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1 Introduction

Due to the sharply increased demand for wireless broadband data, unlicensed spectrum is considered by cellular operators as a complement to LTE system in licensed spectrum. However, unlicensed spectrum can never match the qualities of the licensed regime. Utilizing unlicensed spectrum as a complement to LTE platform is a possible choice for a good trade off. Therefore, in RAN1 plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1]. 
During RAN1#78bis the following required functionalities were identified for LAA:

Agreements:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
Additionally during the Paris RAN1 ad-hoc meeting the following agreement was reached:

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 the implications on LBT design of enabling frequency reuse for neighbour LAA cells for the purpose of intra/inter-operator LAA-LAA coexistence. 
2 LAA-LAA Coexistence Mechanisms
Besides the need for coexistence with other RATs such as Wi-Fi, LAA nodes are expected to coexist with other LAA nodes of the same or different operator. While the fundamental design for LAA should be applicable to both intra- and inter-system coexistence, there may be differences in requirements and performance between LAA-WiFi and LAA-LAA coexistence due to fundamental differences in the underlying technologies.
2.1 Support for Frequency Reuse-1

The operation of LTE on licensed spectrum has targeted frequency reuse-1 between cells. However the basic application of LBT to LAA cells will preclude this operation. Although, reuse-1 operation potentially increases the interference observed by neighboring cells, LTE is able to maintain robust operation with techniques such as HARQ, inter-cell interference coordination (ICIC), interference cancellation, and others. As a result, although the SINR may decrease during transmissions, the overall system efficiency may increase, by reducing buffer occupancy which is one of the main metrics considered for the coexistence study. Therefore reuse-1 operation between LAA cells could provide performance benefits for the LAA or WiFi nodes of other operators by reducing congestion on a given channel. However the extent of these benefits should be evaluated, especially in the case of dense deployment scenarios and multi-operator deployment scenarios. For example, under a very dense deployment scenario, it may be more beneficial to avoid frequency re-use of 1, e.g. through channel selection, FFR or ICIC. Some initial performance evaluations of reuse-1 applied to different LBT schemes are provided in [2].
Another scenario where frequency reuse-1 should be avoided is the case where the distance between LAA nodes of different operators is small, resulting in largely overlapping coverage. Imposing frequency reuse-1 in this case can cause a near-far effect at the UE if the UE is closer to the LAA node of a different operator than the node of the serving operator.
Observation 1: Maintaining the ability for LAA nodes to utilize frequency reuse-1 between cells has potential benefits for LAA spectral efficiency as well as coexistence performance. 
Observation 2: For a very dense deployment scenario, it may be more beneficial to avoid frequency re-use of 1, e.g. through channel selection, FFR or ICIC.
Observation 3: Channel selection can be a useful LAA-LAA coexistence mechanism, particularly for the inter-operator deployment scenario, where inter-operator interference can be strong if the distance between LAA nodes of different operators is small.
2.2 LBT Design
This section considers mechanisms for supporting LAA-LAA coexistence related to different LAA LBT parameters. Details about the underlying LBT design options considered for LAA are found in [3].
1) CCA Adaptation
The CCA threshold chosen by a node is one principal way of controlling which cells may have overlapping transmissions on a given carrier and which nodes will defer transmission until the next CCA period. For example, by configuring a higher CCA threshold for transmissions of LAA cells than for Wi-Fi nodes, increased channel reuse could be obtained by neighbouring LAA cells. This method would potentially require a method for differentiation between the transmissions of LTE and other RATs to ensure acceptable coexistence performance could always be maintained through appropriate CCA threshold selection. However, there may be significant technical challenges to overcome. For example, a LAA transmission from a cell (Cell A) could be overlapping or masking a transmission from another RAT (which may be outside of the CCA detection range of Cell A but is within the CCA range of the listening LAA cell). If such a scenario can occur (despite the higher CCA threshold), it is unclear how reliably the listening cell is able to detect to the presence of the other RAT transmission in this case. Therefore, the complexity of any proposed RAT differentiation method need to be carefully evaluated. Of course, in certain regions, the value of the CCA threshold may be governed by regulatory requirements, which need to be taken into account in developing a global LAA solution [4].
2) Backoff counter coordination 
Another approach for LAA-LAA coexistence to support reuse-1 operation is to provide a mechanism for coordination between transmitters in the selection of the random backoff counter used as part of the LBT procedure. For example, if neighbouring LAA nodes selected or were allocated the same value for the backoff counter during a CCA period, their transmissions would overlap upon the counter fully decrementing. The coexistence procedure would still need to be maintained by each node individually, since the transmission of a given node would still require the CCA as measured at the node to indicate a clear channel. Therefore, backoff counter coordination cannot always ensure reuse-1 operation. One observation is that this operation is already supported in the case of LBT based on a FBE design where all the nodes are synchronized, which may be feasible for an intra-operator small cell deployment, but it is still problematic for the multi-operator deployment scenario [3]. Furthermore, if exponential backoff is adopted, applying the same backoff to all LAA cells may unnecessarily penalize the performance of cells that observe less interference.
Observation 4: Both CCA adaptation and backoff counter coordination are possible mechanisms for achieving both LAA-LAA coexistence and potentially frequency reuse-1 between multiple LAA cells. However, the pros and cons need to be carefully evaluated.
2.3 Reuse-1 for DRS

