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1
Introduction
When the Enhanced Uplink was designed in the RAN groups it built on the existing QoS model. In this model when the network grants radio resource to a UE, the UE is responsible for selecting which uplink QoS flow to serve using the associated priority for each flow provided by the RRC signalling. 
In this scheme the only way for the network to avoid resource starvation of lower priority flows, is to give those flows the same priority. However by essentially aggregating these flows together the UE would assign each equal transmission rights to each queue.
This starvation can be described in the following example:

A user is using a conference service which is made up of a couple of applications using very different QoS flows: e.g. bi-directional video; and a whiteboard session based on FTP.  The video application would perform rate adaptation to provide the best frame rate and resolution that the radio can provide, and in this way will grab as much resource as it can and this may be well over the guaranteed bit rate for that SAE Bearer. It is assumed that the resource guaranteed for the transmission of the Video application would match the lowest video quality that is acceptable for the service and it is also assumed that the RB carrying the Video service would be prioritised over the RB carrying the FTP application. 

In a radio resource limited scenario, the video part would grab as much radio resource as it can from that being assigned to the UE. And the network does not have any control over the how the granted resource is shared between the two applications, which can cause the lower priority flow to be starved when a higher priority flow scales to the available bandwidth.
2
Scheme Overview 
A number of concepts to avoid the starvation of the lower priority SAE bearer have been discussed in RAN2 over the last couple of meetings and the general concept requires discussion also in SA2.

For Guaranteed SAE Bearers, they intrinsically include a minimum bit rate which will be granted to the UE in the uplink by the eNodeB. This contribution proposes to include a similar concept for the Non-Guaranteed SAE Bearers. 
The Non-Guaranteed SAE Bearers would also be assigned a Minimum Bit Rate, but this rate would only be served if the eNodeB grants enough resource in the uplink, so essentially it is a prioritized bit rate but not used for admission control in the eNodeB. The Minimum Bit Rate in conjunction with the network assigned priority allows the network to have greater control over how the UE shares uplink resource between different QoS flows.
The eNodeB can also use the Minimum Bit Rate information schedule packets in the downlink, but this is more implementation dependent. As in Enhanced Uplink, the eNB would signal the absolute priorities to the UE based on QoS attributes downloaded in the UE context. 

The MME/UPE would signal to the UE the Minimum Bit Rate which should be provided to each QoS flow at SAE bearer establishment. 
Example

An example of the scheme is described below:
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Figure 1 Sharing of Uplink Grant between queues of RBs when Uplink Grant below Sum of Minimum Bit Rates

Figures 1 and 2 represent the packet queues in the UE for the uplink, and the shaded areas indicates packets from the queue matched to grants. When a UE receives a grant for the uplink from the eNodeB the UE serves packet queues in descending order of priority with the grant. Assuming there is adequate grant, in the first pass of packet queues the UE serves each queue up to the Minimum Bit Rate, and then in the second pass the UE would either serve the remainder or up to the Maximum Bit Rate.
Figure 1 shows the case where there is insufficient resource to serve the sum of the Minimum Bit Rates of the RBs, and in this case it can be seen that first the Minimum Bit Rate of the priority 1 and priority 2 RBs are served in their entirety, and the remainder would be served to the priority 3 RB.
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Figure 2 Sharing of Uplink Grant between queues of RBs when Uplink Grant above Sum of Minimum Bit Rates 

Figure 2 shows the case where there is sufficient resource to serve the sum of the Minimum Bit Rates of the RBs, and in this case it can be seen that first the Minimum Bit Rate of all RBs are served in their entirety, and the remainder first is allocated to all packets in the queue of the Priority 1 RB, and then partly to priority 2 RB.

Conclusion

It is proposed that the concept of Minimum Bit Rate be discussed by SA2 and that the draft text to introduce the Minimum Bit Rate Concept be added to TR 23.882.

Draft text to include the Minimum Bit Rate concept
	First modified sub-clause


7.12.1
Terminology

The term Application Function (AF) is defined in TS 23.207 [19]. The terms Policy and Charging Rules Function (PCRF) and Policy and Charging Enforcement Function (PCEF) are defined in TS 23.203 [20].

