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Introduction
The VoLTE Enhancement Study Item [1] approved in RAN#71 meeting includes the following objectives:
The objective of this study item is to investigate the potential RAN enhancements to:
· enable VoLTE/video codec mode and codec rate selection and change over E-UTRA;
· improve the VoLTE/video quality perceived by the user by reducing packet loss or allowing the use of higher codec rate;
· prioritize VoLTE/video access and/or VoLTE/video related signaling and reduce call drop probability;
The study objective related to codec selection and adjustment includes the following investiagtions:
· Investigate mechanisms that are applicable to different codec types including AMR, EVS and video in both downlink and uplink to enable (RAN2-led):
· Codec mode and rate selection at call setup
· Codec rate adaptation during an on-going call.
· Codec adaptation can be triggered cell-wide or on a per-UE or per DRB basis
· Up/down-side tuning of codec rate
One of the key enablers to the above mechasinsms is codec rate adapatation. The codec rate adapatation will lead to codec bit-rate change, either an increase or decrease depending on the triggering. As per GSMA IR.92, VoLTE media traffic is carried over a QCI 1 GBR (Guaranteed Bit Rate) bearer associated with whioch is a set of QoS parameters including both GBR and MBR (Maximum Bit Rate) bit rates. As per current specifications, LTE adopts an RSVP like QoS mechanism, i.e., QoS information is signaled along the path to all network nodes during a bearer set up or upon a new QoS request of an existing bearer. Every network node has to evaluate and agree upon the QoS during the setup or the modified request. After that, these network nodes are held accountable for honoring the QoS requested. Although the objective of this SI is to investigate the enabling of codec rate adaptation over E-UTRA, such a bit-rate change, regardless of increase or decrease, ending in the modification of GBR and MBR in the QoS parameters has a profound end-to-end impact to all relevent network nodes and shall not be ignored. 
Observation 1: Although the objective of this SI is to investigate the enabling of codec rate adaptation over E-UTRA, such a bit-rate change, regardless of increase or decrease, ending in the modification of GBR and MBR in the QoS parameters has a profound end-to-end impact to all relevent network nodes and shall not be ignored.
This contribution provides the end-to-end impact of VoLTE codec adaptation. It analyzes and offers a holistic view of the network nodes impacted and the additional signaling traffic required beyond those just for triggering the codec adapatation within E-UTRA. Thus, a further problem or a problem shift to other network nodes can be prevented in desiging the code adapation mechanism. This is especially true during radio network congestion, for example, an eNB may be further congested by the surge of RRC signaling traffic for modifying QoS of QCI 1 EPS bearers in addition to the congestion notification to UEs from the solution coming out of this SI.
Observation 2: An end-to-end impact analysis shall offer a complete view of the network nodes impacted and the additional signaling traffic required beyond those just for triggering the codec adapatation within E-UTRA. 
End-to-end Impact of VoLTE Codec Rate Adapatation
Figure 1 and Figure 2 show the end-to-end call flow for VoLTE codec adaptation, i.e., bit-rate change, in a mobile-to-mobile call. The call flow was developed based on single MNO’s (Mobile Network Operator’s) VoLTE network architecture and implementation as depicted in [2], which was in accordancewith 3GPP specifications for E-UTRAN/EPC, IMS, and PCC. Please refer to 3GPP TS 23.401 [3], 3GPP TS 23.228 [4], and 3GPP TS 23.203 [5] respectively for further detailed information. Figure 1 and Figure 2 illustartae the signaling message sequences on the originating UE side and the terminating UE side respectively. The originating UE is defined as the UE that receives the triggering notification from eNB, for example, a network congestion or exit of network congestion, and initiates the codec bit-rate change request. The terminating UE is defined as the UE that receives the codec bit-rate change request from the originating UE. Based on the end-to-end call flow, the three essential parts of the message sequency associated with VoLTE codec bit-rate change can be summarized as follows:
1. IMS signaling for the negotiation of new VoLTE codec bit-rate between originating UE and terminating UE. Impacted nodes include UE, P-CSCF/IMS-ALG/IMS-AGW, S-CSCF, and TAS.
2. New PCC rule invokation and installation due to the change of QoS/bit-rate value for AMR-WB VoLTE media. Impacted nodes include P-CSCF/IMS-ALG/IMS-AGW, S-CSCF, PCRF, and PGW.
3. Admission control and bearer modification due to the change of QoS/bit-rate value associated with VoLTE QCI 1 media bearer. Impacted nodes include PCRF, PGW, SGW, MME, eNB, and UE.
Although it’s not specifically indicated in the call flow, the message sequence is somewhat generic for any IMS-based media application that is netogiating a codec rate and presenting a new QoS/bit-rate to the LTE network. The call flow illusterated in Figure 1 and Figure 2 can be applicable to the video application as well as VoLTE for the end-to-end impact. In comparison with video, however, the VoLTE codec bit-rate is much less leaving very little room for adaptation in a congestion situation, for example, reducing from 12.65 kbps to 6.60 kbps. Thus, a large number of VoLTE calls must be demanded to reduce their bit rates in order to relieve the congestion on RAN. A great number of times of the call flow have to be triggered within a short interval resulting in a surge of signaling traffic on all network subsystems including IMS, EPC and E-UTRAN.
As demonstrated by the end-to-end call flow, there are signigcant signaling and prevalent actions required by all the relevant network nodes to achieve VoLTE codec bit-rate change. This is in addition to the notoifcation mechanism within E-UTRA to be investigated in this study item. It is imperative and highly desirable to have the end-to-end call flow and the impacted nodes analysis in this paper included in the study item TR to demonstrate a holistic view of VoLTE codec adaption.
Proposal 1: The study item TR to include the end-to-end call flow and impacted nodes analysis in this paper to demonstrate a holistic view of VoLTE/video codec adaption.


Figure 1: VoLTE Codec Rate Change Call Flow – Originating UE

Figure 2: VoLTE Codec Rate Change Call Flow – Terminating UE

Conclusion 
This paper provides the end-to-end impact of VoLTE codec adaptation. It analyzes and offers a holistic view of the network nodes impacted and the additional signaling traffic required beyond the triggering the codec adapatation within E-UTRA to be investigated. The observation and proposal from the analysis in this paper are summarized in the following:
Observation 1: Although the objective of this SI is to investigate the enabling of codec rate adaptation over E-UTRA, such a bit-rate change, regardless of increase or decrease, ending in the modification of GBR and MBR in the QoS parameters has a profound end-to-end impact to all relevent network nodes and shall not be ignored.
Observation 2: An end-to-end impact analysis shall offer a complete view of the network nodes impacted and the additional signaling traffic required beyond those just for triggering the codec adapatation within E-UTRA. 
Proposal 1: The study item TR to include the end-to-end call flow and impacted nodes analysis in this paper to demonstrate a holistic view of VoLTE/video codec adaption.
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