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1 Introduction

LBT has been discussed as a promising solution in LAA-LTE design to both comply with the ETSI regulation to achieve a global framework and provide fair co-existence with other systems, e.g. Wi-Fi that operates on unlicensed spectrum. Due to the robust design of LTE PHY, it may be beneficial to LAA to increase the reuse factor when co-existing with other LAA cells, which leads to significantly enhanced channel utilization while introducing acceptable interference as analyzed in [1]. It is also agreed at LAA Adhoc meeting [2] that:
Agreements:
· Enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design

· Above should be taken into account for design of LBT
In this contribution, we discuss some possible solutions to achieve the frequency reuse across intra operator/system LAA small cells.
2 Discussion 
Frequency reuse is one of the advantages of LTE which provides efficient transmission. According to the current LBT mechanisms defined by ETSI, however, each transmitter on unlicensed spectrum has to individually perform CCA/ECCA check before data transmission. As a consequence, the small cell transmitting data may probably block surrounding small cells of the same operator if they are deployed close to each other. To exploit more efficient channel utilization among LAA cells, following solutions can be considered in future LAA design.
2.1 Use of FBE-based LBT scheme with network coordination
In FBE the transmitters should transmit following the integral frame structure, which complies with the synchronous transmission of LTE without much impact on specification. According to the definition of FBE, the CCA slot is at the end of Fixed Frame Period. Thus it is convenient to align the CCA slot of multiple small cells of the same operator to ensure all neighboring eNBs are sensing channel at the same time, then can naturally support reuse factor 1 of LAA. 
However, aligning the CCA slots among cells requires accurate synchronization across network on unlicensed spectrum. Due to the fine granularity of CCA slots (20us), the CCA check of one small cell might easily collide the transmission period of another small cell even with small time offset among cells, which prevents the frequency reuse. Thus how to ensure accurate synchronization needs to be carefully considered by operators in cell deployment.
Moreover, FBE has disadvantage in channel occupancy especially in heavy load cases. E.g., for two small cells which are within the CCA range of each other and configured with the same fixed frame length, one small cell may be persistently blocked by another small cell which transmits data all the time. When the CCA slots are aligned for multiple small cells of the same operator, this problem may be aggravated because the small cells deployed by one operator in the same area may be all blocked by another operator. Several solutions could be considered, e.g., adopting flexible frame structure of FBE, or operator configuring unequal length of FBE frame over time so that the CCA slots of different frames do not have periodically fixed positions and may possibly be aligned to the Idle Period of another operator.
Observation 1: FBE can achieve reuse frequency within same operator with stringent requirement on synchronization among cells. In addition, how to avoid the sustained blocking among operators needs to be further considered.
2.2 Use of LBE-based LBT scheme with network coordination
Compared with FBE, the backoff counter of LBE is randomly generated, which is similar to the channel sensing mechanism of the asynchronous Wi-Fi network. This means if the backoff counters are different for two neighboring small cells of the same operator, the small cell with larger backoff counter may possibly be blocked by that with smaller backoff counter which captures the channel earlier. This prevents the cells of the same operator from occupying the channel simultaneously. A potential direction to overcome this issue is to make use of the cell coordination within the same operator, e.g.,  the small cells in the same area can coordinate and use the same random backoff counter instead of individually generating different backoff counters. Another way is that the operator can enable the small cells to exchange the CCA/ECCA information, including remaining backoff counter and expected CCA/ECCA position, over the backhaul link, and align the CCA or last ECCA position so that they may capture the channel and start transmission simultaneously. However, this coordination has high demand on the backhaul delay because the duration of CCA/ECCA slot may be very short. In addition, network synchronization is also required to ensure all neighboring cells have the same understanding of CCA timing.
Observation 2: Coordinated CCA/ECCA among LAA cells of the same operator can achieve frequency reuse for LBE scheme, with requirement on short backhaul delay and network synchronization.
2.3 Adjusting CCA-ED threshold based intra operator/system identification
It is still beneficial to evaluate whether adjusting the threshold of CCA-ED (at least for intra-LAA system) can provide significant enhancement for LAA while on the other hand protect the Wi-Fi networks to guarantee fair co-existence. This investigation may technically conduct the regulation in Europe and provide guidance for regions without mandatory CCA threshold requirements. E.g., the LAA transmitter could appropriately increase the CCA-ED threshold in case majority of received power is coming from same operator/RAT. On the other hand, if it detects the existence of neighbouring Wi-Fi APs or STAs (possibly by measuring the received power of Wi-Fi or subtracting the LAA part from the total power), the CCA-ED threshold should keep unchanged to guarantee fair co-existence with Wi-Fi.
A potential way to facilitate adjusting CCA-ED threshold is to introduce LAA system identification to recognize intra operator/system small cells during the CCA/ECCA phase. E.g., for LBE based LAA system, the small cell can measure the power of neighbouring LAA small cells during the CCA by detecting the initial signal of these transmitting cells, and adaptively increase the CCA-ED threshold according to the detected intra system power (or equivalently subtract the power of LAA small cells from the total received power) in each CCA/ECCA. However, how to support the identification of LAA system within a CCA/ECCA slot needs to be further discussed since the length of CCA/ECCA slot (20us/18us) is shorter than one LTE OFDM symbol. A possible solution is to include LAA system identification information in the fractional OFDM symbol as the form of short preamble, which persists from the time that the transmitting small cell occupies the channel to the boundary of the next OFDM symbol as discussed in a previous contribution [4]. Furthermore, operator ID information can also be included explicitly or implicitly in the intial signal so that intra-operator power can be separately measured and taken into account in CCA-ED threshold adjustment. By this way, strict synchronization across network is not needed, neither the close coordination between LAA cells. On the other hand, additional eNB complexity should be considered to achieve system identification within a CCA slot.
Observation 3: Adjusting CCA-ED threshold with assistance of LAA intra operator/system identification can achieve frequency reuse without requirements on tight network synchronization and coordination. 

3 Conclusion

In this contribution, we discussed the potential solutions to support the frequency reuse of intra operator/system LAA small cells. Based on the discussion, the following observations are achieved: 
Observation 1: FBE can achieve reuse frequency within same operator with stringent requirement on synchronization among cells. In addition, how to avoid the sustained blocking among operators needs to be further considered.
Observation 2: Coordinated CCA/ECCA among LAA cells of the same operator can achieve frequency reuse for LBE scheme, with requirement on short backhaul delay and network synchronization.
Observation 3: Adjusting CCA-ED threshold with assistance of LAA intra operator/system identification can achieve frequency reuse without requirements on tight network synchronization and coordination. 
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