A dedicated SAE bearer is associated with uplink packet filters in the UE and downlink packet filters in the PCEF where the filters only match certain packets. A default SAE bearer is associated with “match all” uplink and downlink packet filters in the UE and the PCEF, respectively. 
The Minimum Bit Rate is the bit rate required for SAE bearer to meet the minimum throughput requirements of the services associated to the SAE bearer, and is used to aid bearer prioritization to avoid starvation.
An SAE bearer is referred to as a GBR SAE bearer if network resources related to a Minimum Bit Rate (MinBR) value that is associated with the SAE bearer are permanently allocated (e.g. by an admission control function in the eNB) at SAE bearer establishment/modification and the RAN may inform the network when this bit rate is not being provided. Otherwise, an SAE bearer is referred to as a Non-GBR SAE bearer where the Minimum Bit Rate associated the bearer is not permanently allocated. 
A dedicated SAE bearer can either be a GBR or a Non-GBR SAE bearer. A default SAE bearer shall be a Non-GBR SAE bearer.

An operator controlled Rx service is a service for which the PCEF receives from the PCRF service specific uplink/downlink packet filters and service specific QoS parameters where the QoS parameters have been derived from information that the PCRF received over the Rx interface from an AF. 

An operator controlled Gx only service is a service for which the PCEF receives from the PCRF service specific uplink/downlink packet filters and service specific QoS parameters without any interaction across an Rx interface. 

NOTE:
A single PCEF may realize any combination of operator controlled Rx and Gx only services on the same or different SAE bearers.

NOTE:
An operator controlled Gx only service may be realized based on a default SAE bearer or a dedicated Non-GBR SAE bearer. An operator controlled Gx only service realized based on a dedicated GBR SAE bearer is FFS.

	Next modified sub-clause


7.12.6
The "Label Approach" to Signalling of QoS Parameters on S1

With the "Label Approach" only the following QoS parameters are signaled from the MME/UPE to the eNB across S1:

· Label

· Guaranteed/Non-Guaranteed Indication

· MinBR (Minimum Bit Rate – UL + DL)

· MaxBR (Maximum Bit Rate – UL + DL)

· FFS: ARP (Allocation and Retention Priority)

These parameters are associated with an SAE bearer, and are provided to the eNB at SAE bearer establishment / modification. 

In the following we use the terms ‘GBR bearer’ and ‘Non-GBR bearer’ as defined in clause 7.12.1.

The Label identifies a ‘traffic handling behavior’ required from the eNB. It is understood that operators require consistent traffic handling for specific services; in particular in a multi-vendor scenario and in a roaming scenario. For that reason a number of traffic handling behaviors need to be standardized (similar to the way that the so-called Per-Hop Behaviors are standardized for DiffServ, e.g. see IETF RFC 2597 [21] and  IETF RFC 3246 [22]). 

It is understood that as part of a particular traffic handling behavior it needs to be specified which Label value should be used to index that traffic handling behavior at SAE bearer establishment / modification. 

NOTE:
The specification of a traffic handling behavior provides sufficient information that allows  – together with the other above mentioned signaled QoS parameters Guaranteed/Non-Guaranteed Indication, MinBR, MaxBR (FFS: ARP) – the realization of a particular SAE Radio Bearer in an eNB. For example, such information may include a reference SAE Radio Bearer configuration (e.g. à la 34.108, e.g., including RLC mode); scheduling policy; queue management policy; packet discard timers, etc., etc.

Furthermore, it is understood that the mentioned traffic handling behaviors shall be specified in 3GPP specifications.


Both the MaxBR and MinBR parameters apply to both GBR and Non-GBR bearers.

NOTE: 
Whether the ARP should be signaled from the MME/UPE to the eNB across S1 or whether it can be pre-configured as part of a traffic handling behavior is FFS. If signaled then the ARP applies to both GBR and Non-GBR bearers. 

NOTE: 
A precise and clear definition of the meaning of the QoS parameters GBR, MaxBR, and ARP is left FFS.

NOTE: 
The term, Label, is a working name chosen for the time being. It may get replaced at a later stage with a more appropriate term.
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