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1
Introduction

The following list of open issues were identified at the RAN plenary for the Scalable UMTS study item

· System level evaluation using bursty traffic

· Evaluation of the user plane latency and its implications to user experience

· Evaluation of the impacts of time-dilated UMTS to UE performance (e.g. battery life CPC, CELL_FACH impacts)

· Evaluation of the impacts of time-dilated UMTS on network performance and optimization

· Coverage analysis for voice (with 50msec latency) and data (with equal data rates) 

· Review TP on link level simulation results

· Capture system level simulation assumptions in the TR

In this contribution, we study the system performance of Time dilated UMTS on the uplink with bursty traffic. 
3
Simulation Results
We use average burst rate of bursty traffic UEs as the performance measure of different simulation scenarios. Average burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system. The total time the burst spent in the system is the time difference measured between the instant the data burst arrives at the node B and the instant when the transfer of the burst over the air interface is completed. The total time the burst spent in the system is equal to the sum of the transmission time over the air and the queuing delay.
Figure 1 shows the average burst rate for different number of UEs for Time dilated systems with N = 1, 2, and 4. Figure 2 shows the average RoT at node B. From Figure 1, we observe that for UMTS system the average burst rate at k UEs is a little less than twice the burst rate of Time dilated UMTS N = 2 at k/2 UEs and is a little less than 4 time the burst rate of Time dilated UMTS N = 4 at k/4 UEs. 

At equal loads, the performance of time dilated UMTS is expected to be 1/N times that of UMTS where N is the dilation factor. The reduction in burst rate is due to the corresponding reduction in throughput. However, the performance seen is better than the expected performance due to the reduced interference seen in time dilated UMTS.
This effect is observed when the N* num UE/Cell exceeds 6, where the time dilated UMTS system performs better at equal loads than UMTS. This is due to the increased interference seen in UMTS at high loading conditions.
Figures 2 – 6 present the CDF of burst rate for fixed number of UEs/Cell * N. The corresponding average and tail values appear in Tables 1 – 3.  

In Figure 2 we observe that the RoT is linearly scaling with the number of UEs which is expected since load of the cell increases linearly with the number of UEs. Furthermore, we observe that the RoT for m UEs in UMTS system is approximately the same as the RoT in Time dilated system with N = 2 and m/2 UEs and in Time dilated system with N = 4 and m/4 UEs. This is also expected since the load observed by node B in these cases is the same.  
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Figure 1: Average burst rate of UEs for Time dilated UMTS systems
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Figure 2: CDF of UE burst rate for N* num UE/Cell = 2
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Figure 3: CDF of UE burst rate for N* num UE/Cell = 4
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Figure 4: CDF of UE burst rate for N* num UE/Cell = 6
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Figure 5: CDF of UE burst rate for N* num UE/Cell = 8
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Figure 6: CDF of UE burst rate for N* num UE/Cell = 10
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Figure 7. Average RoT at Node B for Time dilated systems
Table 1. Average UE burst rate (Mbps)
	N * num UE/Cell
	N = 1
	N = 2
	N = 4

	2
	1.89
	0.94
	-

	4
	1.71
	0.94
	0.46

	6
	0.83
	0.86
	-

	8
	0.30
	0.65
	0.44

	10
	0.18
	0.38
	-


Table 2. 5% tail of UE burst rate (Mbps)
	N * num UE/Cell
	N = 1
	N = 2
	N = 4

	2
	1.14
	0.86
	-

	4
	0.85
	0.81
	0.35

	6
	0.46
	0.55
	-

	8
	0.19
	0.40
	0.37

	10
	0.137
	0.23
	


Table 3. 50% tail of UE burst rate (Mbps)
	N * num UE/Cell
	N = 1
	N = 2
	N = 4

	2
	1.95
	0.95
	-

	4
	1.85
	0.95
	0.47

	6
	0.79
	0.91
	-

	8
	0.28
	0.66
	0.46

	10
	0.17
	0.37
	-


Figures 8, 9, and 10 show the CDF of RoT for UMTS and Time dilated UMTS system. From CDFs we can conclude that for the majority of simulation running time (at least 95% of the time), the RoT is below the target value (6 dB) and therefore the HSUPA scheduler is in a stable state.   
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Figure 8. RoT CDF for N = 1
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Figure 9. RoT CDF for N = 2
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Figure 10. RoT CDF for N = 4

In Figure 11 we plot the average cell throughput for Time dilated UMTS with N = 1, 2, and 4. The offered rate for each bursty UE is 100Kbps and the simulation results show that for all values of N, the cell throughput is 100Kbps* Number of UE/Cell.
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Figure 11. CellThroughput of Time dilated UMTS systems
4
Conclusion
We studied the UL of Time dilated UMTS systems with N = 2 and N = 4 and observed the effect of time dilation on the burst rate of UEs and the RoT at the node B. At low loads, it is seen that the burst rate of time dilated UMTS is lower than UMTS although not as much as the dilation factor. As the load increases, the performance of time dilated UMTS meets and eventually exceeds that of UMTS. This effect is due to the reduced interference in time dilated UMTS. 

Proposal: The results and analysis presented are captured in the TR.
5
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Annex: Simulation Assumptions and Scenarios

We will use the following system parameters in our simulations (see [3]):
Table 5. 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 N = 1 : 2,4,6,8,10

·  For N = 2 : 1,2,3,4,5

·  For N = 4 : 1,2

	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 

	E-DPCCH
	βec/ βc = 15/15

	HS-DPCCH
	CQI Feedback Cycle
	4 TTI

	
	∆ACK [dB]
	0

	
	∆NACK [dB]
	0

	
	∆CQI [dB]
	0

	
	CQI Feedback delay
	8 ms × Scaling Factor (the case where TTI length is increased); 

8 ms (the baseline, or the case where TTI length is not increased)

	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. 

	Number of HARQ Processes
	8

	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
	1% Residual BLER within maximum HARQ transmission time 

	RoT Target
	6 dB

	Network Configuration
	SIMO 

	Time-dilated UMTS-capable UE Penetration
	100%


Parameters for uplink bursty traffic model are given in Table 2. 
Table 6. Uplink bursty traffic model
	Component
	Distribution
	Parameters
	PDF

	File Size (S)
	Truncated Log-normal
	Mean = 0.0625 Mbytes
Std. Dev. = 0.0225 Mbytes
Maximum = 0.3125 Mbytes
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	Inter-Burst Time 
	Exponential
	Mean = 5 sec
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