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Abstract of the contribution: In this contribution we evaluate the use case for MBR enforcement on the UE Access Stratum and argument that typical end-to-end use cases for MBR>GBR services do not reap benefits from this feature.
Introduction

In this contribution we summarise the background for MBR>GBR Services in 3GPP specifications and explain some of the challenges for deploying these services in real networks. We then go on to evaluate the use case which has been claimed to necessitate the enforcement of MBR on the access stratum of the UE in  the case that MBR>GBR services are used. 
Background: MBR>GBR Bearer Services in 3GPP 
MBR>GBR Bearer Services in GPRS Specifications

GPRS end-to-end QoS has included the definition of the maximum bit rate since release 99. TS 23.107 [1] defines the maximum bitrate as follows:

The Maximum bitrate is the upper limit a user or application can accept or provide. All UMTS bearer service attributes may be fulfilled for traffic up to the Maximum bitrate depending on the network conditions. 
In addition to the maximum bitrate, a guaranteed bitrate may be defined for the same UMTS bearer service (PDP context.) The guaranteed bitrate “describes the bitrate the UMTS bearer service shall guarantee to the user or application.”

It should be noted that from end-to-end QoS perspective, the maximum and guaranteed bitrates are attributes that are defined by the behaviour of the application layer. 
MBR>GBR Bearer Services in EPS Specifications

The difficulties of providing consistent QoE for bearers with MBR>GBR was discussed during the specification of EPS QoS for release 8 and it was then concluded that more work would be required to address the instability of QoE when using MBR>GBR bearers. In release 10, the ECN scheme was then added to TS 23.401 to increase the predictability of the decrease in bandwidth for the UE application. As a result of adding the ECN scheme, SA2 relaxed its requirement in release 10 that for GBR type bearers the MBR shall be set equal to the GBR[2]. However, it was commonly agreed that other application level schemes than ECN could also be used to react to fluctuating bitrates.  
In current EPS signalling, the MBR of a given bearer is always signalled to the Session Management layer of the UE, so that this value can be passed on for information to the application layer. The application layer may use this information to confirm that the codec rate range that it has negotiated has also been granted resources on the radio layers. It should be noted, however, that the RRC signalling which dictate the uplink scheduling behaviour of the MAC do not include the MBR of a given bearer.

Challenges of Operating MBR>GBR Bearer Services in 3GPP Networks 

Even if the standards have allowed the deployment of UMTS bearer services with MBR>GBR since the rel-99, GPRS networks have not offered such bearer services in practice. This is mostly due to the fact that it is quite challenging to provide a consistent quality of end-user-experience within the end-to-end  path, when operating on the flexible bitrate range GBR <  br < MBR. 
Candidates for operating on the flexible bitrate range GBR <  br < MBR, are applications which are able to rate adapt in a stable manner within the end-to-end path. 3GPP has specified such applications within SA WG4, where MTSI applications negotiate a finite set of codec rates end-to-end and the bitrates of the UMTS/EPS bearer services are authorised accordingly. 
However, rate adaptation capability on the application layer may not be enough to guarantee a stable quality of end-user experience, but special treatment of bitrate ranges greater than GBR but less than MBR may be required within radio interface scheduling. For example, end-user experience may benefit from scheduling schemes where bitrates are decreased only after a given grace period, allowing a pre-warning that gives the applications the opportunity to downgrade bitrates in a controlled manner. 

In order to provide a predictable quality of end-user experience, bearer services require the setting of bitrate ranges according to application requirements and also the finetuning of radio resource scheduling during bitrate modification phase. All this requires an awareness of application characteristics which should be tested end-to-end in live networks. 
On the Necessity to Enforce MBR within the UE AS in EPS
It has been argued in [3] that in E-UTRAN, the UE radio layer should limit the uplink resource served to a logical channel by no more than its MBR in cases where this logical channel has been assigned MBR>GBR. In the following we present the use case, which has been brought forward to justify this need and then evaluate its prerequisites. 
Use Case: Resources “Stolen” by a Higher Priority Bearer Service

It has been claimed in [3] that MBR enforcement on the access stratum would be useful in the following use case: An application can generate nominal rate of x, which will be close to GBR but if there is extra bandwidth given by the network, the application can increase its rate up to MBR. However, the application should not increase its rate beyond MBR. In doing so, this application would be using more than its share of “non-guaranteed” bitrate when compared to an application that is also using a bearer service with MBR>GBR but which has a lower scheduling priority.

