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1 Introduction

During TSG RAN WG4 meeting #26 in Madrid, it was proposed in [1] to set +20 dBm as the maximum output power for the WDS. This proposal was based on a set of simulations that analysed the impact of the deployment of a WDS network over a macro network that belongs to other operator. The macro network and the WDS operated at a different frequency channel.

During that meeting two papers were presented by Ericsson [2] and Nokia [3], trying to define the maximum output power for the medium range base station. Their proposals were based on the same type of simulations as the ones performed to determine the maximum output power for the WDS. Eventually, a maximum output power of +38 dBm was agreed for the medium range base station.

The simulations in [1], [2] and [3] were based on the assumptions contained in document [4], which describes the RF system scenarios that must be used to perform the simulations that allow to calculate the RF parameters of the base stations and the repeaters. The WDS RF heads in [1] were distributed using exactly the same pattern as the micro base stations in [2] and [3]. The only difference between the RF heads in [1] and the micro base stations in [2] and [3] is that the signal from the same base station is radiated through several WDS RF heads, while in [2] and [3] each micro base station generates its own signal. But as regards to the simulations, similar results should have been obtained in [1], [2] and [3]. Because of this, we presented a paper during TSG RAN WG4 meeting #27 in Paris, proposing to increase the maximum output power of the WDS, based on the simulations performed for the medium range base station. Our proposal was rejected because WDS RF heads cannot be simulated as micro base stations, due to the fact that several RF heads radiate the same signal. If each RF head is simulated as a micro base station, then the WDS would be the same as a repeater. Simulations using WDS RF heads, not micro base stations, should be performed.

Due to the discrepancy between the results obtained by Telefonica and the results obtained by other companies, and because we think that more output power would be useful for WDS deployment, we decided to analyse carefully our simulation parameters, and check them against the ones used by Ericsson and Nokia. After the analysis carried out to identify the cause of this discrepancy, we concluded that this is due to two main reasons:

1. The use of ray tracing based propagation models for both macro and WDS layers (2D+2D for WDS, Deygout for macro). The propagation models that we used in our previous simulations are more accurate than the ones proposed in [4]. Because of that, we initially thought that this discrepancy wouldn’t affect to the simulation results.

2. The consideration of users inside the buildings. Users were distributed over the simulation scenario both inside and outside the buildings. Users inside the buildings cannot be considered if the propagation models defined in [4] are used, since these propagation models don’t consider that case.

Of both factors, the first one has been found to be the most significant one. The ray tracing models used in the first simulations resulted in much higher path losses for both micro and WDS layers. However, from the analysis of the propagation files, it has been verified that the area where the interference from the WDS layer is significant with respect to the interference from the macrocell layer (e.g. more than -5 dB) is larger when using the ray tracing models than when using the 3GPP models (i.e. the users from the macro layer are more affected by using the ray tracing models than by using the 3GPP models):

Area (IWDS ( IM – 5 dB)RT > Area (IWDS ( IM – 5 dB)3GPP
Because of this, it has been considered adequate to perform a new set of simulations using the 3GPP pathloss models, in order to determine the maximum transmission power for the WDS layer in the same conditions employed in other simulations.

It must be clearly understood that the results of the new set of simulations will be only used to define the maximum output power of the WDS for micro cellular outdoor applications, because the scenario used for the simulations is the same used to derive MR base station parameters.

2 Simulations description

2.1 Simulations scenario

Macrocell deployment: Hexagonal grid with inter-site distance of 1000 meters. Omnidirectional antennas.

WDS deployment: Manhattan grid with block size of 75 m and road width of 15 m. Omnidirectional antennas.

The scenario follows the specifications in the document 3GPP TR 25.942 [4]. The combination of macrocells and WDS RF heads is shown in the following figure:
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Figure 1: Simulation scenario.

The following parameters have been defined for the scenario:

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

· Number of WDS RF heads in the scenario = 72 (see §A.1.1.3 of [5] v6.0.0)

· Number of macrocells in the scenario = 3 affected macros, 36 in total (see §A.1.1.3 of [5] v6.0.0)

The structure of the scenario will be like this:

· One macrocell layer of one operator

· One WDS layer of another operator.

