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1. Introduction
Heterogeneous network consists of deployments by which low power nodes (such as RRH, Pico, HeNB and relay nodes) are placed throughout a macro-only layout. The baseline parameters for initial evaluations in heterogeneous networks have been determined in the meeting RAN1 #60.

In this contribution, we present results of evaluation studies of the downlink performance of Macro-Pico deployment in Case 1 by fast fading model. Evaluation of frequency allocation schemes and effects of Pico eNB (PeNB) transmit power are also provided.
2. Downlink Performance Evaluation
2.1. Evaluation assumptions

In this contribution, we focus on the downlink performance of Macro-Pico deployment. We study the case of overlaying pico eNBs onto case-1 macro-only scenario. The UEs placement is according to configuration #4b (i.e., non-uniform placement). A network consisting 57 macro cells with 4 Picos randomly overlaid onto each is considered. UE dropping methodology and the UE distributions in the macro cell coverage area are as follows: 
· Configuration 4b:4 UE-cluster with 10 uniformly dropped UEs in each are dropped randomly in macro cell and then 20UEs are located uniformly per macro cell. New nodes are allocated in the centers of UE clusters. The total number of UEs in the Macro coverage area is 20+4*10.
· Configuration 1: 4 Pico nodes are dropped randomly in macro coverage area and totally 25UEs are located uniformly per Macro coverage area.
The serving cell is determined by the max-RSRP (R8/9 strategy). More details of the simulation assumptions are summarized in Table 1.
Regarding large scale fading, the path-loss model 2 described in the latest TR36.814 [1] are used. The frequency selective spatial channel models are used for the fast-fading modeling, where SCM are adopted for both case-1 Macro and Pico cells. 
We also evaluate two frequency allocation schemes: “Reuse-1” and “Reuse-2”. Frequency allocation refers to the bandwidth assigned to each Pico and Macro nodes during deployment.

· “Reuse-1” – This case requires no frequency planning, and hence the Macro system and the Pico system share the entire frequency band.
· “Reuse-2” – This case allows some interference mitigation by assigning non-overlapping bandwidth to different cell layers. We assume that Macro system and Pico system take non-overlapping half entire frequency band respectively.                                                                                                                                                                              
Table 1 simulation assumptions
	Simulation Parameter
	Value

	Deployment scenario
	4 Picos randomly overlay onto Case 1 Macro-cells (19-cell, 57-sector wrap-around)

	Number of UEs per macro-cell sector 
	Configuration 4b: 20+4*10 = 60
Configuration 1: 25

	Serving cell attachment 
	RSRP-based 

	Scheduler 
	Proportional fairness and no coordination

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Macro cell ISD
	500m

	Max Macro Tx Power
	46dBm

	Max Pico Tx Power
	24dBm/30dBm

	Noise PSD
	-174 dBm/Hz

	Macro eNB antenna pattern
	3D antenna pattern

	Pico antenna pattern
	Omni-directional

	Macro eNB antenna gain
	14dBi

	Pico antenna gain
	5dBi

	Antenna configuration
	2-Tx 10 lambda, 2-Rx 0.5 lambda for all links

	Minimum distance between Pico and macro
	75m

	Minimum distance between Picos
	40m

	Minimum distance between macro and UE
	35m

	Minimum distance between Pico and UE
	10m

	UE speed 
	3km/h

	Fast Fading Channel 
	Modeled (3GPP SCM-typical urban macro)

	CQI feedback
	PMI

	CQI feedback period
	10ms

	Channel estimation
	Ideal

	Traffic Model
	Full buffer


2.2. Simulation results 
For heterogeneous network performance evaluation, we present the following performance metrics
-  SINR CDFs are for all UEs on CRS
      -  Throughput (bps/Hz) CDFs are for all UEs, i.e., macro UEs and pico UEs

-  Macro cell area average throughput (bps/Hz)
-  Fraction of throughput over low power nodes

-  Macro and low power node serving UE ratio
Evaluation and results are as follows:
· SINR CDFs for all UEs on CRS
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Figure1. UE SINR CDF-configuration 4b (Max Pico Tx Power left:24dBm, right:30dBm)
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Figure2. UE SINR CDF-configuration 1 (Max Pico Tx Power left:24dBm, right:30dBm)
· Throughput CDFs (bps/Hz) for all UEs
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 Figure3. UE throughput CDF-configuration 4b(Max Pico Tx Power left:24dBm, right:30dBm)
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Figure4. UE throughput CDF- configuration 1 (Max Pico Tx Power left:24dBm, right:30dBm)
· Others in details
Table 1 Average/Edge throughputs summary and UE connection ratio–configuration 4b

