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1 Introduction
In the last RAN2 meeting, some agreements about enhancement of VoLTE were achieved, as captured below:
	Agreements: Capture the following as the principles of the feasible candidate solutions of codec selection/adaptation

1.
Any rate adaptation mechanism introduced by RAN can co-exist with the rate-adaptation mechanisms specified in TS 26.114.

2.
Any rate adaptation mechanism introduced by RAN should explicitly indicate the recommended bit rate.

3.
Avoid excessive ping-pong tuning.
FFS: Any rate adaptation mechanism introduced by RAN shall be codec type agnostic.


In this paper, we will discuss the RAN based codec adaptation solution in details. 
2 Discussion
In [1], RAN2 has agreed that the candidate solutions on codec adaptation should be RAN-involved. That means, the eNB can tune the codec rate for UE based on the channel quality and/or load condition. Two solutions on RAN-involved codec adaptation were proposed in the last meeting:

· Solution 1: Application layer-based solution
· Solution 2: RAN layer-based solution
2.1 Application layer-based solution
In the current RTP payload format for AMR and AMR-WB, which is described in [2], there is a 4-bit codec mode request (CMR) field in the RTP payload header. The value of the CMR field is set to the frame type index of the corresponding speech mode being requested. The frame type index is 0-7 for AMR, 0-8 for AMR-WB, 15 for no mode request, and other values are for future use. CMR can be used to tune the code rate. In addition, RTCP APP, and RTCP TMMBR may also be used.
The CMR based solution is shown in figure 1:
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Figure 1: Application layer-based solution for codec adaptation
For example, for UL codec adaptation, if the eNB1 decides to tune the UL codec rate for the UE1, the eNB 1 will send a RTP CMR packet to trigger the UE1 to change the codec rate. Similarly to UL codec adaptation, for DL codec adaptation, if the eNB1 decides to tune the DL codec rate for UE1, the eNB 1 will send a RTP CMR packet to trigger UE2 to change the codec rate. 
Specifically, there are two methods for the eNB to construct the RTP CMR packet. One is that the eNB generates a RTP CMR packet to the UE by itself. The other is that the eNB changes the CMR field in the received RTP packet, and then sends the modified RTP CMR packet to the UE.  

No matter which of the above two methods is adopted, both methods require the eNB to have the capability to handle the RTP layer. In addition, as mentioned in [3], in order to avoid tampering with the CMR field, as this may result in a different speech quality than desired, the CMR field in RTP packet may be integrity protected. So in this case, it is also required that the eNB has the capability to handle the application security, which is difficult for the network implementation. Therefore, the CMR-based solution has great impact on the current eNB implementation. TMMBR also has this problem.
Observation 1: Application layer based method has great impact on the eNB and therefore is not suitable for RAN-involved codec adaption.  
2.2 RAN layer-based solution
The eNB can send a command via RAN layer  to trigger a codec rate change for the UE. The command may be transmitted by RRC signaling or PDCP control PDU or RLC control PDU or MAC CE. Since RRC message guarantees the best robustness, and the delay is around 10-20ms, which can be acceptable, we prefer that:
Proposal 1: RRC signaling is used for RAN-involved codec adaptation. 
Down side-tuning of the codec rate
· Codec rate reduction in uplink:
If poor network conditions are detected, the eNB will send a codec down side-tuning message to the UE for requesting a new codec rate. The corresponding procedure is shown as below.
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Figure 2: Down side-tuning of the codec rate in uplink
Step 1: The eNB sends codec adaptation request to the UE if the network decides to change the codec rate of the UE, e.g. due to the fact that poor network conditions are detected in uplink, such as for instance poor radio condition, or congestion, etc;
Step 2: The UE will use the codec indicated in codec adaptation request as one input to do codec adaptation on the uplink side.
Proposal 2: For down side tuning in uplink, the eNB sends a codec down side-tuning message to the UE, and the UE shall use the codec indicated in codec down side-tuning message as one input to do codec adaptation on the uplink side.
· Codec rate reduction in downlink:

If poor network conditions are detected, the eNB will send a codec down side-tuning message to the UE for requesting a new codec rate, and then the UE should send an application layer rate reduction message (e.g. RTCP or RTP CMR) to the peer UE for requesting a new codec rate. The corresponding procedure is shown as below.
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Figure 3: Down-tuning of the codec rate in downlink
Step 1: The eNB sends codec adaptation request to the UE if the network decides to change the codec rate of the UE, e.g. due to the fact that poor network conditions are detected in downlink, such as for instance poor radio condition, or congestion, etc;

