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1. Introduction

In RAN#65 plenary meeting, the proposal for licensed-assisted access (LAA) using LTE was approved as Rel-13 LTE study item [1]. According to the LAA study item (SI) description document [1], the following objective is relevant to the evaluation methodology:
· Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where a low-power Scell operates in unlicensed spectrum and is either DL-only or contains UL and DL (using time-division multiplex between UL and DL), and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD.
In this contribution, we provide our views on evaluation assumptions and methodologies for LAA.
2. Evaluation Assumptions
This section considers various aspects of the evaluation methodology that need to be considered for LAA.
2.1. Cell layout
LAA deployment scenario can comply with typical Rel-12 small cell scenario (defined in TR 36.872 [2]) in which multiple macro cells and multiple pico cells exist. However, we need to consider that finer time resolution for LAA simulation is necessary. This is because the other radio access technology (RAT) (such as WiFi) operating over unlicensed spectrum senses the channel during tens of micro seconds and LAA simulation has to implement listen-before-talk (LBT) operation with similar sensing time scale of the other RAT for the fair coexistence. Therefore, in order to maintain reasonable simulation running time, we can consider not simulating assisting licensed band macro cells or pico cells in the evaluation of LAA. Furthermore, we can at least allow a simpler small cell dropping model without dropping macro cells. This makes the LAA simulation simpler because carrier aggregation or dual connectivity modelling for mobility is not needed.
Suggestion 1: The evaluation can be performed only for LTE eNBs operating on unlicensed spectrum without simulating assisting licensed band macro cells or pico cells.
Referring to deployment scenarios presented in the companion contributions [3],[4], we propose the cell layout considering the coexistence with inter-operator eNBs and the other RAT such as WiFi as follows:
· Scenario a) Indoor LTE eNB
· Scenario a-coex) Indoor LTE eNB (operator A) + Indoor LTE eNB (operator B) or WiFi AP
· Scenario b) Outdoor LTE eNB
· Scenario b-coex) Outdoor LTE eNB (operator A) + outdoor LTE eNB (operator B) or WiFi AP
· Scenario c) Outdoor/indoor LTE eNB
· Scenario c-coex) Outdoor/indoor LTE eNB (operator A) + outdoor/indoor LTE eNB (operator B) or WiFi AP
For all above scenarios, LTE eNBs can be substituted into WiFi APs for the evaluation of WiFi-only deployments. For instance, in Scenario a-coex), if all LTE eNBs are replaced by WiFi APs, it can be Indoor WiFi AP (operator A) + Indoor WiFi AP (operator B).
With respect to whether eNBs(or APs) are located indoors or outdoors, the following three cases may be considered:
· Indoor eNB(or AP) case: All eNBs(or APs) are located indoors. This scenario is relevant to Rel-12 small cell Scenario 3 (defined in TR 36.872 [2]) in which macro cells are not modelled. So we may re-use small cell Scenario 3 except the following issues. In the scope of the LAA SI, a more simplified eNB(or AP) drop rule may be assumed with only a single building layout because interference between buildings is considerably negligible. But for more realistic simulation, we suggest that dual-stripe model defined in Rel-12 small cell evaluation can be refined (e.g., by increasing the number of rooms and corridors) or Wiener model [5] (as shown in Figure 1) can be adopted as an alternative. For eNB(or AP) and UE dropping, all eNBs(or APs) and all UEs are randomly and uniformly distributed over the building.
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Figure 1. Layout of indoor scenario [5].

