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1. Introduction
At RAN#65, a new study item on Licensed-Assisted Access (LAA) using LTE has been approved in [1]. One of the objectives of the study item is to:
· 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) (i.e. 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 definition of clear scenarios and evaluation methodology for LAA is important in order to:
· identify (and define) the design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services, and consequently

· identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet
Besides enabling RAN1 to address the co-existence aspects on unlicensed bands, the definition of clear scenarios and evaluation methodology can also be helpful to provide a performance benchmark between LTE (LAA) and WiFi in scenarios with neither inter-operator nor inter-RAT interference.
In this document we discuss the simulation scenarios to be used for LAA studies. Other simulation assumptions and the evaluation methodology are further discussed in [2]. The main focus is in outdoor and indoor public hotspots. 

2. Simulation scenarios
Since the main target of RAN1/3GPP is to investigate the co-existence aspects between different LAA operators as well as between LAA and other technologies in the same band, we propose to only define deployment scenarios with a maximum of two independently deployed networks operating on the same 20 MHz channel in the unlicensed spectrum. Later on deployments with larger number of operators, interfering WiFi network and/or number of channels deployed in the unlicensed spectrum could also be considered in order to more accurately evaluate the overall offloading benefits that LAA can provide to operators as compared to WiFi.
The idea is to reuse as much as possible the scenarios defined for prior 3GPP studies. Scenarios defined for Rel-12 SCE studies [3] as well as Carrier Aggregation (CA) [6] are a natural starting point. We propose to define scenarios for both outdoor and indoor deployments of APs operating on the unlicensed spectrum. Regarding SCE scenarios, the following ones are applicable for LTE LAA case as shown in Figure 1:
· Outdoor scenario: SCE scenario 2a in [3]

· Indoor scenario: SCE scenario 2b in [3]
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Figure 1. Small cell scenarios 2a and 2b defined in [3].

Regarding CA scenarios defined in [6], the scenarios #2, #3, and #4 are in principle applicable as shown in Figure 2. However, due to low Tx power of LAA nodes we see that the most relevant scenarios are CA scenario#2 (collocated deployment of licensed and unlicensed spectrum in small cell APs) and CA scenario #4(non-collocated deployment of licensed spectrum at macro cell layer and unlicensed spectrum in small cell APs). However, assuming that for LAA coexistence studies it is enough to model the small cell (unlicensed) layer only as discussed and proposed in [2], in principle the relevant CA scenarios are in many ways similar to SCE scenario 2a/2b. Therefore, we propose to focus the in the LTE LAA studies on Small Cell scenarios 2a and 2b. Furthermore, the exact number of small cell clusters/buildings per macro cell area as well as the number of small cell APs per cluster/building may need to be reassessed to ensure too dense deployments (leading to performance degradation due to excessive interference and LBT requirements) are not assumed. This may need to be separately reassessed for scenarios with single and two-operator networks simulated.

	#
	Description
	Example

	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	


	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	


	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenarios are both when F1 and F2 are DL non-contiguous carrier on the same band, e.g., 1.7 GHz, etc. and F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	



Figure 2. Carrier aggregation scenarios applicable for LTE LAA.


Proposal #1: Small cell scenarios 2a and 2b are assumed as the baseline deployment scenarios for LTE LAA. 
Observation: The exact number of small cell clusters/buildings per macro cell area as well as the number of small cell APs per cluster/building may need to be reconsidered to ensure sensible interference scenarios. This may need to be separately assessed for scenarios with single and two operator networks simulated.
Observation: For the purpose of coexistence studies it is (at least initially) enough to model the small cell (unlicensed) layer only with a maximum of two independently deployed networks operating on the same 20 MHz channel in the unlicensed spectrum as proposed in [2]. It is FFS whether RAN1 also needs to perform investigations with explicit modeling of the licensed spectrum overlay, including scenarios with collocated (in small cell AP) and non-collocated deployment of licensed and unlicensed spectrum.
The following sections discuss in more details the simulation scenarios for LTE LAA.

