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1 Introduction
In RAN#65 meeting, an SI on Licensed-Assisted Access (LAA) using LTE was approved [1]. The objectives within RAN1’s scope are as follows:

· Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD.

· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.

· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band.

Required functionalities and design targets of LAA has been indentified and discussed in our companion contribution [2]. In this contribution, we specifically discuss the requirements and potential solutions for coexistence with other unlicensed spectrum deployments.
2 Coexistence with other unlicensed spectrum deployments 
2.1 Coexistence scenarios and requirements
As discussed in [2], Listen-Before-Talk (LBT) function may be required in some countries and regions to abide some regulation requirements. Regardless LBT function requirement or not, the goal of LAA coexistence study is to ensure coexistence with other unlicensed spectrum deployments on a fair and friendly base. For LAA and Wi-Fi, coexistence can be either inter-device or in-device coexistence. For in-device coexistence, we think RAN4 should do some investigation to identify the issues before RAN1 can work on. In the following discussion, we focus on inter-device problem, including the LAA coexistence scenarios and their corresponding coexistence requirements.
Figure 1 illustrates the coexistence scenarios of LAA with other unlicensed spectrum deployments, include:
a) Coexistence between LAA eNBs from different operators
b) Coexistence between LAA eNBs and Wi-Fi APs from different operators or private parties
c) Coexistence between LAA eNBs from the same operator
d) Coexistence between LAA eNBs and Wi-Fi APs from the same operator
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Figure 1 LAA coexistence scenarios
Scenario a:
In the countries (or regions) not regulated with LBT, uncoordinated multiple operators’ LAA deployments in the same geographic area can lead to significant interference, especially if neighbour LAA eNBs use the same unlicensed spectrum at the same time. Hence, a common politeness mechanism, such as LBT, can be introduced to avoid the interference and to enable efficient LAA usage. Besides, if multiple LAA eNBs simultaneously discover the idle unlicensed spectrum by sensing and use it at the same time, serious interference will occur among LAA eNBs. Therefore, a fair competition principle, such as back-off-when-collision mechanism, can be introduced to solve this problem. Such feature can be optional and configured by LAA eNBs if LBT function is not mandated by regulation. Obviously, the fairness of competition principle should be considered with high priority.
In LBT-regulated countries (or regions), a common politeness mechanism is necessary, and a fair competition principle can be introduced as an optional function to improve LAA performance.

In Scenario a, as both sites use the same technology, so neighbour LAA sites may be coordinated if such interface introduced between different operators to share the unlicensed spectrum efficiently. For example, when combined with LTE scheduling scheme, they can share the unlicensed spectrum in FDM or TDM fashion. 
Scenario b:
LAA and Wi-Fi are belonging to different system from different operators. No matter in LBT-regulated or LBT-non-regulated countries (or regions), a politeness mechanism for LAA and Wi-Fi should be introduced to avoid interference when both system using the same unlicensed carrier. Same as in Scenario a, a fair competition principle should also be introduced. However, the implementation complexity may be relatively huge, as there are a big difference in radio frame structure and scheduling mechanism and so on due to different underlying technologies. Therefore, we prefer other methods to avoid the interference between LAA and Wi-Fi when they are using the same unlicensed spectrum at the same time. For example, a fair TDM scheme for LAA and Wi-Fi coexistence may be studied.
Scenario c:
In this scenario, the interference caused by LAA eNBs compete for the same unlicensed spectrum is not severe as network planning will be conducted when an operator deploys small cell sites for licensed carrier. 

In the countries (or regions) not regulated with LBT, LBT as a politeness mechanism and a fair competition principle are both not necessary in this scenario. Each LAA site may use the unlicensed carrier in the same way as for the licensed carrier.
In LBT-regulated area, the LAA sites in Scenario c need to implement politeness mechanism, but a fair competition principle may be not need. In this case, if a LAA site listens to the unlicensed carrier and finds it is idle for a period, then it can use this unlicensed carrier directly.

Scenario d:
Similar to the above Scenario c, the interference problem may not be severe is some reasonable network planning is done when the same operator deploys LAA and Wi-Fi. Of course, the solution identified for Scenario b, such as politeness mechanism, can also be applied in the LBT-regulated area to avoid the influence of other system use the same unlicensed carrier. 
In summary, Scenario a and Scenario b are the typical cases for LAA coexistence study. In both cases, a fair competition scheme needs to be introduced, and a politeness mechanism should also be need in LBT regulatory area. In other scenarios, if a fair competition scheme and a politeness mechanism can be configured by LAA sites, the efficiency of unlicensed carrier can be improved in some cases, e.g. Scenario c.
Observation: Scenario a and Scenario b are the typical cases for coexistence study. 
2.2 Potential solutions for coexistence
From the above analysis, we can see that, even in LBT-non-regulated area, a politeness mechanism and a fairness mechanism can avoid the interference of neighbour sites and utilize the unlicensed spectrum more efficient. Therefore, a fair competition mechanism needs to be considered when designing potential solutions for coexistence. Now, we analyse some possible solutions for Wi-Fi and LAA coexistence discussed in the above section 2.1 in detail.

· TDM

LAA system from different operators or Wi-Fi and LAA use the unlicensed spectrum according to a TDM scheme. In this TDM method, the fairness of LAA and Wi-Fi coexistence can be assured by LAA sites. For example, through collecting the recent spectrum occupation time of each system, the time proportion for LAA and Wi-Fi can be adjusted, which in turn can lead to fair usage of the spectrum. In this TDM method, the statistical method and the method to adjust the occupation time proportion may require standardization work.