Traffic in the WDS layer has been defined in such a way that all the base stations transmit at their maximum power. Only voice service is considered in the simulations.

2.2 Pathloss calculation

For the pathloss calculation, the models defined in [4], sections 5.1.4.2 and 5.1.4.3 have been employed, instead of the old ray tracing based models

2.3 Summary of simulation parameters

The ACLR/ACS will be function of the separation of the carriers. The parameters used are shown in the following table:

	
	
	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)


Table 1: ACLR/ACS parameters.

Other parameters to be defined for the simulation are collected in the following table:

	PARAMETER
	UL VALUE
	DL VALUE

	SIMULATION TYPE
	Snapshot
	Snapshot

	
	
	

	PROPAGATION PARAMETERS
	
	

	MCL macro (including antenna gain)
	70 dB
	70 dB

	MCL WDS (including antenna gain)
	53 dB
	53 dB

	Antenna gain (including losses)
	11 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/No target not reached due to lack of TX power
	Eb/No target not reached due to lack of TX power

	Satisfied user
	
	Measured Eb/No higher than Eb/No target – 0.5 dB

	
	
	

	HANDOVER MODELLING
	
	

	Handover threshold for candidate set
	3 dB
	

	Active set
	2
	

	
	
	

	NOISE PARAMETERS
	
	

	Noise figure
	5 dB
	9 dB

	Receiving bandwidth
	3.840 MHz proposed
	3.840 MHz proposed

	Noise power
	-103 dBm proposed
	-99 dBm proposed

	
	
	

	TX POWER
	
	

	Maximum BTS power
	
	43 dBm macro

33 dBm WDS

	Common channel power
	
	33 dBm macro

20 dBm WDS

	Maximum TX power speech
	21 dBm
	30 dBm macro

20 dBm WDS

	Maximum TX power data
	21 dBm
	30 dBm macro

20 dBm WDS

	Power control range
	65 dB
	25 dB

	
	
	

	USER DITRIBUTION
	
	Random and uniform across the network. No users inside buildings.

	Number of macro users per operator
	
	96 (speech), 16 (data)

	Number of WDS users per operator
	
	1205 (speech), 205 (data)

	
	
	

	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

	WDS
	
	Manhattan

	BTS type
	
	Omnidirectional

	Cell radius macro
	
	577 m

	Inter-site distance macro
	
	1000 m

	Cell radius WDS
	
	Block size = 75 m, road = 15 m

	Number of macro cells in the scenario
	
	3 affected macros, 36 in total

	Number of WDS heads in the scenario
	
	72

	Buildings height
	
	35 m

	Antenna height (macro)
	
	50 m (15 m over rooftop)

	Antenna height (WDS)
	
	15 m (pole height)

	
	
	

	SIMULATED SERVICES
	
	

	Pilot Ec/No
	
	-16 dB

	Bit rate for speech
	8 Kbps
	8 Kbps

	Activity factor for speech
	100 %
	100 %

	Multipath environment macro
	Vehicular macro
	Vehicular macro

	Eb/No target for speech (macro)
	6.1 dB
	7.9 dB

	Multipath environment WDS
	Outdoor micro
	Outdoor micro

	Eb/No target for speech (WDS)
	3.3 dB
	6.1 dB

	Data rate
	144 Kbps
	144 Kbps

	Activity factor for data
	100 %
	100 %

	Multipath environment macro
	Vehicular macro
	Vehicular macro

	Eb/No target for data (macro)
	3.1 dB
	2.5 dB wiht DL TX or RX diversity, 4.5 dB without diversity

	Multipath environment WDS
	Outdoor micro
	Outdoor micro

	Eb/No target for data (WDS)
	2.4 dB
	1.9 dB with DL TX or RX

	Required Ec/Io for a connection
	
	-16 dBm


Table 2: Simulation parameters.

3 Simulations results

Five simulation scenarios have been used. The first one consists of a macro layer without any adjacent WDS layer, and the other four scenarios consist each of a macro layer and a WDS layer with a different maximum output power for each scenario. The maximum output powers considered for the WDS layer are 30, 33, 36 and 39 dBm. The performance of the first scenario is compared against that of the rest of scenarios, and then the maximum output power of the WDS is determined, using the outage condition as a criteria.

