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1
Introduction

In this document, a text proposal capturing the system simulations for time dilated UMTS is presented. This was one of the identified open issues [1] at the last RAN1 plenary.

2  Text Proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
7.x
Time Dilated UMTS configurations
The configurations evaluated in this document are summarized in Table x1. 

Table x1: Configurations evaluated in this document
	Index
	Configuration
	Bandwidth
	Frequency offset between carriers

	U+S4
	UMTS + Time dilated UMTS (N=4)
	6.00 MHz
	2.88 MHz

	U+S2
	UMTS + Time dilated UMTS (N=2)
	6.00 MHz
	2.25 MHz

	U
	UMTS 
	5.00 MHz
	Standalone

	S2
	Time dilated UMTS (N=2)
	2.50 MHz
	Standalone

	S4
	Time dilated UMTS (N=4)
	1.25 MHz
	Standalone


7.x.1
System Performance for Full Buffer Traffic 
This section presents the system level throughput results using the user CDF from and link level throughput results from Section x. Inter-carrier interference between the constituent carriers is modelled for the multi-carrier configurations. 

In Table x2, 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 . Standalone systems record close to UMTS spectral efficiencies. 

Additional PCCPCH codes help maintain the same latency as the UMTS for the PCCPCH channel. It can be seen that there is negligible throughput degradation for the standalone carriers after accounting for the PCCPCH power allocation. 
Table x2: 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
	10.8
	7.5
	6.5
	4.4

	
	U+S4
	6.00 MHz
	11.1
	9.0
	6.3
	5.1

	
	U
	5.00 MHz
	9.0
	5.1

	
	S2
	2.50 MHz
	4.3
	2.4

	
	S2
2 PCCPCH codes
	2.50 MHz
	4.2
	2.3

	
	S4
	1.25 MHz
	2.0
	1.1

	
	S4
4 PCCPCH codes
	1.25 MHz
	1.8
	1.0

	VA 3
	U+S2
	6.00 MHz
	9.6
	6.6
	6.0
	4.0

	
	U+S4
	6.00 MHz
	9.7
	7.7
	5.6
	4.5

	
	U
	5.00 MHz
	7.7
	4.5

	
	S2
	2.50 MHz
	3.9
	2.3

	
	S2
2 PCCPCH codes
	
	3.7
	2.1

	
	S4
	1.25 MHz
	1.9
	1.1

	
	S4
4 PCCPCH codes
	
	1.6
	0.9

	VA 30
	U+S2
	6.00 MHz
	6.6
	4.7
	4.0
	2.8

	
	U+S4
	6.00 MHz
	7.2
	5.7
	4.1
	3.3

	
	U
	5.00 MHz
	5.7
	3.3

	
	S2
	2.50 MHz
	2.7
	1.5

	
	S2
2 PCCPCH codes
	
	2.6
	1.4

	
	S4
	1.25 MHz
	1.4
	0.8

	
	S4
4 PCCPCH codes
	
	1.2
	0.6

	VA 120


	U+S2
	6.00 MHz
	6.6
	4.5
	4.0
	2.7

	
	U+S4
	6.00 MHz
	6.7
	5.4
	3.9
	3.1

	
	U
	5.00 MHz
	5.4
	3.1

	
	S2
	2.50 MHz
	2.7
	1.6

	
	S2
2 PCCPCH codes
	
	2.6
	1.5

	
	S4
	1.25 MHz
	1.3
	0.8

	
	S4
4 PCCPCH codes
	
	1.1
	0.6


For 50% penetration of time dilated UMTS UEs, a weighted throughput from Table x2is used. These results are shown in Table x3. The configuration U+S4 (highlighted in red) achieves significantly higher throughput than UMTS for all fading channels and loading fractions, for Time dilated UMTS capable user penetrations as small as 25%. On the other hand, the configuration U+S2 can record a loss (8.3 Mbps from 9.0 Mbps in PA3 channel with lightly loaded adjacent cells) compared to baseline UMTS for 25% Time dilated UMTS user penetration.

