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1 Introduction

In RAN #71 meeting, the proposal of study on enhancement of VoLTE has been approved. The study objectives related to codec selection and adjustment include [1]: 
· 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

· Coder adaptation can be triggered cell-wide or on a per-UE or per DRB basis

· Up/down-side tuning of codec rate
In this paper, we would like to discuss how to fulfil the objectives efficiently.
2 Discussion
2.1  Codec mode and rate selection at call setup
The VoLTE codec mode and rate are set via negotiation among mobile-originated UE, mobile-terminated UE, and IMS. With a round of negotiation among mobile-originated UE, mobile-terminated UE, and IMS, UE will get a set of available codec rate with certain mode. Among the available choice, UE choose the suitable parameter for the conversation.
As addressed in [1]: when VoLTE starts, the voice codec should be determined based on integrated consideration of network load, radio condition and user experience. Radio condition can be detected at UE side. And user experience can also be evaluated via the application at UE side. How to use the information is up to UE implementation. Because the negotiation information carried over IP and the codec information is not aware to RAN, currently RAN cannot directly participate in the procedure. Due to the absence of RAN in the procedure, it is unavailable of network load information at UE side nor IMS side.Therefore it is hard to take the network load or network congestion situation into account in codec mode and rate selection and so the negotiation result may not fit the network condition. For example, relative high codec rate requires more radio resource, which implies less available network load left. Under congestion circumstance, it may aggravate the congestion and increase packet drop in the cell, and even fail the conversation. Usually, it is better to make the conversation with a relative low quality than to drop the conversation. However, with present mechanism, load information is agnostic for the codec mode and rate selection procedure.
Observation1: Network load information is not taken into account in codec mode and rate selection procedure. 

Obviously, eNB has the full knowledge of load information. So we propose to introduce eNB involved mechanism of codec mode and rate selection.
Proposal1: RAN2 is suggested to introduce eNB involved mechanism of codec mode and rate selection.
2.2  Codec rate adaptation during an on-going call
During an on-going call, at present, the mobile-originated UE and mobile-terminated UE have the ability to modify the up/down link codec mode and rate correspondingly. The same as described in the call setup use case, the radio condition and user experience can be taken into account in the procedure. Regarding network load, the network congestion can be indicated via IP explicit congestion notification (ECN) mechanism.  
As defined in [2] and shown in Figure 1, ECN field in the IP header is two bits, making four ECN codepoints, '00' to '11'. The ECN-Capable Transport (ECT) codepoints '10' and '01' are set by the data sender to indicate that the end-points of the transport protocol are ECN-capable. The not-ECT codepoint '00' indicates a packet that is not using ECN. The CE codepoint '11' is set by a router to indicate congestion to the end nodes. 
+-----+-----+

      | ECN FIELD |

      +-----+-----+

        ECT   CE         [Obsolete] RFC 2481 names for the ECN bits.

         0     0         Not-ECT

         0     1         ECT(1)

         1     0         ECT(0)

         1     1         CE




       Figure 1: The ECN Field in IP
However when looking into the details of ECN, we find that from many aspects, ECN seems to be not adequate.
Information sufficiency
As stated above, ECN can only indicate the occurrence of congestion at the E-UTRA side without further information, e.g., how severe the congestion is or how much network load is available. Therefore, the network load is not fully available at the UE side. 
Implementation Feasibility 
In [2], one challenge to the deployment of ECN is that some legacy IP tunnels that were not compatible with the use of ECN, which may make ECN failed. In another word, to make ECN work well, a large scale of upgrade is necessary, which may introduce indispensable expense. 
Up/down side tuning support

Beside the down-side tuning requirement under congestion circumstance, there may also be up-side tuning need when network condition turns better to provide better user experience. However, with the current ECN mechanism, only congestion information is explicit provided. The down-side tuning can be operated immediately. The up-side tuning is up to UE implementation. One potential way is to use the window which indicates how long there is no ECN. With the indication, the up-side tuning can be triggered after a period of no ECN. But if the congestion starts again just after the period, it may cause adjustment vibration and further degrade network condition. In another condition, the network condition may go well quickly after the ECN indication. In this case, the adjustment may be delayed and lose effectiveness. In a word, it is a non-standard method with less guarantee of effectiveness. Therefore, bidirectional tuning should be taken into the mechanism design consideration. Furthermore, the granularity of the adjustment, i.e., direction dimension, e.g., up or down, numeric dimension, e.g., the rate difference to adjust or the rate to adjust to, cannot be fulfilled through ECN.
Observation2: ECN mechanism is not adequate to provide network load information for VoLTE codec mode and rate adjustment.
Proposal2: RAN2 is expected to enhance the VoLTE codec mode and rate adjustment via mechanism to involve sufficient network load information in the adjustment procedure.
Proposal3: RAN2 is suggested to take bidirectional tuning into the consideration of codec mode and rate adjustment.
3 Conclusions

In this paper, we have discussed the issues related to codec selection and adjustment, and come to the following observations and proposals: 
Observation1: Network load information is not available in codec mode and rate selection procedure. 

Observation2: ECN mechanism may not be enough or available to provide network load information for VoLTE codec mode and rate adjustment.

Proposal1: RAN2 is suggested to introduce eNB involved mechanism of codec mode and rate selection. 

Proposal2: RAN2 is expected to enhance the VoLTE codec mode and rate adjustment via mechanism to involve sufficient network load information in the adjustment procedure.

Proposal3: RAN2 is suggested to take bidirectional tuning into the consideration of codec mode and rate adjustment.
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