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1
Introduction

One of the open issues in the study item on Scalable UMTS [1] is the analysis of coverage between UMTS and Scalable UMTS. In this contribution, we evaluate the coverage of Scalable UMTS by performing a link budget analysis for both the technologies and comparing the Maximum Allowed Path Loss (MAPL). The analysis was performed for carrier frequencies of 2Ghz as well as 900Mhz and for assumptions of identical PSD and identical transmit power levels. 

The simulation assumptions used are detailed in Section 2, the results shown in Section 3 and the complete link budget analysis is provided in Section 4. A summary of the link budgets obtained is shown in Table 10.
2
Coverage of Scalable UMTS
The coverage of Scalable UMTS is analysed by computing the link budget of Scalable UMTS N=2 and with that of UMTS (N=1).   The evaluation is done for both 2Ghz and 900Mhz as well as for 2ms and 10ms TTI lengths. The cases where the power spectral densities are set to be the same for both UMTS and Scalable UMTS and the cases where the power levels are set to be the same are both considered. 
Simulations were performed to evaluate the required Eb/No per antenna to complete the link. Since the link budget evaluates the MAPL (Maximum Allowed Path Loss), the UE is assumed to have reached it max power limit and so power control is disabled. The most challenging channel from a coverage perspective is the PA3 channel and so, the simulations assumed this channel. The assumptions made for computing the link budget are shown in Table 1.

Table 1: Simulation Assumptions for Link Budget Analysis

	Parameter
	UMTS
	Scalable UMTS

	Carrier Freq
	900Mhz, 2000Mhz
	900Mhz, 2000Mhz

	RF BW
	3.84Mhz
	1.92Mhz

	Max UE Transmit Power
	24dBm
	21dBm for same PSD

24dBm for same Power

	TTI
	[2ms 10ms]
	[4ms 20ms]

	Number of H-ARQ Processes
	8 for 2ms TTI

4 for 10ms TTI
	8 for 2ms TTI

4 for 10ms TTI

	Target Number of H-ARQ Transmissions
	4 for 2ms TTI

2 for 10ms TTI
	4 for 2ms TTI

2 for 10ms TTI

	E-TFC Block Size [bits]
	330 for 2ms TTI

331 for 10ms TTI
	330 for 2ms TTI

331 for 10ms TTI

	Number of Rx Antennas
	2
	2

	E-DPDCH T/P [dB]
	8dB for 2ms TTI

4dB for 10ms TTI
	8dB for 2ms TTI

4dB for 10ms TTI

	E-DPCCH C/P [dB]
	2dB for 2ms TTI

-2dB for 10ms TTI
	2dB for 2ms TTI

-2dB for 10ms TTI

	HS-DPCCH C/P [dB]
	2dB
	2dB

	Channel Estimation
	Realistic
	Realistic

	Channel Model
	PA3
	PA3

	PC
	OFF
	OFF


3
Simulation Results 
Figures 1-4 show the performance of UMTS and Scalable UMTS with N=2 in the PA3 channel for 2Ghz and 900Mhz and for 2ms and 10ms TTIs. The power control is turned off and hence the performance corresponds to the worst case scenario for purposes of coverage or link budget analysis. 
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Figure 1: BLER vs Combined Ec/No for UMTS and Scalable UMTS with N=2; 2ms TTI; 2Ghz.
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Figure 2: BLER vs Combined Ec/No for UMTS and Scalable UMTS with N=2; 10ms TTI; 2Ghz.
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Figure 3: BLER vs Combined Ec/No for UMTS and Scalable UMTS with N=2; 2ms TTI; 900Mhz.
	[image: image4.emf]-16 -14 -12 -10 -8 -6

10

-5

10

-4

10

-3

10

-2

10

-1

10ms TTI, PA3, PC off, 900MHz

Combined Ec/No (dB)

BLER

 

 

UMTS (N=1)]

Scalable UMTS N=2


Figure 4: BLER vs Combined Ec/No for UMTS and Scalable UMTS with N=2; 10ms TTI; 900Mhz.


Since the bandwidth of Scalable UMTS N=2 is half that of UMTS, the noise power is reduced by half as well. Therefore, we would expect that the difference between the two curves would be 3dB. However, we see from Figured 1-4 that the difference is somewhat lesser than 3dB. This is because the resolution of the channel paths is lower in Scalable UMTS and therefore a smaller number of fingers are allocated. Therefore, there is a reduction in the diversity gains causing the smaller gap between the two performance curves. 

