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1. Introduction
We proposed that multi-layer optimization packet scheduling (MLO) be one of the candidate technologies for LTE-Advanced [1] at the IMT-Advanced Workshop on April 8, 2008 [2]. Following two questions were raised during the workshop and were answered principally.
Question 1: Does the multi-layer optimization approach violate layer independency rule? 

Question 2: Is the optimization process carried out at only the eNB side?  
This paper elaborates more of the MLO packet scheduling and answers the questions in more detail.
2. Multi-layer optimization packet scheduling
2.1. Motivations and Objectives

In the stage of LTE-Advanced, users under each eNB may utilize various kinds of applications including real-time online game, VoIP, video phone, online banking and interactive TV entertainment. In this situation, physical layer improvement only such as increasing data transmission rate and system’s spectral efficiency is insufficient for satisfying various users’ demand. Hence, upper layer evaluation parameters, such as TCP information, shall also be taken into account during packet scheduling along with those of lower layers.
2.2. Proposed Approach: Multi-layer optimization packet scheduling
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Figure 1. An illustration of the MLO process

Figure 1 illustrates an example of MLO packet scheduling for the downlink using one UE and one eNB. The proposed multi-layer optimizer is at the eNB side and the eNB collects TCP information from the UE side besides collecting information from the IP application layer, data link layer and PHY layer of the eNB side. The optimized scheduling parameters will be sent to each UE after the optimization process. The MLO process can be classified into 3 steps.
Step 1: eNB collects TCP information of the UE(s) through radio interface and information from the IP application layer, data link layer and PHY layer directly from the eNB. 

FFS whether the TCP information should be sent using either layer 1 or layer 2. 
Step 2: eNB performs the multi-layer optimization using information from different layers

In step 2, evaluation metrics of multiple layers in the protocol stack: e.g. the application, TCP/IP, MAC, and physical layers are taken into considerations
· Examples of the evaluation metrics are
· QoS class in the application layer

· Average throughput at TCP layer

· 98-th percentile latency at IP layer

· Average spectral efficiency at MAC/PHY layer

Step 3: eNB decides feedback       
· Define feedbacks to different layer basing on QoS class

· Feed back parameters to corresponding layers according to QoS of the application layer.
3. Discussions
In this section provides answers to the questions related to MLO.
Question 1: Does the multi-layer optimization approach violate layer independency rule? 

Answer: No. The optimization approach collects information from different layer and optimizes them.

Question 2: Is the optimization process carried out at only the eNB side?  

Answer: As shown in Figure 1, the optimization process, i.e., determine the optimized resource block allocation based on the multi-layer evaluation metrics is carried out at the eNB side. But prior to the MLO in eNB, UE should provide information of TCP layer to eNB.
Which WG should be responsible for MLO related discussions is another question. Because this is an issue with multiple layers, it is up to RAN to decide which WG or joint meeting of WGs to assign. We also suggest RAN1 discuss RAN1 related part and send LS to related WGs whenever necessary and jointly discuss related technical proposals for LTE-Advanced.
4. Conclusion

This contribution elaborates more about the MLO packet scheduling. Initial simulation results show that the proposed MLO approach is efficient. Due to its multiple layers feature of MLO, we suggest RAN1 and other related WG to jointly discuss related technical proposals for LTE-Advanced.
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