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Introduction
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]In RAN2#93bis meeting, the codec selection and adaptation related issue is discussed.  There are several agreements as below [1]:
1.	Any rate adaptation mechanism introduced by RAN can co-exist with the rate-adaptation mechanisms specified in TS 26.114.
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]2.	Any rate adaptation mechanism introduced by RAN should explicitly indicate the recommended bit rate.
3.	Avoid excessive ping-pong tuning.
In this contribution, candidate solutions for RAN-based codec selection and adaptation are proposed.
RAN-based codec selection at call setup
Problem analysis
As described in [2], the initial codec mode (ICM) for AMR and AMR-WB specified:
 When more than one codec mode is allowed in the session, the MTSI client in terminal should limit the initial codec mode (ICM) to one of the lowest codec modes for an Initial Waiting Time from the beginning of the RTP stream, or until it receives one of the following:
-	a frame-block with rate control information; or:
-	an RTCP message with rate control information; or:
-	reception quality feedback information, e.g. PLR or jitter in RTCP Sender Reports or Receiver Reports, indicating that the currently used codec mode is too high for the current operating condition.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK36][bookmark: OLE_LINK37]If no rate control information is received within the Initial Waiting Time, then the sending MTSI client in terminal should gradually increase the codec mode from the ICM towards the highest codec mode allowed in the session.
Two main use cases including good network condition and network congestion condition are to be studied separately.
In good network condition 
In good network condition, it is better to select the relative high codec mode to improve the voice quality instead of starting at a low codec mode. To avoid starting at a relative low codec mode with ICM in good network condition, the negotiated codec mode set should be optimized based on the network condition. 
In network congestion condition 
In network congestion condition, after 600ms or 500ms (with ECN) Initial Waiting Time, the UE will enter Initial Up-switch Waiting Time of 600ms or 500ms (with ECN) interval. In ECN available situation, the UE may receive the ECN indication during the Initial Waiting Time or Initial Up-switch Waiting Time, and then terminate the ICM procedure. Because ECN can not indicate the congestion degree with 1 bit indication, it is hard to tell the suitable codec mode in this situation. This may take a long to converge to a stable codec mode and cause the unnecessary ping-pong tuning as described in [3]. In the situation without ECN, the continuous up-switch of codec mode without any knowlege of network condition may introduce or aggravate the network congestion situation. If the codec mode set has been opptimized based on the nework condition, it can avoid the potential vibration. 
RAN side is the best place with knowledge of network condition. Therefore, a RAN-based mechanism is useful for fast codec mode convergence to improve the performance.
Proposal 1: RAN2 is suggested to introduce RAN-based negotiated codec mode set optimization mechanism to improve the performance.
Solution
The RAN-based negotiated codec mode set optimization mechanism is to indicate the current network condition or supported bit rate. With the indication, UE can optimize the codec mode set. There are two potential options: 
Option1: Network condition indication
RAN can periodically or event triggered initiate the network condition indication to the UEs. The trigger event can be the network condition change. The indication can not only present the congestion condition and degree, but also explicitly indicate the good network condition. The mechanism can be per-cell and benefit other traffic adaptation requirements. With this kind of mechanism, when a good network condition is indicated, UE can shrink the negotiated codec mode set to only include the higher codec modes. Then the ICM procedure can be shorten or even bypassed. While a congestion condition is indicated, UE can shrink the negotiated codec mode set to only include the lower ones. Then the ICM procedure can be shorten and potential vibration can be avoided.
Option2: Bit-rate indication
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]The boundary of bit-rate indication can be a per-cell or per-UE strategy initiated by RAN periodically or event triggered. The trigger event may be the network condition change, UE request, or VoLTE initiation detection. It can be an upper boundary to prevent congestion occurrence when the network condition is bad, or a lower boundary to help fast convergence of the codec mode selection. 




Figure 1 the procedure of RAN-based negotiated codec mode set optimization mechanism
Proposal 2:  Capture the above RAN-based negotiated codec mode set optimization mechanism as candidate solution in the TR.
