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1.
Introduction

It is proposed in [1] to define the user equipment (UE) demodulation performance requirements for different Universal Mobile Telecommunications System (UMTS) frequency variants (UMTS 850 etc.) by scaling the UE velocity used in different propagation conditions for which the requirements are specified. In this paper, we present the link level simulation results for both uplink (UL) and downlink (DL) to investigate the effects of scaling the UE velocity on the base station (BS) and UE demodulation performances, respectively, and provide our recommendations to the proposal in [1] accordingly.

2.
Simulation Assumptions and Results

Link level simulations were performed for both UL and DL. The measurement channels used were the 12.2 kbps, 64 kbps, 144 kbps and 384 kbps channels (as specified in annex A of [2] and [3] for UL and DL, respectively). The propagation conditions used were the speed 3 km/h Case 1, speed 3 km/h Case 2 and speed 120 km/h Case 3 multi-path fading environments (as specified in annex B of [2] and [3] for UL and DL, respectively). The carrier frequencies used were 2 GHz and 850 MHz for both UL and DL. With carrier frequency of 850 MHz, the UE velocity in each propagation condition was increased by the frequency ratio of 2000/850 ~ 2.35 (i.e. speed 7 km/h Case 1, speed 7 km/h Case 2 and speed 282 km/h Case 3 were used). This was done to make the maximum Doppler spread (equal to vf/c, where v is the UE velocity, f is the carrier frequency, and c is the light velocity) equal for the two carrier frequencies. For the purpose of comparison, results without UE velocity scaling are also presented for carrier frequency of 850 MHz, and are marked with ‘850MHz’ in the legends of the figures. Ideal channel estimation was assumed in the simulations. Since only the carrier frequency was changed and the maximum Doppler spread was kept unchanged by UE velocity scaling, we don’t anticipate there will be significant effects on the findings of this study if real channel estimation is used. Other simulation assumptions used in this study are provided in Annex A.

Simulation results of the demodulation performances with the 12.2 kbps, 64 kbps, 144 kbps and 384 kbps channels for UL and DL are shown in Figures 1-4 and Figures 5-8, respectively. Each of the figures shows the performances in the three propagation conditions (Case 1, Case 2 and Case 3) in the three sub-figures, respectively. Note that dual receiver antenna diversity was ON for the UL simulations and the Eb/Io was measured on one of the antennas. It can be seen in the figures that the performance results at 2 GHz and 850 MHz are closely matched in all simulated cases when the UE velocity is scaled at 850 MHz. Minor differences in the results could be accounted for by the rounding effects when the UE velocity was scaled (3*2000/850 = 7.0588… was rounded off to 7, and 120*2000/850 = 282.3529… was rounded off to 282), and the insufficient number of error events obtained during the simulation runs at low BLER level (each simulation run included 40000 frames).
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(a) Uplink performances with 12.2 kbps channel in Case 1 condition
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(b) Uplink performances with 12.2 kbps channel in Case 2 condition
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(c) Uplink performances with 12.2 kbps channel in Case 3 condition

Figure 1. Uplink performances with 12.2 kbps channel
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(a) Uplink performances with 64 kbps channel in Case 1 condition
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(b) Uplink performances with 64 kbps channel in Case 2 condition
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(c) Uplink performances with 64 kbps channel in Case 3 condition

Figure 2. Uplink performances with 64 kbps channel
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(a) Uplink performances with 144 kbps channel in Case 1 condition
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(b) Uplink performances with 144 kbps channel in Case 2 condition
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(c) Uplink performances with 144 kbps channel in Case 3 condition

Figure 3. Uplink performances with 144 kbps channel
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(a) Uplink performances with 384 kbps channel in Case 1 condition


[image: image11.wmf] 

-

0.2

 

0

 

0.2

 

0.4

 

0.6

 

0.8

 

1

 

1.2

 

1.4

 

1.6

 

1.8

 

2

 

2.2

 

2.4

 

2.6

 

2.8

 

3

 

Average True Rx Eb/Io (dB) of TrCH 0 at Rx Ant 

0

 

-

2

 

-

1.9

 

-

1.8

 

-

1.7

 

-

1.6

 

-

1.5

 

-

1.4

 

-

1.3

 

-

1.2

 

-

1.1

 

-

1

 

-

0.9

 

-

0.8

 

-

0.7

 

-

0.6

 

log(BLER for

 TrCH ID 0)

 

2GHz

 

850MHz

 

850MHz, 7km/h

 


(b) Uplink performances with 384 kbps channel in Case 2 condition
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(c) Uplink performances with 384 kbps channel in Case 3 condition

Figure 4. Uplink performances with 384 kbps channel
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(a) Downlink performances with 12.2 kbps channel in Case 1 condition
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(b) Downlink performances with 12.2 kbps channel in Case 2 condition
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(c) Downlink performances with 12.2 kbps channel in Case 3 condition

