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This contribution presents some simulations carried out by Telefonica I+D and Tekmar in order to assess the impact of the introduction of the WDS systems in the FDD-UTRAN architecture. 

These simulations where concentrated on the investigation of the  interference caused by two micro-layers that share a WDS on the overlaying macrolayer. The outage probability of the macro UE’s was evaluated with different max output power of the WDS.
See Annex for simulations details.
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INTRODUCTION

This document contains the description of the simulations carried out by Telefonica I+D in order to study the impact of the WDS in UMTS.
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SIMULATION DESCRIPTION
2.1 SEQ cap3 \h \r0 
Simulation scenario

Macrocell deployment: Hexagonal grid with distance of 1000 meters.

Omnidirectional antennas.

Microcell deployment: Manhattan grid:

-
block size = 75 m;

-
road width = 15 m;

Omnidirectional antennas.

The scenario follows the specifications of the document 3GPP TR 25.942. The combination of macro and microcells is shown in Figure 2-1: Simulation scenario.

Figure 2-1: Simulation scenario
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These parameters have been defined for the scenario:

Height of the buildings
= 35 m

Antenna height (macrocells) = 50 m (15 m above roof top)

Antenna height (microcells) = 15 m (pole height)

Number of microcells in the scenario = 72 (see §A.1.1.3 of TR25.951 v1.4.0)

Number of macrocells in the scenario = 3 affected macros, 36 in total (see §A.1.1.3 of TR25.951 v1.4.0)

The structure of the scenario will be like this:

one macrocell layer of one operator

two microcell layers of two different operators with WDS (co-located BTS).

2.2 SEQ cap3 \h \r0 
Pathloss calculation

The propagation model selected to calculate the pathloss in the planification tool will be one based on 2D+2D ray tracing, for the microcells, and Deygout model (ray tracing in the vertical plane) for the macrocells.

2.3 SEQ cap3 \h \r0 
Traffic definition

Uniform traffic for each operator will be considered, i.e., the users will be uniformly distributed over the scenario.

The user density should be defined for each layer (or operator):

Number of macro users: speech=96; Data= 16 

Number of micro users (op1): speech= 1205; data= 205

Number of micro users (op2): speech= 1205; data= 205 

2.4 SEQ cap3 \h \r0 
Simulation assumptions

For each cell layer (macrocell, microcell 1, microcell 2), it should be defined the carrier associated, and the ACLR/ACS for UL and DL.

Three situations are defined:

1.
M

Macrocell layer

2.
M-m-m

Macrocell layer:
first carrier


Microcell 1 layer:
adjacent carrier (to macrocell layer)


Microcell 2 layer:
adjacent carrier (to microcell 1 layer)

Figure 2-2: M-m-m
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3.
m-M-m

Microcell 1 layer:
first carrier


Macrocell layer:
adjacent carrier (to microcell 1 layer)


Microcell 2 layer:
adjacent carrier (to macrocell layer)

Figura 2-3: m-M-m
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The last two situations  (M-m-m and m-M-m) will be compared with the first one, the deployment of a Macrocell layer alone (M), in order to study the impact of the WDS on the system.

The ACLR/ACS will be function of the separation of the carriers. The parameters used are shown in Table 2-1: ACLR/ACS.

Table 2-1: ACLR/ACS

	
	ACLR
	ACS

	DOWNLINK
	( 5 MHz

	45 dB (BS TX)
	33 dB (UE RX)

	
	( 10 MHz

	50 dB (BS TX)
	37 dB (UE RX)

	UPLINK
	( 5 MHz
	33 dB (UE TX)
	45 dB (BS RX)

	
	( 10 MHz
	43 dB (UE TX)
	63 dB (BS RX)


Other parameters to be defined for the simulation:

Required Ec/Io for a connection

-16 dBm will be used, as a reference value.

2.5 SEQ cap3 \h \r0 
Summary of simulation parameters

Table 2-2: Simulation parameters

	Parameter
	UL value
	DL value

	SIMULATION TYPE
	snapshot
	snapshot

	
	
	

	PROPAGATION PARAMETERS
	
	

	MCL macro (including antenna again)
	70 dB
	70 dB

	MCL micro (including antenna again)
	53 dB 
	53 dB

	Antenna gain (including losses)
	11 dBi 
	0 dBi

	
	0 dBi
	11 dBi

	Log Normal fade margin
	10 dB
	10 dB

	PC MODELLING
	
	

	step size PC
	perfect PC
	perfect PC

	PC error 
	0 %
	0 %

	margin in respect with target C/I
	0 dB
	0 dB

	Outage condition
	Eb/N0 target not reached due to lack of TX power
	Eb/N0 target not reached due to lack of TX power

	Satisfied user 
	
	measured Eb/N0 higher than Eb/N0 target ‑0,5 dB

	HANDOVER MODELING
	
	

	Handover threshold for candidate set
	3 dB
	

	active set
	2
	

	NOISE PARAMETERS
	
	

	noise figure
	5 dB
	9 dB

	Receiving bandwidth
	4.096 MHz proposed
	4.096 MHz proposed

	noise power 
	-103 dBm proposed
	-99 dBm proposed

	TX POWER 
	
	

	Maximum BTS power 
	
	43 dBm macro

33 dBm micro

	Common channel power 
	
	30 dBm macro

20 dBm micro

	Maximum TX power speech
	21 dBm
	30 dBm macro

20 dBm micro

	Maximum TX power data
	21 dBm
	30 dBm macro

20 dBm micro

	Power control range
	65 dB
	25 dB

	
	
	

	
	
	

	USER DISTRIBUTION
	
	Random and uniform across the network

	
	
	

	INTERFERENCE REDUCTION
	
	