	Scenarios
	Macro average throughput (bps/Hz)
	Pico average throughput (bps/Hz/Pico)
	Macro cell area average throughput (bps/Hz)
	Fraction of throughput over low power nodes
	Edge throughput (bps/Hz)
	UE Connection ratio to Pico eNB
	Ratio of Pico

 Without  UE  Connected

	Homogeneous
	2.389367
	0
	2.389367
	0
	0.01567
	0%
	/

	Het-reuse1
	PTx Power 24dBm
	2.232551
	1.97281
	10.12379
	77.9%
	0.041228
	47.8%
	0.01%

	
	PTx Power 30dBm
	2.196816
	2.245966
	11.18068
	80.3%
	0.04138
	61.4%
	0.00%

	Het-reuse2
	PTx Power 24dBm
	1.321374
	1.428116
	7.033837
	81.2%
	0.017902
	47.8%
	0.01%

	
	PTx Power 30dBm
	1.351963
	1.428983
	7.067895
	80.9%
	0.025901
	61.4%
	0.00%


Table 2 Average/Edge throughputs summary and UE connection ratio –configuration 1

	Scenarios
	Macro average throughput (bps/Hz)
	Pico average throughput (bps/Hz/Pico)
	Macro cell area average throughput (bps/Hz)
	Fraction of throughput over low power nodes
	Edge throughput (bps/Hz)
	UE Connection ratio to Pico eNB
	Ratio of Pico

 Without  UE  Connected

	Homogeneous
	2.39156
	0
	2. 39156
	0
	0.0347
	0%
	/

	Het-reuse1
	PTx Power 24dBm
	2.30622
	1.2772
	7.41501
	68.9%
	0.04422
	28.5%
	22.48%

	
	PTx Power 30dBm
	2.24412
	1.63709
	8.79247
	74.5%
	0.05104
	40.6%
	11.40%

	Het-reuse2
	PTx Power 24dBm
	1.21891
	1.17531
	5.92016
	79.4%
	0.02325
	28.5%
	22.48%

	
	PTx Power 30dBm
	1.25869
	1.26482
	6.31799
	80.0%
	0.02776
	40.6%
	11.40%


From these results, we can provide the following observations:

1) Compared with the homogeneous network (Macro-only), heterogeneous network by deploying Pico, can improve cell-edge performance and the total capacity of the system. The ratio of throughput provided by Pico serving UE reaches 78% for configuration 4b, and reaches 69% for configuration 1.
2) Although the SINRs for all UEs under “Reuse-1” scheme are not better than the case of homogeneous network, UEs throughputs of “Reuse-1” increases due to the resources introduced by Picos.
3) “Reuse-2” allows some interference mitigation by assigning non-overlapping bandwidth to different nodes, therefore the UE’s SINR increases. However, since the time and frequency resources allocated to UE decrease, the UE Spectrum efficiency under “Reuse-2” scheme lower than “Reuse-1” scheme.
4) With the transmit power of Pico increases, more UE Connect to Picos and the capacity of the system increases.
5) The impact of the increase of Pico’s transmit power on cell-average performance is obvious under “Reuse-1” scheme, but is not obvious under “Reuse-2” scheme.
6) By deploying Pico nodes, the gain of Configuration 4b with 60UEs is larger than that of Configuration 1 with 25UEs, due to more concentrated UE and more usage efficiency of cell-split resources.
7) For Configuration 1 with 25UEs located uniformly per macro coverage area, there may not any UE connected to Pico nodes. That means some picos do not actually work. Hence, the efficiency of Pico can not reach that it is expected, if Pico is not deployed with cell plan.
3. Conclusion
This contribution presents some preliminary studies of Het-Net performance through fast fading modeling evaluation. The following conclusions can be drawn:

1) By deploying Pico, capacity of the system could be largely improved.

2) The “Reuse-2” scheme cannot bring additional capacity gain compared with “Reuse-1”.
3) The increase of Pico’s power makes more UE connected to Picos and it is helpful for cell-average performance under “Reuse-1” scheme.
4) For more Pico efficiency, efficient CAPEX and particularly OPEX, Picos need to be deployed with cell plan according to the UE distribution.
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