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Discussion and decision
1 Introduction

In 3GPP RAN#65, the study item on Licensed-Assisted Access (LAA) using LTE was approved with the following objective for evaluation:
·  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. [RAN1]


 In this contribution, we provide details on the deployment scenarios and evaluation methodologies for LAA feasibility study.
2 Deployment scenarios for LAA
Small cell scenarios
for LAA

According to the SID, the prioritized use case for LAA shall be small cell on 5GHz unlicensed band. Furthermore, LAA can only be configured as a SCell using carrier aggregation. This implies an assumption of ideal backhaul connecting LAA cell(s) and a PCell which operates in licensed spectrum, where the PCell can be either a macro or a small cell. As mentioned in [3], carrier bandwidth below 5MHz needs not be considered due to regulation; however 20MHz carrier bandwidth should be prioritized for study due to the fact that wide spectrum is available at 5GHz. The total number of carriers that can be aggregated per UE should be up to 5 carriers as per Rel-12. Moreover, it should be possible to not only configure a UE with one or more SCells of unlicensed bands only, but also configure a UE with SCells from licensed and unlicensed bands concurrently.

If the PCell is a small cell, it can be either co-located or non co-located with the LAA SCell. In addition, both indoor and outdoor LAA small cell deployments shall be considered (corresponding to Scenario 1/2a and Scenario 2b/3 of Rel-12 SCE). As the QoS cannot be guaranteed on the unlicensed band, LAA should be primarily used to deliver best effort traffic to UEs.

Co-existence scenarios 


Two co-existence aspects should be studied. They are co-existence among different RATs (LAA and WiFi) and co-existence among different operators. For co-existence among different operators, co-existence issues for multiple LAA operators should also be considered. Network coordination can be assumed for cells that are controlled by the same operator whereas network coordination should be minimized for cells associated with different operators.
3 Evaluation methodologies for LAA

The objective of evaluation is to see performance impacts on Wi-Fi network when LAA using LTE is operated in unlicensed spectrum. Therefore, on top of LTE simulation, we need to define and model the Wi-Fi network in the system simulation. Apart from the intrinsic Wi-Fi features such as CSMA/CA, most of existing evaluation methodologies adopted by the study on small cell enhancement (SCE) [4] can be applicable to both LAA and Wi-Fi network, e.g., cell/AP and user dropping, pathloss model, traffic model, and so on. However, some of methodologies need to be modified to reflect the new features for LAA evaluation, such as cell deployment from multiple operators, numerous numbers of available channels, etc. 


In this section, we discuss the evaluation methodologies for Wi-Fi network, and additions or modifications of the evaluation methodologies for both LAA and Wi-Fi network.
3.1 Evaluation assumptions for LAA and Wi-Fi on unlicensed spectrum

One of the main differences between SCE and LAA evaluation is that we need to consider multiple numbers of operators whose cells are located within the same geographical area without coordination.
Cell layout for multi-operators

 For outdoor scenario, cluster-based small cell dropping as used in SCE scenario 1 and 2a could be reused and extended to multi-operator scenario directly because each cell is randomly distributed within the cluster area as long as the minimum distance requirements are satisfied. Example of the minimum distance requirements between small cells is 20m [4]. However, if we consider the scenario with multiple operators, a lot of small cells per macro area may need to be distributed within the cluster area (e.g., [4, 8] * number of operators * number of clusters per macro area). In this case, due to the lack of coordination between operators a distance between small cells from different operators might be less than that from the same operators. Therefore, reducing minimum distance between cells/APs or introducing additional minimum distance between different operators is required for the scenario with multiple operators. One possible way to define the minimum distance is to use the minimum applicable range based on pathloss model (e.g. 10m for UMi, 3m for InH).