Suggestion 2: As for indoor case, it is recommended that the evaluation is based on Rel-12 small cell Scenario 3 with more realistic building model, where all eNBs(or APs) and all UEs are dropped randomly and uniformly in a single building.
· Outdoor eNB(or AP) case: All eNBs(or APs) are located outdoors. This scenario is relevant to Rel-12 small cell Scenario 2a (defined in TR 36.872 [2]). So we may re-use small cell Scenario 2a without macro cells. Besides, a more simplified eNB(or AP) drop rule may be assumed with only a single cluster layout. For eNB(or AP) dropping, all eNBs(or APs) are dropped in a single cluster. For UE dropping, UEs can be located either outdoors or indoors.
Suggestion 3: As for outdoor case, it is recommended that the evaluation is based on Rel-12 small cell Scenario 2a excluding macro cells where all eNBs(or APs) are dropped within only a single cluster and UEs are dropped either outdoor or indoor.
· Indoor/outdoor mixture case: A deployment scenario can be considered where a part of eNBs(or APs) are located outdoors and the other are located indoors. In this deployment scenario, probabilistic drop rule can be used. That is, each eNB(or AP) can be located indoor with x% and outdoor otherwise. However, it is FFS whether indoor/outdoor mixture case should be evaluated for LAA depending on the further discussion on the deployment scenarios.
2.1.1. Minimum ISD
The minimum ISD between intra-operator eNBs or APs should be decided. However, between inter-operator eNBs as well as between inter-RAT nodes, we suggest considering the minimum ISD smaller than that between intra-operator eNBs or APs. For an extreme example, the minimum ISD between inter-operator eNBs or between inter-RAT nodes may be zero.
Suggestion 4: The minimum ISD between inter-operator eNBs or between inter-RAT nodes can be smaller than the minimum ISD between intra-operator eNBs or APs.
2.2. Traffic model
The evaluation assumptions related to traffic model may consider following items:
· Traffic direction: Traffic direction can be either DL only or contain UL and DL.
· File size: The file size smaller than 0.5 Mbytes may be assumed in LAA. In unlicensed spectrum, unlike in licensed, it is not easy to occupy the channel in a static manner, which occurs aperiodic and unpredictable interference. So, the impact of interference fluctuation on system performance seems to be more critical as the file size decreases. Therefore, it may be necessary to perform the simulation for the smaller file size. For instance, 0.2 Mbytes file size can be used, or file size can be chosen randomly in the range of [0.1, 0.5] Mbytes.
Suggestion 5: The file size smaller than 0.5 Mbytes can be considered in LAA.
· FTP traffic model: FTP traffic model 1 (defined in TR 36.814 [6]) can be a baseline while other traffic models such as FTP model 3 (defined in TR 36.872 [2]) can be considered further. For the coexistence environment between different operators/RATs, each operator’s or RAT’s traffic can be independently generated. For instance, in Scenario a-coex), the lambda of operator A’s LTE and lambda of operator B’s LTE can be different from each other. For the system containing UL and DL, we define _{UL} and _{DL} as the lambda of UL traffic and the lambda of DL, respectively. We suggest that UL UEs and DL UEs are separately generated and the ratio of the lambda of UL traffic to that of DL traffic can be set as a parameter. For instance, _{UL}:_{DL} can be set to 1:2.
Suggestion 6: FTP traffic model 1 can be a baseline, each operator’s or RAT’s traffic can be independently generated, and UL/DL traffic can be separately generated.
2.3. Antenna configuration
For the common baseline of LAA evaluation, it is recommended not to consider multiple Tx antennas (i.e., not to use spatial multiplexing scheme).
Suggestion 7: It is recommended not to consider multiple Tx antennas.
2.4. WiFi protocol baseline

For the aligned performance analysis of LAA, it is desirable to define an identical set of parameters related to WiFi protocol. The following parameters and assumptions may be considered:
· System BW: 20 MHz
· MCS selection method: Automatic rate fallback (ARF) may be considered as a baseline.
· WiFi standard version: It seems necessary to determine baseline version of WiFi standard, e.g., IEEE802.11n can be considered as a baseline based on the popularity of WiFi standard. If it is determined, preamble length, backoff procedure, MCS, TXOP (and etc.) also can be determined.
· MIMO scheme: Similar to LTE system, it may be recommended not to consider multiple Tx antennas.
· Clear channel assessment (CCA) threshold: -62 dBm for sensing inter RAT and -82 dBm for sensing WiFi.

