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1
Introduction

In this paper, the performance of S-UMTS with enhanced filtering in a multicarrier system on the downlink with and without cross scheduling with filtering is studied. In this scenario, one carrier is implemented as a UMTS system and the other is implemented as S-UMTS system with filtering with N = 2 or N = 4 and the scheduling information are only transmitted on the first carrier. The performance is compared a legacy UMTS system.  
2
Simulations
The general system simulation assumptions are given in Table 1 in the Annex. Bursty UEs are modelled in the system with parameters that is presented in Table 2. It should be noticed that for cross scheduling systems, HSCCH channel is transmitted only on the primary carrier. Also, for multicarrier systems, it is assumed that on the first carrier N =1 and on the second carrier N = 2 or N =4.   

[image: image1.emf]1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0

2

4

6

8

10

12

Average Burst Rate

Number of UE/Cell

Burst Rate (Mbps)

 

 

SC N = 1

SC N = 2

SC N = 4

MC N = 1, N = 2

MC N = 1, N = 4

MC cross scheduling N = 1, N = 2

MC cross scheduling N = 1, N = 4


Figure 1: Average UE burst rate

In Figure 1 the average burst rate of the UEs is presented for different scenarios. To compare the performance of different UMTS systems, single carrier with N = 1 system is defined as the baseline system. It can be observed that, each multicarrier system or cross scheduling multicarrier system has a burst rate vs. number of UEs/Cell graph which can approximately be derived by expanding both X and Y axis by the same factor. Based on the results, assume K UE/cell in the baseline system yield an average burst rate of R Mbps, then the average burst rate for multi carrier with N = 1 and N =2, is 1.5 R Mbps at 1.5 K UE/cell. For cross scheduling multi carrier with N = 1 and N =2, the average burst rate is 1.6 R Mbps at 1.6 K UE/cell. At the same number of UEs, the cross scheduling system yields a higher burst rate of about 7% more which is the result of lower overhead on the second carrier.      
Similar performance improvement is observed for cross scheduling multi carrier system with N = 1 and N = 4, vs. multi carrier system with N = 1, N = 4. The average burst rate of the multi carrier system with N = 1 and N = 4, is approximately 1.2 R Mbps at 1.2 UEs/ cell while the average burst rate of the cross scheduling system with N = 1 and N = 4 is 1.25 R Mbps at 1.25 UE/ cell which is about 4% improvement. In Table 1, the average, 5% and 50% tail values of the average UE burst rate for different scenarios are presented, which exhibit similar trends as the average burst rate presented in Figure 1. 
Table 1: UE burst rate (Mbps) statistics
	# UE/Cell


	SC

N =1
	SC

N = 2
	SC

N = 4
	MC
N = 1, N = 2
	MC

N = 1, N = 4
	Crossschedule

N = 1, N = 2
	Crossschedule

N = 1, N = 4

	
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%

	1
	
	
	
	2.79
	1.05
	2.48
	0.55
	0.05
	0.42
	
	
	
	
	
	
	
	
	
	
	
	

	2
	7.05
	3.30
	6.45
	2.31
	0.75
	1.98
	0.31
	0.04
	0.16
	
	
	
	8.34
	3.99
	7.64
	
	
	
	8.99
	4.34
	8.24

	3
	
	
	
	1.84
	0.41
	1.58
	
	
	
	10.41
	4.36
	9.52
	
	
	
	11.46
	5.42
	10.49
	
	
	

	4
	6.02
	2.25
	5.43
	1.56
	0.20
	1.20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	1.24
	0.10
	0.95
	
	
	
	
	
	
	6.84
	2.50
	6.13
	
	
	
	7.45
	2.77
	6.71

	6
	5.18
	1.64
	4.53
	
	
	
	
	
	
	8.88
	3.30
	9.00
	
	
	
	9.92
	3.85
	8.96
	
	
	

	7
	
	
	
	
	
	
	
	
	
	
	
	
	5.99
	1.89
	5.23
	
	
	
	6.61
	2.16
	5.81

	8
	4.26
	1.13
	3.66
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	
	7.61
	2.39
	6.65
	
	
	
	8.61
	2.84
	7.59
	
	
	

	10
	3.49
	0.69
	2.95
	
	
	
	
	
	
	
	
	
	4.66
	1.15
	3.99
	
	
	
	5.25
	1.38
	4.51

	11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	
	
	
	6.24
	1.63
	5.36
	3.89
	0.71
	3.28
	7.26
	2.04
	6.27
	4.48
	0.94
	3.80

	13
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	
	
	5.09
	0.97
	4.29
	
	
	
