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Discussion & Decision
1 Introduction

In the June RAN2 LTE adhoc in Cannes, the issue of low priority flow starvation was discussed based on several papers. 
As a result of that discussion, it is clear that we do need to take a decision on 2 questions before we can start more detailed discussions:

1) Is low priority flow starvation a serious enough problem to be addressed in LTE ? (Section 2)
2) Should a solution be UE- or network based ? (Section 3)

When these questions are addressed, we can discuss a more detailed solution (Section 4).

2. Severity of the problem

In the past [2] we have argued that we do not think low priority flow starvation is that serious a problem: if the UE ends up in a situation with really limited UL resources, one can argue that it is not that bad to prioritise the “higher priority services”. 

On the otherhand we do see some cases in which addressing the issue might bring some benefits, especially in cases of higher priority services with an elastic BW demand.

One additional aspect to note is that the AF PHB does not described a clear relative priority amongst classes, but is mainly based on individual resource reservations per class. In this respect, the IETF model seems to move away from a mainly priority based model as was previously provided by the “IP precendence” field.

· It might be good to address the starvation issue in LTE, but only if possible at a limited “cost” i.e. a low implementation complexity and signaling overhead.

3. UE- or network-based

While discussing solutions during the LTE adhoc, it was clear that there are in principle 2 types of solutions to overcome low priority starvation:
A) Network based
Give the network sufficient runtime tools to control every UE scheduling decision so that low priority starvation can be overcome. This type of solution was e.g. proposed in [1].
B) UE based
Inform the UE of guidelines/rules on how to overcome the low priority starvation. This type of solution was promoted by several companies during the meeting (e.g. some companies indicated that the UE could be configured with a minimum bitrate for a low priority flow) and has also previously been promoted for E-DCH by several companies [3][4].
In a network based solution, the network will in principle have to provide input to every scheduling decision taken by the UE.  This will introduce a considerable signaling overhead; e.g. the solution in [1] introduces 2 bits per grant. 
A UE based solution on the other hand, only requires longer term guidance from the network (configured by RRC).
· We prefer a UE based solution.

4. UE-based starvation approach

We agree with [1] that dynamically altering the priority order is a possible solution for avoiding low priority flow starvation. So it would be good to find a way to have the UE altering the priority order without having explicit network control for every alteration. 
One way to obtain predictable priority order alterations would be to have the network, rather than explicitly indicating the priority order to be used at every scheduling decision, download a schedule containing the information as proposed in [1]. E.g. based on Table 1 from [1]:
	Priority order
	Occurrence level

Example 1
	Occurrence level

Example 2

	RRC, SIP, VoIP, Video, BE
	100
	90

	RRC, BE, SIP, VoIP, Video
	
	10

	RRC, VoIP, Video, SIP, BE
	
	

	RRC, Video, VoIP, SIP
	
	


Table 1: Two examples of a priority alteration schedule
If the network would only download one priority order entry (example 1), the UE will act as it does in UMTS and always apply one strict priority.
If we download multiple priority order entries (e.g. example 2), the UE will apply different strict priority decisions at different moments in time. E.g. in Example 2, assuming the UE gets a stable grant, the BE traffic will for sure get up to 10% of the UL traffic capacity if needed
. On the otherhand never more than 10% of the UL traffic capacity could be used by BE traffic if other traffic sources require UL traffic capacity.

The priority order alterations should be predictable: 
A) predicatability will enable the ENB to know exactly when what priority order is used. As a result the network still has the possibility to deviate from a fixed percentage allocation (as indicated in the examples above) even without updating the schedule: by giving higher grants at times when a specific priority order is applicable, certain traffic flows can obtain a higher throughput. Thus still at runtime the traffic throughput of the different flows can be adjusted.

B) predicatability ensures testability.

· Obtain a predictable priority order alteration implementation in the UE by having the network download a priority order alteration schedule.
One remaining aspect is how to interprete the priority alteration schedule, e.g. the schedule could be linked to an SFN (e.g. every 10th subframe, the alternative schedule is applicable), or to individual grants (e.g. every 10th grant, the alternative schedule is applicable).  One precondition is that the specification should ensure that both UE and ENB have the same understanding about the used priority order in order to allow the runtime traffic throughput adjustments described under A) above. We propose to leave the more detailed discussions on how this can be achieved for the Stage-3 work.
4. Proposal

As a result of the above discussion, we propose to capture in the Stage-2:

“Uplink low priority flow starvation avoidance will be supported by allowing the network to download a priority order alteration schedule. Based on this schedule, both UE and ENB will know when which scheduling priority order is used.”
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� Ignoring the RRC UL traffic demand





