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1. Introduction

It is important to ensure that LTE-Advanced provides efficient support for heterogeneous scenarios with a mixture of macro cells and low power eNBs (e.g. Femto cells or pico cells) [1]. The latter was captured in the recent update of the LTE-Advanced study item description [2]. In [3] we raised discussions on various assumptions and related issues for studying the performance of heterogeneous (now referred to as Het) scenarios. In this contribution we further discuss the potential scenarios for Het scenarios, and we show first preliminary example results for such cases. Although the different configurations are not optimized, the results indicate the performance of different configurations, and also provide the first hints on the type of dynamic interference management that it is likely to be needed for Het scenarios. Finally, we further discuss open issues for the Het scenario definitions in [1] and propose a sub-set of the cases for placement of UEs and lower power nodes to primarily consider during the rest of the LTE-Advanced study period.
The contribution is organized as follows: In Section 2 we list the various open assumptions for this initial performance study. In Section 3 we present examples of performance results, while concluding remarks are given in Section 4.
2. Assumptions for Het System Level Studies
In the following we briefly summarize the main assumptions for our simulations. We have simulated a sub-set of the Het scenarios listed in [1], focusing on the 3GPP Macro Case #1 with either
· Femto cells with closed subscriber groups (CSG)
· Hotzone (pico) cells with open subscriber groups (OSG)
These are two extremes where we have either CSG or OSG for the lower power eNBs,  cases with different max powers for the small nodes (20 dBm and 30 dBm) as well as indoor/outdoor placement of low power nodes. The total system bandwidth is assumed to equal 10 MHz. Hence for the cases with full frequency reuse, all Macro nodes and low power nodes transmit with full power over the entire bandwidth, assuming that there are users attached. For the cases with hard frequency reuse, we simply assume separate bands for macro and low power nodes, e.g. the same 5 MHz band is assigned to all the Macro cells, while the lower power nodes are assigned on the complementary 5 MHz bandwidth. For the sake of simplicity, we assume no leakage of interference between frequency bands. Resource allocation to different users connected to any node is done by means of simple round robin (RR) scheduler with full buffer traffic assumed (equal resource sharing between users).

The placement of low power nodes and UEs (both in terms of density, distribution, and correlation) has a significant influence on the performance of Het scenarios, and on the type of needed interference coordination mechanisms. Section A.2.1.1.2 in [1] contains a listing of several possible methods for placing UEs and low power eNBs. Taking the latter methods as our starting point, we have summarized four different scenarios in Table 1 that we use in this initial study of Het scenarios. With the listed scenarios in Table 1, we also aim at initiating further discussions on having agreed the precise assumptions for the Het scenarios to give high priority during the rest of the LTE-Advanced Study Item phase. As pointed out in Table 1, there are open issues for exact parameter settings and interpretations of the definitions in [1], which we also hope to reach agreement on.
Table 1 Summary of considered Het scenarios in this study.
	Scenario Number
	Scenario Name
	Description

	#1
	Macro only
	3GPP Macro case #1 as defined in [1]. 25 users uniformly distributed per macro cell area. Serving cell selection is based on RSRQ. No low power nodes. With such definition of scenario #1 it is only relevant as baseline scenario for #2 where no building structures and additional users are placed in the system, for scenarios #3 and #4 the baseline should be dedicated for each scenario setup (different number of low power nodes per macro cell area) as additional users are inserted with each node.

	#2
	Macro + pico with uniform distributions
	25 users and N pico cells are uniformly distributed per macro cell area. No correlation between UE placement and pico cell placement. OSG is assumed, so users are served by the Node with best RSRQ. This corresponds to configuration 1 in Table A.2.1.1.2-3 in [1]. 

	#3
	Macro + Femto
	N Femto cell clusters are placed uniformly within each macro cell area. In this study we present results for clusters of 1 and 4 femto’s. For each Femto cell, we place one UE within a circle around the Femto of radius X meters.  Assuming CSG, only that user is allowed to connect to the Femto. RSRQ measurement is used to determine whether the UE connect to its Femto or to the Macro layer. In addition, we place K users uniformly within the each macro cell area. For our initial results, we tentatively assume one Femto per cluster (see more discussions on this) and X=10 meters. K=25 users as for scenario #1 and #2. So scenario #3 corresponds to the configuration with clustered Femto’s and UE placement as indicated in Table A.2..1.1.2-4 in [1]. 

	#4
	Macro + Hotspot pico
	Numbers of users per macro cell area is selected from a uniform distribution between 10 and 100. The number of users is denoted A. Out of A users up to 25 are distributed uniformly within macro cell area (A_macro). N pico cells are placed uniformly within each macro cell area. Around each pico, randomly place (A-A_macro)/N users within a radius of X meters. OSG is assumed, so serving cell selection is based only on RSRQ. This corresponds to configuration 4 in Table A.2.1.1.2-3 in [1], where the placement of UEs and pico’s is correlated and clustered, and number of UEs and pico’s are proportional. As a tentative proposal, we assume X=40 meters.