Table x3: Effect of S-UMTS capable UE penetration on system level throughputs of multi-carrier configurations  
	Channel
	Configuration
	S-UMTS penetration%
	Sector HS Throughput

(Mbps)



	
	
	
	 20% adjacent cell loading
	100% 

adjacent cell loading

	PA 3
	U
	-
	9.0
	5.1

	
	U+S2
	100
	10.8
	6.5

	
	U+S4
	100
	11.1
	6.3

	
	U+S2
	50
	9.2
	5.5

	
	U+S4
	50
	10.1
	5.7

	
	U+S2
	25
	8.3
	5.0

	
	U+S4
	25
	9.6
	5.4

	VA3
	U
	-
	7.7
	4.5

	
	U+S2
	100
	9.6
	6.0

	
	U+S4
	100
	9.7
	5.6

	
	U+S2
	50
	8.1
	5.0

	
	U+S4
	50
	8.7
	5.1

	
	U+S2
	25
	7.3
	4.5

	
	U+S4
	25
	8.2
	4.8

	VA 30
	U
	-
	5.7
	3.3

	
	U+S2
	100
	6.6
	4.0

	
	U+S4
	100
	7.2
	4.1

	
	U+S2
	50
	5.6
	3.4

	
	U+S4
	50
	6.4
	3.7

	
	U+S2
	25
	5.2
	3.1

	
	U+S4
	25
	6.1
	3.5

	VA 120


	U
	-
	5.4
	3.1

	
	U+S2
	100
	6.6
	4.0

	
	U+S4
	100
	6.7
	3.9

	
	U+S2
	50
	5.5
	3.4

	
	U+S4
	50
	6.1
	3.5

	
	U+S2
	25
	5.0
	3.0

	
	U+S4
	25
	5.7
	3.3


User Geometry distribution (for 14 k random user placements) in a 57-cell layout is given in Figure x1. In this analysis, an equal allocation of resources among the users and a simple averaging of link level throughputs based on the user geometry distribution were used. 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.  

[image: image1.png]CDF

09

08

07

06

05

04

03

02

01

——— 100% adjacent cel loading
———20% adjacent cel loading

5 [ 5 10 15 Eil ]
Geornetry in B




Figure x1: User geometry CDF
7.x.2
Downlink Bursty UEs Simulation Results

Average burst rate of bursty traffic UEs is used 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.

In Figure x1 the average burst rate for Time dilated UMTS system with N = 1, 2, and 4 versus number of UEs in each cell and for different values of P-CCPCH Ec/Ior is plotted. From Figure x1, it is observed that the average burst rate of UMTS system is approximately twice that of Time dilated UMTS system with N =2 when the load in terms of TTI utilization is the same. Also, the average burst rate of UMTS is 4 times the average burst rate of Time dilated UMTS with N = 4. This is expected as the loading is the same for the Node B in a UMTS system with m UEs and m/N UEs in Time dilated UMTS system with dilation factor N. The reduction in the bandwidth accounts for the reduced burst rate.

The CDF of burst rate for different number of UEs for Time dilated UMTS and UMTS systems is plotted in Figures x2-x6. Each figure, corresponds to a fixed number of UEs/Cell * N. 

From the figures it is observed that the effect of the additional P-CCPCH and consequently the increased Ec/Ior is approximately a constant change in the burst rate over different number of UEs. For N =2 Time dilated UMTS system, the burst rate is about 300Kbps more when P-CCPCH Ec/Ior is -12dB compared to when it is -9 dB. Also for N =4 Time dilated UMTS system, the burst rate is about 500Kbps more when P-CCPCH Ec/Ior is -12dB compared to when it is -6 dB. 

Tables y1 and y2 present the spectral efficiency of each system and the average burst rate of the UEs. The spectral efficiency is defined as the average UE burst rate / total bandwidth. The results in Table y1 show that spectral efficiencies are approximately the same for different values of N in a time dilated UMTS and UMTS systems. The spectral efficiency is slightly lesser in time dilated UMTS when there are two 2 P-CCPCHs. 

Tables y3 and y4 show the median and tail performances of the two systems. It is observed that the performance of time dilated UMTS is approximately 1/N times that of the UMTS system when N * the number of UEs/Cell is kept fixed.        

[image: image2.emf]1 2 3 4 5 6 7 8 9 10

0

1

2

3

4

5

6

7

8

Average UE Burst Rate

Number of UE/Cell

Burst rate (Mbps)

 

 

N = 1, 1 P-CCPCH

N = 2, 1 P-CCPCH

N = 2, 2 P-CCPCH

N = 4, 1 P-CCPCH

N = 4, 2 P-CCPCH


Figure y1: Average UE burst rate for Time dilated UMTS
Figures y3, y4, and y5 present the CDF of UEs burst rate for different cases. 
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Figure y2. CDF of UE burst rate for N* Num UE/ Cell = 2
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Figure y3. CDF of UE burst rate for N* Num UE/ Cell = 4
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Figure y4. CDF of UE burst rate for N* Num UE/ Cell = 6
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Figure y5. CDF of UE burst rate for N* Num UE/ Cell = 8
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Figure y6. CDF of UE burst rate for N* Num UE/ Cell = 10

The 10% and 50% tails are also presented in Tables y2, y3, and y4. Similar results as seen for the average burst rate are also observed.

