
TSG-RAN Working Group 4 (Radio) meeting #44bis

R4-071540
Shanghai, China, 8th – 12th October 2007

Source:
Nokia Siemens Networks 
Title:
LTE Home Node B downlink simulation results with flexible Home Node B power
Agenda item:
7.2
Document for:
Discussion
Introduction

This document presents Home NodeB coexistence simulation results in downlink (macro cell UE victim, home NodeB interferer) in addition to those presented in [1]. In contrast to the simulations in [1] where all Home NodeB transmit with equal maximum transmit power,  Home NodeB maximum transmit power was individually set dependent of the distance to the closest macro NodeB. 
Simulation assumptions
Same simulator and simulation assumptions were used as for coexistence studies in downlink for the E-UTRA system in urban area with 500 meter cell range, 2GHz carrier and 10MHz system bandwidth [2]. In each macro cell a fixed number of home NodeBs (50, 100, 200 and 500) is placed randomly. Home NodeB antenna characteristic is omni directional with 3dB antenna gain, 45dB UE – Home NodeB MCL and 10dB outdoor/indoor penetration loss were assumed.
Home NodeB power setting algorithm
Home Node output power value is set independently for each Home NodeB based on its position with respect to the nearest macro NodeB.

· the basis for Home NodeB power calculation is pathloss+shadowing between a Home NodeB and the nearest macro NodeB [dB]

· Home Node B maximum power limit is 20 dBm

· Home Node B minimum power limit is -30, -10 or 0dBm
· Power control function is based on the inverted scheme used for macro/macro coexistence in UL (set1, set2)

· Power control model parameters (gamma, pathloss X-ile) are chosen on the basis of Home NodeB-to macro NodeB pathloss+shadowing CDF.
· 10% Home NodeBs located very close to macro NodeB are allowed to transmit with maximum power of 20dBm ( pathloss+shadowing threshold ~- 90dB )

· 10% HomeNodeBs located at macro cell edge are forced to transmit with minimum power ( pathloss+shadowing threshold ~- 120 dB )
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Figure 1: CDF of pathloss + shadowing 

The resulting power control function for the case of -30dBm minimum power is shown in figure 2:
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Figure 2: Home NodeB power control function 

The resulting Home NodeB maximum power distribution (obtained over multiple simulation snapshots) can bee seen on the histogram in figure 3.
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Figure 3: Home NodeB power distribution 

Simulation results

Results for the reference case – Home NodeB with fixed power of 20dBm – are shown in table 1. In this simulation penetration loss(macro) = 0dB, penetration loss(Home NodeB) = 10dB, i.e. Home NodeB UE are located indoor, macro UE are located outdoor. ACIR = 0dB is models the co-channel case, ACIR = 30dB models the adjacent channel case. 
Table 1: Simulation results for Home NodeB fixed power 20dBm

	
	System performance degradation [%]

	
	50 HNB/macro
	100 HNB/macro
	200 HNB/macro
	500 HNB/macro

	ACIR = 0 dB
	10,68
	16,74
	25,71
	38,93

	ACIR = 30 dB
	0,01
	0,03
	0,07
	0,13


In the following, only the co-channel case is considered. Simulation results with different Home NodeB power setting parameters are presented in table 2 and figures 4 and 5.
Table 2: Simulation results for Home NodeB , flexible power
	Minimum HNB Power (dBm)
	System performance degradation [%]

	
	50 HNB/macro
	100 HNB/macro
	200 HNB/macro
	500 HNB/macro

	-30
	1,93
	4,30
	7,03
	12,17

	-10
	2,73
	5,43
	8,66
	15,11

	0
	3,54
	6,81
	10,77
	18,66
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Figure 4: Simulation results Home NodeB power controlled

[image: image5.png]Throughput degradation [%]

40

Capacity degradation vs number of HeNBs per macro cell, ACIR = 0dB, pc = "on"

35

30

25~

20~

==== Pathloss-based power control, minimum HNB power -30dBm
==== Pathloss-based power control, minimum HNB power-10dBm
= === Pathloss-based power control, minimum HNB power 0dBm
No power control, minimum HNB power -30dBm

100 150 200 250 300 350 400 450
Number of HNB per macro cell

500




Figure 5: Comparison of simulation results

Conclusion

Simulations have shown that reduction of Home NodeB power dependent of the pathloss to the nearest macro NodeB can reduce the interference impact on the macro network in downlink. However, the interference remains high and additional interference mitigation techniques need to be applied, in particular if a large number of Home NodeB is deployed within the macro cell. In addition, the reduced Home NodeB output power may lead to downlink performance degradation of the Home NodeB and limited coverage area.
It shall be noted that the simulations considered Home NodeB UE indoor only and macro NodeB UE outdoor. If macro NodeB UE are also indoor, the interference impact of the Home NodeB is higher as shown in [1].
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