	6.04
	1.35
	5.14
	
	
	


The following plots present the CDF of the UEs burst rate for different number of UEs per sector. As, shown by the CDFs, similar proportion holds between burst rate of different S-UMTS systems across different tail values.
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Figure 2: CDF of UE burst rate for 6 UE’s per cell
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Figure 2: CDF of UE burst rate for 8 UE’s per cell

3
Conclusions

In this paper S-UMTS systems with two carriers on the downlink with and without cross scheduling and with filtering was studied. It was observed that cross scheduling increases burst rate of MC S-UMTS systems with N = 1 and N = 2, for about 7% and increases the burst rate of MC S-UMTS systems with N = 1 and N = 4, for about 4%. 
4
Annex

Table 2. General system parameters for Time dilated UMTS performance evaluation
	Parameters
	Values and Comments

	Cell Layout
	57-cell hexagonal (19 NodeBs, 3 sectors per NodeB with wrap-around)

	Inter-Site Distance
	1000 m 

	Time Dilation Scaling Factor
	N =1, 2 & 4 

	Number of UEs per Sector
	Bursty traffic: 

·  For SC, N = 1 : 2,4,6,8,10

·  For SC, N = 2 : 1,2,3,4,5

·  For SC, N = 4 : 1,2

·  For DC, N = 1, N = 2: 3,6,9,12,15

·  For DC, N = 1, N = 4: 2,5,7,10,12 

	Path Loss
	2000 MHz:  L=128.1 + 37.6log10(R), for R in kilometres

	Log-Normal Fading
	Standard Deviation: 8 dB

Inter-NodeB Correlation: 0.5

Intra-NodeB Correlation: 1.0

Correlation Distance: 50 m 

	Antenna Pattern
	3GPP antenna (2D):                                                     
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                               Where     = 70 degrees,     Am = 20 dB



	Channel Model
	PA3

	Penetration loss
	10 dB 

	Max. UE EIRP
	24 dBm

	Max. Tx Power of NodeB
	43 dBm per 5 MHz

	Max. BS Antenna Gain
	14 dBi

	Max. UE Antenna Gain
	0 dBi

	NodeB Noise Figure
	5 dB

	UE Noise Figure
	9 dB

	Thermal Noise Density
	-174 dBm/Hz 

	HS-DSCH
	Up to 15×SF16 for TTI=2 ms × Scaling Factor per carrier for HS-PDSCH

HS-PDSCH uses all remaining power available after the HS-SCCH and other downlink channels’ power allocation, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER.

HS-PDSCH HARQ: Both Chase Combining (CC)- and Incremental Redundancy (IR)-HARQ can be used. 10% target BLER after the first transmission. Retransmissions are of highest priority. 

	P-CPICH_Ec/Ior
	· For SC, N = 1: -10 dB

·  For SC, N = 2: -10 dB

·  For SC, N = 4: -10 dB
·  For DC, N = 2: -10 dB
·  For DC, N = 4: -10 dB
· For cross schedule N = 2: -10 dB
· For cross schedule N = 4: -10 dB

	P-CCPCH_Ec/Ior
	· For SC, N = 1: -12 dB

·  For SC, N = 2: -9 dB

·  For SC, N = 4: -6 dB
·  For DC, N = 2: -999 dB
·  For DC, N = 4: -999 dB
· For cross schedule N = 2: -999 dB
· For cross schedule N = 4: -999 dB

	PICH_Ec/Ior
	· For SC, N = 1: -15 dB

·  For SC, N = 2: -12 dB

·  For SC, N = 4: -9 dB
·  For DC, N = 2: -999 dB
·  For DC, N = 4: -999 dB
· For cross schedule N = 2: -999 dB
· For cross schedule N = 4: -999 dB

	Number of HARQ Processes
	6

	Max. HARQ Transmission Time
	50 ms × Scaling Factor (in cases where Scaling Factor ≠ 1)

	HS-SCCH Code Number
	4

	UE Receiver
	Type 3i

	Max. Active Set Size
	3

	Power Control
	Based on CQI. 

	RoT Target
	6 dB

	Network Configuration
	SIMO 

	Time-dilated UMTS-capable UE Penetration
	100%


Table 3. Downlink bursty traffic model
	Component
	Distribution
	Parameters
	PDF

	File Size (S)
	Truncated Log-normal
	Mean = 0.25 Mbytes
Std. Dev. = 0.0902 Mbytes
Maximum = 1.25 Mbytes
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	Inter-Burst Time 
	Exponential
	Mean = 5 sec
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