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1 Introduction

In RAN1 #79 meeting, the required functionalities and design targets for Licensed-Assisted Access Using LTE (LAA-LTE) was discussed and it was agreed that [1]
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization
In this contribution, the Clear Channel Assessment (CCA) procedures of LAA-LTE carrier are discussed. We propose the time slots of the CCA occasions and the detail of the CCA procedure for Load Based Equipment (LBE).
2 Problem of LBE channel back off procedures
For the nodes in LAA-LTE, two kinds of listen-before-talk (LBT) behaviours are defined [2], i.e. Frame Based Equipment (FBE) and LBE. For LBE, CCA check can be performed at any time if there is a demand of data transmission. If the node finds the Operating Channel to be clear, it may transmit and can transmit continuously at most for Maximum Channel Occupancy Time.
By the LBE CCA procedure, in a dense LAA node deployment scenario, when multiple LAA nodes pick different CCA backoff numbers after one channel occupancy, the transmission of these LAA nodes may not collide. However, when they pick the same random numbers, transmission collision happens. An example is shown in Figure 1, where channel is clear at time T1. Node A and node B sense channel using back off procedures of LBE. They simultaneously find that the channel becomes idle and transmit data immediately at T2 time. So there is a collision between the data transmissions of Node A and Node B. If the interference between Node A and Node B is light, the collision may increase the frequency reuse factor, which may increase network throughput. On the other hand, when the interference between Node A and Node B is severe, the collision may cause receiving performance degradation. Thus a scheme to avoid or intentionally cause data collision should be beneficial. 
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Figure 1: Scenario of the data collision for LBE, in case two nodes select the same random backoff
Observation 1: The LBE channel back off procedure may cause data collisions. In severe interference scenario, the collision may cause receiving performance degradation.
3 Time slots of CCA occasions
Based on the LBE scheme, to get most effective channel contention, the starting point of channel occupancy for one transmission burst could be very random, which might be even not aligned with OFDM symbol (OS) boundary if fractional OS transmission is possible. On the other hand, it seems straightforward to restrict a transmission burst to end at the boundary of OS, as the receiver is not able to correctly decode fractional OFDM symbol and the last OFDM symbol would anyway be a waste of channel resource. Therefore, the ending time of each transmission burst should align with the OFDM symbol.
Proposal 1: The ending time of each transmission burst should align with the OFDM symbol boundary.
Given a transmission burst is ending at an OS boundary, LBE allows that the next CCA starts right after transmission. In this sense, the starting point of CCA may also collide with OS boundary. According to the regulation, the duration of each CCA slot is not less than 20us. Complying with the regulation, 2 normal CP OFDM symbol can contain 7 CCA occasions and then the CCA occasions will also start at the OFDM symbol boundary. This way, the timing of the CCA occasion can be well coordinated between eNBs especially for synchronized network, thus the possible data transmission timing is also controlled. An example of CCA duration is shown in Figure 2, where two normal CP OFDM symbols contain 7 CCA durations. Thus, there are 7 possible data transmission timing in two normal CP OFDM symbols, which can facilitate a synchronous LAA network to cooperate to reduce the data collision probability or improve reuse factor.
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Figure 2: Time slots of 7 CCA occasions in 2 OFDM symbols
Proposal 2: Multiple CCA occasions are fit into an integer number of OFDM symbol durations.
4 Conclusion

In this contribution, we discussed CCA occasions of the LAA carrier. We have the following observations and proposals:
Observation 1: The LBE channel back off procedures may cause the data collisions. In severe interference scenario, the collision may cause receiving performance degradation.
Proposal 1: The ending time of each transmission burst should align with the OFDM symbol boundary.
Proposal 2: Multiple CCA occasions are fit into an integer number of OFDM symbol durations.
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