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Introduction
It was observed that LAA UL can experience significant performance degradation as documented in our companion contributions [1-2]. 
· One of the main reasons of the performance degradation is due to the “triple” contention for UEs to access the UL. That is, 1) the LBT performed at the eNB before sending UL grant, 2) UE selection by eNB, and 3) the LBT performed at the scheduled UE before transmission. 
· 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 1 below. 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. 
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Figure 1: An illustration of UL scheduling with four subframe processing delay 

In this contribution, we propose to reduce latency between UL grant and its corresponding PUSCH transmission as one solution to improve the LAA UL performance. This feature is applicable only to the UEs having enhanced processing capability.
Reduced UL grant latency  
For some UEs with enhanced processing capability, it is possible that the latency between UL grant and the corresponding PUSCH transmission can be reduced. PUSCH
P
D
C
C
H
PUSCH
P
D
C
C
H
PUSCH
P
D
C
C
H
n
+
3
subframe
 
n
+
2
 
subframe
 
n
+
1
 
subframe
 

Figure 2: Different timing relationship between UL grant and PUSCH transmission depending on UE capability
Figure 2 shows different timing relationship between UL grant and PUSCH transmission. As shown in Figure 2, if PDCCH is transmitted in subframe n, the associated PUSCH can be transmitted in subframe n+M, where M{1, 2, 3, 4}. The choice of M is dependent on the UE processing delay and, thus, can be different for associated UEs based on individual UE processing capability. 
Performance evaluation 
Simulation setting 
The simulation assumptions are summarized in Table 1, which comply with 3GPP evaluation methodology [3]. Figure 3 provides the DL/UL UPT and the buffer occupancy.  
Table 2: Simulation Assumptions
	
	Comments

	Scenario 
	Indoor, 1 channel,  20 UEs/operator , DL:UL  = 50:50 traffic 

	LAA assumptions
	LAA DL 
	Based on the Release 13 design

	
	Scheduled UL LBT
	Single interval LBT, ED threshold = -72 dBm

	
	TXOP
	MCOT = 8 ms, UL max burst length is 4 ms.  

	
	Other assumptions
	2x2 for DL; 1x2 for UL 

	WiFi Assumptions
	TXOP
	4ms

	
	GI 
	Short GI

	
	Other assumptions
	2x2 CL MIMO for DL; 1x2 OL MIMO for UL



Results 
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Figure 3: Performance as UL grant latency M (subframes) is varied

With reduced UL grant latency, the LAA UL performance is improved significantly. As UL grant latency is reduced from M = 4 to M =1, the LAA UL UPT is improved by 200% in low load and by 50% in high load. 
Observation:  With reduced latency between UL grant and PUSCH transmission, the LAA UL performance is significantly improved. 
Proposal: We propose to support reduced latency between UL grant and PUSCH transmission subject to UE capability. 
Conclusion
In this contribution, we proposed and evaluated reducing latency between UL grant and its corresponding PUSCH transmission as a mechanism for improving UL LAA performance. Throughout the contribution, we made the following observation and proposal.
Observation:  With reduced latency between UL grant and PUSCH transmission, the LAA UL performance is significantly improved. 
Proposal: We propose to support reduced latency between UL grant and PUSCH transmission subject to UE capability. 
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