTSI over NR and adapted accordingly TS 26.114 [7].
For ECN the following text exists in TS 26.114: 

“The support for ECN [83] in E-UTRAN is specified in [85]. The support for ECN in UTRA/HSPA is specified in [89].  The support of ECN in NR is specified in [164]. MTSI may use Explicit Congestion Notification (ECN) to perform rate adaptation for speech and video. When the MTSI client in terminal supports, and the session allows, adapting the media encoding at multiple bit rates and the radio access bearer technology is known to the MTSI client to be E-UTRAN or UTRA/HSPA, the MTSI client may negotiate the use of ECN [83] to perform ECN triggered media bit-rate adaptation. An MTSI MGW supporting ECN supports ECN in the same way as the MTSI client in terminal as described in clauses 12.3.3 and 12.7.3.”
The adaptation algorithms triggered by ECN and defined for MTSI in TS 26.114 [7] were never tested/used in the field since specified in Rel-9. 
Observation 4: In MTSI specifications (TS 26.114) there is no support for using ECN for MTSI over NR.

Observation 5: Adaptation algorithms triggered by ECN and defined for MTSI in TS 26.114 [7] were never tested/used in the field since specified in Rel-9
It is obvious from the above that use of ECN for MTSI was considered inefficient and complex for MTSI real life deployments. In addition having to support two mechanisms for codec adaptation in UEs and RAN implementations will increase the complexity and at this point no mechanism for “co-existence” between ECN and RAN-based codec adaptation (ANBR) has ever been studied i.e. whether the UE or the network will have to support both in order to ensure interoperability. 

Proposal 1: It is proposed that ECN is not used for MTSI codec adaptation in 5GS, instead RAN-based codec adaptation (ANBR) as currently defined in TS 38.300 and TS 26.114 is used.

In SA2 it was discussed that ECN can be useful for “non-3GPP defined” applications that use 5GS. Such use for ECN has never been studied in SA2 or any other WG according to the authors’ knowledge. We have to step back and consider what is the reason RAN to trigger any mechanism for codec rate adaptation e.g. toggle the ECN Congestion Experienced bits (“11”). The answer is that RAN expects that by doing that the UE client (for DL) and the other endpoint of the session (for UL) will react and “reduce” the codec and as a result congestion will be alleviated if enough clients and endpoints react. In order to do that the algorithm that will trigger rate adaptation based received ECN Congestion Experienced bits (“11”) has to be known. This is why it is important that there is end-to-end control of the procedure. This is also why without understanding/knowledge of what will be final rate of codec adaptation determined by the application the mechanism is not useful for any operator. In order to address these points some end-to-end negotiation of the expected bitrate after adaptation needs to be provided to RAN in order to make the procedure deterministic. How the non-3GPP defined 3rd party application negotiates support for ECN and what will be the expected adapted bitrate when Experienced bits (“11”) are activated needs to be studied. Even for these non-3GPP defined applications, getting an explicit rate from the RAN using RAN assisted rate adaptation (i.e., ANBR messages) is possible and much predictable and robust.
Proposal 2: If some form rate adaptation is to be used for non-3GPP defined 3rd party applications how the whole procedure will work and particularly the negotiation of the expected adapted bitrate needs to be studied. Whether ECN or ANBR is the most appropriate mechanism needs to be studied as well. 
In TS 38.300 [8] the following text is documented for ECN: 

12.2      Explicit Congestion Notification

The gNB and the UE support of the Explicit Congestion Notification (ECN) is specified in Section 5 of [27].
For the reasons though that are explained above it is not possible to make use of ECN for MTSI and/or any 3rd party defined applications without deterministic expectation of rate adaptation. In order for ECN to be supported all network nodes including User Plane nodes in Core Network (i.e. UPF and transport routers in N6 network need to support it). At the moment there is no text in TS 23.501 [9] about ECN support and neither support of ECN when using MTSI over 5GS. 

Proposal 3: SA2 to send LS to RAN2 and SA4 and indicate that there is no support for ECN for MTSI over 5GS and SA2 has not studied how to apply ECN for 3rd party non-3GPP defined applications. 
2. Conclusion
SA2 to agree on the following proposals: 
Proposal 1: It is proposed that ECN is not used for MTSI codec adaptation in 5GS, instead RAN-based codec adaptation (ANBR) as currently defined in TS 38.300 and TS 26.114 is used.

Proposal 2: If some form rate adaptation is to be used for non-3GPP defined 3rd party applications how the whole procedure will work and particularly the negotiation of the expected adapted bitrate needs to be studied. Whether ECN or ANBR is the most appropriate mechanism needs to be studied as well. 

Proposal 3: SA2 to send LS to RAN2 and SA4 and indicate that there is no support for ECN for MTSI over 5GS and SA2 has not studied how to apply ECN for 3rd party non-3GPP defined applications. 
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