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1. Introduction

In 3GPP TSG RAN #58 meeting, the study item of “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” [1] was approved for Release 12 study. In particular, it specifies the operation efficiency improvement as a focus area:

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

Multi-carrier deployment is a key scenario supported by small cell and has been proposed or/and discussed in some of the previous meetings. For instance, [2] proposes to study schemes for interference coordination and/or load balancing in dense small cell deployments, i.e., enhanced CC-level coordination and DL dynamic power control. In [3], it’s observed that small cell carrier selection for data transmission can be effectively supported with the existing mechanisms if both the small cell node and the UE are capable and configured to operate with carrier aggregation. [4] observes there are benefits and feasible scenarios for UE always camp on macro cell layer even UE is in good radio condition under small cell layer.
In this contribution, we provide some initial simulation results on system level evaluations for downlink performance on different multi-carrier deployment small cell scenarios. These results may give some insights on the carrier aggregation mechanism for small cells. 
2. Simulation Assumptions
We evaluated downlink performance of small cells based on the scenario 2a defined in “Evaluation assumptions for SCE” agreed by RAN1 email discussions. Most simulation parameters can be found in the spreadsheet. There are three multi-carrier deployment scenarios namely:
1. Single-carrier deployment. In this scenario, macro eNB (MeNB), small cell eNB (SeNB) and UEs only use a single-carrier. No carrier aggregation is deployed. This scenario is considered as baseline of the simulations.

2. Intra-site carrier aggregation deployment. This is the Rel-10 carrier aggregation mechanism. In this scenario, there are multiple carriers available on the small cell layer to boost the throughput performance of the dense UEs in small cells. Both small cells and UEs are CA capable.
3. Inter-site carrier aggregation deployment. Since the small cells are under the coverage of macro cell, macro cell may assist the control/data transmission of the small cell UEs. Some UEs are connected to both macro cell and small cell using different carriers. This new mechanism can be called dual connection or inter-site carrier aggregation. 
In the simulation, cell selection is done once at the beginning of each drop. Carrier selection is generally based on RSRP. When inter-site carrier aggregation is deployed, a threshold is defined to select the carriers. If the difference between the largest RSRPs from macro cell and small cell is smaller than the threshold, the carriers are selected for carrier aggregation.

The three deployment scenarios are illustrated in Fig.1.
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a) Single-carrier deployment
[image: image2.png]Microsoft Visio - [ca_scenario.vsd:T-2] =HiE

&#(E) R/EE WAV IEDO HFOW) HEHH) BAZEERHHIEE v .8 x
D-2d & 78E). REU RO R R Q Q)| @ .

T T e oy S R B B Lt O T OO T T L
Uil i neeadm oo i

i YPOTR el PR R PR R 5 v P

O EL) &2 (73 14

PR =1 FT=1 Pl =1 m2/3





b) Intra-site carrier aggregation
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c) Inter-site carrier aggregation
Fig.1. Different Multi-carrier deployments
For each deployment case shown in Fig.1, one cluster per macro geographical area and 4 or 10 small cells per cluster are assumed in our simulation. We have simulated full-buffer traffic and FTP traffic model 1. Full-buffer traffic model can be interpreted as the condition where traffic load is very high for each of the simulated cells. FTP traffic model 1 is a relatively more practical one to match the reality that the traffic load is somewhat unbalanced for each cell during a short term but becomes even in a long term. For simulation with FTP traffic model 1, a data packet with 0.5M bytes arrives with Poisson arrival rateλper macro cell geographical area. This arrival rate will yield a roughly 10% resource utilization for the single-carrier scheme.
For inter-site carrier aggregation case, ideal backhaul is assumed. It’s assumed that MeNB and SeNB both have the downlink data for the dual-connected UE and may exchange their buffer status in a timely way. Each UE uses no more than two carriers. For small cell UEs, part of them may still use intra-site carrier aggregation. Others may choose one carrier from small cell and one carrier from macro cell.
More simulation parameters are shown in Appendix.
3. Performance Evaluation
In this section we show the performance evaluation results for the three deployment scenarios introduced in the previous section.  The 5%, 50%, 95% and mean user throughput for different deployment cases with full-buffer traffic model are given in Table 1. In these cases there are 4 small cells in a cluster. The ratio of UEs with dual connections for inter-site CA is also given in the table. Naturally intra-site carrier aggregation (Rel-10 CA) mechanism gives substantial performance gain over the baseline single carrier scenario in all metrics. Inter-site carrier aggregation has better 5%, 50%, and mean user throughput over intra-site carrier aggregation. The 5%, 50%, 95% and mean user packet throughput (UPT) for different scenarios with FTP traffic model 1 are given in Table 2. Inter-site carrier aggregation has better user packet throughput over intra-site carrier aggregation in all metrics. Table 3 and Table 4 show the same performance metrics for cases where there are 10 small cells in a cluster, with full-buffer traffic and FTP traffic Model 1, respectively.
CDFs of user throughput of three multi-carrier deployment scenarios with full-buffer traffic model are plotted in Fig.2. CDFs of user packet throughput (UPT) of three multi-carrier deployment scenarios with FTP traffic model 1 are plotted in Fig.3. 
Table 1: DL user throughput for full-buffer traffic, 4 small cells/cluster, λ=2.5
	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE (Mbps)
	Mean (Mbps)
	Ratio of UEs with dual connection

