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1 Introduction
In RAN#73, the WID on Voice and Video Enhancement for LTE has been approved in [1]. The objective about codec adaptation solution is: 

1. The codec mode/rate selection and adaptation solution details specification (RAN2)

a. Further down-selection of either of the two alternatives, i.e. dedicated RRC message or MAC CE, on codec adaptation procedure, including the message carrying recommended bit rate on the Uu interface between the UE and eNB.
b. Develop the necessary details of the concerning codec adaptation procedures and messages, e.g. the procedural exchange of messages, the message type and formats, the form of the recommended bit rate.
In this paper, we discuss the details of codec adaptation solution, and provide our opinions. 

2 Discussion
2.1 What is the format of the recommended bit rate?

Three speech codec are supported by UE:AMR, AMR-WB and EVS. The bitrates supported in each speech codec are shown below. 
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As shown above, there is a one-to-one mapping between the bitrate and the codec, except for 5.9kbps. This means that in general the bit rate can reflect the corresponding codec type. 

Regarding the codec indication, two solutions are on the table:

Explicit bit rate: The network indicates the bit rate of each codec type clearly.
Recommended bandwidth: the network indicates the rough value instead of the exact bit rate of each codec type.
For instance in [2] a bandwidth index of possible bitrates is proposed, see the example below. 

	Bandwidth Index

	Value
	Rate (kbps)

	0
	5

	1
	8

	2
	10

	3
	13

	4
	15

	5
	18

	6
	20

	7
	25

	8
	35

	9
	50

	10
	70

	11
	100

	12
	130

	13
	...


We could see some problems for this recommended bandwidth solution: 

In the case of the bitrate tuning without the codec change, UE may make the wrong decision on codec adaptation. 

For example, if we assume that the UE is currently working in the AMR 5.9kbps mode, and the eNB wants the UE to switch to the AMR 7.4kbps mode if the network condition is good, it is hard for UE to know whether the eNB wants it to switch to the AMR 7.4kbps mode or to the AMR 7.9kbps mode only based on the bandwidth index, and this may result in a bad user experience. 

In the case of the bit rate tuning with the codec change, the UE has no idea what codec should be used. 

For example, if we assume that the UE is currently working in the AMR 7.4kbps mode, and the eNB wants the UE to switch to the EVS 13.2kbps mode if the network condition is good, it is not possible for UE to know whether the eNB wants it to switch to the AMR 12.2kbps mode or to the AMR-WB 12.65kbps mode or to the EVS 13.2kbps mode only based on the bandwidth index value of 3 as shown above. 

Since the explicit bit rate is more accurate, we prefer to use the explicit bit rate solution.

Proposal 1: The indication from the eNB should be given by an explicit bit rate in kbps.

2.2 Which solution is used to convey codec adaptation information? MAC CE or RRC signaling?
In the last RAN2 meeting, among all the alternatives only MAC CE and RRC signaling were selected during the study item to perform the codec adaptation procedure, but which one is the final solution still needs to be decided in the work item. During the study phase, RAN2 discussed the pros/cons of each solution and captured it in the TR [3]. We use that one as baseline and only keep the different parts.
Table 5.5-1: Comparison of different layers for eNB-to-UE bit rate information exchange
	 
	MAC CE
	RRC IE
	Remark

	RAN resource efficiency
	Good
	Medium
	Additional headed of RRC solution will increase the load. But it can be accepted since  it will not be sent frequently.

	Robustness to increased call set-up time and call drop probability
	Good
	Medium
	It can be ignored since call setup is not considered in the WID.

	Independence of cross layer information (eNB)
	Yes

MAC layer provides information on the link performance.
	Yes

RRC layer may provide information on link performance, e.g. RRM measurements. 
	RRC is suitable place to handle it since RRC is in charge of the resource management, access control, etc. 

	Independence of cross layer information (UE)
	No

Requires client interface in UE to MAC layer information
	No

Requires client interface in UE to RRC layer information
	So far we do not have the interface between MAC and upper layer. While the RRC one is more common in UE implementations

	Security for bit rate recommendation message
	No

Integrity protection and ciphering are not available.
	Yes

Both integrity protection and ciphering are available.
	Security is also one important aspect.


Based on analysis in above table, RRC is the best place to handle cross layer information, and security is more important aspect. Therefore, we propose that:

Proposal 2: Use RRC signalling to convey codec adaptation information. 

Currently we can use existing RRCConnectionReconfiguration or introduce a new DL only RRC message to convey the recommended bit rate. Since we do not need the feedback from the UE, we slightly prefer to introduce a new DL only RRC message.

Proposal 3: Introduce a DL RRC message to convey the recommended bit rate. 
2.3 Coexistence with existing rate adaptation mechanisms specified in TS26.114
As captured in the TR [3], one design principle is:

Any rate adaptation mechanism introduced by RAN can co-exist with the rate-adaptation mechanisms specified in TS 26.114.
Currently, as described in TS26.114 [4], the operation of adaptive mechanisms is shown below:
Adaptive mechanisms that act upon measured or signalled changes in the transport channel characteristics may be used in a conservative manner. Examples of measured changes in transport characteristics are variations in Packet Loss Rate (PLR) and delay jitter. An example of signalled changes in transport characteristics is ECN Congestion Experienced (ECN-CE) marking in IP packet headers.
Observation 1: In the current mechanism, the UE will trigger the codec adaptation only based on the measured or signalled changes in the transport channel characteristics.

In order to co-exist with the rate-adaptation mechanisms specified in TS26.114, we can regard the recommended codec bit rate carried in a message from eNB as one case of signalled changes. Therefore, the trigger factors of the codec adaptation by the UE can be summarized as follows:
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Figure 1 Trigger factors of the codec adaptation by the UE

Proposal 4: In order to co-exist with the rate-adaptation mechanisms specified in TS26.114, the recommended codec bit rate carried in a message from eNB can be regarded as one case of signaled changes.

Proposal 5: Send an LS to SA4 to capture the RAN-based codec adaptation mechanism as one signaled changes into the TS 26.114. 
3 Conclusion
This paper discusses the remaining open issues for codec adaptation solution. Based on the above analysis, we have following observations and proposals:

Proposal 1: The indication from the eNB should be given by an explicit bit rate in kbps.

Proposal 2: Use RRC signalling to convey codec adaptation information. 

Proposal 3: Introduce a DL RRC message to convey the recommended bit rate. 
Observation 1: In the current mechanism, the UE will trigger the codec adaptation only based on the measured or signalled changes in the transport channel characteristics.

Proposal 4: In order to co-exist with the rate-adaptation mechanisms specified in TS26.114, the recommended codec bit rate carried in a message from eNB can be regarded as one case of signaled changes.

Proposal 5: Send an LS to SA4 to capture the RAN-based codec adaptation mechanism as one signaled changes into the TS 26.114. 
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