Table y1. Spectral efficiency (Mbps / MHz)
	N* Num UE/Cell
	N = 1
	N = 2
	N = 4

	
	1 P-CCPCH
	1 P-CCPCH
	2 P-CCPCH
	1 P-CCPCH
	2 P-CCPCH

	2
	1.54
	1.66
	1.50
	-
	-

	4
	1.38
	1.36
	1.22
	1.61
	1.17

	6
	1.16
	1.21
	1.09
	-
	-

	8
	0.97
	1.01
	0.91
	1.04
	0.76

	10
	0.77
	0.83
	0.74
	-
	-


Table y2. Average UE burst rate (Mbps)
	N* Num UE/Cell
	N = 1
	N = 2
	N = 4

	
	1 P-CCPCH
	1 P-CCPCH
	2 P-CCPCH
	1 P-CCPCH
	2 P-CCPCH

	2
	7.70
	4.16
	3.75
	-
	-

	4
	6.94
	3.40
	3.05
	1.82
	1.32

	6
	5.83
	3.04
	2.73
	-
	-

	8
	4.88
	2.54
	2.29
	1.18
	0.86

	10
	3.89
	2.08
	1.86
	-
	-


Table y3. 5% tail of UE burst rate (Mbps)
	N* Num UE/Cell
	N = 1
	N = 2
	N = 4

	
	1 P-CCPCH
	1 P-CCPCH
	2 P-CCPCH
	1 P-CCPCH
	2 P-CCPCH

	2
	3.69
	2.01
	1.71
	-
	-

	4
	3.16
	1.34
	1.07
	0.78
	0.35

	6
	2.20
	0.93
	0.67
	-
	-

	8
	1.47
	0.72
	0.54
	0.19
	0.09

	10
	0.84
	0.40
	0.26
	-
	-


Table y4. 50% tail of UE burst rate (Mbps)
	N* Num UE/Cell
	N = 1
	N = 2
	N = 4

	
	1 P-CCPCH
	1 P-CCPCH
	2 P-CCPCH
	1 P-CCPCH
	2 P-CCPCH

	2
	7.33
	4.29
	3.95
	-
	-

	4
	6.42
	3.18
	2.82
	1.88
	1.25

	6
	5.42
	2.81
	2.43
	-
	-

	8
	4.28
	2.23
	1.96
	1.01
	0.72

	10
	3.3
	1.78
	1.54
	-
	-


7.x.3
Uplink Bursty UEs simulation results

Figure x1 shows the average burst rate for different number of UEs for Time dilated systems with N = 1, 2, and 4. It is observed 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 z2 –z6 present the CDF of burst rate for fixed number of UEs/Cell * N. The corresponding average and tail values appear in Tables z1 –z3.  

In Figure z2 it is observes 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, 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.  
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Figure z1. Average burst rate of UEs for Time dilated UMTS systems
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Figure z2. CDF of UE burst rate for N* num UE/Cell = 2
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Figure z3. CDF of UE burst rate for N* num UE/Cell = 4
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Figure z4. CDF of UE burst rate for N* num UE/Cell = 6
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Figure z5. CDF of UE burst rate for N* num UE/Cell = 8
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Figure z6. CDF of UE burst rate for N* num UE/Cell = 10
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Figure z7. Average RoT at Node B for Time dilated systems

Table z1. 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 z2. 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 z3. 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 z8, z9, and z10 show the CDF of RoT for UMTS and time dilated UMTS systems. 
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Figure z8. RoT CDF for N = 1
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Figure z9. RoT CDF for N = 2
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Figure z10. RoT CDF for N = 4

In Figure z11 the average cell throughput for Time dilated UMTS with N = 1, 2, and 4 is plotted. 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 z11. CellThroughput of Time dilated UMTS systems
 [------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

It is proposed to agree to and capture the text proposal on system evaluations of time dilated UMTS to the TR [2].
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