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1 Introduction
At RAN#65, a new study item on Licensed-Assisted Access (LAA) using LTE was approved in [1]. In RAN1#78bis, the following functionalities were identified to meet regulatory requirements in some regions/bands for LAA operation [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, we present our views on LAA operation in the light of above functionalities and provide requirements for support of LAA DL only mode operation. 
2 States for LAA operation
The states for LAA operation could be classified into two parts in terms of functional nodes on E-UTRAN, which are UE state and LAA cell state. 

2.1 States for UE
An operation for LAA on UE can be categorized into two different parts according to the functionality of protocols. In legacy CA, RRC and MAC are used for configuration and control of SCell, respectively. Specifically, the RRC is responsible for configuration of a SCell with RRC reconfiguration procedure, and the MAC controls activation and deactivation of the configured SCell. Similar to the legacy CA, above mechanism can also be applied to LAA. 
In terms of RRC, there are two states for a UE with LAA capability according to whether the LAA cell is configured or not. Those are defined as licensed only configuration and licensed/unlicensed configuration. The licensed only configuration is a state where multiple cells on licensed band are configured with CA, whereas the licensed/unlicensed configuration is a state where licensed cell and unlicensed cell are simultaneously configured with CA. A transition between two states can be performed by RRC reconfiguration procedure such as SCell addition, SCell modification or SCell release. The licensed only configuration and the licensed/unlicensed configuration are denoted as L-mode and U/L-mode, respectively, as shown in Figure 1. 
In terms of MAC, activation and deactivation are defined for a UE in the U/L-mode. The activation is a state that a UE could be scheduled by LAA cell. In deactivation state, LAA eNB does not schedule for the UE in U/L-mode even though a LAA cell is configured as a SCell. The state transition between two states can be achieved by MAC layer procedures. Within the activation state, the UE can be scheduled for data transmission with physical layer procedure. 
Figure 1 illustrates the state diagram for LAA operation on UE. 
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Figure 1. State diagrams for UE (Left: L3 aspect, Right: L2 aspect)
2.2 States for LAA cell
Basically, LAA cell can access a shared channel on unlicensed band in case there is no channel occupancy by other devices. Therefore, LAA cell requires to sense the shared channel to identify an activity of other license-exempt devices. Additionally, LAA cell needs to have a capability to support discontinuous transmission depending on (E)CCA result. 
Three states such as on, off, and CCA can be considered for LAA cell operation. 
The on is defined as a state where there is user data to be transmitted on LAA cell. And if the LAA cell has access right to shared channel on unlicensed band, it could transmit user data to UE. In this state, user data as well as physical signals including DRS for LTE operation are transmitted to the UE. 
In off state, because a LAA cell does not have any user data to transmit, it only transmits discovery reference signal (DRS) in order for a UE to recognize the cell. In this state, two different options can be considered for DRS transmission. The first one is channel sensing based DRS transmission, which means that DRS can be transmitted only when transmission opportunity is obtained after (E)CCA. The other one is to exploit short control signal (SCS) specified in [3]. If the SCS is used for DRS transmission, LAA cell could periodically transmit DRS with LBT-exempt transmission.

The CCA state is defined for obtaining of access right to shared channel on unlicensed band, which could be used for preliminary state for on or off state. 

Figure 2 shows the state diagram for operation on LAA cell.
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Figure 2. State diagrams for LAA cell

Proposal 1: Operational states should be discussed for LAA.

3 Operational Scenarios for LAA
Two different scenarios can be used for LAA service. The first one is discovery of LAA cell and the other one is data transmission with LAA cell. In this section, we address operational procedures for each scenario and discuss requirements for the procedures.
3.1 Discovery of LAA cell

A LAA cell can be placed either on state or off state according to the existence of data to be transmitted on the cell. If the state of LAA cell is off, only DRS is transmitted to indicate presence of LAA cell. With DRS transmitted by LAA cell, A UE can perform cell discovery and RRM measurements on frequency layer for a LAA cell. If a UE identifies a LAA cell on the frequency, it would transmit measurement report to LAA eNB to deliver discovery of LAA cell. After receiving of measurement report, the LAA eNB decides whether the LAA cell adds as a SCell for the UE.

Following two types of DRS transmission mechanisms could be considered for LAA cell. 
· Periodic DRS transmission

In periodic DRS transmission, LAA cell periodically transmits DRS with predefined time interval.  In this scheme, UE monitors the frequency with the LAA cell based on DRS transmission periodicity that is configured by LAA eNB during measurement configuration procedure. 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.
As mentioned above section, the periodic DRS transmission could be accomplished by SCS. SCS is used for transmission of some management and control frames (i.e. ACK/NACK signals) that can be transmitted without sensing the channel. 
If the SCS is utilized for DRS transmission, the LAA eNB should provide a way to configure regular transmission of discovery signal. In addition, the LAA eNB has to take into account the case where transmission of other license-exempt devices is occurred during DRS transmission.
· Aperiodic DRS transmission

