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1. Introduction

At the RAN WG1 #72 meeting, Rel-12 LTE small cell enhancements (SCE) physical layer scenarios for evaluation were agreed [1]. Detailed evaluation assumptions considering those scenarios were also agreed through email discussion [2]. At the RAN WG1 #72bis meeting, the evaluation results regarding potential techniques for SCE were presented and candidate techniques were summarized as indicated below based on [3].

· Candidate techniques for further study are as follows, but not limited to

· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available

· Note that this work will continue under this SI, with the findings being taken into account in NCT WI later. 

· Enhanced power control/adaptation (for both downlink and uplink)

· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul

· Continue study in RAN1#73; can be transferred into a new WI if one is approved at RAN#60.

In this contribution, we provide initial evaluation results regarding the small cell on/off and load balancing for both uniform and non-uniform traffic distribution.
2. Load Balancing and Small cell On/Off 
2.1. Views on Load Balancing and Small Cell On/Off
As described in [4], there is a large discrepancy between the UE distribution and small cell distribution, and thus a traffic load is no longer uniform in the cluster of small cells. In reality, therefore, the traffic distribution becomes non-uniform in the cluster of the small cells. In such dense small cell scenarios, it was shown in [4] that the load balancing is effective to improve the throughput performance by offloading the traffic loads to the small cells with a lighter traffic load. In addition to the degree of non-uniformity of the traffic distribution, the density of traffic loads may vary in time, e.g., a dense traffic is seen at a train platform during rush hours. For a more dense traffic loads, techniques such as load balancing would be efficient. On the other hand, for a less density of the traffic loads, techniques of turning on/off small cells would be beneficial. Thus, we evaluated those two techniques, i.e., load balancing and small cell on/off, for different number of UEs assuming the full buffer traffic model as an initial evaluation results. Since the real traffic model such as FTP traffic model would be more appropriate to investigate the gains from those techniques, those techniques need to be further evaluated for the real traffic model. In this evaluation, we consider the several methods below. 
· Method 1: RSRP based Small Cell Selection
· The small cell with largest RSRP is selected as the serving cell for a UE. 
· Method 2: Load Balancing [4]
· The method for load balancing is provided as follows. The selection of small cells is performed using the RSRPs of the small cells reported from a UE. If the small cell associated with the best RSRP accommodates more UEs than the given number of UEs and if the RSRP of a small cell plus an offset value of X dB exceeds the best RSRP, the corresponding small cell is selected. Otherwise, the small cell with the best RSRP should be selected. Therefore, as the value of X increases, a larger effect from load balancing would be expected.
· Method 3: Small Cell On/Off
· The method for small cell on/off is given as follows. The selection of small cells is performed using the RSRPs of the small cells reported from a UE. If a small cell has less number of UEs and all UEs in this small cell (1st RSRP cell of the UEs) could find a target cell, this small cell may offload all UEs to other cells and turn off the small cell to reduce the interference. Otherwise, no traffic offloading for all UEs in this small cell (1st RSRP cell is selected). The criterion to finding a target cell is that RSRP difference between target cell and serving cell is within X dB and the UE number of target cell is larger than 0.
2.2. Evaluation Results
We evaluated the system-level simulation to assess the gain from cell selection methods among small cells from the viewpoint of the UE throughput performance. Table A-I in the Annex shows the simulation conditions [2]. The number of clusters per macro cell is set to one. In this evaluation, we used the following evaluation assumptions that are different from those in [2]. We assume the MMSE option 1 type receiver. The full-buffer traffic model with both 20 UEs and 80 UEs per cluster is also assumed to represent super dense SCE scenarios. In addition, we used non-uniform UE distribution models [4] in order to investigate the impact of the UE distribution on the effect of small cell selection as shown in Fig. 1. 
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Figure 1 – UE distribution models used in the evaluations.

