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1 Introduction
A new study item addressing Licensed-Assisted Access (LAA) using LTE was agreed at RAN#65 [1]. In this contribution, we will discuss the impact of necessary requirements regarding the LAA system design for operation on unlicensed bands at 5 GHz. A detailed description of the corresponding regulation framework is given in a companion contribution [2]. The contribution addresses transmit power control, dynamic frequency selection and the dynamic channel access based on listen before talk (LBT).
2 Discussion
2.1 Transmit Power

Depending on the unlicensed band at 5 GHz, the transmit power is restricted to 23 dBm or 30 dBm if transmit power control (TPC) is applied. Without transmit power control, the transmit power is restricted to 20 dBm, 23 dBm or 27 dBm depending on the band within the European regulation framework. Details regarding the exact bands can be found in [2].
The rather low allowed transmit power at 5 GHz will yield small cell sizes. It can therefore be expected that the average number of UE served per LAA node will probably be rather small.

In order to achieve optimum performance results, the LAA system design should take into account since it allows higher average transmit powers and therefore more efficient traffic offloading since more UEs can be served on the unlicensed bands. TPC and the transmit power restrictions must be considered during LAA performance evaluations.
Proposal 1: 
LAA should support transmit power control in order to achieve optimum performance.

2.2 Dynamic Frequency Selection

Dynamic frequency selection has to be performed in a master-slave manner according to the European regulation. The master has to support the detection of radar systems on unlicensed bands and dynamic channel selection that achieves overall load balancing in the unlicensed spectrum at 5 GHz.
It seems to be a natural approach to implement the DFS master functionality in the LAA eNB. The detection of radar systems prior to and during operation on unlicensed bands should therefore be implemented in the LAA eNB in order to comply with the regulation.

Proposal 2: 
LAA has to support dynamic frequency selection based on radar signal detection in order to comply with the regulatory requirements.
Proposal 3:
The dynamic frequency selection functionality should be implemented in the LAA eNB.
2.3 Listen Before Talk

It is a strict regulatory requirement that each transmitter has to perform a so-called clear channel assessment (CCA) before initiating a transmission. Within the European regulation framework, this applies for all transmissions except short control signalling transmissions that have a maximum duty cycle of 5% within an observation period of 50 ms. 
Although energy detection based CCA would be workable for inter-RAT CCA, it could be beneficial for the CCA sensitivity if inter-RAT CCA based on signal detection (e.g. detection of Wi-Fi preambles) is supported as well. In Wi‑Fi systems, a sensitivity gain of up to 20dB can be achieved if CCA based on Wi-Fi preamble detection is used instead if simple energy detection as described in [3]. 
Depending on whether an LAA system design solution will be classified as frame based or load based, it has to be taken into account in the system design that an additional random backoff will be required by European regulation in case of a classification as load based system.
When considering LAA/LAA coexistence, different CCA thresholds (e.g. higher absolute threshold or relative threshold) compared with LAA/Wi-Fi coexistence might be beneficial from overall throughput point of view. 
Proposal 4: 
LAA has to support listen before talk in order to access unlicensed channels at 5 GHz.
Proposal 5:
An LAA system design has to apply a random backoff before accessing the channel if the solution is classified as load based from European regulation point of view.
2.4 LTE Subframe Structure

In contrast to Wi-Fi [3], LTE has in general a fixed subframe structure. Since LAA is expected to be operated based on carrier aggregation principles, where the PCell is operated on a licensed band while the SCell is operated on an unlicensed band, it seems to be a reasonable first assumption that the subframe boundaries on licensed and unlicensed band are aligned as in the current LTE carrier aggregation framework.
Assuming that the fixed subframe structure of LTE will be kept for operation on the unlicensed bands, it has to be considered, that this restricts the channel access only to a fixed number of time slots while competing WiFi systems basically are allowed to access the channel in a much more flexible manner in the time domain. This can result in significant performance advantages of WiFi in comparison with LTE on unlicensed bands. 

If a specific LAA system design solution is classified as load based according to European regulation, it has to be taken into account that a random backoff is required even in case of fixed subframe boundaries. This aspect has to be considered in corresponding LAA solutions. 

Proposal 6:
RAN1 should discuss drawback and advantages of having a fixed subframe boundary pattern on unlicensed bands at 5 GHz taking into account the performance impact on both LTE and WiFi systems in coexistence scenarios.

2.5 LTE TDD Configurations

Using a fixed TDD configuration on an unlicensed channel where only downlink subframes are used for data transmissions without any LBT procedure is based on our evaluation of the European regulatory requirements not allowed since the LBT requirement would be neglected.

Proposal 7:
The use of LTE TDD configurations without any LBT procedure for unlicensed band operation at 5GHz should not be considered as a viable LAA solution since it does not comply with European requirements.
3 Conclusion
We analysed in this contribution the necessary functional requirements regarding the LAA system design for operation on unlicensed bands at 5GHz. The basis for the evaluation and the corresponding drawn conclusions is the European regulation.
Proposal 1: 
LAA should support transmit power control in order to achieve optimum performance.

Proposal 2: 
LAA has to support dynamic frequency selection based on radar signal detection in order to comply with the regulatory requirements.
Proposal 3:
The dynamic frequency selection functionality should be implemented in the LAA eNB.
Proposal 4: 
LAA has to support listen before talk in order to access unlicensed channels at 5 GHz.
Proposal 5:
An LAA system design has to apply a random backoff before accessing the channel if the solution is classified as load based from European regulation point of view.

Proposal 7:
The use of LTE TDD configurations without any LBT procedure for unlicensed band operation at 5GHz should not be considered as a viable LAA solution since it does not comply with European requirements.
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