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1 Introduction

Amongst many differences between CS Voice and VoIP, the rate control mechanism is one aspect that we can not apply what we have in CS AMR to VoIP as it is.

This paper shows how the rate control is done in the CS AMR, and discuss how to give the RNC the ability of controlling the VoIP codec rate. 
2 Rate control in CS voice service
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Figure 1: AMR Rate Control in CS

In CS AMR, both the uplink rate control and the downlink rate control is done by the RNC. 

When the RNC detects the need to adjust a UE’s uplink AMR codec rate, it sends a Transport Format Combination Control message, where the TFC subset corresponding to the desired AMR codec rate is in it.then the UE notify to its vocoder the available bit rate resulting from the TFC subset as below. 

Captured from 25.321

Every time the set of supported TFCs changes, the available bitrate shall be indicated to upper layers for each logical channel in order to facilitate the adaptation of codec data rates when codecs supporting variable-rate operation are used. The details of the computation of the available bitrate and the interaction with the application layer are not further specified.
Although the details of computing available bit rate is left to the implementation, it can be easily done because a certain TFC is always corresponding to a codec mode. For example, The TFC (81, 103, 60) is corresponding to the 12.2 kbps AMR mode. 
This is not true for the VoIP and computing available bit rate will not be that straightforward. This will be discussed further in the section 3. 
When the RNC wants to adjust a UE’s downlink AMR codec rate, it sends a Rate Control message to the MSC or the entity where the vocoder resides. 

Then the vocoder in the network side adjust the DL AMR codec rate as indicated. 
3 Rate control in VoIP 
There are 2 significant differences between the CS AMR and the VoIP AMR in the rate control point of view.

1. The CS AMR rate control is performed through the RNC. The VoIP AMR rate control is performed in the end to end manner, and is transparent to the RNC.

2. In the CS AMR, a packet size is tightly coupled with a codec mode, because no header is added to voice frames. In the VoIP number of packet sizes are coupled with a codec mode, because the IP/UDP/RTP headers(with the variable sizes) and the RLC headers are added.  

RFC 3267 specifies the rate control mechanism by the CMR(Change Mode Request) field setting by the receiver, which is illustrated in the figure 2. The AMR Framing block is the entity generating the AMR payload header of AMR packets. 
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Figure 2: AMR Rate Control in VoIP
To control downlink rate, UE sets the CMR of UL VoIP packets to the value of the codec mode it wants to receive, and the terminating point (MGW or end terminal) adjust the downlink codec rate according to the received CMR value.

The uplink rate control is performed by the exactly same way that a terminating point set the CMR of DL VoIP packets to the value of the codec mode it wants to receive and the UE adjust the uplink codec rate accordingly. 
In this rate control mechanism the RNC is not able to control the AMR codec rate, but certainly it is the RNC that need to control the codec rate of both the uplink and the downlink. 

Three solutions are identified.
3.1 TFC control

TFC control is the way the RNC controls the CS AMR codec rate. 
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Figure 2: AMR Rate Control by RNC, TFC control in CS 
In the CS AMR operation, there is one to one mapping between a certain TFC and a AMR codec rate, therefore the RNC controls UE’s codec rate by allowing or forbidding certain TFCs. 

There are no such hard mappings between the codec rates and TFCs in VoIP. Rel-6 VoIP transport format set has 18 transport formats for four codec modes, and some transport formats correspond to a number of modes. For example, the TF of 216 bit corresponds to both the 7.4 kbps mode and the 5.9 kbps mode. 

One more thing to note is that TFC control is only applicable to the UL rate control. 
3.2 RNC changes CMR values

Another solution would be to let the RNC inspect and change the CMR value to the desired one. 
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Figure 3: VoIP AMR Rate Control by RNC, alternative 2 
In this solution, the RNC inspects all the uplink and the downlink VoIP packets, and judges whether the current CMR value is appropriate. If needed, the RNC change the CMR value to the desirable one. 

When the CMR value changes, the RNC should recomputed the UDP checksum to reflect it.

This can be used for both the uplink rate control and the downlink rate control. 
3.3 RRC messages for VoIP rate control

The most straightforward way would be to introduce a new RRC message signalig the desired AMR codec rate to UE. 
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Figure 4: VoIP AMR Rate Control by RNC, alternative 3 
When the RNC want to adjust the codec rate of a direction, it sends the new RRC message ‘Rate Control’ to the UE, which contains the desired codec mode of the direction.

If it is the uplink that the codec rate is to be adjusted, the UE vocoder is informed of the desired codec rate, and it  adjusts the codec rate directly.

If it is the downlink that the codec rate is to be adjusted, the UE ARM Framing block is informed of the desired codec rate, and it sets the CMR field of the UL VoIP packets accordingly, which will adjust the downlink codec rate at the other end.
This can be used for both the uplink and the downlink. 
4 Conclusion

It is clarified that the RNC can not control the VoIP AMR codec rate in current specification. 
Three alternatives for the RNC to control the VoIP AMR codec rates are identified.

· TFC control
· RNC changing CMR field
· New RRC message
We assume that TFC control is not a suitable solution in a sense that it is not applicable to the downlink rate control and not applicable to the VoIP over HSDPA/EDCH.
Among remaining two, we recommend the last one since the second one commits continuous layering violation, and the processing requirement is more than needed. 

It is proposed to discuss the solutions, and if RAN2 agree on one of them, Samsung will happily provide the relavent CR.
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