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Introduction
It was identified 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. 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.
This contribution provides an overview of the non-scheduled (grant-less) LAA UL transmission that can tackle the above referred UL scheduling starvation issue. To begin with, the non-scheduled UL transmission has advantage over scheduled UL transmission in the following aspects: 
· If a UE succeeds the LBT, then it can start transmitting immediately as Wi-Fi. Thus, no more triple contention is imposed on the UL access.
· The non-scheduled transmission does not rely on the UL grant and, thus, the four subframe processing delay has no impact.
· It will naturally well-coexist with Wi-Fi as the UE behaviour is not different from Wi-Fi stations.
Non-Scheduled UL Operation
Overview of the design 
In this section, necessary enhancements to enable non-scheduled operation will be discussed including UL LBT, UL subframe design, scheduling, link adaptation and the detection of UL burst at the eNB.  
Figure 1 illustrates the potential non-scheduled operation. The UE that intends to transmit to the anchored eNB performs channel sensing without the need for UL grant from the eNB. After completing the LBT, the UE then starts its transmission immediately. 



Figure 1: An illustration of non-scheduled UL transmission

UL LBT design 
In order to maintain fair co-existence with incumbent systems and with other LAA networks, the non-scheduled UEs should perform full category 4 LBT as the Release 13 DL LAA. This will ensure natural coexistence with neighbour Wi-Fi/LAA networks as it is verified by system-level performance evaluation in Section 3. 
UL subframe design
The non-scheduled UE may sense the channel and perform UL transmission at any time. Similar to the design consideration for Release 13 LAA, a partial subframe for PUSCH transmission can be considered to minimize the implementation impact. Figure 1(a) provides an illustration of non-scheduled PUSCH transmission utilizing partial subframe. 
As another alternative, PUSCH can be transmitted without the alignment with PCell subframe boundary (aka floating subframe) as shown in Figure 1(b). The UE may transmit the PUSCH transmission based on the legacy 1 ms subframe design after the completion of LBT.  
PUSCH detection at eNB
For the UE-autonomous transmission, the eNB needs to detect the presence of the UL burst. The detection can be done via: 
1) Preamble signal (or initial signal)
2) DMRS
In Section 3, the DMRS-based presence detection performance is provided. 
Link adaptation  
Link adaptation and MCS selection at the UE can be performed based on the CQI feedback from the eNB, or using channel reciprocity. Some information such as UE C-RNTI and the chosen MCS needs to be signalled to the eNB to help decoding. The following options for signalling can be considered.
1) Using newly defined preamble signal: The preamble signal can not only be used for detection but also contain information such as UE C-RNTI, MCS, and the length of UL burst, etc.
2) Using newly defined control channel for non-scheduled access: The newly defined control channel can be used to indicate the above listed information. 
Performance Evaluation 
In this section, we compare the performance of non-scheduled operation to that of the original scheduled operation. In addition, we provide the link-level presence detection performance based on DMRS. 
Comparison between scheduled and non-scheduled UL access
The simulation assumptions are summarized in Table 1 in Appendix, which comply with 3GPP evaluation methodology [3]. Figure 2 provides the DL/UL UPT and the buffer occupancy.  
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Figure 2: The performance of non-scheduled UL access
Observations and discussion 
· Non-scheduled UL performance is significantly improved compared to the scheduled mode of operation. In low load, the performance improvement is up to four times, while at high load the improvement is up to seven times. 
· The LAA with non-scheduled UL access well coexists with Wi-Fi. 
Observation 1:  
· The LAA UL performance is significantly improved by non-scheduled access.
· LAA with non-scheduled UL access well coexists with Wi-Fi. 

Proposal: 
· Introduce the non-scheduled (or grant-less) mode for eLAA UL access.
DMRS based UL transmission presence detection
We present the evaluation results for the DMRS based PUSCH presence detection as follows. The simulation assumption is given in Table 2 in appendix.
Figure 3 illustrates the misdetection probability at the given false-alarm probability. From Figure 3, we can observe that the SNR required to achieve detection probability higher than 99% and 99.9% are -14dB and -12.3dB, respectively, when targeting false-alarm probability is 1%. When the false-alarm probability is 0.1%, the SNR required to achieve detection probability higher than 99% and 99.9% are -13.5dB and -11.4dB, respectively. Thus, we can conclude that the DMRS based detection can provide enough performance. 
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                                               1)  Pfa = 1%                                                                         2)  Pfa = 0.1%
Figure 3: DMRS-based presence detection for non-scheduled UL access
 Observation 2:  
· The DMRS based detection can provide sufficiently good performance for non-scheduled PUSCH detection.
Conclusion
In this contribution, non-scheduled (grant-less) UL access for eLAA was introduced. Below we summarize our observations and proposals: 
Observation 1:  
· The LAA UL performance is significantly improved by non-scheduled access.
· LAA with non-scheduled UL access well coexists with Wi-Fi. 
Proposal: Introduce the non-scheduled (or grant-less) mode for eLAA UL access.
Observation 2: The DMRS based detection can provide sufficiently good performance for non-scheduled PUSCH detection.
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Appendix

Table 1: Simulation Assumptions for Comparison between Scheduled and Non-scheduled UL LAA
	
	Comments

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

	LAA assumptions
	LAA DL 
	Based on the Release 13 design

	
	Non-scheduled LAA UL LBT
	Cat 4 LBT with DL LBT, [X,Y] = [31, 1023], ED threshold = -72 dBm

	
	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



Table 2: Simulation Assumptions for DMRS Based Detection
	
	Comments

	Simulation setup
	System bandwidth
	20 MHz

	
	Number of transmitter antennas
	1

	
	Number of receiver antennas	
	2

	
	Channel model
	EPA-5Hz 

	
	Number of PRBs for PUSCH transmission
	100 PRBs

	
	Number of UEs that can simultaneously transmit
	At most 1 UE

	
	Number of UEs anchored at eNB
	12

	
	Targeting false-alarm probability
	1%, 0.1% 

	Key performance metrics
	False-alarm probability (Pfa)
	The probability that no PUSCH is transmitted in the subframe, but eNB detects the presence of the signal.

	
	Misdetection probability (Pmd)
	The probability that the UE transmits, but eNB detects that the UE of interest does not transmit.
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