	Single carrier
	0.43 (+0%)
	0.98 (+0%)
	3.49 (+0%)
	1.39 (+0%)
	0

	Intra-site CA
	0.48 (+10.6%)
	1.59 (+61.7%)
	6.76 (+94.0%)
	2.34 (+68.9%)
	0

	Inter-site CA
	0.76 (+75.0%)
	1.97 (+100.3%)
	5.78 (+65.9%)
	2.45 (+76.9)
	55.9%


Table 2: DL User Packet Throughput (UPT) for FTP traffic model 1, 4 small cells/cluster, λ=2.5
	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE (Mbps)
	Mean (Mbps)
	Ratio of UEs with dual connection

	Single carrier
	4.41 (+0%)
	13.37 (+0%)
	31.77 (+0%)
	15.92 (+0%)
	0

	Intra-site CA
	5.35 (+21.2%)
	19.15 (+43.3%)
	50.94 (+60.4%)
	21.89 (+37.5%)
	0

	Inter-site CA
	8.36 (+89.5%)
	25.47 (+90.6%)
	56.25 (+77.1%)
	27.66 (+73.7%)
	52.7%


Table 3: DL user packet throughput full-buffer traffic, 10 small cells/cluster, λ=5.5
	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE (Mbps)
	Mean (Mbps)
	Ratio of UEs with dual connection

	Single carrier
	0.50 (+0%)
	1.12 (+0%)
	3.05 (+0%)
	1.38 (+0%)
	0

	Intra-site CA
	0.57 (+13.8%)
	1.67 (+49.6%)
	5.69 (+86.6%)
	2.21 (+59.7%)
	0

	Inter-site CA
	0.82 (+65.6%)
	2.04 (+82.1%)
	5.91 (+93.9%)
	2.49 (+80.0%)
	35.2%


Table 4: DL User Packet Throughput (UPT) for FTP traffic model 1, 10 small cells/cluster, λ=5.5
	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE (Mbps)
	Mean (Mbps)
	Ratio of UEs with dual connection

	Single carrier
	2.67 (+0%)
	8.79 (+0%)
	31.77 (+0%)
	11.96 (+0%)
	0

	Intra-site CA
	5.05 (+88.8%)
	14.44 (+64.2%)
	31.77 (+0%)
	16.89 (+41.3%)
	0

	Inter-site CA
	5.42 (+102.8%)
	16.67 (+89.5%)
	39.13 (+23.2%)
	18.89 (+58.0%)
	38.1%
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a) 4 small cells/cluster                                          b) 10 small cells/cluster
Fig.2. CDF of user throughput for different scenarios with full-buffer traffic
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a) 4 small cells/cluster                                                     b) 10 small cells/cluster

Fig.3. CDF of user packet throughput (UPT) for different scenarios with FTP traffic
Results show that with inter-site carrier aggregation, there is more freedom for macro cell and small cell to coordinate for UEs’ better throughput performance. The macro cell assisted small cell thus can provide a new kind of diversity to its serving UEs. However the performance gain is achieved under a lot of ideal assumptions such as backhaul assumptions. There will be some new issues to be solved if this dual connectivity and inter-site carrier aggregation are operated. These issues include for example backhaul control/data exchange, whether C/U split is beneficial, cell discovery, MeNB and SeNB coordination and load balancing, and so on. Some of these issues may not be restricted to RAN1 scope, but should be included in RAN2 and RAN3 discussions.  RAN1 need to study relevant issues and address these problems to achieve performance improvement brought by inter-site carrier aggregation.
4. Conclusions
In this contribution we provide performance evaluation results for system level simulations on small cells. Three multi-carrier deployment scenarios are considered and compared. We observe that with inter-site carrier aggregation, small cell UEs can achieve much better performance gain over the other two scenarios. We propose that RAN1 need to study the inter-site carrier aggregation related issues such as small cell discovery, etc.
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APPENDIX: simulation assumptions
	Parameter
	Assumption/Value

	Simulation case
	Scenario #2a

	Cellular layout
	Hexagonal grid, 7 sites, 3 sectors per site, case 1 for macro cell.
Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area
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	Total MeNB TX power (Ptotal)
	46dBm

	Total SeNB TX power
	30dBm 

	Distance-dependent

Path loss(dB)
	MeNB-UE
	ITU UMa[referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied

	
	SeNB-UE
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Shadowing standard deviation


	MeNB-UE
	ITU UMa according to Table A.1-1 of 36.819

	
	SeNB-UE
	ITU UMi[referring toTable B.1.2.1-1 in TR36.814]

	Carrier frequency
	2 GHz for macro cell; 3.5GHz for small cell

	Bandwidth
	10 MHz per carrier

	Carrier number
	1 for macro cell; 2 for small cell

	Number of clusters per macro
	1

	Number of small cells per cluster
	4

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 

	Radius for small cell dropping in a cluster (R1)
	50m

	Radius for UE dropping in a cluster (R2)
	70m

	Minimum distance
	Macro – UE: 35 m
Small cell – UE: 5m

Small cell – small cell: 20m

Macro – small cell cluster center: 105m

Cluster center-cluster center: 2x Radius for small cell dropping in a cluster

	Number of UEs per macro geographical area for full-buffer traffic model
	60

	Antenna height
	Macro: 25m; small cell: 10 m; UE: 1.5m

	Thermal noise density
	-174 dBm/Hz

	MeNB antenna gain 
	17 dBi 

	SeNB antenna gain 
	5 dBi

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Control channel overhead
	L=3 symbols

	Traffic Model

	Full buffer and FTP model 1

	Scheduling algorithm 
	PF
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