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Introduction

Previous contributions have shown the performance of S-UMTS single carrier (see ‎[1], ‎

 REF _Ref370979151 \r \h 
‎[2]) and dual carrier (see [3])‎ systems have been investigated and compared to the UMTS system. In this paper, the performance of S-UMTS systems when implemented as a multicarrier system on the downlink with 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 EF with N = 2 or N = 4 and the scheduling information are only transmitted on the first carrier. The performance of such system will be compared against legacy UMTS systems.  

[---------------------------------------------------------------------Begin Text -----------------------------------------------------------]
5.3.1 Simulation Assumptions
Table 5.3.1-X: General system simulation parameters for scalable UMTS with filtering
	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: Incremental Redundancy (IR). 10% target BLER after the first transmission. Retransmissions are of highest priority. 

	P-CPICH_Ec/Ior
	-10 dB for cases considered

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

·  For SC, N = 2: -9 dB

·  For SC, N = 4: -6 dB

	PICH_Ec/Ior
	· For SC, N = 1: -15 dB

·  For SC, N = 2: -12 dB

·  For SC, N = 4: -9 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%


[--------------------------------------------Text Omitted -------------------------------------------------------------------------------]
6.8.x System Simulations – Bursty Traffic
The general system simulation assumptions are given in Table 5.3.1-X 1. Bursty UEs are modelled in the system with parameters that is presented in Table 5.3.1-2. It should be noticed that for cross scheduling systems, HSCCH channel are transmitted 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.   
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Figure X: Average UE burst rate

In Figure X 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 X, 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 X. 
Table X: 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
	Cross carrier scheduling
N = 1, N = 2
	Cross carrier scheduling
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. 
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Figure Y: CDF of Burst Rates at 6 UEs per cell
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Figure Z: CDF of Burst Rates at 8 UEs per cell
6.8.x System Simulations – Full Buffer

The configurations below are evaluated. All results presented correspond to deployments in Band VIII.

Table xx: Configurations evaluated in this document
	Index
	Configuration
	Bandwidth
	Frequency offset between carriers

	U+S4
	UMTS + S-UMTS (N=4)
	6.00 MHz
	2.88 MHz

	U+S2
	UMTS + S-UMTS (N=2)
	6.00 MHz
	2.25 MHz

	U
	UMTS 
	5.00 MHz
	Standalone

	S2
	S-UMTS (N=2)
	2.50 MHz
	Standalone

	S4
	S-UMTS (N=4)
	1.25 MHz
	Standalone


In this system simulation, a user geometry distribution (for 14 k random user placements) in a 57-cell layout is given in Fig. 6.8.x.1. In this analysis, an equal allocation of resources among the users is assumed and a simple averaging of link level throughputs based on the user geometry distribution is assumed. Multi-user diversity can enhance the system throughputs further and this could be of advantage to multi-carrier systems where there is increased flexibility to schedule on either carriers.  
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Figure 6.8.x.1: User geometry CDF
The system level throughput results using the user CDF in Figure 6.8.x.1 and link level throughput results are presented below. Inter-carrier interference between the constituent carriers is modelled for the multi-carrier configurations. 

In Table 6.8.x.2, it is observed that both the multi-carrier options (in 6 MHz spectrum) achieve significantly higher throughputs compared to UMTS for the multi-carrier users in this system. For 100% loading, the configuration U+S2 achieves slightly higher throughputs compared to the configuration U+S4, while when the loading in adjacent cells decreases to 20%, the configuration U+S4 wins over U+S2. On the other hand, there is negligible impact to legacy users with U+S4 and significant impact with U+S2. The standalone systems record close to UMTS spectral efficiencies. 

Other scenarios (indicated as "cross-carrier scheduling") where HS-SCCH is not present in the narrowband carrier for multi-carrier configurations are also considered. These results show improved multi-carrier capacity due to decreased overhead in the narrowband carriers.

Table 6.8.x.2: System level throughputs for S-UMTS configurations 
	Channel
	Configuration
	Bandwidth
	Sector HS Throughput

(Mbps)

(20% adjacent cell loading)
	Sector HS Throughput

(Mbps)

(100% adjacent cell loading)

	
	
	
	MultiCarrier

user
	Legacy User
	Multi-Carrier

user
	Legacy User

	PA 3
	U+S2
	6.00 MHz
	10.3849
	7.3651
	6.2713
	4.3768

	
	U+S2

cross-carrier sch
	6.00 MHz
	10.3888
	7.2422
	6.3061
	4.2913

	
	U+S4
	6.00 MHz
	10.4723
	8.6253
	5.9388
	4.9193

	
	U+S4

cross-carrier sch
	6.00 MHz
	10.6001
	8.8024
	6.0390
	5.1032

	
	U
	5.00 MHz
	8.6762
	4.9174

	
	S2
same overhead
	2.50 MHz
	3.9271
	2.2357

	
	S2
inc overhead
	2.50 MHz
	3.6721
	2.0174

	
	S4

same overhead
	1.25 MHz
	1.810
	1.0625

	
	S4

inc overhead
	1.25 MHz
	1.207
	0.59521

	VA 3
	U+S2
	6.00 MHz
	9.067
	6.3862
	5.6344
	3.9027

	
	U+S2

cross-carrier sch
	
	9.1042
	6.3273
	5.7159
	3.882

	
	U+S4
	6.00 MHz
	9.1124
	7.4589
	5.2916
	4.3572

	
	U+S4

cross-carrier sch
	
	9.2387
	7.4794
	5.4531
	4.365

	
	U
	5.00 MHz
	7.4777
	4.345

	
	S2
same overhead
	2.50 MHz
	3.4584
	2.0406

	
	S2
inc overhead
	
	3.1518
	1.7938

	
	S4

same overhead
	1.25 MHz
	1.6355
	0.97346

	
	S4

inc overhead
	
	1.1147
	0.56263

	VA 30
	U+S2
	6.00 MHz
	6.2747
	4.5302
	3.7635
	2.6837

	
	U+S2

cross-carrier sch
	
	6.3156
	4.4934
	3.8252
	2.6705

	
	U+S4
	6.00 MHz
	6.4972
	5.4453
	3.6309
	3.0703

	
	U+S4

cross-carrier sch
	
	6.5501
	5.4361
	3.6896
	3.0735

	
	U
	5.00 MHz
	5.4582
	3.0849

	
	S2
same overhead
	2.50 MHz
	2.3839
	1.3582

	
	S2
inc overhead
	
	2.2169
	1.2224

	
	S4

same overhead
	1.25 MHz
	1.0348
	0.56267

	
	S4

inc overhead
	
	0.66134
	0.30735

	VA 120


	U+S2
	6.00 MHz
	6.1606
	4.4151
	3.6614
	2.6056

	
	U+S2

cross-carrier sch
	6.00 MHz
	6.1888
	4.3786
	3.7165
	2.5964

	
	U+S4
	6.00 MHz
	6.2501
	5.2627
	3.4939
	2.9853

	
	U+S4

cross-carrier sch
	6.00 MHz
	6.2990
	5.255
	3.5554
	2.9874

	
	U
	5.00 MHz
	5.2767
	2.9908

	
	S2
same overhead
	2.50 MHz
	2.3194
	1.3144

	
	S2
inc overhead
	
	2.1603
	1.1907

	
	S4

same overhead
	1.25 MHz
	0.96162
	0.51217

	
	S4

inc overhead
	
	0.60848
	0.27682


 [--------------------------------------------Text Ends -------------------------------------------------------------------------------]
3
Conclusions

It is proposed that the above text be included in the technical report for study item on scalable bandwidth UMTS [4].
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