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1
Introduction

In this document, a text proposal capturing the system simulations for time dilated UMTS is presented for full buffer case. 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 
7.x.1.1 Evaluations based on user geometry distribution
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 fairly significant impact with U+S2. Additionally, 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 time dilated 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 time dilated UMTS capable UE penetration on system level throughputs of multi-carrier configurations  
	Channel
	Configuration
	Time Dilated 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 the analysis in this Section, an equal allocation of resources among the users and a simple averaging of link level throughputs based on the user geometry distribution were used. 
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Figure x1: User geometry CDF
In another evaluation, a similar analysis was conducted where the cell throughput is computed based on the user geometry CDF (See Figure x1) and the input from link simulation results. Cell Throughput results are provided in Table x4. For multi-carrier option (in 6MHz spectrum), about 20% throughput gain over UMTS can be observed. 
The interference from small bandwidth carrier to legacy UMTS carrier in case of carrier aggregation U+S4 is seen to be negligible. This is proved by comparing the standalone UMTS throughput with the legacy user throughput in multi-carrier. 

For standalone time dilated UMTS results, it is observed that the spectral efficiency is close to UMTS. The observation is in accordance with the link level simulation results in Section X.

Table x4: System level throughputs for time dilated UMTS configurations

	Channel
	Configuration
	Bandwidth
	Sector HS Throughput

(Mbps)

(20% adjacent cell loading)
	Sector HS Throughput

(Mbps)

(100% adj. cell loading)

	
	
	
	MultiCarrier

user
	Legacy User
	Multi-Carrier

user
	Legacy User

	PA 3
	U+S4
	6.00 MHz
	11.96
	9.71
	6.71
	5.47

	
	U
	5.00 MHz
	9.72
	5.49

	
	S2
	2.50 MHz
	4.81
	2.69

	VA 3
	U+S4
	6.00 MHz
	9.87
	8.23
	5.80
	4.79

	
	U
	5.00 MHz
	8.24
	4.80

	
	S2
	2.50 MHz
	4.26
	2.48

	VA 30
	U+S4
	6.00 MHz
	8.21
	6.87
	4.42
	3.66

	
	U
	5.00 MHz
	6.88
	3.68

	
	S2
	2.50 MHz
	3.39
	1.72

	VA 120
	U+S4
	6.00 MHz
	7.86
	6.61
	4.34
	3.60

	
	U
	5.00 MHz
	6.63
	3.62

	
	S2
	2.50 MHz
	3.21
	1.78


7.x.1.1.1 UE throughput

In this analysis, 8 UEs in a UMTS cell and 4 UEs in a time dilated UMTS cell with round-robin scheduling is assumed. Figure x2 shows the average user throughput CDF for standalone UMTS and time dilated UMTS in both 100% and 20% adjacent cell load scenarios under different propagation channels. It is observed that the time dilated UMTS user throughput performance is very close to UMTS performance in all scenarios, which shows that time dilated UMTS performs very similar as UMTS in terms of UE throughput as well as data coverage.
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Figure x2: User throughput CDF

7.x.1.2 Evaluation with a Practical Scheduler
Table x5 shows the results from a fuller buffer system simulation for standalone time-dilated UMTS. For standalone time dilated UMTS results, we observe that the spectral efficiency is close to UMTS for most of the channels evaluated except for the VA30 channel where a loss of around 8.9% is observed. These results are in accordance with the ones seen in Table x4. UE performance is also shown under the assumption of 8 UEs in a UMTS cell and 4 UEs in a time dilated UMTS cell where similar observations can be made. 
Table x5: System level throughputs for time dilated UMTS configurations, based on system simulation

	Channel
	Configuration
	Bandwidth
	Sector Throughput

(Mbps)

(100% adj. cell loading)
	UE average throughput
	UE 50% CDF throughput
	UE 5% throughput

	PA3
	U
	5.00 MHz
	7.38
	0.92
	0.73
	0.25

	
	S2
	2.50 MHz
	3.52
	0.88
	0.68
	0.21

	VA 3
	U
	5.00 MHz
	6.32
	0.79
	0.60
	0.19

	
	S2
	2.50 MHz
	3.24
	0.81
	0.63
	0.17

	VA 30
	U
	5.00 MHz
	4.79
	0.60
	0.46
	0.09

	
	S2
	2.50 MHz
	2.18
	0.54
	0.36
	0.06

	VA 120
	U
	5.00 MHz
	4.57
	0.57
	0.44
	0.08

	
	S2
	2.50 MHz
	2.30
	0.58
	0.43
	0.08


[------------------------------------------------------------- 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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