1.1 Network centric solution

The Network centric solution is characterized by:

· Post-transmission traffic policing. Traffic policing is done by Nw after it receives data from UE
· No GBR, MBR and mBR information should be transmitted to UE.
In order to avoid the possibility of “starvation” effects:
· UE serves its radio bearer(s) in strict priority order. 
· The priorities can be varying over time according to a priority order alteration pattern configured via RRC signalling. 
· The priority order alteration pattern may be updated via RRC signalling on a semi-static basis when needed.

· Network may reduce the rate per radio bearer by discarding received uplink frames, to attempt to cause IP applications to reduce their transmission.

1.2 UE centric solution

The UE Centric solution is characterized by:

· Pre-transmission traffic policing. Traffic policing is done by UE before data are transmitted over the air.
· GBR, MBR and mBR information may be transmitted to UE at RB establishment or modification.
In order to avoid the possibility of “starvation”:

· Whilst there is grant remaining: 

· All UE Bearers are assigned a prioritised bit rate on the uplink (by Node B based of the S1 Label or the GBR for GBR bearers)
· The maximum bit rate it assumed to be controlled by the higher layer.
· First the UE serves packet queues in descending order of priority, scheduling uplink packets up to the rate of the prioritised bit rate.
· Then with what remains of the grant, the UE again serves packet queues in descending order of priority, scheduling uplink packets which remain in the packet queues.

1.3 Use case Multi Media mix to be considered in the discussion
For simplicity it is assumed for both use cases that only two or three sources are present. 

Use case 1: starvation between multiple non-real time services
Two non-real time services simultaneously transmitting in the uplink. The first service consists of a high priority upload of photos, while the second consists of low priority internet access. Both services are assumed to be based on TCP (bulk data source). Each service is mapped to a non-GBR bearer.
Required operation: 
· All services are provided with enough resource to avoid starvation (or to meet the minimum service requirements), before allocating the remainder of the uplink resource to the highest priority bearer which has data to send.

· If there is insufficient resource to avoid starvation (or to meet the minimum service requirements) of all services, then the higher priority services are satisfied first.
Use case 2: starvation caused by a real time service with MBR > GBR

One real time service with MBR > GBR and one non-real time service transmitting in the uplink. The first service is a high priority video stream, while the second consists of low priority internet access. For the real time service a rate adaptive streaming video source is assumed, while for the non-real time service a TCP bulk data source is assumed. The real time service is mapped to GBR bearer with MBR > GBR, while the non-real time service is mapped to non-GBR bearer.
Required operation: 

· All services are provided with enough resource to meet their GBR and to the data rate needed to avoid starvation (for the non-GBR bearer, before allocating the remainder of the uplink resource to the highest priority bearer which has data to send up to the MBR.

· If there is insufficient resource to meet the GBR and to avoid starvation for all services, then the higher priority services (i.e. the one with GBR) are satisfied first.
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Use case 3: starvation caused by a real time service with MBR > GBR

Two real time services with MBR > GBR and one non-real time associated control information transmitting in the uplink. The first service is a high priority FPS Gaming service with a High priority UDP gaming data, with lower priority Gaming Control transmitted over TCP. The second service consists of High priority voice call with another player playing on the same team of the Game. For the voice call a rate adaptive voice codec source is assumed. The real time service is mapped to GBR bearer with MBR > GBR, while the non-real time service is mapped to non-GBR bearer. 
Required operation:
· All services are provided with enough resource to meet their GBR and to the data rate needed  to avoid starvation (for the non-GBR bearer), before allocating the remainder of the uplink resource to the highest priority bearer which has data to send up to its/the MBR, followed by the other bearers in decreasing priority order.

· If there is insufficient resource to meet the GBR and to avoid starvation for all services, then the higher priority service are satisfied first, before providing any resource to lower priority bearers (in priority order).
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2 Use Case Radio scenarios
In this section we list the different Radio scenarios which are to be considered.

Let us denote by Grant(i), the grant (in bits/sec) that the UE receives in time unit i of duration T (say, frame i of 1 ms TTI). Let us denote by ave_rate(i), an estimate of the average rate (or throughput) that the user has received based on grants received until time unit i. We use 0 < IIR_filter_coefficient < 1 as the filter coefficient used for estimating the throughput ave_rate(i). Typically, the value of IIR_filter_coefficient will be greater than 0.9. The ave_rate(i) is then estimated as follows, after every time unit T:

 ave_rate(i) = IIR_filter_coefficient*ave_rate(i-1) + (1-IIR_filter_coefficient)*Grant(i)/T
We can initialize ave_rate(0)=Grant(1)/T. When the user has no data to transmit, the ave_rate(i) can be frozen at the last value when the user still had data to transmit.
CASE 1: Severe Congestion / Poor Radio Conditions

ave_rate(i) < SUM (GBR)  
CASE 2: 


SUM (GBR) < ave_rate(i) < SUM (GBR + MinBR) 
CASE 3: 

SUM (GBR + MinBR) < ave_rate(i) < SUM (MaxBR)  
CASE 4: Least Congested


SUM (MaxBR) < ave_rate(i)   
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