Notice that Scenario #3 in Table 1 with Macro + Femto’s comes in different versions, depending on the number of Femto’s per cluster. In [1] it is proposed (Table A.2.1.1.2-4) that femto node placement is clustered. A simple way to model such deployment is shown in Figure 1, where clusters of 1, 4, and 9 femto’s are pictured. For this scenario there is one femto in each house, assuming a 20 dB penetration loss from outdoor to indoor, and vice versa. Notice that the used value of 20 dB is only for giving first example of results. Using a lower value of e.g. 10 dB will cause the femto’s to generate more interference to users connected to Macro, as well as interference between clustered femto nodes. Referring to Figure 1, the dimensions are; a=12 meters and b=4 meters. Note that with these dimensions and the chosen value of X in Table 1, the users dropped per femto also have a probability of being outside the house. Outside users typically connect to the Macro.
Figure 1 Scalable model for femto house clusters.
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All simulations are for the simple full buffer traffic model.
A 2x2 antenna configuration is assumed for all links. A simple equal resource sharing packet scheduling algorithm is assumed. Thus, if there is only a single UE connect to a low power eNB, then that particular UE is scheduled over the full bandwidth (i.e. 10 MHz or 5 MHz in our case depending on whether full frequency reuse or hard frequency reuse is assumed). For cells with N UEs, each UE is on average scheduled on 1/N of the bandwidth. 
 The following two performance metrics are commonly used, namely:
· Average cell spectral efficiency, and 

· Per user cell-edge (defined as 95% coverage) spectral efficiency.

For fully capturing the performance of Het scenarios, we use the following (as also proposed in [3]):

· Average macro cell area spectral efficiency: Thus we modify the definition to measure the average throughput within each macro cell’s coverage area, independent on whether UEs are served by the macro cell or by low power eNBs within this area (thus, the carried throughput from both macro and low power eNBs is included). Hence, for each UE, we need to evaluate which macro cell it would have been served by if there were no low power eNBs in order to determine for which macro cell the throughput for the user shall be counted.

· Percentage of average cell throughput carried by lower power eNBs as compared to the total throughput: Thus, the total throughput includes both that carried by macro cells and low power eNBs. 

· Per user outage (defined as 95% coverage) spectral efficiency: This definition should also be valid for Het scenarios, i.e. in each simulation we collect the statistics for experienced throughput for each UE, and the cell-edge performance is then simply the 5% fractile.
In the above performance metrics, the spectral efficiency is calculated as the throughput divided by the total available system bandwidth. In our case this means using 10 MHz when calculating spectral efficiency numbers. In addition to the above statistics, standard statistics such as cumulative distribution functions (cdf’s) of user throughput is also presented. 
As we are mainly interested in the performance improvements by adding low power eNBs in maco cells, we only present normalized spectral efficiency results. Normalized with respect to the performance in Macro only without any low power eNBs. Hence, a normalized average spectral efficiency of e.g. 1.10 corresponds to 10% higher performance from adding low power eNBs in macro cells. These assumptions are considered to be inline with [1], where it is stated that performance of Het scenarios should be made against macro only scenarios (Scenario #1 in Table 1).
3. Performance results

Examples of downlink performance results are summarized in this section to give a first impression of the performance differences between the considered scenarios. Note that the performance has not been optimized for the different cases. As an example, the low power Nodes transmit at their max power, so power control for improved performance is not considered. Hence, the results are only for indicating some of the performance differences. The main performance results are summarized in Tables 2-4 for the cases with full frequency reuse and hard frequency reuse, respectively.
Table 2 Summary of performance results for full frequency reuse.
	Scenario
	Normalized average spectral efficiency
	Normalized coverage spectral efficiency
	Percentage of average throughput on low power nodes

	#2 (Macro + pico, uniform)
	
	
	

	4 Pico’s per macro cell
	3.22
	0.20
	65.52

	10 Pico’s per macro cell
	5.69
	0.18
	81.73

	#3 (Macro + femto)
	
	
	

	4 Femto clusters per macro cell (1x1 cluster)
	6.94
	1.00
	85.77

	10 Femto clusters per macro cell (1x1 cluster)
	16.12
	1.00
	93.95

	4 Femto clusters per macro cell (2x2 cluster)
	23.75
	0.99
	96.04

	10 Femto clusters per macro cell (2x2 cluster)
	56.65
	0.97
	98.35

	#4 (Macro + pico, hotspot)
	
	
	

	4 Pico’s per macro cell
	8.53
	0.62
	74.92

	10 Pico’s per macro cell
	15.87
	0.60
	87.71


Table 3 Summary of performance results for hard frequency reuse, where 25 Resource Blocks (5 MHz) are assigned for Macro and 25 Resource Blocks (5 MHz) for low power eNBs.
	Scenario
	Normalized average spectral efficiency
	Normalized coverage spectral efficiency
	Percentage of average throughput on low power nodes

