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1. Introduction 
The LTE UL access is designed in such a way that it is exactly dictated by the eNB through UL grant. Given the underlying assumption on the exclusive use of licensed spectrum, precise timing relationship between UL grant and UL transmissions were also defined. However, when it comes to unlicensed spectrum, the UL access may not be conducted as scheduled due to the unpredictable nature of the unlicensed spectrum. In other words, a scheduling-based system will experience a significant efficiency loss. 
In this contribution, we discuss the UL scheduling starvation issue and identify possible causes. Potential remedies to the issue are presented in our companion contributions [1-3]. 
2. The UL scheduling starvation issue
Figure 1 below exhibits the significant LAA UL performance degradation issue. The simulation setting, which is omitted in this contribution for brevity, is identical to our other companion contributions [1-3].  
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Figure 1. LAA UL performance issue

In the figure, the blue curve is the benchmark Wi-Fi UL performance when Wi-Fi coexists with Wi-Fi. The orange curve in the top and the gray curve in the bottom are the Wi-Fi UL and LAA UL performance, respectively, when Wi-Fi and LAA coexist. Needless to say, the LAA UL performance is significantly worse than that of Wi-Fi. 
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3. Possible causes of the issue
A scheduling-based system promises better UL performance in general than distributed random access system such as Wi-Fi. In the case of Wi-Fi, the MAC efficiency is around 70% at relatively mild congestion and drops further as the network gets congested. The MAC efficiency is the percentage of air time that is used for any useful transmission system-wise. In the case of scheduled system, the MAC efficiency is always 100% since there is no wasted time due to contention. However, this is true only when the scheduled system has exclusive right to use the medium. As it was briefly discussed in the previous section, if a scheduled system coexists with distributed random access system, the performance of the former can be significantly suffered. To be more specific, the UEs in the LAA system have disadvantage in accessing the channel as they go through the following triple contention:
1. The LBT performed at the eNB before it can send a UL grant. The eNB contends with other Wi-Fi APs, STAs, and even with other LAA networks.
2. The scheduling or UE selection amongst UEs associated with the eNB.  
3. The LBT performed by the scheduled UE before transmission. The UE contends with other Wi-Fi APs, STAs, and even with other LAA networks.    
Note that a Wi-Fi STA only faces the third contention described above to access the AP. The compound effect of the abovementioned triple contention significantly limits the UL access opportunity for LAA.   
In addition, one particular limitation imposed on the LTE system is the four subframe processing delay between UL grant and PUSCH transmission as illustrated in Figure 2 below.



Figure 2. Latency between UL grant and PUSCH

The bursty nature of the real traffic can lead the system overloaded with DL, UL, or both at some instance. Thus, a flexible configuration of DL/UL frame structure is highly desirable to quickly flush out unbalanced traffic congestion. However, as it is seen from Figure 2, the four subframe processing delay prevents the initial four subframes to be configured as UL since the UL grants are unavailable for those subframes within the burst. 
4. Conclusions
In this contribution, we identified the UL scheduling starvation issue and discussed possible causes of the issue. The main causes are twofold:
1. The LAA UEs go through triple contention for UL access, i.e., LBT at the eNB, scheduling at the eNB, and LBT at the UEs. 
2. The latency between UL grant and PUSCH transmission prevents flexible DL/UL configuration of a transmission burst.
Based on the discussion in this contribution, we draw the following proposal. 
Proposal: We propose that the Release 14 eLAA should address the UL scheduling starvation issue. 
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