· RTS/CTS: We recommend that RTS/CTS (virtual reservation scheme) exchange is not mandated.
Suggestion 8: It is highly desirable to define an identical set of parameters related to WiFi protocol.
3. Evaluation Metrics
The following evaluation metrics can be used in LAA studies:

· User packet throughput (UPT): We suggest using the existing performance metrics (defined in TR 36.814 [6]) such as mean, 5, 50, 95 % UPT for UEs.
· Cell packet throughput (CPT): Served cell throughput per cell on unlicensed band.
· Resource utilization (RU): For the fair coexistence between LTE and other RAT as well as between LTE operators in unlicensed spectrum, LTE eNBs may have to sense whether the channel is idle or busy and wait until the channel is idle, which is called LBT. Besides, reservation signal or other control signals (if any) can be used to prevent other transmitters from sending data. We suggest that reservation signal or other control signals (if any) is included in RU and sensing time or waiting time is not included in RU.
· Waiting time percentage (WTP): If the strength of signal or energy detected during a given sensing time is larger than a given threshold, the channel is assessed to be busy. If a transmitter node has data to send and the channel is sensed idle, it has to wait for a random backoff time. But if the channel is measured busy, it has to wait until the channel is assessed to be idle. The former can be defined as backoff time and the latter can be defined as deferred time. Then, WTP can be defined as follows: (backoff time + deferred time)/total amount of simulation time. WTP is not included in RU but it can be useful to measure the additional overhead of LBT procedure. Therefore, it can be recommended to indicate WTP with simulation results.
Note that above proposed evaluation metrics should be commonly measured for other RAT as well as inter-operator LTE.
Suggestion 9: User packet throughput (UPT), cell packet throughput (CPT), and resource utilization (RU) can be considered as evaluation metrics and they should be commonly measured for other RAT as well as inter-operator LTE.
Suggestion 10: Reservation signal (RU) or other control signals (if any) is included in RU and sensing time or waiting time is not included in RU.
Suggestion 11: Waiting time percentage (WTP) can be provided with simulation results in order to observe the system overhead to operate the LBT procedure.
4. Summary and conclusions
In this contribution, we have presented our views on evaluation methodology for LAA. In summary, we have the following list of suggestions:

Suggestion 1: The evaluation can be performed only for LTE eNBs operating on unlicensed spectrum without simulating assisting licensed band macro cells or pico cells.
Suggestion 2: As for indoor case, it is recommended that the evaluation is based on Rel-12 small cell Scenario 3 with more realistic building model, where all eNBs(or APs) and all UEs are dropped randomly and uniformly in a single building.
Suggestion 3: As for outdoor case, it is recommended that the evaluation is based on Rel-12 small cell Scenario 2a excluding macro cells where all eNBs(or APs) are dropped within only a single cluster and UEs are dropped either outdoor or indoor.
Suggestion 4: The minimum ISD between inter-operator eNBs or between inter-RAT nodes can be smaller than the minimum ISD between intra-operator eNBs or APs.
Suggestion 5: The file size smaller than 0.5 Mbytes can be considered in LAA.
Suggestion 6: FTP traffic model 1 can be a baseline, each operator’s or RAT’s traffic can be independently generated, and UL/DL traffic can be separately generated.
Suggestion 7: It is recommended not to consider multiple Tx antennas.
Suggestion 8: It is highly desirable to define an identical set of parameters related to WiFi protocol.
Suggestion 9: User packet throughput (UPT), cell packet throughput (CPT), and resource utilization (RU) can be considered as evaluation metrics and they should be commonly measured for other RAT as well as inter-operator LTE.
Suggestion 10: Reservation signal (RU) or other control signals (if any) is included in RU and sensing time or waiting time is not included in RU.
Suggestion 11: Waiting time percentage (WTP) can be provided with simulation results in order to observe the system overhead to operate the LBT procedure.
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