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1 Introduction

Licensed-Assisted Access using LTE, referred to as LAA, is considered as a new way to utilize unlicensed spectrum for supplemental downlink and uplink capacity of an LTE system, whereas a conventional LTE system utilizes licensed spectrum to operate. LAA is expected to help operators address the imminent explosion of user data traffic over the coming years due to the increasingly pervasive use of mobile devices. A new Rel-13 study item [1], "Study on Licensed Assisted Access (LAA) using LTE“, was approved in RAN #65 meeting to study the feasibility of LAA design options and enhancements to LTE. The objectives of the study item include: 

· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band [RAN1]
Given the opportunistic nature of operation in unlicensed spectrum, LAA operation must consider co-existence between multiple operators as well as between LAA and other technologies such as 802.11WLAN. For efficient co-channel co-existence with other unlicensed spectrum deployments, the hidden node problem needs to be carefully addressed.
In this contribution, the hidden node problem is discussed and potential solutions are presented.
2 Discussion
2.1 Hidden Node Problem
In a wireless network, a node is referred to be hidden from other node(s) when it is out of range of other node(s) and cannot communicate with each other. As shown in Figure 1, node B is within the range of both node A and C, but node A and C are out of range to each other and thus hidden to each other. The hidden node problem occurs when both node A and C simultaneously transmit packets to node B. Since node A and C cannot detect the activities of each other via Carrier Sense Multiple Access with Collision Detection (CSMA/CD), the transmitted packets will collide at node B. 
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Figure 1. Example of Hidden Node Problem (node A and C are hidden to each other) 
In order to overcome the hidden node problem, the mandatory distributed coordination function (DCF) WLAN systems adopt optional Request-To-Send (RTS)/Clear-To-Send (CTS) mechanism. A WLAN node continues to perform a clear channel assessment (CCA), by sensing the medium to check whether the channel is busy or idle. If the medium is idle for more than a certain duration of time, then the node assumes that it may take ownership of the medium and may transmit data. Before data transmission, RTS/CTS exchange mechanism may be used to further minimize the effect of collision due to hidden nodes. The transmitter sends RTS with specified channel reservation duration, receiver address, and transmitter address. Then, upon reception of RTS, the receiver, who was addressed in RTS, transmits CTS with channel reservation duration and its address. It is required by 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. Figure 2 shows that node A and B exchange RTS/CTS and reserve channel within its range, thus preventing node C from transmitting packets.
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Figure 2. RTS/CTS in WLAN to overcome hidden node problem
The hidden node problem can be severe in a densely deployed environment as the probability of collision increases. Therefore, we should carefully evaluate the potential performance degradation due to the hidden node problem. Our initial evaluation results [2] show that the WiFi performance can be significantly improved in the Wi-Fi-Wi-Fi coexistence scenario. For instance, the Wi-Fi UPT is improved up to 3 times than that without RTS/CTS in the indoor scenario [3] when the system load is high, e.g., buffer occupancy is about 60%-70%. In the scenario where Wi-Fi and LAA coexist, the performance comparison between the cases with and without Wi-Fi RTS/CTS can be different depending on the LAA LBT design. For the case when LAA cannot listen to Wi-Fi RTS/CTS and LAA does not have such a method to address the hidden node problem, the coexistence performance of LAA and Wi-Fi is evaluated in [2]. As expected, LAA can gain from Wi-Fi RTS/CTS at the expense of Wi-Fi performance since the Wi-Fi nodes that can decode the RTS/CTS backoff, which makes LAA nodes can grab the channel more often. Therefore, to ensure the fair coexistence between Wi-Fi and LAA as well as potentially improve the LAA performance itself, we may need to carefully evaluate various methods for LAA. In the following section, we discuss a few possible options for LAA RTS/CTS (for convenience, we use the Wi-Fi terminology), which can be used at least for evaluation purpose.         
2.2 Potential Solutions
Potential LAA RTS/CTS solutions to reserve shared unlicensed spectrum for LAA operation are discussed below.
· LAA may adopt the same RTS/CTS as in the WLAN, in which LAA RTS/CTS is the same as WLAN RTS/CTS with possible modifications to the existing non-critical fields. It can leave critical RTS/CTS fields that WLAN nodes need to decode in order to allow them to defer channel access but alter non-critical fields to suit LAA operation.
· Benefits: This method allows both WLAN and LAA nodes to decode RTS/CTS from each other, thus it may fully achieve the RTS/CTS gain.
· Limitations: The direct adoption of the RTS/CTS exchange as in the WLAN system between LTE eNB and UE would be limited for establishing a point-to-point link. It would limit multiplexing of the physical resources for multiple UEs in LTE system. 
· LAA channel reservation request (LAA RTS) and/or channel reservation feedback (CTS feedback) may be exchanged via licensed spectrum. The channel reservation feedback on the success of channel reservation can be sent implicitly or explicitly. It is also possible that only CCA feedback, without channel reservation feedback, is sent via licensed channel. 
· Benefits: This method allows robust exchange of scheduling and feedback utilizing licensed band.
· Limitations: In the licensed band, the existing LTE design has imposed some timing constraint between the eNB scheduling and the actual UL transmission from UE (e.g. 4 ms). Due to the UL transmission timing requirement, the latency from scheduling to data transmission would be long.
· New LAA RTS/CTS design may be introduced with multiplexed RTS/CTS, where RTS/CTS are exchanged over unlicensed spectrum.  
· Benefits: This method allows multiple UE scheduling and low RTS/CTS latency which can be less than 1 subframe. 
· Limitations: This allows channel reservation only among LAA capable nodes, thus the RTS/CTS gain would be limited only to LAA capable nodes. WLAN nodes would have to rely on CCA and backoff mechanism in order not to interfere with ongoing transmission.
3 Conclusions
In this contribution, we discussed the hidden node problem for co-channel co-existence between multiple LAA LTE operators as well as between LTE and WLAN. Based on the presented discussion, we summarize our views through the following proposals:

Proposal 1: Performance benefit from adopting Wi-Fi RTS/CTS-type technology into LAA should be further evaluated given the observation that Wi-Fi RTS/CTS can significantly improves the Wi-Fi performance. 
Proposal 2: Proposed LAA RTS/CTS design options are considered at least for evaluation purpose.
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