For indoor scenario, fixed cell layout based on the number of small cells has been used for SCE scenario 2b and 3 as shown in Figure 1 (a). Since the cell location for indoor could be determined to cover the whole area with the equal coverage of cell, location of small cell should be carefully considered for multiple operators. There are several options to distribute small cells for the indoor scenario with multiple operators.
Option 1: Small cell location is fixed based on number of operators and number of cells per operator with the assumptions on tight coordination between operators. One example of Option 1 is shown in Figure 1 (b), where there are two operators and 4 small cells per operator in the building. Option 1 seems align with the current SCE evaluation methodology. However, coverage of small cells is not equal to the others based on its location.

Option 2: Similar to cluster-based outdoor cell layout, sub-cluster can be introduced for indoor scenario to accommodate cells from multi-operators as shown in Figure 1 (c). Center of each sub-cluster is equal to the small cell location in Figure 1 (a). With the sub-cluster radius (e.g. 10m), small cells per each operator can be randomly distributed within the cluster. Note that similar to outdoor case 3m could be the minimum distance between cells from different operators. If we need to consider the scenario with more than 2 operators, Option 2 is preferred since it is easy to extend and seems more realistic for such case.
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Figure 1 Example of indoor cell layout for multi-operator scenario
Observation 1: Cell layout for both outdoor and indoor scenario should be designed to support the scenario with multiple operators


For indoor scenario, we may need to consider private Wi-Fi in addition to the operator’s Wi-Fi networks. In this case, private Wi-Fi APs are uniformly dropped in each room with probability. The number of private Wi-Fi APs can be adjusted by the probability p (e.g. 8 private Wi-Fi with p=0.5). Then, additional private Wi-Fi UEs (e.g. 1 or 2) are also randomly dropped in the room where the private Wi-Fi AP is placed.
Channel selection

For 5GHz spectrum, there are plenty of available channels for LAA operation. Therefore, it would be needed to use the fixed number of channels at least for evaluation. Note that the number of channels could be different from the scenarios (e.g. indoor / outdoor). In addition, as summarized in [3], DFS requirements to avoid radar system requires a channel (re)-selection operation with the order of seconds or even longer. Therefore, it is expected that operation to meet DFS requirements might not impact at least to the performance evaluation.
 Observation 2: DFS requirements for radar system avoidance might not be required at least for evaluation

Based on the number of available channels, each cell/AP needs to select its operating channel at the beginning of simulation. If channel re-selection is not considered, we can assume that once a cell/AP selects a channel the assigned channel is not changed during evaluation. There are several options for channel selection as follows:

Option 1: a channel with the least number of neighbours is selected. If there are multiple channels with the same number of neighbours, one of channels is selected at random (Option 1-1) or the channel with the lowest received energy (Option 1-2) is selected.
Option 2: a channel with the minimum received energy is selected. If there are multiple channels with the same level of received energy, random channel selection or the Option 1 could be used.
Figure 2 shows the geometry performance according to different options based on the SCE scenario 3. It is assumed that each of two operators deploys 4 Wi-Fi APs at the fixed points as in the Figure 1 (b). It is also assumed that there are 4 channels available, average number of neighbour APs using the same channel is 2. The other parameters and values based on SCE scenario 3 are used for evaluation. As we can see that the received energy based channel selection shows a good geometry performance than others because in case of the Option 1-1 and 1-2, an AP may select the channel used by the strongest interferer. In addition, LAA cell might not possible to know the number of Wi-Fi neighbours per channel unless there is a new measurement mechanism for Wi-Fi. Note that similar to LAA, Wi-Fi AP also could not have the knowledge on the number of LAA neighbours. Therefore, Option 2 is preferred for both LAA and Wi-Fi.
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Figure 2 CDF of geometry based on channel selection schemes
Observation 3: Energy-based channel selection scheme is preferred for both LAA and Wi-Fi network
The other parameters and values applicable for both LAA and Wi-Fi network are summarized in Table 2.

