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1 Introduction
In RAN#65[1], the study item ‘Licensed-Assisted Access Using LTE’ was approved. Different regulations need to be abided for using unlicensed spectrum in different regions in the world. In RAN1 #78bis, regulatory requirements for unlicensed spectrum described in [1] have been approved and will be captured in [2], which includes at least the following functionalities:

· 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
A key problem worth consideration is how to obtain unlicensed spectrum for a fair coexistence between LAAs or between LAA and Wi-Fi. Taking different regulations in different regions and LBT-free regions into consideration, solutions to obtain unlicensed spectrum may be different.
In this contribution, we analyse some potential solutions to obtain unlicensed spectrum between LAAs or between LAA and Wi-Fi.
2 Potential solutions to obtain unlicensed spectrum
2.1 For LBT-required regions
For LBT-required regions/countries, some solutions for an LAA station to obtain unlicensed spectrum are as the following.
Solution 1: Based on a modified frame structure for FBE/LBE described in [3], an LAA station performs CCA. If the channel is idle, the LAA station occupies this channel to transmit data directly.
Solution 2: An LAA station performs CCA. If the channel is idle, the LAA station performs a kind of fair channel competition mechanism to decide which LAA station will occupy this channel.
If the LBE-based frame structure were applied, then channel occupancy time information may be introduced. The channel occupancy time information is used to indicate how long a station will occupy this channel. If channel occupancy time information were introduced, then the LBE-based frame structure can be used to fulfil different regulations in different countries/regions. It is also helpful for other stations’ micro-sleep to save energy. For example, other stations can wake up just before the next CCA.
Fair channel competition mechanism
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 fair 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 fairness principle. Essentially, 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 but a competition window and a modest back off time should be introduced for LAA, which may lead to a lot of specification work for LTE.
Other mechanism for fair channel competition can also be considered. For example, to limit accessing chances or to limit occupancy duration of a LAA station within a period will ensure fairness of competition. Since LAA system is unable to change 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 improves the possibility of LAA to seize the channel. 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.
Proposal 1: Fair and efficient channel competition mechanism should be studied.
2.2 For LBT-free regions
For LBT-free regions/countries, different mechanism for channel accessing can be considered. In general, different operators/LAA stations can share the unlicensed spectrum via coordination. Then CCA and channel competition are not necessary. At the same time, interference is reduced and, the spectral efficiency is improved.
· Sharing the unlicensed spectrum via coordination between operators / LAA stations
· Sharing multiple unlicensed carriers
In LBT-free countries/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.
· Time sharing for an unlicensed carrier
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 occupancy 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 occupancy 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.
· Power sharing between neighbouring LAA stations
Typically, among those LAA stations within a geographic area, if one of those LAA stations were accessing the channel, then the other LAA stations should be muted on this channel. They cannot use this channel at the same time. Under some circumstances, this will reduce frequency reusing factor. A kind of spectrum sharing based on power control can be considered. It may enable neighboring LAA stations reuse the same channel at the same time.

In the following Figure 1, there are two neighbouring LAA sites (Site A and Site B). If LAA Site A were accessing the channel after fair competition, then LAA Site A will broadcast maximum transmission power information. After receiving this information, then LAA Site B may access the same channel with a power level low enough to not to interfere with Site A. Hence, coverage of LAA Site A and LAA Site B is not overlapped. Interferences between them are avoided.
[image: image1.emf]LAA 

Site A

LAA 

Site B

Obtainedunlicensed 

spectrum

Not obtained

unlicensed spectrum 

LAA 

Site A

LAA 

Site B

LAA 

Site B

LAA 

Site A

Alt1

Alt2


Figure 1 Power sharing between neighbouring LAA stations
· Signaling exchanging via coordination for sharing spectrum
To support spectrum sharing via coordination especially for inter-operator sharing, a coordination mechanism can be considered.
An interaction mechanism 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. Sharing the unlicensed spectrum among operators is possible to improve the spectrum efficiency. 
A common channel for inter LAA sites interaction is described in the following Figure 2. The common channel is used on an unlicensed carrier. 
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Figure 2 A common channel that meets the SCS requirements 
The LAA site which is accessing this carrier broadcasts occupancy information (for example, subframe pattern of occupancy) in the common channel. Other LAA sites which want to use the unlicensed carrier will monitor and receive the occupancy information from this common channel. With that information, other LAA sites can determine which resources (e.g., subframes) may be operational. The common channel can be designed to meet the needs of the Short Control Signalling transmissions (SCS) as defined in [4]. Therefore, those LAA sites which do not occupy this unlicensed carrier can broadcast information in this common channel. Furthermore, LAA sites which do not occupy this unlicensed carrier can also send reference signals (RS) in the common channel. These RSs can be used by UEs for synchronization and measurement, before LAA sites occupying the unlicensed carrier.
Proposal 2: For LBT-free regions, solutions to efficiently sharing unlicensed spectrum should be considered.
2.3 Regulatory requirements and solutions to obtain unlicensed spectrum
In different countries, there are different regulations on unlicensed spectrum. For instance, in Europe and Japan, LBT must be supported. In other countries such as China and USA, there is no such regulatory requirement. Because of different requirements on LBT, different optimized solution can be applied in different countries/regions. Furthermore, the solutions to obtain unlicensed spectrum should be configurable, so that the LAA site can choose an efficient solution to obtain unlicensed spectrum according to different requirements on LBT.
Proposal 3: The solutions to obtain unlicensed spectrum should be configurable according to different requirements on LBT. 
3 Conclusion

This contribution gives our views on solutions to obtain unlicensed spectrum. For different regions with different regulations, differential solutions with high efficiency to obtain unlicensed spectrum should be considered.
Proposal 1: Fair and efficient channel competition mechanism should be studied.
Proposal 2: For LBT-free regions, solutions to efficiently sharing unlicensed spectrum should be considered.
Proposal 3: The solutions to obtain unlicensed spectrum should be configurable according to different requirements on LBT. 
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