Step 2: The UE will send application layer message, e.g. RTP CMR to the peer UE;

Step 3: The peer UE will use the codec indicated in application layer as one input to do codec adaptation on its uplink side;
Proposal 3: For down side tuning in downlink, the eNB sends a codec down side-tuning message to the UE, and the UE shall send application layer message, e.g. RTP CMT to the peer UE.
Up side-tuning of the codec rate
In [1], RAN2 has also agreed that the candidate solutions on RAN-involved codec adaptation should avoid excessive ping-pong tuning. That means, in practice, that for the codec rate up side-tuning, the network conditions of both the receiver and the sender should be considered. Only if the network conditions of both sides are good, the UE can trigger the codec rate up side-tuning. 
Proposal 4: For the codec rate up side-tuning, in order to avoid excessive ping-pong tuning, the network conditions of both sides, i.e. speech receiver and speech sender, should be considered.  

· Codec rate up side-tuning in uplink:

If good network conditions are detected in uplink, the eNB could send a codec rate up side-tuning message to the UE for requesting a new codec rate. In order to avoid excessive ping-pong tuning, the UE should know the network conditions of the peer UE before making a decision on codec rate up side-tuning. However, according to the current mechanism, the UE is unable to know the peer UE network conditions, unless a new codec rate negotiation mechanism between the UE and the peer UE is introduced.  The procedure is shown as below:
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Figure 4 Up side-tuning of the codec rate in uplink

Step 1: The eNB sends codec adaptation request to the UE (UE1) if the network decides to change the codec rate of the UE, e.g. due to the fact that good network conditions are detected in uplink, such as for instance good radio condition, or light load, etc;

Step 2: The UE should send an application layer message, e.g. RTP CMR, to the peer UE (UE2) to check whether it is allowed to perform a codec rate up-side tuning;

Step 3: If the network conditions of the peer UE are also good, the UE should use the codec indicated in codec adaptation request as one input to do codec adaptation;
However, as mentioned above, to have a stable and robust mechanism end to end and avoid ping-pong, a new codec rate negotiation mechanism between the UE and its peer UE is needed. Since the change of RTP/RTCP is out of 3GPP scope, we would prefer to not consider upside tuning in uplink.
Proposal 5: Do not consider the up side-tuning on uplink in the SID.
· Codec rate up side-tuning in downlink:

If good network conditions are detected, the eNB could send a codec rate up side-tuning message to the UE for requesting a new codec rate, and then the UE can send an application layer rate up-tuning message (e.g. RTCP or RTP CMR) to the peer UE for requesting a new codec rate. 
After receiving a codec rate up side-tuning message with a recommended codec rate from the UE, the peer UE can use it as one input to do codec rate adaptation; in addition, the peer UE can also check with the corresponding eNB  whether the recommended codec rate is acceptable or not. The procedure is shown below:
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Figure 5 Up side-tuning of the codec rate in downlink
Step 1: The eNB sends codec adaptation request to the UE (UE1) if the network decides to change the codec rate of the UE, e.g. due to the fact that  good network conditions are detected in downlink, such as for instance good radio condition, or light load, etc;

Step 2: The UE should send an application layer message, e.g. RTP CMR, to the peer UE (UE2);

Step 3a: The peer UE will use the codec indicated in the application layer message as one input to do codec adaptation on its uplink side; or, alternatively,
Step 3b: The peer UE asks its eNB whether the recommended codec rate is acceptable or not;

Step 4b: The peer UE will use the codec indicated in codec adaptation request as one input to do codec adaptation on its uplink side;
Proposal 6: Up side-tuning of the codec rate in downlink needs to be addressed in the SID. 
eNB awareness of the codec related information
There are two main purposes of codec adaptation:

· Increase the network capacity

· Improve the coverage

From the perspective of network capacity, if the eNB can know all the codec rates of the VoLTE users, the eNB can perform the appropriate operations to balance all the user’s performances and user experience when the network load is increasing, e.g. the eNB could only choose the users with the higher codec rate to perform down-tuning, and maintain untouched the users with the lower codec rate, or, alternatively,  the eNB may ensure that users that pay for a premium voice quality have their HD voice pretty much guaranteed, while other users could see the quality degraded in case of need. 
From the perspective of network coverage, the users with the lowest codec rate are unable to down-tuning again when network congestion is detected. If the eNB knows the codec information of these users, it can further improve the packet robustness by tuning the other codec parameters, e.g. redundancy level, the redundancy offset etc. 

