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1.
Introduction
After long and severe discussion, the Starvation Avoidance solutions in the uplink scheduling are converged to two solutions; prioritized bit rate [1] and priority alteration pattern [2]. Though both solutions can solve the starvation problem in lower priority RB, they both more or less sacrifice the QoS of higher priority RB. This document shows by a simple example how they degrade the QoS of higher priority RB, in terms of data block discard, compared with the legacy UMTS TFC selection.
2.
Discussion
To compare each proposal and legacy TFC selection, we simplify the UL RB multiplexing model.
Assumptions:
· Two RBs are multiplexed, RB1 with high priority and RB2 with low priority

· Data amount and transmission resource are measured in terms of number of data block.
· Discard functionality is configured and the discard time is 5 TTI.

· Incoming data block pattern for each TTI is assumed as follows. Block number is attached to identify each data block.
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· Lastly, the available resource for each TTI is assumed as follows. The number above the resource block is the total available resource blocks in each TTI.
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With the above assumptions, we start to analyze the UE buffer status for each method.
2.1 Legacy TFC Selection

As generally understood, the legacy TFC selection is based on the absolute priority. That is, available resource is first assigned to high priority RB, and then, if there is a room, remaining resource is assigned to low priority RB. Thus, high priority RB could starve out the low priority RB. In our example, RB2 is starved due to RB1 because all the available resource is assigned to RB1 data blocks. If discard functionality is configured and the discard time is 5 TTI, then the data blocks 61~66 of RB2 will be discarded in this example.
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2.2 Prioritized Bit Rate
In this method, a prioritized bit rate (PBR) is set to each RB, and the resource is first assigned to each RB up to the rate of the PBR in descending order of priority. After that, if there is remaining resource, it is further assigned to each RB in descending order of priority. 

Here, it is assumed that a prioritized bit rate of RB1 (PBR1) is 2 blocks/TTI and that of RB2 (PBR2) is 1 block/TTI. With this assumption, it can be seen that the starvation of RB2 is a bit alleviated by the PBR method compared with the legacy TFC selection method. Moreover, for the same discard configuration, only data blocks 65 and 66 of RB2 are discarded.
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Though the PBR method can alleviate the starvation situation, it may give bad impact on high priority RB depending on the PBR values. Suppose that PBR1 is set to 1 block/TTI and PBR2 is still set to 1 block/TTI. In this case, data block 30 of RB1 could be discarded due to low priority RB.
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To avoid this problem, PBR for each RB should be set very cautiously. Our recommendation is that the PBR of low priority RB should be set pretty lower than the PBR of high priority RB. Note that the legacy TFC selection method is the extreme case of PBR method, i.e. infinite PBR for high priority RB and zero PBR for low priority RB.
Even with cautiously set PBR values, however, discard of high priority data can not be 100% avoided. That’s because the buffer status is unpredictable, also the available transmitting resource is unpredictable. Thus, we recommend that even if the PBR method is adopted for starvation solutions, it should be allowed for UE to decide when to apply the PBR method, depending on UE buffer status and/or available transmitting resource.
2.3 Priority Alteration Pattern
Priority alteration pattern method basically follows the legacy TFC selection rule, i.e. resource is assigned to RBs strictly following the descending order of priority. A difference is that the priority is flipped periodically, and, by flipping the priority, it also can solve the starvation problem.
Let’s assume that priority is flipped for 2 TTIs in every 10 TTIs. Let’s further assume that the flipped 2 TTIs are 3rd and 4th TTIs in this example. If we apply this priority alteration pattern, we can see that the result is somewhat similar to the first example of PBR method. This result comes from the fact that the same amount of low priority data blocks (4 blocks) are transmitted in the same time interval. Note also that same amount of data blocks are discarded in RB2. 
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The problem in this method is that the performance is very much dependent on flipping time. If the priority is flipped when there is lots of high priority data waiting for transmission, then the high priority data is delayed and could be discarded due to the low priority RB. That is, the same problem in PBR method occurs.
With the same assumption to the priority flipping ratio (priority is flipped for 2 TTIs in every 10 TTIs), but with the different assumption of flipping time (the flipped 2 TTIs are 1st and 2nd TTIs), we can have much different result than the previous example. In the following figure, it can be seen that low priority RB is much better served than high priority RB. Moreover, two data blocks of RB1 could be discarded due to the low priority RB.
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Similar comments can be made for the remedy of this problem; priority alteration pattern should be cautiously defined, and allows for UE to decide when to apply this pattern. Our recommendation is that the priority flipping ratio should be small enough to guarantee the QoS of high priority RB. Note here that the legacy TFC selection method is the extreme case of priority alteration pattern method, i.e. zero priority flipping ratio. Also, we recommend that applying this pattern should be on UE decision based on the UE buffer status and/or available transmitting resource.
3.
Conclusion
We think the most important requirement in UL scheduling is:
· High priority RB should be served better than low priority RB

Under the condition of this utmost requirement, the second requirement could be:

· Low priority RB should not be starved forever
Both starvation avoidance solutions described above are helpful for the second requirement, but in some cases they do harm to the first requirement. Therefore, we propose that whichever solution is adopted it should be allowed for UE to adaptively apply the solution. That is, it is allowed for UE to decide when to apply the solution based on the buffer status (e.g., buffer occupancy, delay in buffer, discard ratio, etc..) and/or available transmitting resource (e.g., power, bits, time, etc..).
If we have to choose one of the two solutions, LG has a slight preference on prioritized bit rate method. We think that both solutions propose to spare some resource from the high priority RB to the low priority RB, the difference being bit allocation or time allocation. But in the priority alteration pattern method, the performance highly depends on the specific point of time of priority flipping, so it is though to be more unpredictable than prioritized bit rate method.
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