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Justification *

The massive growth in data traffic carried by mobile broadband systems put severe pressure on the existing IMT systems. In order to meet the MBB traffic increase, the industry is compelled to evolve the cellular system with tremendous capacity increase. 

However, the IMT spectrum is quite limited, especially for the valuable bands with low propagation loss below 6GHz. On the other hand, the current amount of unlicensed spectrum is comparable to the amount of licensed spectrum. In some region, more unlicensed spectrum is planned to be allocated. It is natural for operators to look into the potential of utilizing unlicensed spectrum to offload the traffic from the licensed carriers.

Currently, the main service in unlicensed spectrum is the residential wireless local access based on WiFi technology. Given that WiFi is designed mainly for the residential local access scenario, the spectrum efficiency of WiFi is low if applied in the user-dense and interference-limited scenario, which is the typical scenario of cellular systems. LTE air-interface is designed to efficiently manage the inter-cell interference and is robust to the variation of load and user density. In addition, there are some inconveniences of integrating WiFi-based unlicensed spectrum in cellular systems, e.g. authentication and security management, service quality guarantee, OSS and radio resource management, etc. A unified air-interface over both licensed and unlicensed spectrum is much more efficient and easy-to-operate for operators. In this case, adopting unlicensed spectrum allows licensed spectrum holders to offer a diverse application suite to users, directing them to the most efficient place in the limited spectrum arena while maintaining signaling, security, and customer management e.g. billing, via licensed spectrum holdings. Furthermore, a close coupling of small cells operating on the unlicensed spectrum with licensed wide area networks could allow for more seamless mobile user experience than current WiFi + LTE plans would allow. Therefore, applying LTE technology in unlicensed spectrum to integrate into and controlled by the licensed carriers is attractive to operators, which will be the future trend of the cellular system evolution due to high efficiency, easy deployment and operation. 
There are some issues to be addressed before applying LTE to the unlicensed spectrum, including:
· Operator deployment scenarios that need traffic offloading to unlicensed spectrum, as well as the requirements from both performance and operation point of view. To guarantee the access of UE to the network, the most effective way may be that all authentication, important system information, mobility management should be controlled in the licensed carriers, i.e. the unlicensed carrier is a non-standalone secondary component carrier integrated to a licensed primary carrier. Security can be assured just as in the licensed LTE network.  At the same time, aggregating unlicensed carriers with licensed carriers also makes it easy to fit LTE into unlicensed spectrum. Some common control channels and feedback channels can be transmitted on licensed carriers. 
· Regulations on unlicensed spectrum and the selection of the candidate unlicensed bands to be integrated to IMT systems. 
· There are multiple unlicensed bands with different regional allocation and regulation requirements. It is desirable to choose global common band(s) with common regulation requirements as the integrated unlicensed carriers of the IMT systems, to maximize the eco-system, esp. the scale of chipset market. 
· The typical unlicensed bands are crowded with given the already deployed devices, e.g. 2.4GHz band. It is necessary to adopt proper unlicensed band(s) for the integration in IMT systems by considering the interference due to the deployment of other system(s), offloading effect due to transmission power limit, complexity due to additional regulation limits, inter-modulation interference with existing IMT bands, etc.
· Applying LTE in unlicensed spectrum brings some new challenges as well. 
· The coexistence among the unlicensed LTE devices from different operators shall be considered. There may be potentially new requirements on eNB behaviors for the fairness control. However, to enable the economy of scale advantages, LTE physical-layer design and numerology should be reused as much as possible.
· Coexistence of unlicensed LTE devices with carrier WiFi may also need to be evaluated and considered. 
It is recommended to study the above scenario and requirements for the integration of unlicensed spectrum into IMT systems first, before starting the concrete design and specification of the unlicensed LTE air-interface solutions.
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Objective *

This study item is to investigate the potential integration of unlicensed spectrum into IMT systems, with the following aspects: 
· Identify the deployment scenarios and requirements of IMT systems with the integration of unlicensed carriers
· Identify the targeted deployed scenarios with the need of data offloading to the integrated unlicensed carriers, e.g. traffic distribution and characteristics and deployment.
· Identify the requirements of the network deployment with integrated unlicensed carrier, from the aspects of system performance and user experience, operation and deployment, coexistence, etc..
· Summarize regional regulation status and restrictions of unlicensed spectrum
· Identify the status of unlicensed spectrum in different regions
· Identify the potential requirements on air-interface modifications due to the regulation restrictions
· Identify the target unlicensed spectrum for LTE integration deployments, and recommend the priority of unlicensed bands for the integration of IMT systems, based on the availability, commonality and feasibility analyses.
The outcome of this study item will provide a baseline for further work on the unlicensed spectrum integration to IMT systems. 
The work plan for the work shall be the following:

· RAN#62~RAN#63: By email discussion and RAN#63 online discussion
· Technical report on scenarios and requirements for the integration of unlicensed spectrum to IMT systems
· Summary of regional regulation restrictions of unlicensed bands
· RAN#63~RAN#64: By email discussion
· Identify the potential issues of LTE deployment with integrated unlicensed carrier
· Priority of unlicensed bands for LTE integration deployments
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