Observation 2: It is beneficial for the eNB to be aware of the codec related information, e.g. codec rate, the frame aggregation, the redundancy level, the redundancy offset etc. 
There are two alternatives to help the eNB to be aware of the codec rate used by the UE, as shown in the figure  below:
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Figure 6: alternatives to help the eNB to be aware of the codec rate used by the UE
Step 1: During the call setup, the UE and the peer UE shall perform codec negotiation by using SDP parameters, and then determine which codec mode set is allowed in the session. After codec negotiation, the UE will perform the initial codec selection.

Note: Step 1 is legacy procedure.
Step 2: In order to help the eNB to control the codec used by the UE, the eNB should firstly know the codec information that the UE supports. There are two alternatives as shown in the figure 6 above: 

2a: the UE tells the eNB directly.
Both for the initial codec negotiation and for the following ongoing call, the UE knows the codec information. Therefore, if the UE receives a request for codec information from the eNB or decides based on some conditions to communicate it, the UE can tell the eNB what’s the used codec information, by RRC signaling. 
2b: the IMS tells the eNB.
During the initial codec negotiation, the IMS can know the used codec information by parsing the SIP signaling, however during the ongoing call, the IMS cannot know the tuned codec information since the RTP/RTCP is not transferred via IMS server. 

Observation 3: reporting the codec information of the UE from IMS to eNB (2b in figure 6 above) can only work for the codec adaptation upon call setup, and it cannot be used to know the codec information of the UE during the ongoing call.
Because the alternative 2 can’t work for the codec adaptation during an ongoing call, so it can’t meet the requirements of the SID, we propose that: 

Proposal 7: Before participating in the codec adaptation the eNB could know the codec rate used by UE through UE report. 

In addition we propose that RAN2 agrees the solutions mentioned above as the baseline for the RAN-involved codec adaptation solution, and capture the above procedures to the TR. 
Proposal 8: Capture the above solutions and procedures as a baseline into the TR. 
3 Conclusion
This paper mainly discusses the candidate solutions on RAN-involved codec adaptation in details. Based on the above analysis, we have following observations and proposals:

Observation 1: Application layer based method has great impact on the eNB and therefore is not suitable for RAN-involved codec adaption.  
Proposal 1: RRC signaling is used for RAN-involved codec adaptation.

Proposal 2: For down side-tuning in uplink, the eNB sends a codec down side-tuning message to the UE, and the UE shall use the codec indicated in codec down side-tuning message as one input to do codec adaptation on the uplink side.
Proposal 3: For down side-tuning in downlink, the eNB sends a codec down side-tuning message to the UE, and the UE shall send application layer message, e.g. RTP CMT to the peer UE.
Proposal 4: For the codec rate up side-tuning, in order to avoid excessive ping-pong tuning, the network conditions of both sides, i.e. speech receiver and speech sender, should be considered.  

Proposal 5: Do not consider the up side-tuning on uplink in the SID.

Proposal 6: Up side-tuning of the codec rate in downlink needs to be addressed in the SID. 
Observation 2: It is beneficial for the eNB to be aware of the codec related information, e.g. codec rate, the frame aggregation, the redundancy level, the redundancy offset etc.
Observation 3: reporting the codec information of the UE from IMS to eNB can only work for the codec adaptation upon call setup, and it cannot be used to know the codec information of the UE during the ongoing call.
Proposal 7: Before participating in the codec adaptation the eNB could know the codec rate used by UE through UE report. 

Proposal 8: Capture the above solutions and procedures as a baseline into the TR.  
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5 Text Proposal to TR 36.750 v0.0.3
---------------------------------------------------Start of Change------------------------------------------------------------
5.2.2 
Candidate solutions

Editor’s note: This section is intended to capture the candidate solutions driven by the contributions and agreed in the meetings.
There are two RAN-involved codec adaptation solutions:

· Solution 1: Application layer-based solution

· Solution 2: RAN layer-based solution

5.2.2.1 Application layer-based solution

The network uses application layer to convey the codec adaptation command, e.g. by RTP CMR, RTCP APP, and RTCP TMMBR. The corresponding procedure is shown  below:
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Figure 5.2.2.1-1 Application layer-based solution for codec adaptation
Codec adaptation in uplink:
Step 1: The eNB1 sends a RTP CMR, RTP APP or RTCP TMMBR to the UE1 if the eNB1 decides to tune the uplink codec rate for UE1;

Step 2: The UE1 will use the codec indicated in application layer as one input to do codec adaptation on the uplink side;
Codec adaptation in downlink:
Step 1: The eNB1 sends a RTP CMR, RTP APP or RTCP TMMBR to the UE2 (via eNB2) if the eNB1 decides to tune the downlink codec rate for UE1;