The target Ec/No is obtained from these curves in order to achieve a performance of 1% residual BLER in soft handover. This value is used to compute the corresponding link budget [1] and the results are presented in the next section.

4
Link Budget Analysis 

Link budget is analysed for UMTS and Scalable UMTS for the following cases

· 2Ghz and 900Mhz frequencies

· 2ms and 10ms TTI for UMTS

· Corresponds to 4ms and 20ms TTIs for Scalable UMTS N=2

· Same PSD for both UMTS and Scalable UMTS N=2

· Same power levels for both UMTS and Scalable UMTS N=2

· Corresponds to different PSDs for UMTS and Scalable UMTS N=2
Tables 2 shows the link budget comparison between 2ms TTI UMTS and time dilated Scalable UMTS N=2 with the same PSD for 2Ghz frequency. Table 3 shows the same comparison with the same power assumed for the two cases.

Table 4 shows the link budget comparison between 10ms TTI UMTS and time dilated Scalable UMTS N=2 with the same PSD for 2Ghz frequency. Table 5 shows the same comparison with the same power assumed for the two cases.

Table 6 shows the link budget comparison between 2ms TTI UMTS and time dilated Scalable UMTS N=2 with the same PSD for 900Mhz frequency. Table 7 shows the same comparison with the same power assumed for the two cases.

Table 8 shows the link budget comparison between 10ms TTI UMTS and time dilated Scalable UMTS N=2 with the same PSD for 900Mhz frequency. Table 9 shows the same comparison with the same power assumed for the two cases.

Table 10 summarizes the MAPL values for all the link budget comparisons between UMTS and Scalable UMTS N=2.
Table 2: Link Budget Comparison between UMTS and Scalable UMTS N=2; 2 GHz; 2ms TTI; Same PSD
	Target BLER = 1%
	
	

	Link Budget
	UMTS
	S-UMTS

	Carrier Frequency [MHz]
	2000
	2000

	TTI [ms]
	2
	4

	Transport Block Size [bits]
	330
	330

	RX Ant
	2
	2

	Target Number of H-ARQ Transmissions
	4
	4

	E-DPCCH/DPCCH Power Ratio [dB]
	2
	2

	HS-DPCCH/DPCCH Power Ratio [dB]
	2
	2

	Effective Data Rate [kbps]
	106.1
	44.4

	RF Symbol Rate [Msps]
	3.84
	1.92

	Max MS Tx [Watts]
	0.251
	0.126

	Max MS Tx [dBm]
	24.0
	21.0

	MS Antenna Gain [dBi]
	0.0
	0.0

	Body Loss [dB]
	3.0
	3.0

	EIRP [Watts]
	0.13
	0.06

	EIRP [dBm]
	21.0
	18.0

	BTS Antenna Gain [dBi]
	18.0
	18.0

	BTS Rx Cable Loss [dB]
	3.0
	3.0

	BTS Noise Figure [dB]
	5.0
	5.0

	BTS Rx Noise Power [dBm/Hz]
	-169.0
	-169.0

	Interference Margin [dB]
	5.2
	5.2

	BTS Rx Interference Power [dBm/Hz]
	-165.3
	-165.3

	Rx Noise+Interference Power [dBm/Hz]
	-163.8
	-163.8

	Eb/No per antenna [dB]
	2.50
	1.51

	Ec/No per antenna [dB]
	-13.08
	-14.84

	BTS Rx Sensitivity [dBm]
	-111.0
	-115.8

	Cell Edge Confidence [%]
	90%
	90%

	Log Normal Fading Margin [dB]
	8.9
	8.9

	Shadowing Margin with Hard Handoff [dB]
	11.4
	11.4

	Handoff/Diversity Gains [dB]
	4.6
	2.8

	Effective Shadowing Margin [dB]
	6.8
	8.6

	General MAPL [dB]
	140.22
	140.18


Table 3: Link Budget Comparison between UMTS and Scalable UMTS N=2; 2Ghz; 2ms TTI; Same Power

	Target BLER = 1%
	
	