2.1	LTE LAA outdoor scenario
Outdoor APs are located in a macro geographical area assuming a macro inter-site distance of 500 meters (macro case 1). Clusters of APs are uniformly random distributed within the macro geographical area. APs are uniformly random dropped within each cluster area. 
In case only the small cell (unlicensed) layer is modeled, UEs/STA are only dropped within the cluster areas following the same rules defined for SCE scenarios in [3]. Otherwise the placement of UEs/STA in the simulated area follows the same distribution as specified in [3], i.e. 2/3 of the UEs/STA are dropped within the cluster areas while 1/3 of the UEs/STA are uniformly random dropped over the entire macro geographical area.
In case of two operator networks, the deployment of APs within each cluster is fully randomized (both intra- and inter-operator). Also, 50%-50% ratio of APs from the two different operators in one cluster is always assumed (e.g. in a cluster with 8 APs, 4 are from one operator and 4 are from another operator).
When compared to Rel-12 SCE scenario identified in [3], some of the parameters will need to be reassessed such as carrier frequency, system bandwidth, Tx power, antenna gains, etc. (see more detailed discussion in [2]).
Note that Rel-12 SCE scenario 2a does not assume any spatial correlation to determine whether specific user locations are indoor or outdoor. This assumption can be reused for LAA unless there are major impacts on device-to-device propagation models (see more detailed discussion in [2]).
Concerning the number of clusters per macro cell area and the number of APs per cluster, at least two configurations could be agreed corresponding to dense and sparse AP deployment, respectively. The details are FFS.
Figure 3 shows an example of LAA outdoor scenario with one AP cluster per macro cell area and 10.
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Figure 3. Example of LAA outdoor scenario.
2.2	LTE LAA indoor scenario(s)
In [3] the Hotzone model is used to model small cell deployments in public hotspots such as shopping malls, etc., while the so-called Dual-strip model is used to model small cell deployments in residential areas. Considering that the focus of the LAA study item should be on deployments in public hotspots [5], we propose to use the Hotzone model in [3] as a starting point to define the LAA indoor scenario(s). 
On the other hand, the Dual-strip model could also be used (with some modifications with respect to the way APs are placed into the rooms) to model LAA deployments in office/enterprise scenarios.

2.2.1	The Hotzone scenario
In case of single operator deployment, the same layout as defined in [3] is assumed for LAA studies.
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Figure 4. LAA indoor Hotzone scenario in case of single operator network (with both sparse and dense deployment of APs)
For what concerns the location of APs in case of two operator networks, we propose to consider both co-located and interleaved deployment of APs (see example in Figure 5 corresponding to dense deployment of APs).
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Figure 5. LAA indoor Hotzone scenario in case with dense AP deployment, two operator networks and assuming both interleaved (left) and co-located (right) deployment of APs. 
2.2.2	The Dual-strip scenario
In the Dual-strip scenario used for Rel-12 SCE studies, the deployment ratio is an input parameter but the room(s) where the AP(s) are located and their location within each room are fully randomized (due to the assumption of user-deployed APs).

