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1 [bookmark: _GoBack]Introduction
In RAN #71 meeting, the SI [1] “Study on enhancement of VoLTE” was approved, and one of the objectives is to investigate mechanisms for codec rate adaptation at call setup and during an on-going call as following.
· Investigate mechanisms that are applicable to different codec types including AMR, EVS and video in both downlink and uplink to enable (RAN2-led):
· Codec mode and rate selection at call setup
· Codec rate adaptation during an on-going call.
· Coder adaptation can be triggered cell-wide or on a per-UE or per DRB basis Up/down-side tuning of codec rate
[bookmark: OLE_LINK61][bookmark: OLE_LINK70][bookmark: OLE_LINK36][bookmark: OLE_LINK37]In this document, we provide a codec rate adaptation mechanism triggered cell-wide, and then we also try to evaluate the RAN-based rate adaptation mechanisms from service quality, signalling overhead and protocol impact perspective. 
2 Discussion
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK31]Per-Cell signalling codec rate adaptation mechanism
During the last RAN2 meeting, some contributions analysed the current codec rate adaptation mechanism, e.g. ECN mechanism or application mechanisms (RTP payload or CMR message mechanisms.) and thought the current mechanisms cannot reflect timely RAN network load status and channel conditions; furthermore, ECN solution needs all the nodes on the path to behave correctly. From RAN optimization perspective, some contributions presented a solution that the eNB provides the codec rate recommendation to the UE via dedicated signalling based on the RAN side information like load and channel conditions once VoLTE call is established. Based on the recommendation, UE will perform codec rate negotiation with the peer UE. Generally, this approach provides a per UE codec rate adjustment .
An alternative approach is to assist UE to adjust codec rate based on per cell signalling when a VoLTE call is initiated or during on-going. With this mechanism, network can consider the cell load status and broadcast the mapping relationship of available codec rates with channel condition via system information. When initiating VoLTE call or during an on-going call, UE determines the available codec rates corresponding to the measured channel condition and negotiates with peer UE based on normal procedure. This approach has benefit in some cases, e.g. in sport event or in festival event. A large number of VoLTE calls could be established simultaneously, adaptation per UE will cause a large amount of RRC signalling overhead. 
An example of recommendation is given as Table1 and Figure 1.
Table 1: Example for Per-Cell signalling codec rate adaptation
	Index
	Codec rate
	RSRP scope

	1
	AMR-WB 23.85kbps
	-60dBm< RSRP

	2.1.1 
	AMR 12.2kbps
	2.1.2 

	2
	AMR-WB 19.85kbps
	-60dBm=<RSRP<-70dBm

	2.1.3 
	AMR 12.2kbps
	2.1.4 

	…
	…
	…

	N
	AMR-WB6.6kbps
	-100dBm=<RSRP<-110dBm

	2.1.5 
	AMR 7.4kbps
	2.1.6 


The broadcast information is showed in table 1, which could be a codec rate list available in the cell based on the load status, and UE could select corresponding recommendation based on the channel condition measured by itself. The column “RSRP threshold” presents the channel condition requirement scope corresponding to the column” Codec rate”. For example, if UE measures the RSRP value -65dBm, then the highest codec rate UE can select is AMR-WB 19.85kbps or AMR 12.2kbps. UE will negotiate with the peer UE with the codec rate not higher than AMR-WB 19.85kbps.
During on-gonging call, if UE measured channel condition is changed, UE will update the available codec rates based on the system information. Also when the cell load is changed, the eNB could modify and broadcast the new mapping relationship via system information. At this time, UEs with on-going call will update the available codec rates based on the latest system information. The whole procedure can be illustrated in figure 1.
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Considering the cell load status will not change very frequently, it’s unnecessary to update the broadcasting list so frequently. Therefore, the signalling overhead brought by system information update will not be so large. 


Figure 1: Per-Cell signaling codec rate adaptation mechanism
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Step 1/2: eNB decides the mapping relationship of the codec rates/highest codec rate corresponding to each channel condition scope considering the cell load status and broadcasts to UEs.
Step 3: UE performs the measurements, and when application layer initiates a VoLTE call, determines the available codec rates from the broadcast information based on the measured results.
Step 4: UE performs RRC connection and EPS bearer establishment procedures.
Step 5: UE performs legacy SIP signalling or application layer codec rate negotiation procedure with the peer UE within the respectively available codec rates scope determined in step 3.
Step 6: When detecting the channel condition changes, UE updates the available codec rates in step3.
Step 7: If needed, UE repeats the procedure in step 5.
Step 8/9: If detecting cell load changes, eNB updates the mapping relationship between codec rates and the channel condition.
Step 10/11: UE repeat step 3/5 if needed.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK40]Proposal 1: RAN2 considers Per-Cell signalling codec rate adaptation mechanism mentioned above, and capture this mechanism in the TR.
Evaluation of the candidate RAN adaptation mechanisms
In [2], another RAN-based mechanism was provided, in which the codec rate is adjusted per UE by eNB. Based on this mechanism, eNB will adjust one UE’s codec rate by dedicated signalling based the detected link quality and the cell status. In this subsection, we name this mechanism as Per-UE signalling adaptation. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this section, we evaluate the two candidate RAN adaptation mechanisms: Per-UE signalling adaptation and Per-Cell signalling adaptation on the metrics of the service quality, signalling overhead and protocol impact, etc.
1. Service quality
For Per-UE signalling adaptation mechanism, call delay or codec rate sharp change could be introduced in the case of different adjustment time when the call is established. The two possible cases are analysed as following.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK56][bookmark: OLE_LINK57]Case 1: Call delay caused by codec rate adjustment during call establishment


