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1 Introduction
In the meeting of RAN1 59, application scenarios and propagation model of heterogeneous evaluation has been discussed. Some conclusions are achieved, such as deployment scenario, performance metrics, and path loss model. In this contribution, outdoor Pico and outdoor relay scenarios are evaluated by system level simulation to show the performance difference, mainly caused by availability of wire backhauling. Considering the progress of meeting and simplicity of simulation in preliminary phase, configuration #1 and #4 as the typical scenario of heterogeneous are evaluated.  In addition, the user throughput and the ratio of UEs associated to the low transmit power are represented respectively. Detailed assumptions and models of the heterogeneous deployment scenarios are all according to the latest TR.36.814 [1]. 
2 System simulation result 
2.1 Pico and Relay Performance in Configuration 1
Simulation results of the macro + outdoor Pico in configuration 1 performance for FDD 10MHz with 2X2 antenna configuration are presented in Table 1 for downlink in Case1. Under the configuration 1, the number of UEs is 25 which is uniform distribution cross macro cells, and the new low power node distribution within a macro cell is uncorrelated (Although 2~3 RN per cell is promoted by operators, we capture 4 low power nodes per cell  for aligning  same simulation assumptions ). Other more detail parameters are shown in Appendix according to TR 36.814.

It was shown in Table1 that the cell average throughput and cell edge throughput gain over Macro cell are nearly 360% and 90% in the case of wire-backhaul, while those gains are only 10% and 24% in the case of wireless backhaul.
Table 1. The performance of 4 new nodes in Case1 configuration 1

	Scenarios
	Cell average throughput gain
	Cell edge throughput gain

	Macro + 4 outdoor Pico/macro
	364.2%
	90.1%

	Macro + 4 outdoor Relay/macro
	10.3%
	24.1%


2.2 Pico and Relay Performance in Configuration 4
Simulation results using configuration 4 is shown in Table 2 with 2X2 antenna configuration for Case1. According to configuration4 in 36.814, simulation assumptions are: 

· Four low power nodes are uniformly dropped within each macro cell and the minimums distance between two nodes is 40m.

· 10N + 25 UEs are dropped to each cell, where N is the number of new node in macro cell and ten users are dropped within each low power node cluster.
It was shown in Table2 that the cell average throughput and cell edge throughput gain over Macro cell are nearly 440% and 200% if wire backhaul available. For outdoor relay with wireless backhauling, nearly 20% gain is observed on cell average throughput, and 45% gain on cell edge throughput
Table 2. The performance of 4 new nodes in Case1 configuration 4

	Scenarios
	Cell average throughput gain
	Cell edge throughput gain

	Macro + 4 outdoor Pico/macro
	444.0%
	196.5%

	Macro + 4 outdoor Relay/macro
	19.8%
	45.6%


3 Conclusions/Proposals
This contribution evaluates the performances of heterogeneous outdoor deployment scenario, including the macro + outdoor Pico and macro + outdoor Relay. The numerical simulation results show that

· Heterogeneous coverage by means of Pico/Micro+Macro shows significant advantages whenever high spectrum efficiency is pursued.
· Heterogeneous coverage by means of inband Relay+Macro is good to make up coverage issues when wireline backhaul is not available. 
· Different heterogeneous coverage solutions may have different advantages. Therefore, we propose to evaluate and compare the performance of different scenarios so that

· To help operators to identify the appropriate solutions which meet their real needs.
· To ensure that the appropriate techniques are selected to address the right problem.
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Appendix: Simulation assumptions
The evaluation assumptions for calibration as in Table 4, and default assumptions are aligned with the guidelines TR 36.814 [1]:
Table 4. System models and assumptions for FDD in Case1
	Parameter
	Assumption

	
	Macro cell
	Outdoor Pico
	Outdoor Relay

	Scenarios
	3GPP Case1

	Duplex method and bandwidths
	FDD:  10MHz DL

	Backhaul Type
	--
	wire backhaul
(unlimited)
	wireless backhaul

	Antenna configuration
	2 TX, 2 RX antenna ports with co-polarized, 4.0 wavelengths spacing for TX antenna and 0.5 lambda spacing for RX antenna

	Nodes per macro-cell
	Hexagonal grid, 7 sites, 3 cells per site, wrap‑around
	Configuration 1: 4 low power nodes per macro

	
	
	Configuration 4: 4 low power nodes per macro

	UE distributions
	25 uniformly dropped in Macro-cell
	Configuration 1:  No additional UE per low power nodes

	
	
	Configuration 4: 10 additional UEs per low power nodes

	Distance-dependent path loss from new nodes to UE
	PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 20dB

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	Pico to UE:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))


	Macro to relay:
Relay with outdoor donor antenna:

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.

Prob(R) based on ITU models:

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
Case 3 (Suburban):
Prob(R)=exp(-(R-0.01)/0.23)
Case 3 (Rural/ Suburban)

Prob(R)=exp(-(R-0.01)/1.15)
Note 1: Bonus for donor macro (from each of its sectors) to relay for optimized deployment by site planning optimization methodology in [A.2.1.1.4].
Note 2: Higher probability of LOS shall be reflected in consideration of the height of RN antenna and site planning optimization.
described in [A.2.1.1.4].
Note3: If link from donor Macro to optimized relay site is LOS, the links from other macros to optimized relay site could be LOS or NLOS, else all interference links from other macros are NLOS.
Relay with indoor donor antenna:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 5dB

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0) Note 4: Higher probability of LOS shall be reflected in consideration of the height of RN antenna


	Total BS TX power (Ptotal)
	46d dBm – 10MHz carrier
	30dBm – 10MHz carrier
	30dBm – 10MHz carrier

	Minimum distance between UE and new node (RRH/Hotzone, Femto, Relay) or regular cell
	>= 35m
	> 10m
	> 10m

	Minimum distance among new nodes
	N.A
	40m
	40m














































































