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1 Introduction

In the RAN #65 meeting, a new study item (SI) on Licensed-Assisted Access using LTE (LAA-LTE) was approved, which extends the platform of LTE systems from licensed spectrum to unlicensed spectrum, and LAA-LTE is used as an SCell under the CA architecture [1]. In the RAN1 78bis meeting, required functionalities and design targets for LAA-LTE were discussed, resulting in a general agreement to target a single global framework and also several specific functionalities to meet regulatory requirements which are listed below [2]: 
· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC

In this contribution, based on the functionality of Listen-before-Talk (LBT) and discontinuous transmission, further considerations and analysis are provided, focusing on fast LAA SCell on/off with LBT and impact to the procedures of synchronization and measurements, and also other issues such as hidden node problem during utilization of unlicensed spectrum. 
2 Discussion 
During utilization of unlicensed spectrum, a target of fair co-existence should be achieved as much as possible among LAA-LTE and WI-FI systems and also among LAA-LTE systems from different operators. LBT is required to be implemented in some regions to achieve the target. Considering a single global solution is preferred, it is beneficial to introduce the LBT scheme into the LAA-LTE system design. Conforming to LBT, a LAA SCell should perform clear channel assessment (CCA) before transmission. If the channel is assessed to be occupied, e.g., the received power exceeds a threshold, the transmission cannot be performed until the channel is assessed to be idle. Sometimes random back-off operation needs to be performed in order to get rid of collision among multiple nodes that have data to transmit on the channel. The specific procedure of LBT can be referred to [3]. Therefore, discontinuous transmission for LAA-LTE is a basic characteristic to be supported. 

2.1 Fast LAA SCell on/off

Besides the LBT and discontinuous transmission, in most regions, it is regulated that a transmission burst has a limitation of the maximum channel continuous occupancy time. The limited time length is around 10 ms, and for Japan it is limited to 4 ms [4]. Therefore, it is necessary to adopt fast discontinuous transmission on the LAA SCell or fast LAA SCell on/off. Specifically, after the data transmission with a limited time length on a LAA SCell from one operator, a WI-FI system or a LAA SCell from another operator may occupy the channel. An example is illustrated in Figure 1, where the maximum channel occupancy time is 4 ms and the CCA time is 2 OFDM symbols. 
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Figure 1. Fast LAA SCell on/off with LBT and limitation of maximum channel occupancy time 

In LTE Rel-12, discovery reference signal (DRS) based semi-static cell on/off was specified, and there were lots of discussions on the new L1 procedure for fast cell on/off [5], including subframe level and multi-subframe level ON/OFF schemes, and options for indicating ON/OFF state were also discussed including both explicit and implicit methods. However, finally fast cell on/off was not supported due to lack of time even though gains were observed due to the reduced transition time from OFF to ON, reduced interference and reduced overhead. Considering that the time scale of the CCA for the channel on unlicensed spectrum is very short (even much shorter than a subframe), and the subframe level ON/OFF can achieve higher throughput than multi-subframe level ON/OFF, the subframe level ON/OFF indication should be supported for LAA. One implicit method for ON/OFF indication is for the UE to blindly detect the PDCCH or CRS existence on the LAA SCell. However, it is not efficient for UE power saving, since with LBT the scheduling on the LAA SCell is impacted by the channel occupancy. Alternatively, an explicit method can be used for ON/OFF indication, which avoids UE blind detections on the LAA SCell and avoids wasting UE power if the channel of the SCell is not occupied by the serving eNB. Moreover, an explicit method is more suitable to flexibly support the limitation of maximum channel occupancy time in different regions. For example, the indication signal from the licensed PCell can be used to indicate ON/OFF state of the LAA SCell, since signalling on the PCell is not impacted by the channel occupancy competition and the UE should always monitor the PCell. 
Proposal 1: Fast LAA SCell on/off should be introduced for LBT and discontinuous transmission. The signaling for LAA SCell ON/OFF indication could be transmitted on the licensed PCell. 
2.2 Aperiodic synchronization and measurement
Transmission of reference signals such as PSS/SSS, CRS, CSI-RS, etc. are essential for some basic functions like coarse synchronization, time and frequency tracking, CSI and RRM measurements in LTE, which should be also guaranteed for LAA-LTE systems. In Rel-12, DRS with 40/80/160 ms periodicity is introduced to support cell discovery and RRM measurements on frequency layers with small cell on/off operation. Considering a LAA-SCell has fast cell on/off characteristic as discussed in section 2.1, DRS can be considered as a starting point for cell discovery and RRM measurements and maybe also for time and frequency tracking. NZP CSI-RS and CSI-IM based transmission mode 10 could be a starting point for a transmission mode supported on LAA-LTE SCells. 
Proposal 2: Discovery reference signal (DRS), NZP CSI-RS, CSI-IM with possible enhancements can be studied to support synchronization, RRM and CSI measurements on the LAA SCell. Transmission mode 10 can be a starting point for a transmission mode supported on LAA-LTE SCells.
However, unlike WI-FI, most of above reference signals in LTE are designed to be periodic. With LBT and fast cell on/off, the eNB may not be able to guarantee the periodic transmission of these reference signals. To overcome the issue for periodic reference signals, one method is to use short control message mechanism allowed in the ETSI regulation [3], where the short control message is defined as transmission to send management and control frames (e.g. ACK/NACK signals) without sensing the channel for the presence of other signals. Firstly, however, short control message mechanism is not a global solution since it is only allowed as part of LBT in Europe, but it is not allowed as part of LBT in Japan. Secondly, if the DRS or CSI-RS is deemed as the short control message, assuming the DRS with maximum 5 ms length is transmitted as the short control message without taking CCA, it may interfere to the transmission from other neighbouring nodes and be interfered by these neighbouring nodes. One practical example of such short control message is the ACK transmission in WI-FI, where it is defined that after a successful reception of a frame requiring acknowledgement, transmission of the ACK frame shall commence after a SIFS period, without regard to the busy/idle state of the medium [6]. Considering the SIFS is the shortest IFS with highest priority, the ACK transmission right after the related data frame would neither be interfered by other nodes nor cause interference to other nodes, because in the SIFS internal no other nodes could transmit signal. Thirdly, if the DRS without CCA as short control message is used for RRM measurements, mismatched RSSI may be obtained, since the interference measured by the UE from DRSSI of the neighbouring nodes would not exist when UE receives PDSCH due to LBT. In addition, another measurement related issue is that most reference signals in LTE are designed to occupy discontinuous symbols, (e.g., CRS) which may disrupt the LBT mechanism. 
Observation: Short control message may not be suitable for periodic RS in LAA-LTE. 

