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Abstract of the contribution:
This paper presents simulation results on use of PL in scheduling, and proposes a few requirements on a TP for the Priority Level QoS Characteristics Parameter. 
Introduction
The current standard text gives a vague description of how the PL parameter is supposed to be interpreted. The advantage is that this does not limit possibilities for network optimizations. However, the text is confusing, and does not provide sufficient information for service providers on how to interpret the Priority Level parameter.

At last meeting, and in the following e-mail discussion, various text proposals were discussed, with different functionality and wording.

Our view is that it is not constructive to discuss wording in text proposals before we have agreed on the wanted functionality. Therefor we propose to agree on a few basic principles, before discussing text proposals. 
Simulation Results
The included slides show simulation results for scheduling in mixed traffic scenarios. It is shown that a Weighted Round Robin algorithm will provide better performance for IMS traffic, and improve fairness as well as differentiation compared to a PDB based algorithm.
Resource based vs. Delay threshold based Scheduling

The standardized Priority Level definition in LTE mandates that a delay threshold based scheduler is used, where bearers with delays close to the PDB are prioritized in the order of the Priority Level. However, such delay threshold based scheduling algorithms do not work well when there are greedy TCP flows mixed with other flows in a cell. In the included simulation study it is shown that a basic Weighted Round Robin algorithm provide a more fair resource distribution. Especially small object transmissions are penalized by delay threshold scheduling, and it is shown that for small transmissions on the IMS QoS flow competing for resources with TCP Cubic data, transmission delays will be much higher with the LTE algorithm than with Weighted Round Robin. 
Even though the simulations showed that Weighted Round Robin performed better than delay threshold scheduling, it is possible that hybrid solutions where a fraction of the resources are used to prioritize QoS flows experiencing large delays, will show good performance.
Our view is that the standard should not require that a specific scheduling method is used. The text should clarify that scheduling is used to distribute resources fairly as well as optimize QoS target fulfilment. 

How to Distribute resources between GBR and non-GBR flows
It is expected that after a GBR Flow is accepted by AC, the network will provide sufficient radio resources to fulfil the QoS requirements of the Flow. However, most operators would also want to ensure that the GBR Flows will not be able to starve non-GBR flows. It is especially important that the signalling flows 5QI 5 and 5QI 69 will get sufficient resources. There are many alternatives how that can be achieved. Some examples are:
· Non-GBR and GBR Flows are not treated differently in scheduling. The scheduling priority is given by PL and a fraction of channel resources are used to schedule Flows close to the PDB, in the order of PL. The admission control will estimate what bitrate the GBR Flow can receive, given the PL, channel conditions and cell load. Only GBR Flows that are expected to fulfil the QoS requirements are accepted. MFBR is used to limit the resources given to GBR Flows with high PL.

· Admission control and Congestion control is used to ensure that the GBR load is limited, so that there are sufficient resources available for non-GBR traffic. GBR Flows that need extra resources to fulfil the PDB are prioritized over non-GBR flows, as long as the GFBR, and MDBV are not exceeded. If there are several GBR Flows that need extra resources, they are scheduled in the order of PL.   
· Admission control and Congestion control is used to ensure that the GBR load is limited, so that there are sufficient resources available for non-GBR traffic. GBR Flows that need extra resources to fulfil the PDB are prioritized over non-GBR flows, as long as the GFBR, and MDBV are not exceeded. If there are several GBR Flows that need extra resources, they are scheduled in the order of ARP. A GBR flow with high priority to fulfil the GFBR but low priority to get more, is given high ARP and low PL.  
Our view is that there is no need to specify what method should be used to guarantee GBR traffic performance, and provide resources for non-GBR, but it should be clear that the network may prioritize GBR flows.   
QoS Flows with bad channel conditions 
When there is network congestion, it is logical to avoid prioritizing QoS Flows with bad coverage, in order to avoid wasting resources on excessive retransmissions. However, it could also be preferred to prioritize QoS Flows with bad radio channel, in order to improve cell boarder throughput.   
Our view is that it should be clear that channel conditions may be used to either increase or decrease the priority of QoS Flows.
Proposal

It is proposed that the PL is defined so that:
· The definition should be clear, and easy to understand.

· The goals of the scheduler are defined, but not the specific scheduler implementation

· The goals of the scheduler are to:
· Provide fair resource distribution between QoS Flows with same PL. (Large and greedy non-GBR flows should not be favoured over less greedy flows.)
· Provide differentiation between QoS Flows based on PL. Flows with higher priority, given by PL, should get a larger fraction of resources.
· Optimize QoS target fulfilment
· It should also be clear that the networks have large freedoms in how to implement scheduling, in order to optimize service performance and network throughput.
· Fulfilment of PDB targets for GBR flows that comply with GFBR and MDBV can be prioritized. (If all GBR flows cannot be supported, prioritization may be based on PL or ARP)

· Fulfilment of PDB targets for non-GBR flows with high priority, given by PL, can be prioritized.

· Flows with insufficient radio conditions can be down-prioritized or given extra resources in order to improve coverage. 

The above principles are used as a basis for the CR S2-1810374.  
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