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1. Introduction
With the arrival of LTE, 3GPP will for the first time have a radio access without any circuit-switched component. All media transport, for all services, will be done using IP. The QoS architecture to be used for 3GPP release 8 is being further developed compared to previous versions. The challenge with LTE is that all services, real-time conversational, interactive browsing, streamed content, gaming, all services needs to be realized in a secure, predictable way while still maintaining an efficient use of the available radio resources. This will put significant requirements on both the QoS scheme used for LTE as well as on the applications used in the clients. 
The current specification draft for GPRS enhancements for LTE, TS 23.401 [1], defines two different bearer types: Non-GBR bearers and GBR bearers. GBR bearers are associated with the bit rate parameters GBR and MBR. The MBR may be greater than or equal to GBR for a particular GBR bearer. Sources should be prepared to experience congestion related packet drops and/or per packet delays exceeding the limits defined by the so-called QCI/Label Characteristics when mapped to a Non-GBR bearer or when mapped to a GBR bearer while sending at a rate greater than the bearer’s GBR (see [1] Section 4.6.3). This behaviour is not new for LTE.
In [3], Annex E, 3GPP-SA4 has specified a number of QoS examples suitable for use when running real-time conversational services, MTSI. In all the examples listed, the MBR parameter value was set equal to GBR. The reason for this is well-known within the community; a real-time conversational service relies on a certain predictability of the channel used to transport the data. Since the area above GBR but below MBR is treated in the same way as best-effort traffic, there is no way to make any useful assumption about what kind of loss rates the user could experience when running a service in that bit-rate range. This is the reason why this area in principle is not used for real-time communication services running on a GBR radio bearer.

It comes as no surprise that restricting the QoS grant for a real-time communication service to GBR=MBR makes the system more rigid, and as an effect, makes the system use the resources in a less than optimal way. Therefore; in light of the nature of LTE, using the QoS scheme with GBR bearers: how is it possible to combine adaptive applications with “adaptive”, or dynamic, radio resource usage?
This question has also been discussed in 3GPP-SA2, see [2], and rate adaptive features is also listed FFS in the draft of TS 23.401. 
2. Network status messages in LTE/SAE

The answer to the question posed at the end of section 1 is quite simple on a principal level; let the client start to utilize the area above GBR but enable the possibility for the RAN to provide feedback, a status notification, a “pre-warning”, to the client that the probability is high that significant packet losses will occur if the transmitted bit-stream continues to utilize the area above GBR. From the application point-of-view, it does not really matter from where this pre-warning comes from as long as it is made available for the application so that the source can adapt its send rate in due time before the predicted losses would otherwise start to occur. 
Giving feedback to the clients about upcoming congestion situations makes it possible to enhance the quality of the session in two ways. 
· It enables the clients to utilize the available resources within the priority class of the service in a new way. In other words; when a low number of users are active in the cell, each user will benefit from a higher bandwidth to be used within their current session. 
· It enables the utilization of this available capacity without risking massive packet losses. 
Taken together, this creates a win-win situation where the operator can increase the utilization factor of his network without paying the price of degraded quality and unpredictable service behaviour.
There are two requirements for such a feedback scheme to work.

1. A feedback mechanism is needed which in its originating point can access relevant information to determine risk of congestion well enough in advance to enable the client to react.

2. A well specified adaptive behaviour of the client.
As stated before; the technical solution for the first requirement is not within the scope of 3GPP-SA4 to provide. The second one, on the other hand, is. Getting the clients to behave in a predictable way is crucial in this context. 
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Figure 1. A schematic picture of using network feedback to enable utilization of the GBR-MBR area.
3. Client requirements
The basic response of a client to feedback messages is a rate reduction. A fast response to a congestion warning is the first, and most important, part of enabling utilization of the GBR-MBR range. In terms of restoring the bit-rate upwards after downwards adaptation, this is most likely a client-only issue. Some sort of probing mechanism can be used to try to restore the original session intent. However, upwards probing needs to be performed in such a way that traffic/load oscillations are avoided and so that probing related significant quality reductions does not occur. Hence, specification guidance is needed.
To summarize, the requirements on a client consists of the possibility to parse and react to network feedback messages. The reaction will consist of all actions needed to achieve a bit-rate downwards adaptation. Looking at [3], all mechanisms to achieve rapid client responses in terms of adaptive codecs and adaptation request messages are in place. The lacking part in the specification is a specified usage of these mechanism in the context of network feedback messages.

4. Conclusions

In this document, we have presented an initial argument for why it is important to look into the details of the combination between dynamic network resource usage and adaptive applications. Due to the revised network architecture of LTE/SAE and the lack of a CS fallback for real-time conversational applications, the time is now right to look into the technical details of network feedback mechanisms and adaptive application responses. 
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