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1 Introduction

In RAN#65, Study on Licensed-Assisted Access using LTE (FS_LAA_LTE) was approved with objectives described in RP-141664[1]. The detailed objectives in RP-141664 include a fair coexistence with other unlicensed spectrum deployments while meeting regulatory requirements. This contribution discusses channel access framework for coexistence of LAA using LTE with other unlicensed spectrum deployments.
2 LBT requirement
Listen-Before-Talk is designed and enforced by EU regulations for a flexible and fair coexistence among wireless access systems (WAS). Figure 1 shows examples of channel access mechanism based on LBT requirements defined in [2]. There are 2 types of channel access schemes: Frame Based Equipment and Load Based Equipment. The main difference between Frame Based Equipment and Load Based Equipment is whether a strict frame structure is defined. However, there are also common features applied to both equipments, which can be referred when designing channel access mechanism for LAA using LTE. 
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Figure 1 – Example of channel access scheme based on LBT requirements
The common requirements that shall be met by Frame Based Equipment and Load Based Equipment are as follow:
· Clear Channel Assessment (CCA)

· The equipment shall perform a Clear Channel Assessment (CCA) check using energy detect before starting transmissions

· CCA observation time shall be not less than 20 μs.

· The equipment, upon correct reception of a packet which was intended for this equipment, can skip CCA and immediately proceed with the transmission of management and control frame (e.g. ACK frame)
· Idle period
· The both equipments provide idle period after or before data transmission for a fair coexistence. Frame Based Equipment shall stay at Idle Period after data transmission. Load Based Equipment shall perform an Extended CCA checks if it detects that the channel is not idle, and it can transmit data after multiple CCA times, which result in an Idle Period. 

3 Channel Access Mechanism for LAA using LTE

If LAA using LTE is deployed in a region where LBT is a mandatory requirement, the common rules (CCA and idle period) described in Section 2 shall be applied to a channel access mechanism for LAA using LTE to meet the regulatory requirements. Figure 2 shows an example of candidate channel access mechanism for LAA using LTE that includes channel sensing and idle period capability. 
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Figure 2 – an example of candidate channel access scheme for LAA using LTE
The channel access mechanism shown in Figure 2 consists of three parts: channel sensing, transmission period and idle period, and its basic operation time unit is a LTE subframe except for channel sensing period to reuse the features of LTE as much as possible. 
3.1 Channel sensing

In figure 2, LAA using LTE performs channel sensing using energy detect before starting transmission. Strictly speaking, channel sensing capability is not required if LAA using LTE is deployed on a specific frequency band in some region where LBT is not a mandatory requirement. However, this capability is still needed to ensure a fair coexistence with WiFi because WiFi system always performs channel sensing before transmission. In addition, this is also needed to meet a requirement of this Study Item, that is LTE enhancements for a single global solution.
Proposal 1: LAA-LTE shall provide a channel sensing capability regardless of regulatory requirements.
Since only the requirement for CCA time is that it shall not be less than 20μs, LAA using LTE may perform channel sensing during one subframe or one OFDM symbol to minimize changes of the LTE standard. But, channel sensing time for LAA using LTE is very critical for coexistence with other unlicensed devices and it shall be carefully determined. For example, channel sensing time used by other unlicensed devices (e.g. Wi-Fi) is shorter than an OFDM symbol time. If LAA system performs channel sensing for a longer timer period than other unlicensed devices, then they will occupy the channel before the LAA system completes channel sensing. Therefore, a quick channel sensing shall be provided to make the LAA system competitive with other unlicensed systems. 
Proposal 2: LAA-LTE shall be able to perform quick channel sensing comparable to other unlicensed devices.

If eNB finds through channel sensing that an unlicensed channel is idle, then it will start data transmission during Transmission Period. From CA operation perspective, it is more efficient to keep LTE carrier and LAA carrier synchronized in subframe level. If it is assumed that LTE and LAA carrier are synchronized with each other in subframe level, the eNB has to delay data transmission until the next subframe as shown in Figure 2 although the current channel is idle. If an unlicensed device detects the same channel while the eNB delays the data transmission, it can start transmission. Finally, the eNB will fail to occupy the channel or there will be at least collision between two systems. In order to prevent this problem, the eNB shall transmit a control signal to prevent other unlicensed devices from occupying this channel until the next subframe.   
Proposal 3: LAA-LTE shall be able to transmit a control signal to prevent other unlicensed devices from occupying idle channels.
3.2 Transmission Period and Idle Period

If LAA using LTE is deployed in a region where LBT is a mandatory requirement, the length of transmission period and idle period shall be set according to the LBT requirement. But, in case LAA using LTE is deployed in a region where LBT is not required, then transmission period and idle period can be extended to several LTE frames for more efficient communication. In addition, in case there is no other unlicensed device under coverage of eNB supporting LAA, then the eNB does not need to stick to the short Transmission Period. Therefore, the length of Transmission Period and Idle Period shall be configurable according to regulatory requirements and existence of other unlicensed devices.
Proposal 4: LAA-LTE shall be able to configure the length of Transmission Period and Idle Period according to regulatory requirements and existence of other unlicensed devices.
4 Conclusion
In this contribution, we discussed a framework of channel access mechanism for LAA using LTE. Based on the discussion presented in this contribution, to support coexistence of LAA using LTE with other unlicensed devices we propose the following: 

Proposal 1: LAA-LTE shall provide a channel sensing capability regardless of regulatory requirements.
Proposal 2: LAA-LTE shall be able to perform quick channel sensing comparable to other unlicensed devices.
Proposal 3: LAA-LTE shall be able to transmit a control signal to prevent other unlicensed devices from occupying idle channels.
Proposal 4: LAA-LTE shall be able to configure the length of Transmission Period and Idle Period according to regulatory requirements and existence of other unlicensed devices.
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