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1 Introduction
In the previous meeting, the following agreements have been reached:

· 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.
· For each of the techniques, further study including the followings

· Feasible time scale (i.e., how fast or slow the technique is applied)
· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

· Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signaling, energy consumption, possible impact on IDLE mode UEs 
In this contribution, we provide evaluation results of SCE Scenario 1 and 2a with TDD configuration 1, and discuss load balancing/shifting for scenarios with small cell on/off scheme.
2 Evaluations and discussions
2.1 Evaluation methodologies and assumptions
Our evaluations are carried out using the simulation assumptions agreed in [3], as shown in Table 2. Note that some methodologies or parameters can be determined by each of the companies at their own discretion. Some of the details on our simulation settings are given below:
· Arrival rate
· 2/3 of the UEs are randomly and uniformly dropped within the clusters, and 1/3 of UEs randomly and uniformly dropped in the macro geographical area. Ratio of DL/UL arriving rate is 2/1, comparison with TDD configuration 1, the total arriving rate per sec. in a macro cell area = {6, 12, 18, 24}
· The scheduler is FIFO
· Retransmission model

· HARQ is modeled with maximum 4 transmissions and chase combining. A HARQ ACK/NACK is transmitted in the first available subframe after 4ms and the retransmission can happen in the first available subframe after another 4ms. In addition, a TB will be put back to the front of the data buffer if the TB has been retransmitted over the maximum number of HARQ retransmissions.
We provide evaluation results of SCE Scenario 1 and 2a with the following performance metrics

· UL/DL cell average packet throughput
· Cell total packet throughput
· Resource utilization
The resource utilization is defined as the ratio of the used subframe number to the all subframe number.
· Coefficient of variations of MUEs and PUEs
The coefficient of variation (CV) is defined as the ratio of the standard deviation to the mean. It shows the extent of variability in relation to mean of MUEs or PUEs.
2.2 Load Balancing/Shifting
Cell Range Expansion (CRE) is one of load balancing/shifting techniques. CRE, which allows a UE to be served by a cell with weaker received power, is a typical cell association method to offload traffic, but it may cause interference in data and control channels. An unsuitable value of CRE may cause more serious traffic unbalance between small cells and macro cells.
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Figure 1: Total cell average packet throughput of SCE Scenario 1
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Figure 2: Resource utilizations of SCE Scenario 1
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Figure 3: Total cell average packet throughput of SCE Scenario 2a
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Figure 4: Resource utilizations of SCE Scenario 2a

Table 1 Coefficient of variations of numbers of MUEs and PUEs of SCE Scenario 1 and 2a
	
λ=24
	CV(MUE)
	CV(PUE)
	% of MUEs/packets served in a Macro cell area
	% of PUEs/packets in a Macro cell area

	Scenario 1
	
	
	
	

	4 Pico * 1 Cluster, CRE =0dB
	38.1%
	32.8%
	25.2%
	4*18.7%

	4 Pico * 1 Cluster, CRE =3dB
	40.1%
	31.5%
	20.1%
	4*19.9%

	10 Pico * 1 Cluster, CRE =0dB
	33.8%
	47.6%
	17.3%
	10*8.4%

	10 Pico * 1 Cluster, CRE =3dB
	37.7%
	46.9%
	14.1%
	10*8.7%

	Scenario 2a
	
	
	
	

	4 Pico * 1 Cluster, CRE =0dB
	34.2%
	42.3%
	45.1%
	4*13.7%

	4 Pico * 1 Cluster, CRE =3dB
	55.5%
	28.6%
	6.1%
	4*23.5%

	10 Pico * 1 Cluster, CRE =0dB
	30.1%
	63.2%
	45.0%
	10*5.5%

	10 Pico * 1 Cluster, CRE =3dB
	50.1%
	48.9%
	17.7%
	10*8.2%


From the above results, we have the following observations:
Observation 1: The packet throughput of PUEs increases with the number of small cells in a Macro cell area, but the interference between small cells significantly increases with the number of small cells in a Macro cell area, especially at high traffic load conditions. Resource utilization also decreases as the number of small cells in a Macro cell area increases. 
Observation 2: The coefficient of variation of PUE number increases with the number of cells in a Macro cell area. This phenomena show that the traffic loads of cells is unbalanced, especially for the dense small cell deployment. 
Observation 3: A positive value of CRE bias improves the UL/DL packet throughput of Macro cells. However, an unsuitable value of CRE may cause even more severe traffic unbalance between small cells and macro cells, and significantly reduce the UL/DL packet throughput of Pico cells. Dynamic load balancing/shifting techniques considering DL/UL interference may be more suitable than static CRE bias.
Based on these observations, we propose

Proposal 1: Dynamic load balancing/shifting techniques considering DL/UL interference should be further investigated.
2.3 Small Cell On/Off
Since Scenario 1 and 2a use a clustering cell deployment, small cells may suffer strong interference from the neighbor cells. Table 1 indicates that some Pico cells may never be used in a dense small cell deployment. For the unused Pico cells, turning off these cells may effectively reduce the interference of control channels. However, on/off operation of small cells for the used Pico cells may improve the interference condition, but the improvement of the interference condition may not make up for the performance loss of the UEs served by the small cells that are turned off for interference avoidance. 
Proposal 2: Small cell on/off should be further investigated, especially for the dense small cell deployments.
Table 2 The number of unused Pico cells of SCE Scenario 1 and 2a
	