Table I and II show the cell average throughput and 5%, 50% UE throughput performance levels for the different cell selection schemes. In 20 UEs per small cell cluster, the small cell on/off scheme achieves 6.6% and 9.5% gain compared to the RSRP based method in cell average throughput and 5% UE throughput, respectively. It is due to the interference reduction from turning off the small cell on/off scheme On the other hand, in 80 UEs per small cell cluster case, load balancing scheme performs better than the other schemes and achieve a 9.9% gain compared to RSRP for the 50% UE throughput by offloading the traffic data to other cells with smaller number of UEs. As shown in Table IV, about 10 % UEs are shifted to the cells of not the best cell in terms of RSRP. On the other hand, we see some degradation in the UE throughput performance for the load balancing and small cell on/off according to the number of UEs. In such a scenario, interference coordination schemes including DL TPC and CC-level coordination would be potentially beneficial to improve such UE throughput performance.

In this evaluation, although the case of full buffer with the number of UEs as a parameter is evaluated, further evaluation considering the real traffic model needs to be performed.
Table I – Throughput Performance of 20UE per Cluster with Non-uniform UE Distribution

	
	Cell average throughput (Mbps)
	Gain  (%)
	50% UE throughput (Mbps)
	Gain (%)
	5% UE throughput (Mbps)
	Gain (%)

	RSRP
	54.0
	0.0
	1.82
	0.0
	0.41
	0.0

	LB
	51.9
	-3.9
	1.83
	0.1
	0.37
	-9.0

	ON/OFF
	57.5
	6.6
	1.84
	0.7
	0.45
	9.5


Table II – Throughput Performance of 80UE per Cluster with Non-uniform UE Distribution

	
	Cell average throughput (Mbps)
	Gain  (%)
	50% UE throughput (Mbps)
	Gain (%)
	5% UE throughput (Mbps)
	Gain (%)

	RSRP
	64.5
	0.0
	0.496
	0.0
	1.04
	0.0

	LB
	63.4
	-1.8
	0.545
	9.9
	0.096
	-7.5

	ON/OFF
	58.2
	-9.6
	0.491
	-1.0
	1.24
	20.0


Table III – Cell Association Ratio of 20UE per Cluster with Non-uniform UE Distribution

	
	1st RSRP Cell
	2nd RSRP Cell
	3rd RSRP Cell

	LB
	89.5%
	8.5%
	2.0%

	ON/OFF
	92.0%
	7.3%
	0.7%


Table IV –Cell Association Ratio of 80UE per Cluster with Non-uniform UE Distribution

	
	1st RSRP Cell
	2nd RSRP Cell
	3rd RSRP Cell

	LB
	89.2%
	8.9%
	1.9%

	ON/OFF
	97.5%
	2.4%
	0.1%


3. Conclusion
 In this contribution, we presented initial evaluation results regarding the small cell on/off and load balancing for both uniform and non-uniform traffic distribution for the different number of UEs. Although further evaluation needs to be done considering the actual traffic model, we could make the following observations for the next step of the evaluation.
Observation 1: In addition to a uniform UE distribution, a non-uniform UE distribution model should be considered for the evaluation.
Observation 2: In addition to a low load traffic load case, a high traffic load case should be considered for the evaluation.
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Annex

Table AI – Simulation Conditions

	Parameters
	Assumptions

	Cell deployment
	Hexagonal grid, 3 sectors per site, case 1;

Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area;

	System bandwidth
	10MHz

	Carrier frequency
	3.5GHz

	Total BS TX power
	30dBm

	Distance-dependent path loss/penetration/shadowing
	ITU UMi with 3D distance

	Small cell number
	1 cluster per macro sector, 10 small cells per cluster;

	Traffic model
	Full buffer

	UE number and traffic
	20/80 UE and 20% outdoor and 80%indoor

	UE receiver
	MMSE opt.1

	UE moving speed
	3km/h

	Antenna configuration
	2x2, CPA

	MIMO scheme
	Single point transmission with SU-MIMO,

Rank adaptation up to rank2

	Control delay
	6ms

	CSI-RS channel estimation
	Non-ideal

	Overhead
	PDCCH (2 symbols), DMRS (12 REs per RB), CRS (2 ports in 4/10 non-MBSFN subframes)
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