	Link Budget
	UMTS
	S-UMTS

	Carrier Frequency [MHz]
	2000
	2000

	TTI [ms]
	2
	4

	Transport Block Size [bits]
	330
	330

	RX Ant
	2
	2

	Target Number of H-ARQ Transmissions
	4
	4

	E-DPCCH/DPCCH Power Ratio [dB]
	2
	2

	HS-DPCCH/DPCCH Power Ratio [dB]
	2
	2

	Effective Data Rate [kbps]
	106.1
	44.4

	RF Symbol Rate [Msps]
	3.84
	1.92

	Max MS Tx [Watts]
	0.251
	0.251

	Max MS Tx [dBm]
	24.0
	24.0

	MS Antenna Gain [dBi]
	0.0
	0.0

	Body Loss [dB]
	3.0
	3.0

	EIRP [Watts]
	0.13
	0.13

	EIRP [dBm]
	21.0
	21.0

	BTS Antenna Gain [dBi]
	18.0
	18.0

	BTS Rx Cable Loss [dB]
	3.0
	3.0

	BTS Noise Figure [dB]
	5.0
	5.0

	BTS Rx Noise Power [dBm/Hz]
	-169.0
	-169.0

	Interference Margin [dB]
	5.2
	5.2

	BTS Rx Interference Power [dBm/Hz]
	-165.3
	-165.3

	Rx Noise+Interference Power [dBm/Hz]
	-163.8
	-163.8

	Eb/No per antenna [dB]
	2.50
	1.51

	Ec/No per antenna [dB]
	-13.08
	-14.84

	BTS Rx Sensitivity [dBm]
	-111.0
	-115.8

	Cell Edge Confidence [%]
	90%
	90%

	Log Normal Fading Margin [dB]
	8.9
	8.9

	Shadowing Margin with Hard Handoff [dB]
	11.4
	11.4

	Handoff/Diversity Gains [dB]
	4.6
	2.8

	Effective Shadowing Margin [dB]
	6.8
	8.6

	General MAPL [dB]
	140.22
	143.18


Table 4: Link Budget Comparison between UMTS and Scalable UMTS N=2; 2Ghz; 10ms TTI; Same PSD
	Target BLER = 1%
	
	

	Link Budget
	UMTS
	S-UMTS

	Carrier Frequency [MHz]
	2000
	2000

	TTI [ms]
	10
	20

	Transport Block Size [bits]
	331
	331

	RX Ant
	2
	2

	Target Number of H-ARQ Transmissions
	2
	2

	E-DPCCH/DPCCH Power Ratio [dB]
	-2
	-2

	HS-DPCCH/DPCCH Power Ratio [dB]
	0
	0

	Effective Data Rate [kbps]
	26.3
	13.1

	RF Symbol Rate [Msps]
	3.84
	1.92

	Max MS Tx [Watts]
	0.251
	0.126

	Max MS Tx [dBm]
	24.0
	21.0

	MS Antenna Gain [dBi]
	0.0
	0.0

	Body Loss [dB]
	3.0
	3.0

	EIRP [Watts]
	0.13
	0.06

	EIRP [dBm]
	21.0
	18.0

	BTS Antenna Gain [dBi]
	18.0
	18.0

	BTS Rx Cable Loss [dB]
	3.0
	3.0

	BTS Noise Figure [dB]
	5.0
	5.0

	BTS Rx Noise Power [dBm/Hz]
	-169.0
	-169.0

	Interference Margin [dB]
	5.2
	5.2

	BTS Rx Interference Power [dBm/Hz]
	-165.3
	-165.3

	Rx Noise+Interference Power [dBm/Hz]
	-163.8
	-163.8

	Eb/No per antenna [dB]
	6.02
	5.31

	Ec/No per antenna [dB]
	-15.61
	-16.33

	BTS Rx Sensitivity [dBm]
	-113.6
	-117.3

	Cell Edge Confidence [%]
	90%
	90%

	Log Normal Fading Margin [dB]
	8.9
	8.9

	Shadowing Margin with Hard Handoff [dB]
	11.4
	11.4

	Handoff/Diversity Gains [dB]
	5.0
	4.3

	Effective Shadowing Margin [dB]
	6.4
	7.1

	General MAPL [dB]
	143.15
	143.17


Table 5: Link Budget Comparison between UMTS and Scalable UMTS N=2; 2Ghz; 10ms TTI; Same Power