Table 2: Simulation parameters for LAA and Wi-Fi
	Parameter
	Baseline

	Carrier frequency
	5GHz

	Total BS TX power
	24dBm (indoor)

24dBm or 30dBm (outdoor)

	Channel model
	 InH (indoor)

UMi (outdoor)

	Penetration
	additional 4dB for 5GHz based on TR36.872

	Antenna configuration
	2Tx2Rx in DL, cross-polarized

	Antenna pattern
	2D omni-directional is baseline

	Antenna gain
	5dBi

	Antenna gain of UE
	0dBi

	UE noise figure
	9dB

	Number of cluster per macro cell in outdoor
	1

	Number of building per macro cell in indoor
	1 (single floor building)

	Number of small cells/APs per operator
	2, 4 (indoor)

4, 8 (outdoor) 

	Number of operators
	2


3.2 Evaluation assumptions for Wi-Fi network

The basic access method of the Wi-Fi MAC is a distributed coordination function (DCF) known as carrier sense multiple access with collision avoidance (CSMA/CA) as shown in Figure 3. Based on the DCF, a transmitter should sense the medium to determine whether another transmitter is transmitting or not. If the medium is determined to be busy for DIFS duration, the transmitter should defer until the end of the current transmission. Once a transmitter verifies that the medium is idle for DIFS duration, a transmitter should select a random backoff interval and decrement the backoff interval counter while the medium is idle. When the counter reaches zero, the transmission may proceed. If a receiver receives the data successfully, the receiver may transmit ACK to the transmitter after SIFS duration. Therefore, based on the DCF, the most recent Wi-Fi features such as 802.11ac [6] should be considered for Wi-Fi network in evaluation.
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Figure 3 Example of distributed coordination function
Observation 4: The 802.11ac should be the baseline for Wi-Fi evaluation
The evaluation assumptions for Wi-Fi modelling are summarized in Table 3.

Table 3: Simulation parameters for Wi-Fi
	Parameter
	Baseline

	Feature
	802.11ac

	MAC
	DCF

	
	SIFS(16μs), DIFS(34μs)

	RTS/CTS
	N/A

	Contention window
	15 ~ 1023 slot

	Slot duration
	9μs

	CCA
	-62dBm for energy detection

-82dBm for preamble detection

	MCS
	0~9

	Frame aggregation
	A-MPDU

	MCS
	0~7

	Channel coding
	LDPC


3.3 Evaluation scenarios and performance metrics

In [1], it was described that the LAA should not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier. Therefore, at least following scenarios and performance metrics should be evaluated. 
Evaluation scenarios

The baseline scenario can be that both operator 1 and operator 2 deploy Wi-Fi APs in the same cluster/building area. Then, to evaluate LAA impact on Wi-Fi, the baseline performance could be compared with the scenario that one of operators provides their service by LAA operation while the other operator keeps their Wi-Fi services. In this case, discussions would be needed on how to handle the LAA operation to meet LBT requirements [2] during evaluation.
Observation 5: Discussions would be needed on how to handle the LAA operation to meet LBT requirements during evaluation.

Performance metrics

To compare the performance, mean 5%, 50%, 95% UPT(user perceived throughput) should be provided at the given loading (e.g. 20%, 40%, 60%) for the baseline scenario. Note that loading on the cell/AP k can be defined as the ratio time for the cell/AP k has data to be sent and total simulation time. Served cell throughput per operator [5] and/or CDF of user latency also can be compared.

4 Conclusions
In this contribution, we summarized the deployment scenarios and evaluation methodologies for LAA. Our observations are summarized below.

Observation 1: Cell layout for both outdoor and indoor scenario should be designed to support the scenario with multiple operators

Observation 2: DFS requirements for radar system avoidance might not be required at least for evaluation

Observation 3: Energy-based channel selection scheme is preferred for both LAA and Wi-Fi network
Observation 4: The 802.11ac should be the baseline for Wi-Fi evaluation
Observation 5: Discussions would be needed on how to handle the LAA operation to meet LBT requirements during evaluation.
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