One specific area where reuse-1 operation seems to have a clear benefit, is to support cell-discovery and RRM. This is especially true in the case of inter-frequency measurement, since reducing the amount of time a UE needs to spend tuned to non-serving carriers to obtain sufficient measurements is important. For example, one of the benefits of the DRS design introduced in Rel-12 is that it allowed the network to coordinate the transmissions of dormant cells to occur within the same DMTC window configured for a UE. However, if due to LBT, neighbouring cells are contending for the channel to only transmit DRS, RRM measurements will be dispersed in time, which may lead to a decrease in RRM performance and potentially unnecessary system inefficiency. In addition, the LAA-LAA coexistence mechanisms described in the previous section may be even more suitable for this use case due to the fixed structure of the DRS and short duration. Detailed discussion about the DRS design and RRM framework for LAA are provided in [5][6].
Observation 5: Mechanisms to support overlapping DRS transmissions seem beneficial for efficient RRM operation for LAA.
2.4 Inter-LAA operator identification

Inter-LAA operator identification has been proposed as a possible functionality to be supported, e.g. by including operator id (PLMN id) in a LAA physical channel/signal. It has been suggested that inter-operator identification can be beneficial for network coordination and one possible use case is to enable avoidance of PCI collision among LAA cells of different operators. In our view, we should first study if PCI collision problem can be significant considering typical deployment scenarios. Discussion of potential solutions (if needed) should include network implementation-based solutions and standard-based solutions.

Observation 6: One possible use case for inter-LAA operator identification is avoidance of PCI collision among LAA cells of different operators. It should first be studied if PCI collision problem can be significant considering typical deployment scenarios. Discussion of potential solutions (if needed) should include network implementation-based solutions and standard-based solutions.
3 Conclusions
In this contribution, we discussed the possible solutions for LAA-LAA coexistence to support frequency reuse-1 between LAA cells in both intra- and inter-operator deployment scenarios. The following observations were made:
Observation 1: Maintaining the ability for LAA nodes to utilize frequency reuse-1 between cells has potential benefits for LAA spectral efficiency as well as coexistence performance. 
Observation 2: For a very dense deployment scenario, it may be more beneficial to avoid frequency re-use of 1, e.g. through channel selection, FFR or ICIC.
Observation 3: Channel selection can be a useful LAA-LAA coexistence mechanism, particularly for the inter-operator deployment scenario, where inter-operator interference can be strong if the distance between LAA nodes of different operators is small.
Observation 4: Both CCA adaptation and backoff counter coordination are possible mechanisms for achieving both LAA-LAA coexistence and potentially frequency reuse-1 between multiple LAA cells. However, the pros and cons need to be carefully evaluated.
Observation 5: Mechanisms to support overlapping DRS transmissions seem beneficial for efficient RRM operation for LAA.
Observation 6: One possible use case for inter-LAA operator identification is avoidance of PCI collision among LAA cells of different operators. It should first be studied if PCI collision problem can be significant considering typical deployment scenarios. Discussion of potential solutions (if needed) should include network implementation-based solutions and standard-based solutions.
Based on the above observations the following proposal is made:
Proposal 1: The performance tradeoffs of network implementation-based and standard-based solutions for supporting frequency reuse-1 between LAA cells, at least for supporting RRM, should be further identified and evaluated. 
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