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1 Introduction
In previous RAN2 LTE Ad Hoc meeting in Cannes, a number of proposals were discussed regarding the issues related to scheduling in the UL. One main concern raised was that the scheduling mechanism provided in current E-DCH system is not sufficient to provide efficient scheduling in LTE UL. Failure to avoid starvation for low priority traffic was identified as a problem in the current E-DCH scheduling and a number of proposals which provide solutions to the starvation problem were discussed in the meeting in Tallinn and on the email reflector. A summary of proposed solutions is given in [1].
Most of the solutions proposed require multiplexing of data from low and high priority bearers onto the allocated resources. However, the low and high priority bearers may have very different (radio) QoS requirements in terms of delay and BLER over the radio link. The multiplexing of data flows with different QoS requirements onto the same transport block may result in radio inefficiency. The problem caused by bearer multiplexing and resulting in inefficient radio utilisation is discussed in R2-062834. Two possible solutions are identified:

Solution 1: realisation of optimal HARQ profile
Solution 2: enforcement of RB multiplexing rules

Out of the two solutions, solution 2 is more flexible in terms of implementation and QoS scaling. However, solution 2 limits the operation of some of the solutions proposed for starvation avoidance for low priority bearers. In this paper, we discuss these issues.
2 Discussion
One possible solution for the concerns outlined in R2-062834 regarding radio optimisation is that to limit the RB multiplexing to a group of RBs, where the group is defined based on the radio QoS requirement (solution 2). 
The grouping concept is already used in E-DCH, where multiplexing groups are configured by RRC. The multiplexing list identifies for each MAC-d flow, the other MAC-d flows from which data can be multiplexed in a transmission that uses the power offset included in its HARQ profile. After receiving a scheduling grant, the UE selects a MAC-d flow that allows highest-priority data to be transmitted. Based on the selected MAC-d flow, the UE identifies the other MAC-d flows that can be sent according to the multiplexing list. The power offset for the transmission is set according to the HARQ profile of the selected highest priority MAC-d flow. 
However, as low priority bearers (i.e. non-GBR) could have very different (radio) QoS requirements than those of high priority bearers (i.e. GBR), it is unlikely that non-GBR and GBR bearers would be configured to be in the same multiplexing group.  As such, most of the solutions proposed for starvation avoidance [1] would be constrained by the bearer multiplexing rules and hence fail to avoid starvation for low priority (e.g. non-GBR) bearers.
In E-DCH, the multiplexing rule is defined in such a way that after receiving the scheduling grant, the UE is instructed to select the highest priority bearer and the other bearers to be multiplexed based on the selected highest priority bearer. i.e. an implicit association between the highest priority bearer and the multiplexing group. In other words, the UE is implicitly instructed that the scheduling grant is applied for the highest priority bearer group. Because of that bearers which belong to other multiplexing groups (low priority non-GBR bearers) may not be served causing starvation for low priority bearers. 
However, if the network has control over the selection of the multiplexing group hence instructs the UE which multiplexing group that the scheduling grants applies for, the starvation of low priority bearers can be avoided while allowing efficient radio utilisation. 

3 Possible solutions
There are two ways of instructing the UE of which multiplexing group the scheduling grant applies for.
1). Indirect instruction of the multiplexing group
In indirect instruction, the priority levels of the RBs are flipped as instructed by the eNodeB [2]. The UE selects the highest priority bearer and the multiplexing group based on the highest priority bearer. As the highest priority bearer is changed (relative to others) time to time, the allocation of the scheduling grant to different multiplexing groups can be controlled indirectly by the flipped priority allocation of the bearers.

2). Direct instruction of the multiplexing group
In the direct instruction, the UE is informed which bearer group the scheduling grant is intended for, i.e. “per group of RBs”. 

We identify that the bearer starvation problem can only be seen for low priority bearers. As GBR bearers must be offered with the guaranteed bitrates by default, GBR bearers should not be starved, and hence the problem exists only for non-GBR bearers. 

Non-GBR bearers and GBR bearers have very different (radio) QoS requirement in terms of delay and BLER, hence it is unlikely that non-GBR and GBR be grouped together in a multiplexing group. 
Therefore, we believe that in terms of grant allocation it is sufficient to group bearers into two groups as GBR and non-GBR and to indicate via signalling whether the scheduling grant is for the GBR group or the non-GBR group. Note that there may be multiplexing groups defined within the GBR group. Within the GBR group, the UE may follow the bearer allocation according to the absolute priority values of the bearers as in E-DCH.
As there are only two bearer groups, it is sufficient in terms of grant allocation for the group ID to be signalled to the UE with the use of 1 bit indication within the scheduling grant. Hence from the two alternatives discussed above for instructing the UE of which group the scheduling grant applies for, we prefer the “direct instruction” of the group ID within the scheduling grant due to simplicity of the allocation.. 
4 Conclusion

In this paper, we have presented some discussion on the topic of UL scheduling for LTE.  It is identified that the starvation seen by low priority bearers should be avoided however at the same time allowing for efficient radio utilisation.

It is discussed that most solutions provided for starvation avoidance would be constrained by the bearer multiplexing rules hence may fail to provide starvation avoidance for low priority bearers and efficient radio utilisation at the same time.

The possible solution to the above problem is to instruct the UE of the multiplexing group which the scheduling grant applies for. There are two ways to inform the UE of the multiplexing group: indirect and direct instruction. Out of the two methods, we prefer the direct instruction due to the simplicity of the procedure.

RAN2 is requested to discuss the issues raised in this document regarding the radio efficiency and starvation avoidance in designing a scheduling procedure for LTE UL. 
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