	#2 (Macro + pico, uniform)
	
	
	

	4 Pico’s per macro cell
	3.10
	1.07
	83.17

	10 Pico’s per macro cell
	4.91
	1.14
	88.62

	#3 (Macro + femto)
	
	
	

	4 Femto clusters per macro cell (1x1 cluster)
	4.13
	1.05
	88.00

	10 Femto clusters per macro cell (1x1 cluster)
	9.27
	1.07
	94.73

	4 Femto clusters per macro cell (2x2 cluster)
	13.71
	1.07
	96.57

	10 Femto clusters per macro cell (2x2 cluster)
	33.13
	1.13
	98.62

	#4 (Macro + pico, hotspot)
	
	
	

	4 Pico’s per macro cell
	3.88
	1.26
	85.39

	10 Pico’s per macro cell
	6.13
	1.15
	89.88


Table 4 Summary of performance results for hard frequency reuse, where 45 RBs are assigned for Macro and 5 RBs for low power eNBs.

	Scenario
	Normalized average spectral efficiency
	Normalized coverage spectral efficiency
	Percentage of average throughput on low power nodes

	#2 (Macro + pico, uniform)
	
	
	

	4 Pico’s per macro cell
	1.46
	1.07
	35.35

	10 Pico’s per macro cell
	1.88
	1.14
	46.48

	#3 (Macro + femto)
	
	
	

	4 Femto clusters per macro cell (1x1 cluster)
	1.62
	1.01
	44.80

	10 Femto clusters per macro cell (1x1 cluster)
	2.64
	1.02
	66.43

	4 Femto clusters per macro cell (2x2 cluster)
	3.52
	1.02
	75.20

	10 Femto clusters per macro cell (2x2 cluster)
	7.42
	1.03
	88.03

	#4 (Macro + pico, hotspot)
	
	
	

	4 Pico’s per macro cell
	1.68
	1.19
	39.22

	10 Pico’s per macro cell
	2.22
	1.15
	49.57


It is visible from these results that insertion of low power nodes provides significant increase in average spectral efficiency, especially in case of co-channel deployment and femto nodes. Percentage of throughput carried by low power nodes is also high, especially for femto nodes when assuming the 20 dB outdoor-to-indoor penetration loss.

This initial study of system performance for scenarios proposed for evaluation of heterogeneous deployments show that user placement method scenario choice have big impact on performance results and should be carefully considered, e.g.:

· Femto nodes should rather be dropped in clusters larger than 1 (single house) as in this scenario interference from other femto cells is very low. Here we have considered clusters of 4 femto’s. The value of the outdoor-to-indoor penetration loss is an important parameter for such cases. Although we have only presented results for 20 dB here, we plan to further investigate the performance for other settings as well, e.g. 10 dB.
· Using lower value of wall penetration loss for Scenario #3 should be considered for femto node evaluation (very high isolation between indoor and outdoor, mainly applicable for interference, May be unrealistic).

· Pico nodes dropped uniformly over WA cell with 25 users often have no users or just one user attached. In order to focus on scenarios more similar to intended pico node use-cases more dense cases (like configurations 2 and 4 in Table A.2.1.1.2-3 in [1])

· For the co-channel deployment cases of Pico nodes, we observe a drop in normalized coverage spectral efficiency as compared to macro only cases. This is observed because the users having the 5% lowest throughput are typically those served by the macro cell, and they now experience the interference from the Pico nodes. The same effect is not observed for the femto case, as the femto nodes are shielded by the assumed 20 dB penetration loss, and have lower Tx power (as compared to the Pico nodes).

· In 3GPP macro case 1 (scheme used as baseline in this study) all studied scenarios are interference limited. It is expected that for noise-limited cases different effects can be observed (e.g. coverage holes in the vicinity of CSG femto nodes).
For addition information on the different scnearios, the following two figures show a comparison of some of the key results for the three considered Het scenarios.
Figure 2 Normalized average spectral efficiency for all scenarios, 10 nodes per macro cell.
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Figure 3 Percentage of throughput carried by low power nodes for all scenarios, 10 nodes per macro cell.
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4. Concluding remarks
In this contribution we have presented a set of results for 3 different heterogeneous scenarios. The considered Het scenarios are inspired by the definitions in [1]. As discussed in Section 2, some of the Het scenarios in [1] are not 100% clearly defined, so we have tried to give our proposal for definition of such Het scenarios. As for the scenario with clustered femto nodes, we suggest to also investigate cases with lower values of the outdoor-to-indoor penetration loss as compared to the 20 dB value used here. Given the presented preliminary example results for the three Het scenarios, there are indications that dynamic interference management solutions are needed, as optimal settings for the different cases are not the same. Our intention is to further work on those scenarios, and to study in more details how those cases are best optimized from an interference / performance point of view. 
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