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1 Introduction

In RAN1 # Ad-hoc meeting, the following agreements were agreed for frequency reuse [1].

Agreements:
· Target the support of UL multiplexing of multiple UEs in one subframe by

· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO
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 RAN1 #80bis, the following was agreed for frequency reuse for LBE [2].
Conclusions:

· 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
4 Combination of those options or other alternatives are not precluded.
From the previous discussions and the agreements, there is a desire to support higher frequency reuse in LAA LBT design. In this contribution, we discuss the support of higher frequency reuse for LBE.
2 Discussion
To ensure fairness with WIFI, an LBT category 4 scheme was agreed in the RAN1 #80bis [2]. As described in working assumption, the modification to the LBT category 4 should be based on ETSI LBE option B. The key modifications to ETSI LBE option B is the introduction of exponential contention window size and the additional defer period. 
2.1 Support of frequency reuse for LBE
For LAA with load based LBT, the CCA check time of each LAA eNB is random and therefore the channel occupancy time is random according to the result of CCA check. Therefore, load based LBT channel access scheme will result in asynchronous operation among different LAA small cells in a same operator. Take DL only as an example, as shown in Figure 1, since eNB1 has shorter ECCA period compared with eNB2, when eNB2 is performing CCA check, eNB1 may transmit, which implies that eNBs of the same operator cannot transmit at the same time and may compete for the channel with each other. As a result, frequency reuse factor one is not possible for a single operator, which degrades the efficiency of LAA network. Same problem exists in the UL, where multiple UEs within a same cell can hardly transmit in a same subframe due to the unsynchronized LBT, making user multiplexing in a same subframe with either MU-MIMO or FDM less possible.
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Figure 1: Asynchronous channel access among different LBE-LAA small cells
Based on the above observations, if load based LBT is adopted for LAA, it would be important to study the mechanism to enable frequency reuse one for DL and multi-user scheduling for UL respectively. As agreed in RAN1 #80bis, three potential solutions as the following can be considered to achieve higher frequency reuse.
· Option 1: CCA threshold adaptation 

In this method, the LAA eNB adjusts the energy detection threshold such that higher frequency reuse can be achieved. There are several issues for this option. Firstly, it is only applicable to the regions without regulatory requirements on CCA threshold so it is not a solution applicable to all the regions. Secondly, increase the energy detection threshold means higher interference to a neighbor LAA operator and also WIFI. LAA eNB using this method shall be able to identify the signal from neighbor LAA operator or WIFI, which may not be always possible. Even though some smart eNB implementation could do this, it is not clear how much gain can be obtained in a dense network deployment with multiple operators and multiple RATs, which is in our view a typical unlicensed carrier deployment scenario.
Observation 1: CCA threshold adaptation is not a solution for higher frequency reuse for all the scenarios. 
· Option 2: Tx start timing alignment
In this method, the Tx start time of different LAA eNBs are aligned such that they are not blocking each other. In order to achieve this target, backoff counter coordination is proposed by some companies. For example, the random factor “q”, the size of CW “N” shall be aligned for the neighbor LAA nodes within single operator. However, since, during ECCA procedure, the channel state being busy or clear is different for each node within one operator, then the backoff counter of LAA eNBs cannot keep synchronous during the continuous transmissions, and some nodes will drop out of the set with Tx start timing alignment. After a longer time, with more and more nodes dropping out, frequency reuse cannot be achieved anymore.  It should be noted that with the agreed LBT category 4, since dynamic exponential contention window size shall be applied, it is almost impossible to keep alignment of the CCA window size and backoff counter among LAA eNBs.
Observation 2: It is almost impossible to support frequency reuse by Tx start timing alignment, assuming the agreed LBT category 4 scheme. 
· Option 3: Signal subtraction from ED or modified ED 

Signal subtraction from ED potentially requires differentiating the intra-operator interference from inter-operator/inter-RAT. However, it is challenging to achieve this in reality. Firstly, it is not possible for LAA eNB to continuously detect the inter-operator/inter-RAT interference since the eNB cannot transmit and receive simultaneously. Therefore only the signal detection within the CCA duration is possible. Secondly, the accuracy of inter-RAT signal subtraction method is questionable and it is not clear how to define the performance requirement and testing.
Observation 3: The signal subtraction is not a reliable solution 
In summary, based on the discussions above, higher frequency reuse can hardly be supported for LAA network with the agreed LBT category 4. On the other hand, as discussed in [4], higher frequency reuse and multi-user multiplexing by FDM/MU-MIMO can easily be supported for LBT category 2, i.e. frame based LBT. Therefore it is proposed to recommend LBT category 2 in addition to the agreed LBT category 4. 
Proposal: LBT category 2 is recommended as a solution to support higher frequency reuse and UL multi-user multiplexing in a same subframe. 
3 Conclusion

In this contribution, we discuss the support of higher frequency reuse for LBE. The above discussion is summarized with following observations and proposals:
Observation 1: CCA threshold adaptation is not a solution for higher frequency reuse for all the scenarios. 

Observation 2: It is almost impossible to support frequency reuse by Tx start timing alignment, assuming the agreed LBT category 4 scheme. 
Observation 3: The signal subtraction is not a reliable solution.

Proposal: LBT category 2 is recommended as a solution to support higher frequency reuse and UL multi-user multiplexing in a same subframe. 
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