	Target BLER = 1%
	
	

	Link Budget
	UMTS
	S-UMTS

	Carrier Frequency [MHz]
	2000
	2000

	TTI [ms]
	10
	20

	Transport Block Size [bits]
	331
	331

	RX Ant
	2
	2

	Target Number of H-ARQ Transmissions
	2
	2

	E-DPCCH/DPCCH Power Ratio [dB]
	-2
	-2

	HS-DPCCH/DPCCH Power Ratio [dB]
	0
	0

	Effective Data Rate [kbps]
	26.3
	13.1

	RF Symbol Rate [Msps]
	3.84
	1.92

	Max MS Tx [Watts]
	0.251
	0.251

	Max MS Tx [dBm]
	24.0
	24.0

	MS Antenna Gain [dBi]
	0.0
	0.0

	Body Loss [dB]
	3.0
	3.0

	EIRP [Watts]
	0.13
	0.13

	EIRP [dBm]
	21.0
	21.0

	BTS Antenna Gain [dBi]
	18.0
	18.0

	BTS Rx Cable Loss [dB]
	3.0
	3.0

	BTS Noise Figure [dB]
	5.0
	5.0

	BTS Rx Noise Power [dBm/Hz]
	-169.0
	-169.0

	Interference Margin [dB]
	5.2
	5.2

	BTS Rx Interference Power [dBm/Hz]
	-165.3
	-165.3

	Rx Noise+Interference Power [dBm/Hz]
	-163.8
	-163.8

	Eb/No per antenna [dB]
	6.02
	5.31

	Ec/No per antenna [dB]
	-15.61
	-16.33

	BTS Rx Sensitivity [dBm]
	-113.6
	-117.3

	Cell Edge Confidence [%]
	90%
	90%

	Log Normal Fading Margin [dB]
	8.9
	8.9

	Shadowing Margin with Hard Handoff [dB]
	11.4
	11.4

	Handoff/Diversity Gains [dB]
	5.0
	4.2

	Effective Shadowing Margin [dB]
	6.4
	7.2

	General MAPL [dB]
	143.15
	146.07


Table 6: Link Budget Comparison between UMTS and Scalable UMTS N=2; 900Mhz; 2ms TTI; Same PSD

	Target BLER = 1%
	
	

	Link Budget
	UMTS
	S-UMTS

	Carrier Frequency [MHz]
	900
	900

	TTI [ms]
	2
	4

	Transport Block Size [bits]
	330
	330

	RX Ant
	2
	2

	Target Number of H-ARQ Transmissions
	4
	4

	E-DPCCH/DPCCH Power Ratio [dB]
	2
	2

	HS-DPCCH/DPCCH Power Ratio [dB]
	2
	2

	Effective Data Rate [kbps]
	118.9
	53.8

	RF Symbol Rate [Msps]
	3.84
	1.92

	Max MS Tx [Watts]
	0.251
	0.126

	Max MS Tx [dBm]
	24.0
	21.0

	MS Antenna Gain [dBi]
	0.0
	0.0

	Body Loss [dB]
	3.0
	3.0

	EIRP [Watts]
	0.13
	0.06

	EIRP [dBm]
	21.0
	18.0

	BTS Antenna Gain [dBi]
	18.0
	18.0

	BTS Rx Cable Loss [dB]
	3.0
	3.0

	BTS Noise Figure [dB]
	5.0
	5.0

	BTS Rx Noise Power [dBm/Hz]
	-169.0
	-169.0

	Interference Margin [dB]
	5.2
	5.2

	BTS Rx Interference Power [dBm/Hz]
	-165.3
	-165.3

	Rx Noise+Interference Power [dBm/Hz]
	-163.8
	-163.8

	Eb/No per antenna [dB]
	2.87
	1.51

	Ec/No per antenna [dB]
	-12.21
	-13.68

	BTS Rx Sensitivity [dBm]
	-110.2
	-114.6

	Cell Edge Confidence [%]
	90%
	90%

	Log Normal Fading Margin [dB]
	8.9
	8.9

	Shadowing Margin with Hard Handoff [dB]
	11.4
	11.4

	Handoff/Diversity Gains [dB]
	4.7
	4.2

	Effective Shadowing Margin [dB]
	6.7
	7.2

	General MAPL [dB]
	139.46
	140.42


Table 7: Link Budget Comparison between UMTS and Scalable UMTS N=2; 900Mhz; 2ms TTI; Same Power

