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1 Introduction

One of the main objectives of the approved SI [1] is to consider potential RAN enhancements that would provide a flexible and efficient codec modification mechanism under more dynamic radio conditions. During the previous meeting, the majority of companies consider a RAN based solution beneficial for realizing the objectives of the WIP. This contribution discusses the viable solutions for RAN-assisted codec rate adaptation which depends on the level of RAN’s knowledge of the codec related information as well as the need for codec rate adaptation at call setup.
2 Initial considerations 
Based on the agreements from the previous meeting, the following were agreed [2] and the details were captured in the TR [3].  

	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. 




Agreements 2 and 3 above assumes the eNB’s codec tuning messages do not directly control the codec rates but are merely recommendations for the selection of the codec rates.  And in the latest version of the TR [3], the codec rate adaptation for the uplink is described in section 5.3.2.  Before RAN2 can decide how the eNB’s codec adaptation recommendation works, it is necessary to understand whether the rate adaptation mechanism introduced by eNB needs to be codec type agnostic which is currently FFS in the above agreements.

Observation 1: To determine how the eNB codec adaptation recommendation for the UE works, it is necessary to understand whether the eNB knows the codec rate used by the UE. 
2.1 eNB’s knowledge of codec rate
In order to support eNB-assisted codec rate adaptation, it should be considered whether the eNB needs to have the information on the specific codec rates for each type of supported codec as indicated in the FFS above.  

If we assume the eNB has specific information about the codec rates we should also consider if the eNB would also need to know the codec type, the frame aggregation, the redundancy level and the redundancy offset [4]. This would imply the eNB could essentially serve as the end point for codec rate adaptation in place of the UE.  However, if the eNB only has the codec rate information it is unclear how the UE should take into account of the eNB’s recommended codec rate as it is suggested in the TR that the UE will use the eNB’s recommendation of the codec rate as one of the inputs to the UE’s application layer. 

Observation 2: If the eNB only has the codec rate, it is unclear how the UE should take into account of the eNB’s recommendation of the codec rate sent to the UE.

In light of Observation 2, we think 4 options may be considered in terms of the interpretation of the recommended codec rate from the eNB.

Option 1: The eNB has full knowledge of the codec related information, not limited to the codec rates. 
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Fig. 1: 

eNB with full knowledge of codec rate adaptation mechanism (Option 1)
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Option 1 is essentially an application layer solution on the AS layer. The codec adaptation recommendation “codec rate change” in Fig. 3 may be application layer signalling (CMR/TMMBR) as suggested in [5].  Then the UE receiving the eNB’s command (codec rate change) may inform UE2 of the codec rate changes instructed by the eNB. Similarly, if UE1 receives from UE2 the need to change codec rate, UE2 may request the change to eNB1 via the codec rate request message. The confirmation of the codec rate change is necessary esp. for the case when the codec rate change is for a codec rate increase, either for DL or UL.  However, in order to support Option 1, it will be necessary for the eNB to support application functionality which has thus far been avoided in RAN2 specifications. So both the specification and implementation impact to the eNB are substantial. Also, any future codec changes may result in further changes to AS layer signalling, especially considering one of the major drawbacks to the ECN-based solution as pointed out in the WIP is that it would be necessary for all the network entities to support ECN for such a solution to work as was concluded in RAN2#93bis.

Option 2: The eNB recommends the maximum supportable bit rate (not codec rate) to the UE for both rate increase or rate decrease based only on the supportable rates on the Uu link and the UE responds with feedback of rate changes.
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Fig. 2: 

eNB with no knowledge of any codec rate related information (Option 2)
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Option 2 is the direct opposite of Option 1. The eNB decides on the bit rate increases strictly from the AS perspective and the rate increase/decrease does not need to correspond to one of the supported codec rates.  Step 2 above is only needed in case the request for rate increase is supported.  For the radio congestion scenario, Step 2 is not needed. The main advantage with this option is that the eNB will not be required to handle any application layer information.  However the rate change signalled from the eNB may be ineffective in the sense that the change may be too small to allow for any change in the codec rate. As in the case with Option 1, with Option 2 the UE should provide feedback to the eNB on whether the rate increase or decrease is successfully negotiated in the application layer. The feedback may not need to include the actual codec rate.
Option 3: The eNB knows only the codec rates supported by the UE.  The UE may provide the supported codec rates to the eNB.
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Fig. 3:  

eNB with only supported codec rate information (Option 3)
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Option 3 provides one possible compromise with some of complexities associated with Option 1 but less of the drawbacks of Option 2. It has less impact to the eNB in terms of its need to understand the application layer since only the codec rates are known to the eNB. And in contrast to Option 2, the issue with signalling of non-supportable codec rate will not occur since the eNB will provide the exact rates useable by the UE without exceeding the allowable rate from the scheduling perspective. The UE will also provide feedback to the eNB of the successfully negotiated codec rate as a result of the change. 
Option 4: The eNB indicates to the UE that higher rate or lower rate may be supported.  The UE responds with the preferred rate of choice which may correspond to a codec rate. The eNB informs the UE whether it rejects the codec rate or accepts the codec rate.  If the codec rate is accepted than the eNB will provide the resources necessary to support the codec rate. 
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eNB with no knowledge of codec relatedinformation, specific 
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Option 4 provides another possible compromise between Option 1 and Option 2. It has even less impact to the eNB than with Option 3 since the eNB doesn’t need to store any codec rate information. Upon receiving the requested codec rate change from the UE the eNB can decide whether it can be supported and act accordingly. 