To illustrate this use case, let’s take a concrete example. At a given point in time, the uplink buffer status of the UE is as follows
· Bearer 1 (GBR=200, MBR=1000), scheduling buffer size: 1300, scheduling priority 1
· Bearer 2 (GBR=200, MBR=1500), scheduling buffer size: 500 , scheduling priority 2

· The UE requests for a resource grant of 1800.
· The eNB is congested and grants 1500 only.

· UE starts scheduling: First 200 from bearer 1 and 200 from bearer 2. Second 1100 from bearer 1 and 1500 is up.
· Now, it has happened that bearer 1 has “stolen” 300 worth of resources from bearer 2. However, bearer 2 has received its resource allocation GBR.
Evaluation of Resource Theft  Use Case:
· What is the operator policy on exceeding the MBR for a given bearer service, within a given time period?

The proposal to enforce MBR on the access stratum overturns the current thinking in EPS core network specifications where rate control and rate shaping is a functionality of the PDN GW. The operator may deploy different rate control and rate shaping policies for different bearer services, with variable averaging windows. The proposal in [yy] shifts the rate policing mechanism into the UE and removes the possibility for any related operator policy. 
Secondly, the averaging window of the MBR in the eNB scheduler may allow instantaneous exceeding of the uplink MBR. If the UE is enforcing a different averaging window in its uplink scheduling, the UE may discard packets unnecessarily. The full consequences of distributing rate enforcement between UE and eNB schedulers have not been fully explored in the proposal.

· What type of application can “steal” non-guaranteed resources?

Applications which are running on TCP are inherently able to rate adapt if they experience packet losses. For TCP applications, the loss of radio resources incurred due to rate shaping in the PDN GW is non-significant and the quality of end-user experience remains acceptable during the rate change. 

A UDP application will not be able to tolerate packet dropping quite as smoothly as a TCP based application. Therefore, the correct configuration of bitrate ranges for UDP application is imperative in order to avoid unnecessary packet dropping within the network.
· Which are the typical cases where a UDP application exceeds its maximum bitrate?

The proposal in [yy] seems to assume that a UDP application which has been authorised to use an EPS bearer service with MBR>GBR is arbitrary and the policy control entities in the core network have no knowledge of the bitrate ranges of the application. If this indeed holds, it will be very difficult to configure the bearer service to work in a manner that provides consistent and optimal quality of end-user-experience. 
The primary candidates for using a bearer service with MBR>GBR are applications such as MTSI services. These are application which can be identified by the operator and the behaviour and configuration of which can be made known via static or dynamic policy. As has already been seen by the experiences from GPRS, arbitrary and unidentified applications will hardly be allocated an MBR>GBR bearer service.
· Will MBR enforcement on the UE AS prevent applications and UEs from misbehaving?
It has been commonly agreed by companies in SA2 that the protection against misbehaving applications and UEs cannot be based on MBR enforcement within the UE radio layers. Protection against misbehaving UEs must reside in the network (in eNB scheduling and within the PDN GW) where rate policing and packet inspection may lead to rate shaping or even release of the bearer service. 
· Is there any other way to prevent a UDP application from “stealing” non-guaranteed resources from another application?
In practical terms, the very highest priority GBR bearers (QCI=1) are designed for carrying voice. Voice applications are very sensitive fluctuations in bitrate and need the most detailed awareness bitrate ranges and grace periods for bitrate change. It can be assumed that these voice applications are not the primary culprits for stealing non-guaranteed resources from a lower priority GBR bearer. If there is a fear that parallel video applications steal each others’ non-guaranteed resources,  a policy to grant equal scheduling priority to each of them. For bearers with equal scheduling priority, the current logical control prioritisation scheme instructs the UE to divide the available resources equally. 

Conclusion
Based on the discussions so far, we have found only one use case for the enforcement of MBR on the access stratum of the UE: This is the case, where the highest priority GBR bearer is using more resources than its maximum bearer and is thus “depriving” the second priority GBR bearer of its non-guaranteed bitrate. 
Our evaluation shows that this use case should not be evaluated from the dimensions of the scheduling function alone: in typical end-to-end use cases, the benefits from MBR enforcement on the AS seem to be very limited and may even interfere with the way that operator policies are applied for MBR>GBR services. Furthermore, there is a risk that rate policing within the UE AS may work against the scheduler algorithm in the eNB due to differing parametrisation. Therefore, we propose that MBR enforcement is not added as a function to the UE access stratum. 
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