	Target BLER = 1%
	
	

	Link Budget
	UMTS
	S-UMTS

	Carrier Frequency [MHz]
	2000
	2000

	TTI [ms]
	2
	4

	Transport Block Size [bits]
	330
	330

	RX Ant
	2
	2

	Target Number of H-ARQ Transmissions
	4
	4

	E-DPCCH/DPCCH Power Ratio [dB]
	2
	2

	HS-DPCCH/DPCCH Power Ratio [dB]
	2
	2

	Effective Data Rate [kbps]
	118.9
	53.8

	RF Symbol Rate [Msps]
	3.84
	1.92

	Max MS Tx [Watts]
	0.251
	0.251

	Max MS Tx [dBm]
	24.0
	24.0

	MS Antenna Gain [dBi]
	0.0
	0.0

	Body Loss [dB]
	3.0
	3.0

	EIRP [Watts]
	0.13
	0.13

	EIRP [dBm]
	21.0
	21.0

	BTS Antenna Gain [dBi]
	18.0
	18.0

	BTS Rx Cable Loss [dB]
	3.0
	3.0

	BTS Noise Figure [dB]
	5.0
	5.0

	BTS Rx Noise Power [dBm/Hz]
	-169.0
	-169.0

	Interference Margin [dB]
	5.2
	5.2

	BTS Rx Interference Power [dBm/Hz]
	-165.3
	-165.3

	Rx Noise+Interference Power [dBm/Hz]
	-163.8
	-163.8

	Eb/No per antenna [dB]
	2.87
	1.51

	Ec/No per antenna [dB]
	-12.21
	-13.68

	BTS Rx Sensitivity [dBm]
	-110.2
	-114.6

	Cell Edge Confidence [%]
	90%
	90%

	Log Normal Fading Margin [dB]
	8.9
	8.9

	Shadowing Margin with Hard Handoff [dB]
	11.4
	11.4

	Handoff/Diversity Gains [dB]
	4.7
	4.1

	Effective Shadowing Margin [dB]
	6.7
	7.3

	General MAPL [dB]
	139.46
	143.32


Table 8: Link Budget Comparison between UMTS and Scalable UMTS N=2; 900Mhz; 10ms TTI; Same PSD

	Target BLER = 1%
	
	

	Link Budget
	UMTS
	S-UMTS

	Carrier Frequency [MHz]
	900
	900

	TTI [ms]
	10
	20

	Transport Block Size [bits]
	331
	331

	RX Ant
	2
	2

	Target Number of H-ARQ Transmissions
	2
	2

	E-DPCCH/DPCCH Power Ratio [dB]
	-2
	-2

	HS-DPCCH/DPCCH Power Ratio [dB]
	0
	0

	Effective Data Rate [kbps]
	27.2
	13.3

	RF Symbol Rate [Msps]
	3.84
	1.92

	Max MS Tx [Watts]
	0.251
	0.126

	Max MS Tx [dBm]
	24.0
	21.0

	MS Antenna Gain [dBi]
	0.0
	0.0

	Body Loss [dB]
	3.0
	3.0

	EIRP [Watts]
	0.13
	0.06

	EIRP [dBm]
	21.0
	18.0

	BTS Antenna Gain [dBi]
	18.0
	18.0

	BTS Rx Cable Loss [dB]
	3.0
	3.0

	BTS Noise Figure [dB]
	5.0
	5.0

	BTS Rx Noise Power [dBm/Hz]
	-169.0
	-169.0

	Interference Margin [dB]
	5.2
	5.2

	BTS Rx Interference Power [dBm/Hz]
	-165.3
	-165.3

	Rx Noise+Interference Power [dBm/Hz]
	-163.8
	-163.8

	Eb/No per antenna [dB]
	6.22
	5.54

	Ec/No per antenna [dB]
	-15.73
	-16.05

	BTS Rx Sensitivity [dBm]
	-113.2
	-117.0

	Cell Edge Confidence [%]
	90%
	90%

	Log Normal Fading Margin [dB]
	8.9
	8.9

	Shadowing Margin with Hard Handoff [dB]
	11.4
	11.4

	Handoff/Diversity Gains [dB]
	4.9
	4.4

	Effective Shadowing Margin [dB]
	6.5
	7.0

	General MAPL [dB]
	142.70
	142.99


Table 9: Link Budget Comparison between UMTS and Scalable UMTS N=2; 900Mhz; 10ms TTI; Same Power