Both Options 2 and 4 assume eNB is agnostic to any codec rate information, so if RAN2 decides to choose forward with the eNB agnostic approach, these are the options worth considering. Furthermore, it should consider also be considered for these 2 options if the UE’s request for higher data rates may be accomplished through the existing bearer resource allocation procedure as defined in section 6.5.3 of [6] and the E-RAB modify procedure defined in section 8.2.2 of [7].  In this case, the UE may request a higher GBR through this bearer modification procedure. 

Observation 3: If it is desirable for the eNB to be codec rate agnostic then Option 2 and Option 4 may be suitable solutions for eNB-assisted codec rate adaptation.  
Proposal 1:
RAN2 should capture the details of above options relating to the assumptions of eNB’s knowledge of codec rate adaptation in the TR.  
Additionally, RAN2 should also consider how the recommended bit rate or codec rate should be provided to the UE.  The typical choices include the use of RRC Connection Reconfiguration, PDCCH or MAC CE. The choices would largely depend on the urgency for changing the codec rates. For example, with RRC Connection Reconfiguration, the RRC processing would usually take 15ms [7].  There was also a VoLTE latency-related discussion in [8], whereby it was considered whether C-DRX extension from 40ms to 60ms would cause significant degradation to voice quality.  However, since codec rate changes are not expected to be changed frequently, the RRC processing delay may still offer sufficient improvement over the existing end-to-end codec rate adaptation. Furthermore, if Option 2 is selected, the “max bit rate” message may be optionally broadcasted rather than dedicated signalling since the change in congestion may be applicable to all UEs.  This is also applicable to Option 3 with the “higher rate available” signalling.

Proposal 2:
If RAN assisted codec rate adaptation is supported, RAN2 should further discuss the mechanism by which the bit rate or codec bit rate is provided to the UE. 
2.2 Rate adaptation during call setup
It has already been identified in the WID [1] that one of the objectives of the SI is to investigate mechanisms that are applicable to different codec types including AMR, EVS and video in both downlink and uplink to enable the following:
· Codec mode and rate selection at call setup
Based on previous studies in [8] and pointed out in [9], SA2 pointed out that “there is no requirement for voice codec selection based on network loading conditions” and the expectation is that the video codec can always start from the lowest codec rate supported and adapt to a higher rate under good conditions.  However, as pointed out in [5], if the UE starts from the lowest codec rate, the up-tuning delay can be excessive and could affect voice quality as there may be periods where the codec needs to be guaranteed operation at higher codec rate to properly encode the source material e.g., weakly correlated signals such as speech onsets/transients are coded at higher bit-rates to preserve audio quality [6].  Considering RAN2 has already agreed that any eNB assisted rate adaptation mechanism should explicitly indicate the recommended bit rate or codec rate for on-going calls, RAN2 should also consider if the same should be applicable to call setup. The recommended bit rate or codec rate should be consistent with the decision for on-going codec rate adaptation described in section 2.1.  

Proposal 3:
eNB-assisted codec rate adaptation should be supported at call setup. 
If Proposal 6 is agreeable, it may be assumed that the eNB can consider its congestion situation as part of the codec adaptation.  However, other aspects related specifically to the UE such as the radio condition are also needed for the RAN to determine the resources that need to be allocated to the UE to support the intended codec rate. In the case, the UE needs to transition from IDLE to CONN to initiate the call setup, it should also be discussed how the UE’s radio condition can be accounted for in the eNB’s bit rate or codec rate recommendation. 

Proposal 4:
For call setup, eNB should know the UE’s radio condition prior to recommending the bit rate or the codec rate.    

3 Conclusion
This contribution discusses the alternatives for RAN based codec rate adaptation, from the perspective of RAN knowledge of the codec related information. The need for RAN based codec rate adaptation is also discussed for call setup. We have the following observations and proposals.
Observation 1: To determine how the eNB codec adaptation recommendation for the UE works, it is necessary to understand whether the eNB knows the codec rate used by the UE.

Observation 2: If the eNB only has the codec rate, it is unclear how the UE should take into account of the eNB’s recommendation of the codec rate sent to the UE.

Observation 3: If it is desirable for the eNB to be codec rate agnostic then Option 2 and Option 4 may be suitable solutions for eNB-assisted codec rate adaptation.  

Proposal 1:
RAN2 should capture the details of above options relating to the assumptions of eNB’s knowledge of codec rate adaptation in the TR.  

Proposal 2:
If RAN assisted codec rate adaptation is supported, RAN2 should further discuss the mechanism by which the bit rate or codec bit rate is provided to the UE. 

Proposal 3:
eNB-assisted codec rate adaptation should be supported at call setup. 
Proposal 4:
For call setup, eNB should know the UE’s radio condition prior to recommending the bit rate or the codec rate.
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