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1. [bookmark: Source]Introduction
It is stated in TR 36.889 [1] that enabling frequency reuse for transmission by neighbor LAA cells of the same operator is one target of LAA design and that this aspect should be taken into account in the design of the LBT procedure. To improve the frequency reuse, the following conclusion was made in RAN1#80bis meeting [2]. 
· At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
1 CCA threshold adaptation
2 Tx start timing alignment
3 Signal subtraction from ED or modified ED
Combination of those options or other alternatives are not precluded.
In RAN1#82 meeting, the following has been agreed [3]:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Signal subtraction from ED as a way to enable frequency reuse is not considered in Rel-13

In this contribution, we further discuss the remaining two options to improve frequency reuse for LAA. 
2. [bookmark: _Ref410047471]Discussion 
The LBT category-4 mechanism has been agreed as the baseline at least for LAA DL transmission bursts containing PDSCH in [1]. For LBT category 4, the (e)CCA check could succeed at any time and thus the starting time of a transmission burst can be quite random. Once a LAA node starts to transmit, the other LAA nodes sensing the on-going transmission will be blocked from transmission. Hence this would result in low probability of frequency reuse among LAA eNBs. Herein, we will discuss different aspects of the two above mentioned options to improve frequency reuse for LAA.
Alt.1: CCA threshold adaptation
Since LAA and WiFi are designed quite differently, they can handle different levels of interference. For example, in [4], it is shown that the energy detection threshold needs to be set to -82dBm to avoid performance degradation of the WiFi VoIP service. This threshold is expected to be more relaxed when the interference is among LAA nodes. Therefore, the idea of CCA threshold adaptation aims to adapt the CCA threshold based on the type of energy a LAA node senses. However, the following two challenges are raised for this candidate solution as below:
· How to differentiate the type of energy a LAA node senses? 
In this case, a mechanism needs to be designed to identify the type of interference so that a LAA node can know how much energy sensed is from intra-operator LAA nodes and/or from inter-operator LAA nodes and/or from WiFi nodes.  
[bookmark: _GoBack]One possible mechanism to distinguish the interference sources is to mute certain subcarriers for LAA nodes during its data transmission. Different operators could have different muting pattern. The LAA nodes perform channel sensing on the pre-defined muting subcarriers. With the same pattern within the same operator, the channel sensing will not include the transmission signal from the same operator and only measure inter-operator LAA plus WiFi interference. This helps to differentiate the intra-operator interference from inter-operator plus inter-RAT interference. To further differentiate the inter-operator LAA cells and WiFi interference, coordinated muting pattern can also be defined for multiple LAA operators (i.e. muting the same REs for all the LAA operators) so that the WiFi interference can be measured. Thus the CCA threshold can be adaptively adjusted based on the measured dominant interference source at OFDM symbols with muting sub-carriers.
· How to set the threshold based on the different types of energy a LAA node senses? 
In the approach based on LBT threshold adaptation, a higher threshold is applied when eNB identifies that high portion of interference originates from the intra-operator LTE network. This means that the same frequency/channel can be reused by different eNBs within the same operator over a shorter distance. To better protect WiFi nodes, a lower threshold can be set when the eNB identifies the dominate interference from WiFi nodes.
Due to the muting on the pre-defined frequency resources, this option does incur additional overhead. Hence it requires further evaluation on the tradeoff between the overhead and frequency reuse gain. Further, this mechanism requires channel sensing being performed on limited frequency resources, which may increase the detection complexity compared with the energy detection over the full bandwidth.
Alt.2: Tx start timing alignment
One potential approach using Tx start timing alignment for improving frequency reuse is to coordinate the LBT procedures among the cells within the same operator.
· For example, the small cells in the same area can coordinate the start sensing time and use the same random back-off counter instead of individually generating different back-off counters.
· Due to the different location and channel conditions of the LAA nodes, it is very likely that some LAA nodes see the channel as available while others see it as busy even if they belong to the same operator. 
· The contention window size in each cell can be adapted independently, so these cells may end up with different contention window size, which makes it impractical to generate or unreasonable to force the same random number.
· As another example, the eNBs can agree on a common start transmission point, and if an eNB finishes (e)CCA before that point, it uses self-deferral to wait until that point.
Both exemplary approaches may require significant amount of X2 signaling with very low latency to coordinate eNBs in order to work efficiently. Thus, it may incur high network overheads and require low latency on X2.
In addition, coordinating the start sensing time or start transmission time would require some eNB to wait (either after the data arrives or after (e)CCA completes), so it would result in loss of access opportunity for some nodes and additional waiting time for some other nodes. Therefore, it is not clear at all whether Tx start timing alignment would be able to provide a net gain in the end. 
Unless the gain from this approach can be demonstrated, no additional specification work (e.g. X2 signaling) should be conducted to support this approach.
 
Based on the above analysis, the following proposal is made. 
Proposal 1: CCA threshold adaptation based on subcarrier muting should be considered further for improving frequency reuse. 

3.  Conclusion
In this contribution, we discuss frequency reuse one for LAA category 4, and make the following conclusion. 
Proposal 1: CCA threshold adaptation based on subcarrier muting should be considered further for improving frequency reuse. 
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