Page 1



3GPP TSG RAN WG1 Meeting #75

R1-135926
San Francisco, USA, 11th – 15th November 2013

Source:
Qualcomm Incorporated
Title:
TP on System level evaluation results
Agenda item:

5.4.1
Document for:
Decision
1
Introduction

In this document, a text proposal capturing the system simulations for time dilated UMTS is presented.

2  Text Proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
7.x System level evaluation of time dilated UMTS

In this section, standalone and multicarrier system simulation results are presented. In the standalone case, if an operator has a 5MHz UMTS carrier available that is not fully loaded, it is always better to map users to the 5MHz carrier, since the users will experience significantly better throughput on 5MHz than 2.5MHz. Thus the metric of interest is the capacity available from a standalone time dilated UMTS carrier when other UMTS carriers are loaded or no other carriers are available.
In the multicarrier case, multicarrier users can benefit from increased throughput; the extent of the benefit depends on the bandwidth and the penetration level of multicarrier users.
7.x.2
Downlink Bursty UEs Simulation Results in Band VIII
Average, 90th and 5th percentile burst rate of bursty traffic UEs is used as the performance measure for the scenarios simulated. Burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system. Two evaluations of user burst rate and capacity in band VIII have been performed and are presented in this section

Figure y1-3 show the bursty traffic performance of UMTS and time dilated UMTS for different user percentiles from evaluation 1. 
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Figure y1: Average UE burst rates for 50
percentile
 Figure y2: Average UE burst rates for 5 percentile
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Figure y3: Average UE burst rates for 90th percentile
The x-axis for Figures y1-3 indicates the offered load per cell. The number of users for any point can be obtained by dividing the offered load by the average file size introduced in accordance with the bursty traffic model. 
The performance of UMTS and time dilated UMTS can be compared by examining the performance of the two systems at the same relative load. Since time dilated UMTS N=2 (shown in the plots above) has half the bandwidth of UMTS, the load for the two systems is equal when the number of users for time dilated UMTS is half that for UMTS. In other words, the average burst rate is compared when the offered load for time dilated UMTS is half that of UMTS,
When handling packet data in general, system level investigations in the downlink indicate that user packet throughput will reduce to be lower than 1/N. This implies that packet transfer times increase by at least N, and in most cases greater than N when comparing time dilated UMTS and UMTS. This will increase in general the activity level of the cell. (For small packets that can be transferred in less than 1 TTI and voice packets, transfer time will increase by N.)
In another evaluation (evaluation 2), the average UE burst rate for UMTS and time dilated UMTS is shown in Figure x1. In addition the performance for multiple P-CCPCHs is also shown for N=2 and N=4 time dilated UMTS. 
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Figure x1: Average UE burst rate for Time dilated UMTS

Figures z1-z3 shows the performance of time dilated UMTS with normalized offered load for evaluation 1. A comparison of the performance at the same relative load per carrier can be made from these figures. 
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Figure z1: 50 percentile vs normalised offered load
    Figure z2: 5 percentile user throughput vs offered load
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Figure z3: 90th percentile user throughput vs offered load

It is observed that if there would be no spectral efficiency loss at link level, the average burst rate of UMTS system would be  approximately twice that of Time dilated UMTS system with N =2 when the load per MHz is the same (i.e. the there is half as much traffic on 2.5Mhz compared with 5MHz). Also, the average burst rate of UMTS would be approximately 4 times the average burst rate of Time dilated UMTS with N = 4 when the load per Mhz is the same (i.e. one quarter of the traffic volume of 5MHz). This is expected as the loading is the same in a UMTS system with m UEs and m/N UEs for Time dilated UMTS system with dilation factor N. The reduction in the bandwidth accounts for the reduced burst rate.
It can also be observed that while the burst rate for time dilated UMTS N=2 is expected to be half of UMTS, when practical link losses are accounted for, it is somewhat less than half of UMTS due to link level losses, the lower trunking efficiency in time dilated UMTS and the increased inter-cell interference. 
Table y2 shows the 50th and 5th percentile user burst rates that can be achieved with a 5MHz UMTS carrier and with a 2.5MHz UMTS carrier at several normalized offered load levels, derived from figures z1 to z3

Table y2 50th percentile and 5th percentile user burst rates
	Normalized traffic volume (Mbps/MHz)
	50th percentile user burst rate
	5th percentile user burst rate

	
	5MHZ UMTS
	2.5MHz Time Dilated UMTS
	5MHz UMTS
	2.5MHz Time dilated UMTS

	0.1
	7.5
	3.4
	3.1
	1.4

	0.2
	6.9
	3.0
	2.5
	1.1

	0.3
	5.0
	2.2
	1.7
	0.7

	0.4
	4.2
	1.8
	1.2
	0.5

	0.5
	3.0
	1.0
	0.6
	0.2

	0.6
	1.0
	0.07
	0.2
	0.01


The CDF of burst rate for different number of UEs for time dilated UMTS and UMTS for evaluation 2 is plotted in Figure y5. This corresponds to 8 UEs for UMTS and 4 and 2 for time dilated UMTS N=2 and N=4. 