	MUD
	Off
	N/A

	non orthogonality factor 
	N/A
	0,4

	
	
	

	DEPLOYMENT SCENARIO
	
	

	Macrocell 
	
	Hexagonal with BTS in the middle of the cell

	microcell 
	
	Manhattan 

	BTS type
	
	omnidirectional

	Cell radius macro
	
	577 macro

	Inter-site single operator
	
	1 000 macro

	Cell radius micro
	
	block size = 75 m, road 15 m

	SIMULATED SERVICES
	
	

	bit-rate speech
	8 kbps
	8 kbps

	Activity factor speech 
	100 %
	100 %

	Multipath environment macro
	Vehicular macro
	Vehicular macro

	Eb/N0 target
	6,1 dB
	7,9 dB

	Multipath environment macro
	Outdoor micro
	Outdoor micro

	Eb/N0 target
	3,3 dB
	6,1 dB

	Data rate
	144 kbps
	144 kbps

	Activity factor speech 
	100 %
	100 %

	Multipath environment macro
	Vehicular macro
	Vehicular macro

	Eb/N0 target
	3,1 dB
	2,5 dB with DL TX or RX diversity, 4,5 dB without diversity

	Multipath environment macro
	Outdoor micro
	Outdoor micro

	Eb/N0 target
	2,4 dB
	1,9 dB with DL TX or RX
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SIMULATION RESULTS
The simulations should assess the impact of the micro layer on the macro users, therefore for each Montecarlo snapshot for each service the Eb/No at the RX of each macro-UE should be assessed. A user is satisfied when the measured Eb/No of a connection at the end of a snapshot is higher than a value equal to Eb/N0 target -0,5 dB. The Eb/N0 target are defined in the Table 2-2: Simulation parameters. After the Eb/No for all macro-UE has been calculated the % of outage can be calculated. For the purpose of the present document, an outage occurs when, due to a limitation on the maximum TX power, the measured Eb/N0 of a connection is lower than the Eb/N0 target. Statistical data related to outage (satisfied users) are collected at the end of each snapshot. The target % of outage can be assessed = 5%. That is, if at the end of a Montecarlo run, more than 5% of UE have been in outage, then the interference of the micro on the macro should be considered to high and the parameters of the micro layer should be change in order to decrease its interference on the macro.

3.1  SEQ cap3 \h \r0 
Simulations for the voice service

3.1.1 SEQ cap4 \h \r0 
Case 1: Traffic load for the macro layer is 75 % of pole capacity

The microcell load is near to pole capacity, and that means the highest level of interference. The noise rise for the microcell layer is near 25 dB.

The results are presented in Table 3-1: Simulation results for case 1, where

N_us_ul_3: number of connections in the uplink in the three affected macrocells of the macrocell layer (this number includes users in soft/softer handover), 

N_usl_dl_3: number of connections in the downlink in the three affected macrocells macrocell layer (this number includes users in soft/softer handover)

M, M-m-m, and m-M-m situations are described in 2.4 Simulation assumptions.

Table 3-1: Simulation results for case 1

	
	N_us_ul_3
	N_us_ul_3(%)
	N_us_dl_3
	N_us_dl_3(%)

	M
	188
	
	209
	

	M-m-m
	166
	12%
	188
	10%

	m-M-m
	159
	15%
	183
	13%


3.1.2 SEQ cap4 \h \r0 
Case 2: Traffic load defined in § 2.3 Traffic Definition
The load factor for tha macrocell layer is in this situation around 35 %, and for the microcell layer is around 65 %.

Note that in this case, the interference level of the microcell layers is lower than in the first case.

In this case, the simulations have been performed for a microcell max output power of 33 dBm, as in previous simulations, and for a max output power of 20 dBm.

Table 3-2: Simulation results for case 2

	
	
	N_us_ul_3
	N_us_ul_3(%)
	N_us_dl_3
	N_us_dl_3(%)

	
	M
	92
	
	96
	

	33 dBm

(micro power)
	M-m-m
	84
	9%
	89
	7%

	
	m-M-m
	81
	12%
	87
	9%

	20 dBm

(micro power)
	M-m-m
	91
	1%
	95
	1%

	
	m-M-m
	90
	3%
	93
	3%


3.1.3
Case 3: New traffic load definition

The macrocell layer is near 75 % of pole capacity. The noise rise for the microcell layer is aproximately 20 dB.

In this case, the simulations have been performed for a microcell power of 33 dBm, as in previous simulations, and for a power of 20 dBm.

Table 3-3: Simulation results for case 3

	
	
	N_us_ul_3
	N_us_ul_3(%)
	N_us_dl_3
	N_us_dl_3(%)

	
	M
	184
	
	205
	

	33 dBm
(micro power)
	M-m-m
	169
	8%
	188
	9%

	
	m-M-m
	164
	11%
	182
	12%

	20 dBm 

(micro power)
	M-m-m
	176
	4%
	199
	3%

	
	m-M-m
	176
	4%
	199
	3%
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CONCLUSIONS

We have simulated a typical application scenario of WDS, where two micro cell layers share the same infrastructure (WDS) and cause interference on the macro layer.
If the WDS has a maximum output power of 33 dBm, the outage probability of the macro users is between 7% and 12%, which is an unacceptable capacity loss in the macro layer. If the WDS has a maximum output power of 20 dBm, then the outage probability is 1% and 4%, which is an acceptable value.

Concluding a WDS with Poutmax = 20 dBm has a moderate effect on the macro layer.
In order to assess other critical parameters of the WDS, further investigation is needed.
� The height of the buildings and the sector antenna are relevant in this case because the propagation model used in our planification tool requires those parameters


� First adjacent carrier


� Second adjacent carrier