In case of LAA the focus is on operator-deployed APs, therefore some minimum level of network planning can (and should) be assumed (at least when placing the APs of the same operator network). Therefore we propose that in the Dual-strip scenario defined for LAA studies the APs are always located in the middle of a room.
In case of two operator networks, the same deployment ratio (per operator) is assumed, resulting in an equal number of APs per operator deployed within the same dual-strip building. 
The rooms where APs are deployed are randomly selected with the only restriction of at maximum one AP per room.
It is FFS whether some restricted locations could be defined for the deployment of APs of the same operator network (e.g. no APs from the same operator deployed in adjacent rooms) 
Also for the Dual-strip scenario, at least two deployment ratios (one for dense and one for sparse deployment) could be defined.
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Figure 6. Example of Dual-strip scenario with 20% deployment ratio (per operator) in case of both single (left) and two (right) operator networks. 
4. 	Impact of changing the carrier frequency
In order to take into account the change of carrier frequency (as compared to Rel-12 SCE scenarios) from 3.5 to 5 GHz, the following changes are proposed compared to some of the LTE assumptions in [3] and [4]:
· For the sake of simplicity, we only propose to change the distance dependent path loss models as a function of the carrier frequency. The currently applied 3GPP path loss models in [3] and [4] take the form of PL=A+B∙log10(d), where parameters A and B are constant but only A is depending on the carrier frequency, while B is typically less sensitive to the carrier frequency. We therefore propose to agree on the addition of a linear offset to A for the 5 GHz case as compared to the currently defined values of A in [3] and [4] for 3.5 GHz, and otherwise use the same path loss models. For instance, such linear offset could be defined as 10*n*log10(5/3.5) where n is the propagation index of the path loss model used in the corresponding Rel-12 SCE scenario.
· For the penetration loss of outdoor walls, based on the same measurement campaign referenced in [8] we have observed that the increase in the penetration loss of outdoor walls at 5 GHz as compared to 3.5 GHz is approximately 5 dB. Therefore we propose to further increase by 5 dB the current outdoor penetration loss assumed in Rel-12 SCE scenarios (i.e. from 23 to 28 dB).
· Moreover, a detailed study of penetration loss for modern constructions compared to old building has been recently presented in [7]showing a clear trend:
· old buildings (thin walls, single-layered windows) have low and almost constant penetration loss across frequencies
· modern constructions (thick walls composed of reinforced concrete + brick, energy efficient windows made of several layers of glass + metal coating) have increasing penetration loss with frequency and high attenuation values
Even if this study was conducted for penetration loss of outdoor walls, we can use the conclusions above to assume the same penetration loss for indoor walls at 5 GHz as in Rel-12 SCE scenario at 3.5 GHz (i.e. 5 dB). 
5.	Summary
In this paper we discuss the simulations scenarios for LTE LAA and make the following proposal and observations:
Proposal #1: Small cell scenarios 2a and 2b are assumed as the baseline deployment scenarios for LTE LAA. 
Observation: The exact number of small cell clusters/buildings per macro cell area as well as the number of small cell APs per cluster/building may need to be reconsidered to ensure sensible interference scenarios.
Observation: For the purpose of coexistence studies it is (at least initially) enough to model the small cell (unlicensed) layer only with a maximum of two independently deployed networks operating on the same 20 MHz channel in the unlicensed spectrum as proposed in [2]. It is FFS whether RAN1 also needs to perform investigations with explicit modeling of the licensed spectrum overlay, including scenarios with collocated (in small cell AP) and non-collocated deployment of licensed and unlicensed spectrum..
Moreover, we discuss in more detail the specific scenarios to be used for LTE LAA studies and make the following proposals:
· In case of two operator networks, 50%-50% ratio of APs from the two different operators in the same outdoor small cell cluster or building is always assumed
· For both outdoor and indoor scenarios, define at maximum two configurations (in terms of number of small cell APs per outdoor cluster and small cell AP deployment ratio, respectively) corresponding to dense and sparse deployments of small cell APs. Single operator and two operator networks should be separately considered
· Both the Hotzone (public hotspots, higher priority) and the Dual-strip (office/enterprise solutions, lower priority) scenarios defined in [3] are used as baseline to define the LTE LAA indoor scenarios
· For the Hotzone scenario and in case of two operator networks, consider both collocated and interleaved location of APs as illustrated in Figure 5
· For the Dual-strip scenario, APs are always located in the middle of the room and there cannot be more than one AP per room. Otherwise the room(s) where the APs are located are randomly selected. FFS whether some restricted locations could be defined for the deployment of APs in the same operator network (e.g. no APs from the same operator deployed in adjacent rooms)

Finally, we discussed the impact of increasing the carrier frequency from 3.5 GHz to 5 GHz (as compared to Rel-12 SCE scenarios) and make the following proposals:

· Reuse the currently applied 3GPP path loss models in [4] (PL=A+B∙log10(d)) and only add a linear offset (e.g. 10*n*log10(5/3.5) where n is the propagation index) to for the 5 GHz case as compared to the currently defined values of A in [3] and [4] for 3.5 GHz. Details are FFS.
· Increase by 5 dB (i.e. from 23 dB to 28 dB) the outdoor penetration loss assumed in Rel-12 SCE scenarios at 3.5 GHz
· Assume the same penetration loss for indoor walls at 5 GHz as in Rel-12 SCE scenario at 3.5 GHz (5 dB)
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