λ=24
	% of MUEs/packets served in a Macro cell area
	% of PUEs/packets in a Macro cell area
	# of unused Pico cells

	Scenario 1
	
	
	

	4 Pico * 1 Cluster, CRE =0dB
	25.2%
	4*18.7%
	0

	4 Pico * 1 Cluster, CRE =3dB
	20.1%
	4*19.9%
	0

	10 Pico * 1 Cluster, CRE =0dB
	17.3%
	10*8.4%
	8

	10 Pico * 1 Cluster, CRE =3dB
	14.1%
	10*8.7%
	7

	Scenario 2a
	
	
	

	4 Pico * 1 Cluster, CRE =0dB
	45.1%
	4*13.7%
	0

	4 Pico * 1 Cluster, CRE =3dB
	6.1%
	4*23.5%
	0

	10 Pico * 1 Cluster, CRE =0dB
	45.0%
	10*5.5%
	123

	10 Pico * 1 Cluster, CRE =3dB
	17.7%
	10*8.2%
	10


3 Conclusions
In this contribution, we provide evaluation results of SCE Scenario 1 and 2a with TDD configuration 1 and discuss load balancing/shifting for load shifting and small cell on/off. Based on the observations of evaluation results, observation and proposals are summarized as follows:
Observation 1: The packet throughput of PUEs increases with the number of small cells in a Macro cell area, but the interference between small cells significantly increases with the number of small cells in a Macro cell area, especially at high traffic load conditions. Resource utilization also decreases as the number of small cells in a Macro cell area increases. 
Observation 2: The coefficient of variation of PUE number increases with the number of cells in a Macro cell area. That exhibits that the traffic loads of cells are unbalanced, especially for the dense small cell deployment. 

Observation 3: A positive value of CRE bias improves the UL/DL packet throughput of Macro cells. However, an unsuitable value of CRE may cause more serious traffic unbalance between small cells and macro cells and significantly reduces the UL/DL packet throughput of Pico cells. Dynamic load balancing/shifting techniques considering DL/UL interference may be more suitable than static CRE bias.
Proposal 1: Dynamic load balancing/shifting techniques considering DL/UL interference should be further investigated.
Proposal 2: Small cell on/off should be further investigated, especially for the dense small cell deployments.
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Appendix:
Table 3 Simulation parameters
	
	Macro
	Small Cell

	Layout 
	Hexagonal grid, 19 Macro sites, 3 sectors per site 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Carrier Frequency 
	2.0 GHz 
	2.0 GHz (Scenario 1) or 3.5 GHz (Scenario 2a)

	Transmission Bandwidth 
	10 MHz 
	10 MHz 

	Carrier number 
	1

	Total BS Tx Power 
	46dBm 
	30dBm

	# of clusters per macro area 
	1, 2,  optional of 4 

	# of small cells per cluster 
	4, 10 

	# of small cells per Macro cell 
	[4,10]*Number of clusters per macro cell geographical area

	# of UEs per macro area 
	60 per macro cell geographical area 

	UE dropping 
	1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor. 

	Radius of small cell cluster 
	50 

	Radius of UE dropping in a cluster 
	70 

	Minimum distance 
	Small cell-small cell: 20m 

	
	Small cell-UE: 5m 

	
	Macro-small cell cluster center: 105m 

	
	Small cell cluster-small cell cluster: 2* Radius of small cell cluster 

	
	Macro cell-UE: 35m 

	Distance-dependent path loss 
	ITU UMa [Referring to  Table B.1.2.1-1 in TR 36.814[3]] 
	ITU UMi [Referring to Table B.1.2.1-1 in TR 36.814[3]] with the smallest distance extended from 10m to 5m 

	Penetration loss 
	For outdoor UEs: 0dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,d)] for each link 
	For outdoor UEs: 0dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,d)] for each link 

	Shadowing loss 
	ITU UMa according to Table A.1-1 of 36.819 [4]
	ITU UMi [Referring to  Table B.1.2.1-1 in TR 36.814[3]] 

	Antenna pattern 
	3D,  referring to TR36.819 
	2D Omni-directional 

	Antenna Height 
	25m 
	10m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17dBi 
	5dBi 

	Antenna gain of UE 
	0dBi 

	Fast fading loss 
	ITU UMa according to Table A.1-1 of 36.819 
	ITU UMi 

	Antenna configuration 
	2Tx2Rx in DL, 1Tx2Rx in UL, Cross-polarized 

	Cell selection criteria 
	Baseline: RSRP for intra-f and RSRQ for inter-f, with cell common bias if CRE is applied. 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Traffic model 
	FTP Model 1

	UE receiver 
	MMSE-IRC as baseline 

	Network synchronization 
	synchronization 

	Backhaul assumptions 
	ideal 
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