	Target BLER = 1%
	
	

	Link Budget
	UMTS
	S-UMTS

	Carrier Frequency [MHz]
	900
	900

	TTI [ms]
	10
	20

	Transport Block Size [bits]
	331
	331

	RX Ant
	2
	2

	Target Number of H-ARQ Transmissions
	2
	2

	E-DPCCH/DPCCH Power Ratio [dB]
	-2
	-2

	HS-DPCCH/DPCCH Power Ratio [dB]
	0
	0

	Effective Data Rate [kbps]
	27.2
	13.3

	RF Symbol Rate [Msps]
	3.84
	1.92

	Max MS Tx [Watts]
	0.251
	0.251

	Max MS Tx [dBm]
	24.0
	24.0

	MS Antenna Gain [dBi]
	0.0
	0.0

	Body Loss [dB]
	3.0
	3.0

	EIRP [Watts]
	0.13
	0.13

	EIRP [dBm]
	21.0
	21.0

	BTS Antenna Gain [dBi]
	18.0
	18.0

	BTS Rx Cable Loss [dB]
	3.0
	3.0

	BTS Noise Figure [dB]
	5.0
	5.0

	BTS Rx Noise Power [dBm/Hz]
	-169.0
	-169.0

	Interference Margin [dB]
	5.2
	5.2

	BTS Rx Interference Power [dBm/Hz]
	-165.3
	-165.3

	Rx Noise+Interference Power [dBm/Hz]
	-163.8
	-163.8

	Eb/No per antenna [dB]
	6.22
	5.54

	Ec/No per antenna [dB]
	-15.73
	-16.52

	BTS Rx Sensitivity [dBm]
	-113.2
	-117.5

	Cell Edge Confidence [%]
	90%
	90%

	Log Normal Fading Margin [dB]
	8.9
	8.9

	Shadowing Margin with Hard Handoff [dB]
	11.4
	11.4

	Handoff/Diversity Gains [dB]
	4.9
	4.4

	Effective Shadowing Margin [dB]
	6.5
	7.0

	General MAPL [dB]
	142.70
	146.46


Table 10: Link Budget Comparison; Summary of Results
	
	MAPL

	Carrier Frequency
	UMTS 2ms TTI
	Scalable UMTS with N=2; 4ms TTI
	UMTS 10ms TTI
	Scalable UMTS with N=2; 20ms TTI

	
	
	Same PSD
	Same Power
	
	Same PSD
	Same Power

	2Ghz
	140.22
	140.18
	143.18
	143.15
	143.17
	146.07

	900Mhz
	139.46
	140.42
	143.32
	142.70
	142.99
	146.46


From Tables 2-9 and 10, the following observations can be made:
· For all cases considered, if the PSD is assumed to be the same, then the coverage in terms of MAPL is comparable. Even though the UE transmit power is reduced by 3dB, the corresponding reduction in noise power compensates thereby resulting in similar coverage for both cases.

· If the transmit power levels are assumed to be the same, then Scalable UMTS has an increase in coverage by about 3dB. This is because the noise power level is reduced by 3dB due to the reduction in the bandwidth but there is no corresponding reduction in the transmit power. Note that the PSD in this case is not equal.

Based on the results, it can be concluded that the coverage for Scalable UMTS is either comparable to UMTS or increased by 3dB depending on the deployment.
5
Conclusions

A link budget comparison was made between Scalable UMTS N=2 and UMTS for both 2ms and 10ms TTI and the corresponding time dilated solutions. Carrier frequencies of 2Ghz as well as 900Mhz were considered. The case where PSD was the same between Scalable UMTS and UMTS were evaluated as well as the case when the transmit power levels were the same between the two technologies.
The results showed that the coverage of Scalable UMTS was comparable to UMTS for all cases where the PSD was assumed to be the same. Furthermore, in cases where the transmit power levels were assumed to be identical, the coverage in terms of MAPL for Scalable UMTS increased by around 3dB.
Proposal: It is proposed that these results and conclusions are captured in the TR. An accompanying text proposal is provided in [2].
6
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