In aperiodic DRS transmission, LAA cell opportunistically transmits DRS only when it obtains access right to shared channel on unlicensed band. Since, in this option, DRS transmission can be omitted due to the LBT, an enhanced discovery and measurement mechanism for LAA cell is required on UE. 
For aperiodic DRS transmission, following two schemes can be considered. The first one is explicit signalling mechanism and the other one is implicit monitoring mechanism. 
The explicit signalling is a way that LAA eNB transmits an explicit indication of DRS transmission to UEs with licensed cell. Even though, this mechanism can be achieved by the procedure of various protocols such as RRC, MAC or PHY, it should take into consideration processing time for each procedure and maximum channel occupancy time. Considering the processing time for a signalling procedure in legacy LTE, we think that a physical layer procedure is preferable for explicit mechanism since MAC or RRC procedure takes from several ten of milliseconds to a few seconds. The DRS indication in Figure 3 shows an example of physical layer signalling for explicit signalling mechanism. 
The implicit monitoring is a way that UE continuously monitors DRS of the frequency layer with LAA cell depending on predefined transmission periodicity. In this option, the LAA eNB configures a UE to set up DRS transmission timing for LAA cell during LAA cell configuration procedure. And the UE performs discovery procedure for the LAA cell using the configuration. Although, in this case, the DRS transmission timing is configured, there is possibility to happen a case where discovery signal is not transmitted, as shared channel is busy. Thus, the UE should consider this case for discovery procedure. 

From above discussion, we know that DRS transmission can be aperiodically occurred in time domain and several DRS transmission mechanism can be considered for LAA cell discovery. Therefore, because legacy measurement procedure is not sufficient to support these features, we think an enhancement on RRM measurement is required. 

Figure 3 shows the operational flow for LAA cell discovery.
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Figure 3. Procedure for LAA cell discovery 
Proposal 2: Discovery and RRM measurement procedure should be discussed for LAA cell. 
Proposal 3: It is necessary to discuss whether enhancement on measurement procedure for LAA cell is needed or not.

3.2 Data transmission with LAA cell

In order to provide data service to a UE with LAA cell, configuration and activation procedures are required as shown in Figure 4. 

A LAA cell is configured as a SCell for a UE on RRC connected state. The configuration of LAA cell can be initiated either by measurement report from UE or by eNB decision with other reason.
As mentioned section 2, LAA cell configuration and LAA cell activation/deactivation is addressed for data transmission with LAA cell. The LAA cell configuration is performed with RRC procedure.  And the LAA cell activation/deactivation is basically achieved by MAC procedure. But, because there is a necessity for fast channel access control with several milliseconds, a physical layer procedure for LAA cell on/off is essentially needed. 

For indication of LAA cell on/off, explicit signalling or implicit scheduling could be considered.

In explicit signalling, LAA eNB utilizes a physical layer signalling for indication of scheduling for LAA cell, which is similar to the explicit indication of DRS transmission in section 3.1.
In implicit scheduling, the on/off of LAA cell is indicated by scheduling schemes in legacy specification. In this option, cross-carrier scheduling or self-carrier scheduling can be exploited to schedule LAA cell. If cross-carrier scheduling is used, scheduling information of LAA cell is transmitted on licensed cell and UE decodes physical channels of LAA cell only when the LAA cell is scheduled. If self-carrier scheduling is used, UE should continuously monitor the (E)PDCCH on unlicensed cell as there is no information whether the scheduling is performed or not. 
From above discussion, the RRC, MAC, and physical layer procedures are required for data service with LAA cell. In addition, it is need to discuss whether enhancement on legacy procedure should be required from RAN2 point of view.
Proposal 4: Data transmission procedure with LAA cell should be discussed.
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Figure 4. Procedure for data transmission with LAA cell 

3.3 Dynamic Carrier Selection

Since there are multiple carriers on unlicensed band, a LAA cell requires a functionality to exploit these carriers in a distributed manner for efficient resource utilization. If there are a lot of devices on a certain carrier, a LAA cell operating on the carrier may have low frequency utilization efficiency due to massive interference from those devices and the long CCA time for channel occupancy. 
Accordingly, the LAA cell should have functionality to select an optimal carrier among multiple carriers on unlicensed band and to switch to the selected carrier, during communication, which process is referred to as dynamic carrier selection. By using dynamic carrier selection, a LAA cell is able to not only avoid highly congested carrier, but also minimize channel reservation time. 

For implementation of the dynamic carrier selection, following procedure can be considered as an example. The LAA eNB initially designates available carriers for a UE in the light of UE capability for LAA cell configuration procedure. Then it selects one carrier from the available carriers and utilizes for communication. If the carrier would be congested or interfered due to increasing of other unlicensed devices, the LAA cell could move to other available carrier with channel switching, which can be achieved by MAC layer procedure. As an accurate measurement result is essentially required for dynamic carrier selection, efficient measurement should be performed at both LAA eNB and UE.  

Proposal 5: Dynamic carrier selection procedure should be discussed for LAA.
4 Conclusion
In this contribution, we discussed how the operation scenarios can be supporte in LAA, especially for DL only mode. Also we discussed what requirements  for those scenarios can be requreied in LAA. The above discussion is summarized with the following proposals:
Proposal 1: Operational states should be discussed for LAA.

Proposal 2: Discovery and RRM measurement procedure should be discussed for LAA cell. 

Proposal 3: It is necessary to discuss whether enhancement on measurement procedure for LAA cell is needed or not.

Proposal 4: Data transmission procedure with LAA cell should be discussed.

Proposal 5: Dynamic carrier selection procedure should be discussed for LAA.
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