3.1 Base scenario

The base scenario consists of a single macro layer. The blocking probability as a function of the number of users per base station is represented in the following figure, along with the results reported by Ericsson [2] and Nokia [3] for the medium range base station (it should be noticed that they do not represent the exact values, but an approximation; for this reason, no numerical comparison is performed):
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Figure 2: Outage probability in the macro layer alone.

As it can be observed in this figure, the results obtained are relatively close to those reported by Nokia.

3.2 Mixed scenarios

In this section the results from the scenarios consisting of a macro and a WDS layer are presented. When possible, they are compared with those from other sources ([2] and [3]).

WDS RF heads maximum output power = 30 dBm
The outage probability when an adjacent micro layer with a maximum transmission power of 30 dBm is represented in the following figure, along with the results reported by Ericsson:


[image: image3.wmf]0

1

2

3

4

5

6

7

8

9

45

55

65

75

Mean number of users per sector

Probability (%)

Telefónica

Ericsson


Figure 3: Outage probability in the macro layer when WDS maximum output power = 30 dBm.

WDS RF heads maximum output power = 33 dBm

The results obtained for this scenario, and its comparison with those reported in [2] and [3] are reflected in the following figure:
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Figure 4: Outage probability in the macro layer when WDS maximum output power = 33 dBm.

WDS RF heads maximum output power = 36 dBm

The outage probability when an adjacent WDS layer with a maximum transmission power of 36 dBm is represented in the following figure, along with the results obtained by Nokia for the same conditions:
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Figure 5: Outage probability in the macro layer when WDS maximum output power = 36 dBm. 

WDS RF heads maximum output power = 39 dBm

The outage probability for this scenario is represented in the following figure, compared with the results reported by Nokia:


[image: image6.wmf]0

1

2

3

4

5

6

7

8

35

45

55

65

Mean number of users per sector

Probability (%)

Telefonica

Nokia


Figure 6: Outage probability in the macro layer when WDS maximum output power = 39 dBm.

Summary of the results

The results for all the simulations performed are collected in the following figure:
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Figure 7: Outage probability for the different cases.

Using as a reference the number of supported users in the macro layer with no adjacent WDS layer for an outage probability of 5 %, the reduction in capacity for each transmission power of the WDS layer is shown in the following table:

	Scenario
	# users
	Capacity with respect to 5% target (%)

	Macro
	68.1
	100

	Macro – WDS 30 dBm
	64.73
	95.05

	Macro – WDS 33 dBm
	62.84
	92.28

	Macro – WDS 36 dBm
	62.19
	91.32

	Macro – WDS 39 dBm
	58.16
	85.41


Table 3: Comparison between the numerical results of the different scenarios.

So, in order to achieve the 5% limit reduction in the capacity due to the adjacent WDS layer, a maximum output power of 1W is identified.

4 Conclusions

From the results obtained, it can be concluded that a maximum output power of 30 dBm (1 W) for the WDS layer guarantees that the increase of the outage probability in the macro layer is lower than 5 %. However, different factors seem to indicate that this is a conservative limit, and more powerful WDS could be operated with the required grade of service. The number of users in the downlink of the WDS layer required to exhaust the transmission power of the base station is much higher that those that can be attended in the uplink with a reasonable blocking probability. This was also indicated by Nokia for the MR base station.

Taking this into account, restricting the maximum output power for the WDS layer to 1 W looks unnecessarily restrictive in practical implementations of the system, and higher values (e.g. 2W or higher) could be allowed. Anyway, we propose to set +30 dBm as the maximum output power of the WDS, for micro layer outdoor application, which is a conservative value.

5 Text to be introduced in the TR 25.867 v1.2.0

We propose to introduce sections 2, 3 and 4 into the TR. Section number 2 in this document must be introduced into section number 5 in the TR. Section number 3 in this document must be introduced into annex B in the TR. Finally, section number 4 in this document must be introduced into section number 6 in the TR.
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