Step 2: The UE2 will use the codec indicated in application layer as one input to do codec adaptation on the downlink side;

5.2.2.2 RAN layer-based solution
The eNB uses RRC signaling to trigger the change of codec rate for the UE.
Down side-tuning of the codec rate:
· Codec rate reduction in uplink:
If poor network conditions are detected, the eNB will send a codec down side-tuning message to the UE for requesting a new codec rate. The corresponding procedure is shown as below.
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Figure 5.2.2.2-1 Down side-tuning of the codec rate in uplink
Step 1: The eNB sends codec adaptation request to the UE if the network decides to change the codec rate of the UE, e.g. due to poor network conditions detected in uplink, for instance poor radio condition, or congestion, etc;

Step 2: The UE will use the codec indicated in codec adaptation request as one input to do codec adaptation on the uplink side;
· Codec rate reduction in downlink:

If poor network conditions are detected, the eNB will send a codec down side tuning message to the UE for requesting a new codec rate, and then the UE should send an application layer rate reduction message (e.g. RTCP or RTP CMR) to the peer UE for requesting a new codec rate. The corresponding procedure is shown below.


[image: image9.emf]UE1 eNB1 eNB2

Poor network 

condition is 

detected

UE2

Codec rate 

reduction

……….

RRC: Codec Adaptation Request

RTCP/RTP CMR


Figure 5.2.2.2-2 Down side-tuning of the codec rate in downlink
Step 1: The eNB sends codec adaptation request to the UE if the network decides to change the codec rate of the UE, e.g. due to poor network conditions detected in downlink, for instance poor radio condition, or congestion, etc;

Step 2: The UE will send application layer message, e.g. RTP CMR to the peer UE;

Step 3: The peer UE will use the codec indicated in application layer as one input to do codec adaptation on its uplink side.
Up side-tuning of the codec rate:
· Codec rate up side-tuning in uplink:

If good network conditions are detected in uplink, the eNB could send a codec rate up side-tuning message to the UE for requesting a new codec rate. In order to avoid excessive ping-pong tuning, the UE should know the network condition of peer UE before making a decision on codec rate up side-tuning. However, according to the current mechanism, the UE is unable to know the peer UE network conditions, unless a new codec rate negotiation mechanism between the UE and the peer UE is introduced.  The procedure is shown below:
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Figure 5.2.2.2-3 Up side-tuning of the codec rate in uplink

Step 1: The eNB sends codec adaptation request to the UE if the network decides to change the codec rate of the UE, e.g. due to good network conditions detected in uplink, for instance good radio condition, or light load, etc;

Step 2: The UE should send an application layer message, e.g. RTP CMR to the peer UE to check whether it is allowed to perform a codec rate up-side tuning;

Step 3: If the network conditions of the peer UE are also good, the UE should use the codec indicated in codec adaptation request as one input to do codec adaptation;
· Codec rate up side-tuning in downlink:
If good network conditions are detected, the eNB could send a codec rate up side-tuning message to the UE for requesting a new codec rate, and then the UE can send an application layer rate up-tuning message (e.g. RTCP or RTP CMR) to the peer UE for requesting a new codec rate. 

After receiving a codec rate up side-tuning message with a recommended codec rate from the UE, the peer UE can use it as one input to do codec rate adaptation; in addition, the peer UE can also check with the corresponding eNB  whether the recommended codec rate is acceptable or not. The procedure is shown below:
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Figure 5.2.2.2-4 Up side-tuning of the codec rate in downlink

Step 1: The eNB sends codec adaptation request to the UE if the network decides to change the codec rate of the UE, e.g. due to good network conditions detected in downlink, for instance good radio condition, or light load, etc;

Step 2: The UE should send an application layer message, e.g. RTP CMR to the peer UE;

Step 3a: The peer UE will use the codec indicated in the application layer message as one input to do codec adaptation on its uplink side; or, alternatively,
Step 3b: The peer UE asks its eNB whether the recommended codec rate is acceptable or not;

Step 4b: The peer UE will use the codec indicated in codec adaptation request as one input to do codec adaptation on its uplink side;

Codec rate report from the UE:
Both for the initial codec negotiation and the following ongoing call, the UE knows its codec rate. Therefore, if the UE receives a request for codec rate from the eNB or decides based on some conditions to communicate it, the UE can tell the eNB what’s the used codec rate, by RRC signaling.  

---------------------------------------------------End of Change------------------------------------------------------------
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