RAN-based codec adaptation at on-going session
Problem review
In RAN2#93bis meeting, the problems at on-going session were discussed. After the codec mode convergence, when network congestion occurs, down-side tuning is needed. According to the agreements of RAN2#93bis meeting, ECN solution needs all the nodes on the path to behave correctly, which means there are use cases when ECN is unavailable.[1] Furthermore, 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. Besides 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, which is now up to UE implementation.[4] Therefore, a more accuracy and feasible codec adaptation mechanism is needed to deal with the issues.
Solution
As agreed in RAN2#93bis meeting, any rate adaptation mechanism introduced by RAN should explicitly indicate the recommended bit rate. Therefore, the solution converges to explicit bit rate indication. 


Figure 2 the procedure of the RAN-based codec adaptation solution
Codec mode adaptation procedure:
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Step1: eNB may need to get the negotiated codec mode set information for further RAN-based adaptation. 
With the codec mode set information, eNB can limit the indication range to avoid adaptation refuse caused by out of range. This step could be realized by any of the following two options i.e. either 1a or 1b:
1a:  the UE sends the codec mode set information to eNB. 
1b: the IMS sends the codec mode set information to eNB.
Step2: UE sends the codec mode adaptation request.
Except eNB actively tuning the bit rate, there are use cases that the UE requests eNB for the bit rate indication. This may happen when long time no network information acquisition, or an up-tuning is to be initiated at the UE, or codec mode adaptation initiated by the peer. 
Step3: eNB sends the bit rate indication.
After convergence of the codec mode selection, when eNB detects a certain network condition change or receives a UE request, it sends out the bit rate indication. The bit rate indication can be the per-cell or per-UE strategy with recommended upper bound of the bit rate, or recommended range of the bit rate, or exactly recommended bit rate. With the indication, UE can check and initiate the codec mode adaptation.
Step4: UE sends the bit rate adaptation response.
After the bit rate indication, UE usually should apply the bit rate adaptation. However, there may be some use cases that UE has to reject the adaptation, e.g., radio condition roughly downgrade after receiving the bit rate indication. Therefore, a bit rate adaptation response may be useful for further control at eNB side. The response can reserve the cause value for further information of adaptation failure.
According to the above analysis on the procedures of RAN-based Coded adaptation solution, there are four potential Uu messages needed: 
· Codec mode set information (UE->eNB)
The content of the information may include the negotiated codec mode set list or range, and the bearer indication, e.g., bearer ID.
· Codec mode adaptation request (UE->eNB)
The content of the request may include objective tuning rate or tuning direction and range, and current rate, the cause value, e.g., initial selection, self-adaptation, peer-adaptation.
· Bit rate indication (eNB->UE)
The indication should include the exactly recommended bit rate or upper/lower boundary of the bit rate, bearer ID or application type, and cause value, e.g., congestion or good condition.
· Bit rate adaptation response (UE->eNB)
The response may include the confirmation or rejection of the bit rate adaptation, the current bit rate, cause value, e.g., out of range, bearer ID or application type.
These Uu message could be designed in an efficient and flexible manner by introducing new Uu signalling or re-use existing signalling e.g. RRC messages. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 3:  Capture the above RAN-based codec adaptation solution as candidate solution in the TR.
Conclusions
In this paper, we have discussed the potential solutions of RAN-based codec selection and adaptation. We propose:
Proposal 1: RAN2 is suggested to introduce RAN-based negotiated codec mode set optimization mechanism to improve the performance.
Proposal 2:  Capture the RAN-based negotiated codec mode set optimization mechanism addressed in the paper as candidate solution in the TR.
Proposal 3:  Capture the RAN-based codec adaptation solution addressed in the paper as candidate solution in the TR.
Based on the above proposals, we draft a Text Proposal in the end of the contribution.
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Editor’s note: This section is intended to capture the candidate solutions driven by the contributions and agreed by the meetings.