Another method which can coexist with LBT is that the licensed PCell can provide some assistance to facilitate the synchronization and measurements on the LAA SCell. For example, if the periodic RS cannot be transmitted due to LBT for some time, e.g., NZP CSI-RS, aperiodic occasions can be triggered by the licensed PCell for NZP CSI-RS transmission and measurements. 

Proposal 3: Synchronization and measurements based on aperiodic RS transmissions should be supported for LAA-LTE. 

2.3 Hidden node problem

Network planning should still be beneficial for inter-cell interference mitigation among cells of the same operators in the unlicensed bands, but its benefits will be limited on the unlicensed spectrum by the coexistence with other LAA-LTE operators and WI-FI deployments. LBT is introduced to achieve the co-existence of unplanned neighbouring nodes. For example, two co-located (or closely deployed) LAA eNBs from different operators should perform CCA before transmission to avoid simultaneous transmission.  However, the hidden node problem cannot be overcome by LBT, where the interfering node may be out of range (or shadowed) of the serving node but very close to the served node. One example of the hidden node problem is shown in Figure 2, where AP 1 is the hidden node which is out of the listening range of AP 0 and strongly interferes to the UE served by AP 0. 
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Figure 2. Hidden node problem

In WI-FI systems, the RTS/CTS scheme is adopted to solve the problem. First, the serving node transmits a RTS frame destined to the served node. Then, the served node that receives the RTS frame replies a CTS frame after a short interval if the channel is sensed to be clear, otherwise the CTS cannot be transmitted. The RTS and CTS frames both contain a channel reservation duration during which other nodes including the hidden node cannot transmit. 
For LAA-LTE, measurement and reporting from the LAA-LTE UE can help the LAA-LTE eNB discover the hidden node, and then the UE can be scheduled with proper MCS index or switched to another frequency layer. Alternately, a method such as RTS/CTS can also be considered for LAA-LTE. . 
Proposal 4: The hidden node problem needs to be considered for LAA-LTE. Interference measurement and report mechanism could be used to detect the hidden node. In addition, RTS/CTS scheme with possible enhancements could also be considered to solve the problem. 
3 Conclusion

In this contribution, based on the functionality of discontinuous transmission, further considerations and analysis are provided, focusing on fast LAA-LTE SCell on/off for Listen-before-Talk (LBT) and impact to the procedures of synchronization and measurements, and also other issues such as hidden node problem during utilization of unlicensed spectrum. Based on the discussion, the following proposals are provided: 
Proposal 1: Fast LAA SCell on/off should be introduced for LBT and discontinuous transmission. The signaling for LAA SCell ON/OFF indication could be transmitted on the licensed PCell. 
Proposal 2: Discovery reference signal (DRS), NZP CSI-RS, CSI-IM with possible enhancements can be studied to support synchronization, RRM and CSI measurements on the LAA SCell. Transmission mode 10 can be a starting point for a transmission mode supported on LAA-LTE SCells.
Proposal 3: Synchronization and measurements based on aperiodic RS transmissions should be supported for LAA-LTE. 

Proposal 4: The hidden node problem needs to be considered for LAA-LTE. Interference measurement and report mechanism could be used to detect the hidden node. In addition, RTS/CTS scheme with possible enhancements could also be considered to solve the problem. 
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