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1 Introduction
In last RAN2 meeting, some agreements about enhancement of VoLTE were achieved as the followings:
	Agreements: 
1.
The indication from the eNB should be in the form of a suggested recommended bitrate (e.g., maxim bitrate for service of the UE could use), which can be used for both codec rate increase and codec rate decrease cases. 


	Agreements: 
1.
Indication from eNB is used for RAN-involved codec adaptation.

2.    For down and up side-tuning in uplink, the eNB sends a codec tuning message to the UE, and the UE should use the bitrate indicated in codec down side-tuning message as one input to do codec adaptation on the uplink side. 
3.    For down and up side-tuning in downlink, the eNB sends a codec tuning message to the UE, and the UE should send application layer message, e.g. RTP CMT to the peer UE. 

       The peer UE could use the indication as one input to codec rate adaptation. 

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


However, there are still some open issues. In this paper, we discuss these open issues and provide our opinions. 

2 Discussion
RAN2 has agreed that the eNB can send a codec tuning message to UE for codec adaptation. Based on this agreement, the following issues need to be further discussed:

· Whether the eNB needs to be aware of the codec rate used by UE?

· Which method is used by the eNB to send an indication to UE for codec adaptation?

· What is the form of the indication from the eNB?
2.1 Whether the eNB needs to be aware of the codec rate used by UE?
As described in [1], 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 rate of the VoLTE users, the eNB can perform the appropriate operations to balance all the user’s performances and user experience when network load is increasing, e.g. the eNB could only choose the users with the higher codec rate to down-tuning, and maintain the users with the lower codec rate, or 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, if the eNB knows the codec information of these users, the eNB can choose the suitable way to enhance the quality of the user. For instance, for the UE at the edge of coverage with bad radio condition, the eNB can choose the lower codec for such UE, or use coverage enhancement mechanisms, e.g. eMTC techs, and delay budget relaxing, etc, to improve the quality of the voice. 
Observation 1: It is beneficial for the eNB to be aware of the codec related information, e.g. codec rate, the frame aggregation, the redundancy level and the redundancy offset etc. 
There are two alternatives to help the eNB to know the codec rate used by UE. 

Alternative 1: the UE tells the eNB directly.
Both for the initial codec negotiation and following ongoing call, the UE knows the codec rate used by UE. 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. 
Alternative 2: the IMS tells the eNB.
During the initial codec negotiation, the IMS can know the used codec rate by parsing the SIP signaling, however during the ongoing call, the IMS cannot know the tuned codec rate since the RTP/RTCP is not transferred via IMS server. 

Because the alternative 2 can only work for the codec adaptation upon call setup, and cannot be used during the ongoing call, so it can’t meet the requirements of the SID, we propose that: 

Proposal 1: Before participating in the codec adaptation the eNB needs to know the codec rate used by UE through UE report.
2.2 Which method is used by the eNB to send an indication to UE for codec adaptation?
Currently, five alternatives have been proposed in the standard on indicating the changes to UE for codec adaptation, including RRC signaling, PDCP control PDU,Application message, MAC control element, PHY PDCCH. 
We compare the above alternatives based on the following aspects:
	
	PDCCH
	MAC CE
	Application message
	PDCP control PDU
	RRC signaling

	Robustness
	Worst
No ARQ or HARQ.
	Medium 
Only protected by HARQ. 
	Medium
Only protected by HARQ if it is mapped on RLC UM.
	Medium
Only protected by HARQ if it is mapped on RLC UM.
	Best

Double protected by ARQ and HARQ.

	Security
	Unsafe

Below PDCP layer, and no any security protection.
	Unsafe
Below PDCP layer, and no any security protection.
	Unsafe

Integrity protection in PDCP layer is only for control plane data. 
	Safe
Both integrity protection and chiphering protection.
	Safe
Both integrity protection and chiphering protection.

	Transmission/processing delay
	Fast
~1-5ms
	Medium
~10-20 ms

assuming 1-2 transmissions are needed to get the MAC PDU through
	Medium
~10-20 ms

assuming 1-2 transmissions are needed to get the MAC PDU through
	Medium
~10-20 ms

assuming 1-2 transmissions are needed to get the MAC PDU through
	Slow
Compared with UP, more processing delay is expected;


The important scenario for codec adaptation is bad radio condition, robustness is more important. Therefore, we propose that:

Proposal 2: Use RRC signalling to convey Codec adaptation information. 
2.3 What is the form of the indication from the eNB?
As described in [2], three speech codec are supported by UE, including AMR, AMR-WB and EVS. The bitrates supported in each speech codec are shown as 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. That means 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 exact bit rate of each codec type;

For instance in [3] a bandwidth index of possible bitrates is proposed, see 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, UE is currently working in the AMR 5.9kbps mode, and eNB wants UE to switch to the AMR 7.4kbps mode if the network condition is good, but it is hard for UE to know whether eNB wants it to switch to the AMR 7.4kbps mode or AMR 7.9kbps only based on the bandwidth index, which may result in a bad user experience. 
In the case of the bitrate tuning with the codec change, the UE has no idea what codec should be used. 
For example, UE is currently working in the AMR 7.4kbps mode, and eNB wants UE to switch to the EVS 13.2kbps mode if the network condition is good, but it’s unable for UE to know whether eNB wants it to switch to the AMR 12.2kbps mode or AMR-WB 12.65kbps mode or EVS 13.2kbps mode only based on the bandwidth index value of 3 as shown above. 
Since explicit bit rate is more accurate, we prefer to use explicit bit rate solution.

Proposal 3: The indication from eNB should be given by an explicit bit rate in kbps.
3 Conclusion
This paper mainly discusses the remaining open issues in details. Based on the above analysis, we have following observations and proposals:

Observation 1: It is beneficial for the eNB to be aware of the codec related information, e.g. codec rate, the frame aggregation, the redundancy level and the redundancy offset etc. 

Proposal 1: Before participating in the codec adaptation the eNB needs to know the codec rate used by UE through UE report.
Proposal 2: Use RRC signalling to convey Codec adaptation information.  
Proposal 3: The indication from eNB should be given by an explicit bit rate in kbps.
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