Figure 5. Downlink performances with 12.2 kbps channel
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(a) Downlink performances with 64 kbps channel in Case 1 condition
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(b) Downlink performances with 64 kbps channel in Case 2 condition
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(c) Downlink performances with 64 kbps channel in Case 3 condition
Figure 6. Downlink performances with 64 kbps channel
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(a) Downlink performances with 144 kbps channel in Case 1 condition
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(b) Downlink performances with 144 kbps channel in Case 2 condition
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(c) Downlink performances with 144 kbps channel in Case 3 condition
Figure 7. Downlink performances with 144 kbps channel
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(a) Downlink performances with 384 kbps channel in Case 1 condition
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(b) Downlink performances with 384 kbps channel in Case 2 condition
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(c) Downlink performances with 384 kbps channel in Case 3 condition
Figure 8. Downlink performances with 384 kbps channel
3.
Conclusions

It is proposed that the UMTS850 BS and UE demodulation performance requirements (the required UL Eb/No and DL Ec/Ior for a given BLER) to be the same as those for UMTS in Band I but the UMTS850 mobile speeds are 2.35 times the UMTS mobile speeds in Band I. For example, for the DL multi-path fading environments in [3], the 3 km/h mobile speed (Cases 1, 2 and 4) in Band I becomes 7 km/h in 850 MHz, the 50 km/h mobile speed (Case 5) in Band I becomes 118 km/h in 850 MHz, and the 120 km/h mobile speed (Case 3) in Band I becomes 282 km/h in 850 MHz. Similarly, for the UL multi-path fading environments in [2], the 3 km/h mobile speed (Cases 1 and 2) in Band I becomes 7 km/h in 850 MHz, and the 120 km/h mobile speed (Case 3) in Band I becomes 282 km/h in 850 MHz. However, the 250 km/h mobile speed (Case 4 in [2] and Case 6 in [3]) in Band I would become 588 km/h in 850 MHz, which is not a realistic condition and should not be considered. Therefore, it is also proposed that the UMTS850 BS and UE demodulation performance requirements for the speed 120 km/h Case 3 multi-path fading environment be added to [2] and [3], respectively, based on simulation results. These suggestions are summarized in the following tables.

Table 1. Mobile speed for downlink multi-path fading environments in [3]
	Case 1
	Case 2
	Case 3
	Case 4
	* Case 5
	New Case 3

	Speed 7 km/h
	Speed 7 km/h
	Speed 282 km/h
	Speed 7 km/h
	Speed 118 km/h
	Speed 120 km/h


* Case 5 is only used in TS25.133

Table 2. Mobile speed for uplink multi-path fading environments in [2]
	Case 1
	Case 2
	Case 3
	New Case 3

	Speed 7 km/h
	Speed 7 km/h
	Speed 282 km/h
	Speed 120 km/h
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Annex A

Table A1. UL simulation assumptions

	Parameter
	Explanation/Assumption

	Chip rate
	3.84 Mcps 

	Carrier frequency
	2 GHz and 850 MHz

	Closed loop power control
	OFF

	Automatic gain control
	OFF

	Dual receiver antenna diversity
	ON

	Channel estimation
	Ideal delay, phase and amplitude information

	Number of samples per chip
	1

	Propagation conditions
	Multi-path Case 1, Case 2 and Case 3 as specified in Annex B of [2]

	Number of bits in A/D converter
	Floating point

	Number of RAKE fingers
	Equal to the number of taps in propagation condition models

	TFCI
	Random symbols transmitted, ignored in the receiver but it is assumed that receiver gets error free reception of TFCI information

	Turbo decoding
	MaxLogMap with 8 iterations

	Measurement channels
	12.2 kbps, 64 kbps, 144 kbps and 384 kbps channels as specified in Annex A of [2]


Table A2. DL simulation assumptions

	Parameter
	Explanation/Assumption

	Chip rate
	3.84 Mcps

	Carrier frequency
	2 GHz and 850 MHz

	Closed loop power control
	OFF

	Automatic gain control
	OFF

	Channel estimation
	Ideal delay, phase and amplitude information

	Number of samples per chip
	1

	Propagation Conditions
	Multi-path Case1, Case 2 and Case 3 as specified in Annex B of [3] 

	Number of bits in A/D converter
	Floating point

	Number of RAKE fingers 
	Equals to number of taps in propagation condition models

	Downlink physical channels and power levels
	As specified in Annex C.3.2 of [3]
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or

I

I

/

ˆ

 values (dB)


	Information data rate
	Multi-path

	
	
	Case1
	Case 2
	Case 3

	
	12.2 kbps
	+9
	-3
	-3

	
	64 kbps
	+9
	-3
	-3

	
	144 kbps
	+9
	+3
	+3

	
	384 kbps
	+9
	+6
	+6

	TFCI
	Random symbols transmitted, ignored in the receiver but it is assumed that receiver gets error free reception of TFCI information

	Turbo decoding
	MaxLogMap with 8 iterations

	Measurement Channels 
	12.2 kbps, 64 kbps, 144 kbps and 384 kbps channels as specified in Annex A of [3]
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