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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. 
In this paper, issues regarding QoS provisioning over radio interface is further discussed. 

2 Discussion
RAN2 has agreed to have only one transport block generated per TTI in the uplink (for non-MIMO case) and to provide multiplexing of several logical channels on the same transport channel [1].
Quoting from the RAN1 TR [2], “The same coding and modulation is applied to all resource units assigned to which the same L2 PDU is mapped on the shared data channel scheduled for a user within a TTI”. The same HARQ functionality is applied to the data from different logical channel which are multiplexed in the same TTI. 
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Figure 1: Resource unit-common adaptive modulation and resource unit-common channel coding rate (for both localized and distributed transmission) [2].
This means that the data from different RBs multiplexed for transmission in a TTI receives the same HARQ treatment over the air. Note the RBs may have different RLC (ARQ) configurations, see Figure 2. Hence, the radio QoS differentiation between the RBs multiplexed into a TTI is only achieved at the RLC level (i.e with different ARQ parameters). 
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Figure 2: Layer 2 Structure for UL in UE [1]
Different RBs could have different QoS requirements in terms of BLER and delay requirements. For example, some bearers (say bearer set A) may require very low delay (hence fewer number of re-transmissions) but tolerate some residual BLER (e.g. conversation class, GBR bearers). Another set of bearers (say bearer set B) may require very low residual BLER requirement but tolerate high transmission delay (hence large number of retransmission) (e.g. best effort application, non-GBR bearers).  
If bearers from Set A and B are to be multiplexed in the same TTI, care should be taken to guarantee the required QoS and efficient radio utilization. Suppose that bearer set A has higher priority than that of bearer set B. If data from bearer set A  and bearer set B are multiplexed onto the same transport channel, then the transport channel should be configured to provide the required channel protection and transmission delay by high priority bearer set A. According to the example, this requires high transmission power or better modulation-coding and fewer HARQ re-transmissions.  The data from bearer set B receives the same HARQ treatment. However, as the transport channel configuration only supports higher residual BLER than what is required by the bearer set B, this causes higher (RLC) layer re-transmissions for data PDUs from bearer set B. In other words, the RLC configuration may depend on the HARQ profile supported at the physical layer, which is defined based on the QoS requirement of bearer Set A in this example.  
Problem Statement: if bearers with different QoS requirement are to be multiplexed in a TTI, the HARQ profile should be defined in order to guarantee the QoS requirement of the high priority channel. As low priority bearers also receive the same HARQ profile, the RLC parameters of the low priority bearers should be re-configured accordingly to support the QoS requirements of the low priority bearers.

3 Possible solutions

Solution1: One possible solution is to define an optimal HARQ profile which is applicable to all the bearers with different QoS requirements. Here it is assumed that the required QoS differentiation can be provided with RLC configuration alone.  The feasibility of this solution requires a detailed investigation in order to realise a universal HARQ profile which is sufficient to provide QoS requirements of a large number of possible radio bearers (SAE bearers).
Solution 2: Another possible solution is to limit the RB multiplexing to a group of RBs, where the group is defined based on the radio QoS requirement. 
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. 
Note that solution 2 can allow for transmission of different RB groups (with correspondingly different radio QoS) on different TTIs such that the physical layer transmission parameters (power, modulation/coding/HARQ set point etc..) can be independently optimised for each group by the scheduler. 

4 Conclusion

This paper has discussed some topics on UL scheduling for LTE.  It has been identified that RB multiplexing, HARQ parameter configuration and RLC parameter configuration should be decided carefully to guarantee the required QoS and at the same time allowing efficient radio utilisation.

Two possible solutions have been identified. Compared to solution 1, solution 2 provides implementation flexibility and allows for transmission of different RB groups on different TTIs such that the physical layer transmission parameters can be independently optimised for each group by the scheduler. 

RAN2 is requested to discuss the issues raised in this document and come to a conclusion which solution to be used for LTE UL. This is important as the decision on which solution to be used has an impact on the selection of starvation avoidance mechanism as discussed in R2-062836.
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