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Introduction
Although the LAA work item should only specify support for DL only LAA, it includes the work scope of agreement on the principle of UL LBT [1]: “The work item should only specify support for LAA SCells operating with only DL transmissions. When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells  can be added in future release without modifications to the DL design.”
In this contribution, we evaluate various UL LBT design options. In particular, we present coexistence evaluation results for the case when both Wi-Fi and LAA have DL and UL traffic.
Design options for LAA UL 
In this section, we discuss possible design options for LAA UL transmission, with emphasis on UL LBT performed by the scheduled UE. The possible options are classified into following methods, (1) scheduled UE performing no LBT for PUSCH transmission, (2) scheduled UE performing an LBT with one shot CCA just before the start of the uplink subframe. 
We consider self-carrier scheduling, i.e., the UL grant transmission by the eNB and the corresponding PUSCH transmission occurs in the same unlicensed band. UL grant transmission occurs after performing LBT at eNB. 
We assume the LBT mechanism performed by the eNB prior to sending DL data and/or UL grant is the category 4 LBT defined in the TR [2]. For the options that require UL LBT, upon reception of the UL grant in sub-frame n, the scheduled LAA UEs perform LBT before transmitting PUSCH in subframe n+4.

Option 1: No LBT for PUSCH transmission
   
In this option, UL grant is transmitted on unlicensed carrier after performing LBT at eNB.  eNB may transmit PDSCH along with UL grant. 



Figure 1. Illustration of PUSCH transmission without UL LBT 


Option 2: With LBT for PUSCH transmission 
In this option, both eNB and UE perform one shot CCA before PUSCH transmission.  In this option, as shown in Figure 2, after receiving a UL grant, UE performs an LBT during first symbol of the sub-frame scheduled for UL transmission.. If the LBT cannot be completed during the allowed duration of one symbol, the scheduled PUSCH is not transmitted.  



Figure 2: Illustration of PUSCH transmission with LBT: sensing at the end of first symbol of UL subframe


Simulation Assumptions
In this section, detailed simulation assumptions are presented.
3.1. LAA DL LBT
We assume the Cat. 4 LAA DL LBT scheme [2]. More detailed assumptions are given below. 
· Initial CCA duration and extended CCA defer period: 34 s 
· eCCA slot duration: 9 s
· CCA ED thresholds: -82 dBm
· Dynamic exponential backoff with the CW of [16, 1024]
· If the LAA burst has any TB error, double the CW. If no error in the LAA data burst is observed, reset the CW to 16.
3.2. LAA UL scheduling and LBT
We evaluate the 6 UL LBT options discussed above. We use the following parameter values. 
· For UL LBT option 2
· CCA duration: 34 s 
· CCA ED thresholds: -62 dBm
3.3. Other Simulation Assumptions 
We follow the evaluation assumptions defined in the TR [2]. Further detailed assumptions for LAA and Wi-Fi are given below.
LAA
· Max DL LAA burst length
a) 10 msec when there is no UL grant
b) 5 msec when there is UL grant.
· Max UL LAA burst length: 5 msec
· Unlicensed only (i.e., licensed band is not used for PDSCH/PUSCH transmission)
· Self-carrier scheduling with the control region of 3 OFDM symbols. 
· 2x2 for DL: TM4 with CSI feedback.
· 1x2 for UL: MCS adaptation based on SRS. 
· SRS transmitted with only with PUSCH transmission 
Wi-Fi 
· DL: 2x2 OL MIMO (spatial multiplexing)
· UL: 1x2 OL link adaptation
· RTS/CTS: Not applied.
· Long GI for each OFDM symbol 
Other Assumptions
· Scenario: Wi-Fi + LAA
· Indoor, 1 channel 
· [bookmark: _GoBack]20 UEs/operator
· Traffic model: FTP
· Independent traffic generation on the DL and UL for both WiFi and LAA for FTP traffic model
· Each UE has the same UL/DL traffic arrival rate ratio, 50%:50%

Simulation Results
Figures 3 and 4 show the downlink and uplink UPT performance  respectively for WiFi and LAA with and without UL LBT.  



[image: ]
Figure 3. DL UPT performance for different options of DL LAA LBT
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Figure 4. UL UPT performance for different options of UL LAA LBT


Observations and discussion 
· Characteristics of each option 
· Option 1: No LBT for PUSCH transmission
In this option, UL transmissions are not protected for potential channel access from other contenting transmitter. This can cause significant collisions with WiFi and UL LAA transmissions, reducing the LAA and WiFi throughput compared to the option when LBT is used for UL transmission. 
· Option 2: One shot CCA only LBT for PUSCH transmission.  
Option 2 provides the best co-existence performance, i.e., the Wi-Fi performance improves when coexisting with LAA, while the LAA performance itself is the best compared to the case when no LBT is applied for UL.  
Observation 1: LAA with UL LBT provides best co-existence, i.e., when WiFi-LAA co-exists, the Wi-Fi and LAA performance improvement is higher with UL LBT than without UL LBT. 

Observation 2: Without UL LBT, WiFi UL performance can be degraded when WiFi-LAA co-exists, particularly in low load. 

 Proposal 1: UL LBT should always be made mandatory before the transmission of any PUSCH transmission. 

Conclusion
In this contribution, we evaluated various UL LBT design options. In particular, we present and discuss coexistence evaluation results for the case when both Wi-Fi and LAA have DL and UL.  We make following observations from the evaluation results.
Observation 1: LAA with UL LBT provides best co-existence, i.e., when WiFi-LAA co-exists, the Wi-Fi and LAA performance improvement is higher with UL LBT than without UL LBT. 

Observation 2: Without UL LBT, WiFi UL performance can be degraded when WiFi-LAA co-exists, particularly in low load. 

Proposal 1: UL LBT should always be made mandatory before the transmission of any PUSCH transmission. 
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Average UL UPT scenario: Indoor, #unlicensed ch = 1
Casel: Wi-Fi (op#1) + Wi-Fi (op#2), Case2: Wi-Fi (op#1) + LAA (op#2)
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