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1. Introduction

At the last RAN1 meeting the requirements and scenarios for Small Cell Enhancements (SCE) were discussed [1]. Particularly, scenario 1 assumes outdoor macro and small cell eNBs deployed at 2GHz, whereas scenario 2a deploys macro eNBs at 2GHz and indoor small cells deployed at 3.5 GHz. In this contribution we share our DL signal level statistics for both of these scenarios, following simulation assumptions in [1] – as well as the latest RAN1 email discussions on this topic.

The rest of the contribution is organized as follows. In Section 2 we show results of the layout and offloading ratio. Section 3 presents the basic signal level statistics and some conclusions are given in Section 4. 

2. Layout and offloading
First of all, we show in Figure 1 the cluster and pico location and the user location, respectively. The number of clusters per macro and picos per cluster are:

· 1 cluster and 4 picos per cluster (4 picos per macro)

· 2 clusters and 4 picos per cluster (8 picos per macro)

· 1 cluster and 10 picos per cluster (10 picos per macro)

The main simulation assumptions can be found in Appendix A. CRE = 0dB is set for both scenarios and no eICIC is used. The clusters are randomly dropped within the macro area, and small cells randomly dropped within the cluster area. Figure 1 shows the two radius in the definition of a cluster: radius of small cell dropping in a cluster = 50m; radius for UE dropping in a cluster = 70m. For these plots, full buffer traffic has been assumed with 60 users per macro area, being 2/3 of them dropped within the cluster area and the remaining 1/3 uniformly distributed in the macro area. Therefore the majority of users connect to a small cell, as observed in the right Figures with the user distribution. It is worth noting that 10 picos per cluster with 50m of radius leads to a very dense topology, where only few users will connect to each small cell, even with the high user density used in this simulation. 
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(a) 1 cluster – 4 picos per cluster
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(b) 2 clusters – 4 picos per cluster
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(c)1 cluster – 10 picos per cluster

Fig. 1: Cluster and small cell location (left) and user location (right, only for scenario 1) for different configurations.
In Figure 2 the cumulative distribution function (CDF) of the number of pico users per pico eNB is plot for scenarios 1 and 2a. As expected, the number of users per pico decreases as the number of picos per macro area increases (4, 8, 10). In the worst case, with dedicated channel and 10 picos per cluster, ~13% of the pico cells do not serve any user.
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Fig. 2: CDF of the number of pico users per pico eNB. (a) Scenario 1 (b) Scenario 2a
Finally, the offloading ratios for the different scenarios are shown in the following Table:

	
	Scenario 1
	Scenario 2a

	1 cluster – 4 picos
	44%
	55%

	2 clusters – 4 picos
	60%
	51%

	1 cluster – 10 picos
	48%
	46%


With co-channel deployment, increasing the number of picos leads to a higher offloading ratio. For these cases, the cell selection is based only on the received signal from each eNB (RSRP). For dedicated deployments we observe a different behavior: increasing the number of picos per macro does not increase the offloading ratio. This is because RSRQ is used for the cell selection, so that not only the received signal but also the interference from the rest of eNBs is taken into account. In both cases, the offloading ratio without CRE is not very high and therefore the following is proposed:

· Proposal: It is therefore recommended to also use load balancing in additional to simple RSRP and RSRQ metrics for scenarios 1 and 2a in order to better control the traffic between layers.
3. Signal level statistics

Two types of signal level statistics are presented in the following:

· Path gain: The total path gain from the users serving cell, in dB. 

· G-factor: Standard definition of UE experienced wideband G-factor at the antenna connector at the UE. 

In Figures 3 and 4 we show the path gain and G-factor, respectively, for scenario 1 and 2a with different number of clusters and picos per cluster.
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(c)
Fig. 3: Path gain for three different topologies: (a) 1 cluster - 4picos per cluster (b) 2 clusters – 4 picos per cluster (c) 1 cluster – 10 picos per cluster.
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Fig. 4: G-factor for three different topologies: (a) 1 cluster - 4picos per cluster (b) 2 clusters – 4 picos per cluster (c) 1 cluster – 10 picos per cluster.
For the path gain, we show separate statistics for macro (solid line) and pico (dash line) UE, whereas for the G-factor both all users (solid line) and macro and pico UEs (dash lines). 
· Proposal: It is recommended to have a “light” simulation calibration exercise of the basic signal level statistics, before addressing more detailed performance investigations for these scenarios.  
4. Concluding remarks

In this contribution we have presented DL signal level statistics and performance results for the Scenario 1 (co-channel) and Scenario 2a (dedicated carrier deployment). The presented results can be used to calibrate the different results among companies before continuing the SCE studies in RAN1. The following proposals summarize the contribution:
· It is recommended to have “light” simulation calibration exercise of the basic signal level statistics (e.g. path loss and G-factor statistics), before addressing more detailed performance investigations for these scenarios.
· It is recommended to also use load balancing in additional to simple RSRP and RSRQ metrics for scenarios 1 and 2a in order to better control the traffic between layers.
· For Scenario 1 (co-channel), the use of further enhanced inter-cell interference coordination (feICIC) shall be taken as the default when evaluating the gain of additional downlink Rel-12 enhancements.
5. References
[1] 3GPP R1-130856, Evaluation Assumptions for SCE
Appendix A: Simulation Assumptions
The simulated scenarios follow the settings in [1], and we use a quasi-static system level simulator for this study. The time resolution is TTIs. Some of the relevant parameters in the simulations are shown in the Table 1. 
Table 1. Simulation assumptions

	Parameter 
	Setting 

	Network Layout 
	500m macro-layer inter-site distance 

	Cell layout 
	7 macro-sites (21 macro-cells), wrap around 

	Traffic model 
	Full buffer: 60 users per macro 

	UE placement 
	2/3 UEs inside the cluster; the remaining UEs are uniformly distributed within the macro-cell area; 20% users outdoors 

	Transmit power 
	Macro-eNB: 46dBm; pico-eNB: 30dBm 

	Bandwidth 
	Macro: 10MHz at 2GHz; Small cell: 10MHz at 2GHz (scenario 1) and 10MHz at 3.5GHz (scenario 2a) 

	Antenna system 
	2x2 with rank adaptation (Rel-8 SU-MIMO) 

	Antenna gain 
	Macro: 17 dBi; pico: 5 dBi; UE: 0 dBi 

	Antenna pattern 
	Macro: 3D; Pico and UE: Omni 

	Path loss 
	Macro-eNB to UE: ITU UMa; Pico-eNB to UE: ITU UMi 

	Shadow fading 
	Macro-eNB to UE: ITU UMa; Pico-eNB to UE: ITU UMi 

	eNB packet scheduling 
	Proportional Fair (PF)

	Cell selection criteria 
	RSRP (scenario 1) and RSRQ (scenario 2a) 

	Number of clusters per macro 
	1,2

	Number of small cells per cluster 
	4, 10

	Simulation time 
	Full buffer: 10 runs

	CRE (Cell Range Extension)
	0dB


