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1 Introduction

In the IEEE 802.11 (WLAN) standard, a node is referred to be hidden from other node(s) when it is out of the sensing or detection range of other node(s). When hidden nodes transmit data simultaneously, often referred to as collision, the transmitted packets cannot be successfully decoded at the receivers with high probability. In WLAN, packet losses increase the contention window which may lead to unnecessarily large contention window size without any possibility for performance improvement, as hidden nodes cannot detect each other in this case.
In order to overcome the hidden node problem, WLAN adopts the optional Request-To-Send (RTS)/Clear-To-Send (CTS) mechanism [1]. With RTC/CTS, the transmitter sends an RTS with specified channel reservation duration, receiver MAC address, and transmitter address, when the medium is sensed to be idle. Upon reception of the RTS, the receiver, which is addressed in the RTS, transmits a CTS with channel reservation duration and its MAC address if the channel is considered to be idle. It is required by the IEEE 802.11 specification that the WLAN nodes, including the access point (AP), must honor the received RTS/CTS messages and should not access the medium for the specified duration of time.
The performance benefits for Wi-Fi and LAA from Wi-Fi RTS/CTS are evaluated in [2] for the case of DL only traffic, where it is shown that a significant UPT gain can be achieved when Wi-Fi nodes use RTS/CTS. This contribution further evaluates the performance gain of Wi-Fi RTS/CTS in the following scenarios [3] :

· Wi-Fi networks of two operators, where one Wi-Fi network has DL+UL traffic while the other Wi-Fi network has only DL traffic. 

· Wi-Fi for the first operator and LAA for the second operator, where the Wi-Fi network has DL+UL traffic while the LAA network has only DL traffic.   

Based on the evaluation results, we provide design recommendations for LAA in [4].
2 Performance Results 
We follow the evaluation methodology in [3]. The indoor scenario with one unlicensed channel is assumed. Note that the RTS/CTS mechanism is only applied to Wi-Fi. LAA does not use RTS/CTS nor it can decode RTS/CTS signals from Wi-Fi. The DL and UL traffic ratio is 80:20 [3]. 
Scenario of Wi-Fi for both operators
For the case of Wi-Fi + Wi-Fi, the average UPT performance is compared in Figure 1. 

Observations:

· Wi-Fi performance is significantly improved by RTS/CTS.
· The gain tends to increase as the system load increases. 
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Figure 1. Average UPT comparison w/ and w/o RTS/CTS in the case of Wi-Fi + Wi-Fi
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Figure 2 Average UPT comparison w/ and w/o RTS/CTS in the case of Wi-Fi + LAA
Scenario of Wi-Fi + LAA
For the case of Wi-Fi + LAA, the average UPT performance is compared in Figure 2. 

Observations:

· In the scenario of Wi-Fi for both operators, the UPT performance is significantly improved by RTS/CTS. The gain increases as the system load increases. 

· In the scenario of Wi-Fi and LAA coexistence, the UPT performance of Wi-Fi and LAA is also improved by RTS/CTS. However, the amount of gain reduces compared to the case of Wi-Fi for both operators under the simulation assumption that LAA cannot listen to the RTS/CTS sent by Wi-Fi.
3 Conclusions
In this contribution, we studied the performance gain for Wi-Fi and LAA because of Wi-Fi RTS/CTS usage for the case of DL + UL traffic. Based on the presented results and discussion, we make the following observations.

Observations:

· In the scenario of Wi-Fi for both operators, the UPT performance is significantly improved by RTS/CTS. The gain increases as the system load increases. 

· In the scenario of Wi-Fi and LAA coexistence, the UPT performance of Wi-Fi and LAA is also improved by RTS/CTS. However, the amount of gain reduces compared to the case of Wi-Fi for both operators under the simulation assumption that LAA cannot listen to the RTS/CTS sent by Wi-Fi. 
4 References

[1] IEEE 802.11n standard. Part 11: Wireless LAN medium access control (MAC) and physical layer (PHY) specifications amendment 5: Enhancements for higher throughput. IEEE Std 802.11n-2009, pages c1-502, oct. 2009. 

[2] R1-150503, “Evaluation results on Wi-Fi RTS/CTS” , Intel Corporation, January 2015.

[3] 3GPP TR 36.889 

[4] R1-151106, Hidden node problem and potential remedies for LAA downlink, Intel Corporation, March 2015.
PAGE  
3/3

[image: image1][image: image3.png][Mbps]

160

140

120

100

8

o

6

o

4

o

2

o

Average UPT in the FTP only scenario: Indoor, #unlicensed ch =1
Wi-Fi (op#1, DL+UL) + LAA (op#2, DL only)

Low load Med load High load

m DL UPT w/o RTS/CTS (op1) m DL UPT w/ RTS/CTS (op1) ® UL UPT w/o RTS/CTS (op1)
= UL UPT w/ RTS/CTS (op1) ® DL UPT w/o RTS/CTS (op2) m DL UPT w/ RTS/CTS (0p2)