For example, for an unlicensed carrier, the LAA eNB can divide its time into the active time period and the listening time period. The LAA eNB transmits data in the active time period while monitors the channel of the unlicensed carrier in the listening time period in case of coexistence with other LAA eNBs and/or Wi-Fi system. The LAA eNB adjusts the size of the active time period to ensure fairness, according to the information obtained in the listening time period.
This solution can solve LAA coexistence of different operators or Wi-Fi and LAA coexistence problem to some extent. However, this TDM method may have some challenge in short term fairness assurance, due to the relative long term statistics.
· Unlicensed carrier occupancy through negotiation

No matter in LBT-regulated or LBT-non-regulated countries (or regions), different operators can use different unlicensed carriers through negotiation. In this case, the interference between Wi-Fi and LAA or LAAs from different operators can be avoided, and the spectral efficiency can be improved.  Furthermore, the competition mechanism for carrier occupancy is not needed. However, in LBT-regulated countries, LBT as a politeness mechanism should be applied to avoid interference to/from systems operating in the same unlicensed band but not LAA or Wi-Fi, such as wireless microphone.

In general, LBT as a politeness mechanism is not a prerequisite for fair unlicensed spectrum sharing. Hence, LBT should be an optional mechanism for LAA. And LAA system can configure the LBT mechanism according to its area regulatory.
· Channel competition mechanism

Sharing an unlicensed band between several nodes and technologies in an uncoordinated way is challenging. For example, when multiple sites find the same unlicensed carrier is idle after sensing, collision and/or interference may occur if multiple sites compete for the same unlicensed carrier simultaneously. Thus, a channel competition mechanism for LAA should be introduced to avoid interferences when multiple sites using the same unlicensed carrier. 

The key point of competition mechanism is the designing of fairness principle. For example, both fairness in each channel competition occurrence (i.e. short term), and fairness within a time period (i.e. long term) should be considered to ensure system robustness. The competition mechanism should also have high efficiency of carrier sharing and avoid collision as much as possible. The random back-off mechanism in Wi-Fi can be a reference.

· TDM + competition mechanism
TDM and competition mechanism can be jointly used. For example, at first, the LAA site occupies the unlicensed carrier without considering other system, and then the TDM method is used to collect the time occupation pattern for LAA and Wi-Fi. After that, according to the statistic results, the competition mechanism is used to adjust the unlicensed spectrum usage. Consequently, each system can fairly use the unlicensed spectrum. A continuous usage of TDM method can improve the fairness of coexistence.
Because LAA system is unable to control the behaviour of already existing Wi-Fi system, LAA system may require some priority over Wi-Fi to achieve fairness in spectrum sharing. For example, the length of LAA CCA could be shorter than that of Wi-Fi which guarantees LAA to seize the resources. Then LAA monitors the status of other operators LAA system and/or the status of Wi-Fi system status when not transmitting data. According to the monitoring information, LAA system can actively adjust the resources utilization (e.g, the length of each channel occupancy and the number of occurrence in a predefined time interval) to ensure fairness.
Based on the above discussion, we propose that
Proposal 1: TDM and fairness competition mechanism or the combination of the two can be the baseline for study of LAA solutions for coexistence. 
Considering different LBT requirement of different area, 
Proposal 2: LBT should be an optional mechanism for LAA. And LAA system can configure the LBT mechanism according to its area regulatory. 
2.3 Coexistence between LAA systems
As discussed in section 2.1, Scenario a where two systems that using the unlicensed carrier are both LAA is a typical deployment scenario for LAA. In some countries (or regions), only LAA deployment exists in the unlicensed spectrum (including allocating unlicensed carriers to LAA and Wi-Fi via negotiation). Therefore, some solutions that target for coexistence between LAA systems only should also be considered.

· Fast coordination mechanism
A fast interaction mechanism for intra-RAT can coordinate to use the unlicensed spectrum more efficient and shorten the competition process. Without mandating S1 or X2 interface between different operators, interaction over the air interface may be considered for such fast interaction and coordination. Thus, LAA sites of different operators can coordinate to use the unlicensed spectrum. Sharing the unlicensed spectrum among operators is possible to improve the spectrum efficiency. 
· Unlicensed carrier listening related
This issue include the emery detection threshold for channel assessment, and the detection method for LAA, such as which signal to measure. A common performance of unlicensed carrier listening should be studied. 
Based on the above discussion, we propose that
Proposal 3: Solutions that are used only for coexistence between LAA systems should be considered.
Proposal 4: Introduce intra-RAT interaction, and standardize carrier listen mechanism to improve LAA coexistence performance.

3 Conclusion

This contribution has shared our views on several aspects of LAA coexistence: scenarios and requirements, potential solutions and other issues for LAA coexistence. The proposals and observations are as follows:

Observation: Scenario a and Scenario b are the typical cases for coexistence study. 
Proposal 1: TDM and fairness competition mechanism or the combination of the two can be the baseline for study of LAA solutions for coexistence.

Proposal 2: LBT should be an optional mechanism for LAA. And LAA system can configure the LBT mechanism according to its area regulatory. 

Proposal 3: Solutions that are used only for coexistence between LAA systems should be considered.
Proposal 4: Introduce intra-RAT interaction, and standardize carrier listen mechanism to improve LAA coexistence performance.
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