Figure 1: Codec rate adjustment during call establishment
[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK29][bookmark: OLE_LINK30]An alternative implement way of codec rate adjustment during call establishment can be illustrated in Figure1, when the connection is established, the eNB needs to configure codec rate related measurements to UE via RRC Reconfiguration, and acquires the reports reflecting the UE’s link quality, e.g. RSRP/RSRQ. Afterwards, the codec rate recommendation could be provided to the UE for further negotiation with the peer UE via SIP signalling. In this case, the negotiation may be delayed due to the codec rate adjustment procedure during call establishment and the UE experience may be degraded. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Case2: Codec rate sharp change caused by codec rate adjustment after call is initially established



[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 2: Codec rate adjustment after call is established
[bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK138]An alternative implement way of codec rate adjustment during call establishment can be illustrated in Figure2, the adjustment procedure is performed after call is initially established while voice data is already being transmitted. In this case, a sharp codec rate change may occur during the adjustment duration if the initial negotiated codec rate is far from the suitable rate for the serving cell. As shown in Figure 2, UE may select initially AMR-WB 19.85kbps rate based on implementation and adjusts to AMR 4.75 kbps or AMR 6.7 kbps; or UE may select initially AMR-WB 6.7kbps rate based on implementation and adjusts to AMR-WB 19.85kbps or AMR-WB 23.05kbps. Due to the sharp change, user will hear obvious voice definition difference, which leads to worse user experience than the uniform voice definition.  


Figure 3: Codec rate adjustment after call is established
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK48]Observation 1: With Per-UE signalling adaptation mechanism, call delay or codec rate sharp change will be introduced by codec rate adjustment during call establishment.
For the Per-Cell signalling adaptation mechanism, the only impact on service quality is that the call delay could also be increased because UE needs to perform the codec rate adaptation procedure before initiating a call setup, i.e. the step 3 in Figure 1. However, what UE should do in this step is to select an appropriate codec rate based the measured link quality. It is a simple implementation and is believed that the call latency brought by this step can be negligible. 
Observation 2: With Per-Cell signalling adaptation mechanism, the call delay caused by codec rate adaptation procedure before initiating a call setup can be negligible. 
2. Signalling overhead
[bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK42][bookmark: OLE_LINK43]If Per-UE signalling adaptation is applied, at least three RRC messages are needed for providing the codec rate recommendation for each UE, including measurement report/codec rate adaptation command/codec rate adaptation acknowledgement. If a large number of VoLTE calls are established simultaneously, e.g.in sport event or in festival event, dedicated recommendation will bring a large amount of signalling overhead.
Furthermore, UE could be requested to report the measurement results. If UE reports periodically, a large amount of report signalling will occur, and if UE reports by event triggering, multiple events need to be defined because different codec rate requires different channel condition.
If Per-Cell signalling adaptation mechanism is applied, corresponding recommendation will be broadcast via system information signalling. The signalling will only be wasted if the number of VoLTE interested UE is quite small. 
[bookmark: OLE_LINK41][bookmark: OLE_LINK52][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK51][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65]Observation 3: Per-UE signalling adaptation increases dedicated signalling overhead when a lot of VoLTE calls are established; Per-Cell signalling adaptation increases broadcast signalling overhead when a few VoLTE calls are established.
3. Protocol impact
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Per-UE signalling adaptation mechanism has impact on the measurement related procedure, e.g. measurement configuration, reporting procedure (e.g. event definition), reconfiguration procedure, etc.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK68][bookmark: OLE_LINK69]Per-Cell signalling adaptation mechanism has impact on the system information procedure and UE codec rate adaptation procedure.
4. Summary of the evaluation
The analysis in above subsection can be summarised as Table 2.
Table 2: Summary of the evaluation
	Metric
	 Per-UE signaling adaptation
	Per-Cell signaling adaptation

	Service impact
	Could increase call delay or codec rate sharp change during call establishment
	Less impact

	Signalling overhead
	Dedicated signalling overhead when there are a lot of VoLTE calls establishing.
	Broadcast signalling overhead when there are a few VoLTE calls establishing

	Protocol impact
	Measurement configuration, reporting procedure, reconfiguration procedure
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]System information procedure and UE codec rate adaptation procedure


[bookmark: OLE_LINK53][bookmark: OLE_LINK60]Proposal 2: It is proposed to capture the evaluation of per-UE signalling and Per-Cell signalling codec rate adaptation in the TR.
Conclusion
In this document, we provide a codec rate adaptation mechanism triggered cell-wide and the evaluation of the rate adaptation mechanism triggered cell-wide and Per-UE.
Proposal 1: RAN2 considers Per-Cell signalling codec rate adaptation mechanism mentioned above, and capture this mechanism in the TR.
Observation 1: With Per-UE signalling adaptation mechanism, call delay or codec rate sharp change will be introduced by codec rate adjustment during call establishment.
Observation 2: With Per-Cell signalling adaptation mechanism, the call delay caused by codec rate adaptation procedure before initiating a call setup can be negligible. 
Observation 3: Per-UE signalling adaptation increases dedicated signalling overhead when a lot of VoLTE calls are established; Per-Cell signalling adaptation increases broadcast signalling overhead when a few VoLTE calls are established.
Proposal 2: It is proposed to capture the evaluation of per-UE signalling and Per-Cell signalling codec rate adaptation in the TR.
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