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1 Introduction
A new study item addressing Licensed-Assisted Access (LAA) using LTE was agreed at RAN#65 [1]. This contribution addresses certain aspects of the LAA performance evaluation by means of system level simulations. The focus is here on issues arising from the operation on unlicensed bands that have to considered in addition to previous small cell evaluation scenarios that have been used for performance evaluation at RAN1 [2].
2 Discussion

2.1 Coexistence with Wi-Fi and Radar

The operation of LTE on unlicensed bands at 5 GHz has to take into account coexistence with other systems operating on these bands. Especially the coexistence with Wi-Fi (IEEE 802.11) [3] and radar systems have to be considered.
The coexistence with radar systems should from our point of view not be investigated at RAN1 within the scope of system level simulations. At least the European regulation states that the detection of radar systems and the avoidance of collisions with them by means of dynamic frequency selection (DFS) is a mandatory feature for operation on unlicensed bands at 5 GHz. Our understanding is that radar detection should be discussed at RAN4 and that it could be neglected during the system level performance evaluations at RAN1.
Proposal 1:
The coexistence with radar system does not have to be evaluated at RAN1 within system level simulation studies; radar detection functionalities should be discussed at RAN4.
The coexistence with Wi-Fi systems is one of the most critical issues for LTE operation on unlicensed bands. Due to the large number of already deployed Wi-Fi access points and dynamic Wi-Fi ad-hoc networks, dynamic resource sharing with Wi-Fi nodes on an unlicensed channel is essential. As the study item description [1] indicates, fairness between Wi-Fi and LTE has to be guaranteed in all cases.  The essential question is here what kind of metric should be used for determining fairness between Wi-Fi and LTE nodes. 

It has to be taken into account that at least the European regulation defines already a strict and very detailed framework of rules for dynamic channel access on unlicensed bands at 5 GHz. This set of restrictive design rules has been formulated in order to achieve fair time-domain sharing of equipment following these rules. As the LAA system design needs to follow these rules, a certain degree of fairness between Wi-Fi and LTE would already be provided. 

Our understanding is that the fairness evaluation could therefore in general focus on how well LTE and Wi-Fi are able to share the unlicensed spectrum, it might here be sufficient to evaluate the system level influence on  the time-domain access of the unlicensed band. A fairness evaluation purely based on throughput and delay without taking into account time domain resource sharing analysis seems to be at least problematic due to the inherent differences between Wi-Fi and LTE regarding modulation, coding, subcarrier spacing etc.,. This does however not mean that further evaluations of mutual impact on delay, throughput, jitter, etc. should be neglected completely for possible detailed evaluations of specific services such as video or voice in coexistence scenarios 

Proposal 2:
The European regulation framework for unlicensed bands defines a clear set of functional requirements that have to be followed in order to provide at least a basic fairness. Further justifications by means of system level simulations may or may not be required.

Proposal 3:
In order to perform system performance evaluations addressing the fairness between LAA and Wi‑Fi, it might be sufficient to evaluate the system level influence on the time-domain resource sharing. Throughput and delay parameters without taking into account time-domain resource sharing analysis could be rather improper metrics for fairness related judgements due to the strong dependency on individual system parameters.

2.2 LAA Deployment Scenarios

Due to restricted transmit power levels on unlicensed bands at 5GHz, as explained in [4], the deployment of LAA eNBs will result in small cell deployment scenarios. A natural choice for performance evaluations therefore seems to be the reuse of known small cell deployment scenarios that have already been used for LTE performance evaluation during the Release 12 small cell study/work item phase [2].
Proposal 4: 
LTE small cell deployment scenario that have been used for small cell evaluations during corresponding study and work item phase should be reused as much as possible for LAA evaluations.
Previous small cell performance evaluation studies conducted at RAN1 assumed either RSRP or RSRQ based association of UEs to eNBs. This is based on the fact that there were no explicit association restrictions considered in these scenarios; all eNBs on a single investigated licensed channel could be expected to be operated by the same operator. The situation is different in case of unlicensed bands since different operators share a radio channel, so the strongest 'unlicensed cell' that the UE is able to detect is not necessarily belonging to the same operator as the licensed band operator to which the UE is connected.. 

Each UE can be associated only to a limited subset of all LAA eNBs (or Wi-Fi) access points in a given deployment. This effect should be taken into account during performance evaluations since it is expected to show rather strong impact on the SINR distribution. Corresponding modelling should be taken into account during RAN1 performance evaluations in order to yield valid conclusions about LAA performance in realistic scenarios.
Typical UE associations for small cell deployments on licensed and unlicensed bands are shown in Figure 1 and 
Figure 2, respectively.

Proposal 5:
The association of UEs to LAA eNBs or Wi-Fi access points should take into account that UEs should not always associate to the strongest node due to access restrictions (for example based on overlapping LAA deployments of different operators on the same channel). 
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Figure 1: UE association without restriction
(single operator scenario)
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Figure 2: UE association with restriction
(multi operator scenario)


3 Conclusion
We discussed in this contribution different important aspect of system level simulations on unlicensed bands at 5 GHz, focussing especially on the coexistence between LAA and Wi-Fi. Based on the discussion in this document, we draw following conclusions:
Proposal 1:
The coexistence with radar system does not have to be evaluated at RAN1 within system level simulation studies; radar detection functionalities should be discussed at RAN4.

Proposal 2:
The European regulation framework for unlicensed bands defines a clear set of functional requirements that have to be followed in order to provide at least a basic fairness. Further justifications by means of system level simulations may or may not be required.

Proposal 3:
In order to perform system performance evaluations addressing the fairness between LAA and Wi‑Fi, it might be sufficient to evaluate the system level influence on the time-domain resource sharing. Throughput and delay parameters without taking into account time-domain resource sharing analysis could be rather improper metrics for fairness related judgements due to the strong dependency on individual system parameters.

Proposal 4: 
LTE small cell deployment scenario that have been used for small cell evaluations during corresponding study and work item phase should be reused as much as possible for LAA evaluations.

Proposal 5:
The association of UEs to LAA eNBs or Wi-Fi access points should take into account that UEs should not always associate to the strongest node due to access restrictions (for example based on overlapping LAA deployments of different operators on the same channel). 
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