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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RANP#65, the SID [1] on “licensed-assisted access using LTE” is approved. One of the main objectives is to define the related scenarios and evaluation methodologies:
· 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.
The possible scenarios are addressed in a companion contribution [2]. In this contribution, we mainly focus on the evaluation methodology, which can serve for performance comparison and also provide guidelines for system design.
Detailed evaluation methodologies
The study item and work item on small cell enhancement in R12 addressed the heterogeneous network scenario with densely clustered deployed low power nodes. The main feature of licensed-assisted access using LTE is the utilization of unlicensed band at low power nodes, so the evaluation methodologies of R12 small cell enhancement [3] can be reused as reference with necessary revisions according to the unlicensed band characteristics for LAA.
Proposal 1: Evaluation methodologies in R12 small cell enhancement can be referenced.
Cell layout
The low power nodes deployed in unlicensed band are mainly to bear data traffic for the hotspot area. Consequently, the R12 clustered low power nodes layout for both outdoor and indoor can be reused as much as possible. There should be an inter-cell minimum distance restriction for intra-operator low power nodes deployment, no matter whether the low power node is a licensed carrier or unlicensed carrier. While this restriction for inter-operator lower power nodes deployment should be relaxed due to lack of coordination. With the cell layout described above, the cell selection criteria for a specific UE can also reuse legacy means which are RSRP for inter-frequency and RSRQ for intra-frequency.
Proposal 2: Clustered low power nodes deployment should be considered as baseline. Inter-operator inter-cell minimum distance can be relaxed due to lack of backhaul planning.
Traffic model
As cited above, the unlicensed low power nodes are mainly used for hotspot data traffic, so FTP traffic model should be adopted to reflect the non-continuous transmission characteristic for performance evaluation. As usual, FTP model 1 can be set as baseline while FTP model 3 is optional when relatively long time is needed for the data transmission. The size of a single FTP packet depends on the traffic type carried on the unlicensed low power node, so either smaller or larger than the regular baseline 0.5MBye should be considered. 
Proposal 3: FTP traffic model 1 can be set as baseline for performance evaluation
Backhaul assumption
For intra-operator unlicensed low power nodes, legacy LTE coordination methods such as eICIC, CoMP, Small cell on/off can be adopted for inter-cell interference management. While for inter-operator deployment and inter-RAT scenario, due to lack of backhaul interface, coordination may be limited to only energy detection.
Proposal 4: Coordination assumption for inter-operator and inter-RAT scenarios may be limited.
Performance metrics
There are mainly three performance metrics needed to be evaluated for performance comparison:
· User packet throughput which can be used to reflect the impact of link attribution, HARQ mechanism, scheduling algorithm and interference coordination method. 5%, 50%, 95% UPT can be adopted as usual to compare the performance difference of cell center, cell average and cell edge UEs.
· Latency which is defined as the timing difference between the packet arrival and the packet schedule. It can be used to show the influence of random backoff and query delay for the unlicensed carrier. CDF of latency can be adopted to reflect the average delay and the delay jitter.
· Energy efficiency which is defined as the on state duration for cell/UE with respect to a specific RU. It can reflect the energy consumption for a specific communication demand.
Proposal 5: User packet throughput, latency and energy efficiency can be used as performance metrics for LAA using LTE evaluation.
To evaluate the performance gain of LAA to WiFi and the fairness to WiFi with introduction of LAA, simulation scenarios can be restricted to intra-operator for simplicity. At the first step, there are two groups of low power nodes, Group 1 nodes are WiFi APs without change, and Group 2 nodes are WiFi APs which may change to LTE in the second step. UPT, latency and energy efficiency of UEs under coverage are computed for these two groups independently. At the second step, Group 1 nodes remain to be WiFi APs and Group 2 nodes change to LTE low power nodes operated at the unlicensed band. After the change, UPT, latency and energy efficiency are also computed for UEs under these two groups of nodes’ coverage. The performance comparison of Group 2 nodes covered UEs at the two different steps are used to judge the improvement by unlicensed band LTE deployment, and the performance difference of Group 1 nodes covered UEs at these two steps are to evaluate the fairness to WiFi with and without unlicensed band LTE deployment.
Proposal 6: Partial replacement of WiFi APs by LTE low power nodes can be set as the scenario to evaluate the gain of unlicensed LTE and fairness to WiFi.
To evaluate the performance of inter-operator unlicensed low power nodes located at the same coverage area deployment scenario, another two-step simulation setup can be used. At the first step, all the lower power nodes are unlicensed low power nodes of the same operator, and UPT, latency as well as the energy efficiency are computed. At the second step, the same total low power nodes are to be dropped at the same coverage area, except that half of them belong to the same operator, while the remaining ones belong to another different operator. Inter-cell minimum distance restriction among the same operator is similar to that of the R12 small cell enhancement evaluation assumptions, while that for inter-operator is relaxed. The UPT, latency and energy efficiency of all the UEs of all the operators after the second step are also computed to compare with that after the first step. 
Proposal 7: Impact of inter-operator unlicensed low power nodes deployment can be evaluated by half low power nodes replacement with relaxed inter-operator inter-cell minimum distance restriction.
Conclusions
In this contribution, we analyzed the evaluation methodologies of the licensed-assisted access using LTE, and our proposals are as following:
Proposal 1: Evaluation methodologies in R12 small cell enhancement can be referenced if possible.
Proposal 2: Clustered low power nodes deployment should be considered as baseline. Inter-operator inter-cell minimum distance can be relaxed due to lack of backhaul planning.
Proposal 3: FTP traffic model 1 can be set as baseline for performance evaluation.
Proposal 4: Coordination assumption for inter-operator and inter-RAT scenarios may be limited.
Proposal 5: User packet throughput, latency and energy efficiency can be used as performance metrics for LAA using LTE evaluation.
Proposal 6: Partial replacement of WiFi APs by LTE low power nodes can be set as the scenario to evaluate the gain of unlicensed LTE and fairness to WiFi.
Proposal 7: Impact of inter-operator unlicensed low power nodes deployment can be evaluated by half low power nodes replacement with relaxed inter-operator inter-cell minimum distance restriction.
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