5.2.2.x RAN-based codec selection at call setup
The RAN-based negotiated codec mode set optimization mechanism is to indicate the current network condition or supported bit rate. With the indication, UE can optimize the codec mode set. There are two potential options: 
Option1: Network condition indication
RAN can periodically or event triggered initiate the network condition indication to the UEs. The trigger event can be the network condition change. The indication can not only present the congestion condition and degree, but also explicitly indicate the good network condition. The mechanism can be per-cell and benefit other traffic adaptation requirements. With this kind of mechanism, when a good network condition is indicated, UE can shrink the negotiated codec mode set to only include the higher codec modes. Then the ICM procedure can be shorten or even bypassed. While a congestion condition is indicated, UE can shrink the negotiated codec mode set to only include the lower ones. Then the ICM procedure can be shorten and potential vibration can be avoided.
Option2: Bit-rate indication
The boundary of bit-rate indication can be a per-cell or per-UE strategy initiated by RAN periodically or event triggered. The trigger event may be the network condition change, UE request, or VoLTE initiation detection. It can be an upper boundary to prevent congestion occurrence when the network condition is bad, or a lower boundary to help fast convergence of the codec mode selection. 



Figure 5.2.2.x.a the procedure of RAN-based negotiated codec mode set optimization mechanism
5.2.2.y RAN-based codec adaptation at on-going session
RAN-based codec adaptation at on-going session is based on explicit bit rate indication. The procedure is described as below:


Figure 5.2.2.y.a the procedure of the RAN-based codec adaptation solution
Step1: eNB may need to get the negotiated codec mode set information for further RAN-based adaptation. 
With the codec mode set information, eNB can limit the indication range to avoid adaptation refuse caused by out of range. This step could be realized by any of the following two options i.e. either 1a or 1b:
1a:  the UE sends the codec mode set information to eNB. 
1b: the IMS sends the codec mode set information to eNB.
Step2: UE sends the codec mode adaptation request.
Except eNB actively tuning the bit rate, there are use cases that the UE requests eNB for the bit rate indication. This may happen when long time no network information acquisition, or an up-tuning is to be initiated at the UE, or codec mode adaptation initiated by the peer. 
Step3: eNB sends the bit rate indication.
After convergence of the codec mode selection, when eNB detects a certain network condition change or receives a UE request, it sends out the bit rate indication. The bit rate indication can be the per-cell or per-UE strategy with recommended upper bound of the bit rate, or recommended range of the bit rate, or exactly recommended bit rate. With the indication, UE can check and initiate the codec mode adaptation.
Step4: UE sends the bit rate adaptation response.
After the bit rate indication, UE usually should apply the bit rate adaptation. However, there may be some use cases that UE has to reject the adaptation, e.g., radio condition roughly downgrade after receiving the bit rate indication. Therefore, a bit rate adaptation response may be useful for further control at eNB side. The response can reserve the cause value for further information of adaptation failure.
According to the above analysis on the procedures of RAN-based Coded adaptation solution, there are four potential Uu messages needed: 
· Codec mode set information (UE->eNB)
The content of the information may include the negotiated codec mode set list or range, and the bearer indication, e.g., bearer ID.
· Codec mode adaptation request (UE->eNB)
The content of the request may include objective tuning rate or tuning direction and range, and current rate, the cause value, e.g., initial selection, self-adaptation, peer-adaptation.
· Bit rate indication (eNB->UE)
The indication should include the exactly recommended bit rate or upper/lower boundary of the bit rate, bearer ID or application type, and cause value, e.g., congestion or good condition.
· Bit rate adaptation response (UE->eNB)
The response may include the confirmation or rejection of the bit rate adaptation, the current bit rate, cause value, e.g., out of range, bearer ID or application type.
These Uu message could be designed in an efficient and flexible manner by introducing new Uu signalling or re-use existing signalling e.g. RRC messages. 
------------------End ---------------------------------
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