From Figure y5, 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 a single P-CCPCH is configured compared to when two P-PCCPCHs are configured. For time dilated UMTS N =4, the burst rate is about 500Kbps more when a single P-CCPCH is configured. 
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Figure y5: CDF of UE burst rate for N* Num UE/ Cell = 8
The 10% and 50% tails are also presented in Tables y3, y4, and y5. Similar results as seen for the average burst rate are also observed. 

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
	-
	-


In general, it may be desirable to deploy systems in such a manner that a target minimum user throughput can be met. Table y6 shows the capacity, in terms of Mbps of offered load for 5MHz UMTS and 2.5MHz time dilated UMTS carriers considering several target 50th and 5th percentile user throughput levels.
Table y6: Capacity (in Mbps of offered load) for different 50th and 5th percentile user throughput levels for 5MHz UMTS and 2.5MHz UMTS
	50th percentile user throughput (Mbps)
	Capacity (Mbps of offered load)

	
	5MHZ UMTS
	2.5MHz Time Dilated UMTS

	1
	3.0
	1.25

	2
	2.75
	0.90

	3
	2.50
	0.50

	4
	2.20
	0.01


	5th percentile user throughput (Mbps)
	Capacity (Mbps of offered load)

	
	5MHZ UMTS
	2.5MHz Time Dilated UMTS

	0.25
	2.80
	1.25

	0.5
	2.65
	0.95

	1.0
	2.15
	0.50

	1.5
	1.75
	0.25

	2.0
	1.30
	-


7.x.3
Downlink Bursty UEs Simulation Results in Band I

A single evaluation of user burst rate and capacity in band I has been performed and is presented in this section

Figure a1-3 show the bursty traffic performance of UMTS and time dilated UMTS for different user percentiles.
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Figure a1: 50 percentile vs normalised offered load
    Figure a2: 5 percentile user throughput vs offered load
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Figure a3: 90th percentile user throughput vs offered load

Figures a4-a6 shows the performance of time dilated UMTS with normalized offered load. A comparison of the performance at the same relative load per carrier can be made from these figures. 
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Figure a4: 50 percentile vs normalised offered load
    Figure a5: 5 percentile user throughput vs offered load
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Figure a6: 90th percentile user throughput vs offered load

Table a1 shows the 50th and 5th percentile user burst rates that can be achieved with a 5MHz UMTS carrier and with a 2.5MHz UMTS carrier at several normalized offered load levels, derived from figures a4 to a6

Table y2 50th percentile and 5th percentile user burst rates
	Normalized traffic volume (Mbps/MHz)
	50th percentile user burst rate
	5th percentile user burst rate

	
	5MHZ UMTS
	2.5MHz Time Dilated UMTS
	5MHz UMTS
	2.5MHz Time dilated UMTS

	0.1
	7.5
	3.0
	3.2
	1.1

	0.2
	6.9
	2.2
	2.5
	0.75

	0.3
	5.5
	1.5
	1.75
	0.40

	0.4
	4.4
	0.8
	1.1
	0.10


In general, it may be desirable to deploy systems in such a manner that a target minimum user throughput can be met. Table a2 shows the capacity, in terms of Mbps of offered load for 5MHz UMTS and 2.5MHz time dilated UMTS carriers considering several target 50th and 5th percentile user throughput levels.

Table a2: Capacity (in Mbps of offered load) for different 50th and 5th percentile user throughput levels for 5MHz UMTS and 2.5MHz UMTS
	50th percentile user throughput (Mbps)
	Capacity (Mbps of offered load)

	
	5MHZ UMTS
	2.5MHz Time Dilated UMTS

	1
	3.0
	0.90

	2
	2.75
	0.65

	3
	2.50
	0.20

	4
	2.20
	-


	5th percentile user throughput (Mbps)
	Capacity (Mbps of offered load)

	
	5MHZ UMTS
	2.5MHz Time Dilated UMTS

	0.25
	2.80
	0.80

	0.5
	2.65
	0.70

	1.0
	2.15
	0.30

	1.5
	1.70
	0.10

	2.0
	1.30
	-


7.x.4
System Simulation Results for Carrier Aggregation of Time-Dilated UMTS with UMTS 

The bursty traffic UEs are modelled by the parameters given in simulation assumptions in Section x. The same assumptions are applied to both carriers, with the exception of control channels on the second carrier where it was assumed that only P-CPICH is transmitted. The Time Dilation factor on the first carrier is always N =1 and the factor on the second carrier is N = 2 or N =4.   

It should be noted that in the results for carrier aggregation shown below, all the UE are assumed to be capable of carrier aggregation. The system performance for lower proportions of carrier aggregation UEs has not been evaluated.
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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. From the figure it is observed that for total K UEs in single carrier case if the average burst rate is R, the dual carrier with N =2 on the second carrier and with 1.5 K UEs has an average burst rate of approximately 1.5 R. Also, the dual carrier with N = 4 on the second carrier and with 1.25 K UEs has an average burst rate of approximately 1.25 R. To explain this observation, notice that the dual carrier system of Time Dilation factor N on the second carrier with (1+1/N)K UEs is observing a load that is (1+1/N) times the load observed by the single carrier system with K UEs. Furthermore, the service rate of the dual carrier system is (1+1/N) times the service rate of the single carrier system as the available bandwidth is scaled by (1+1/N). As a result, based on the queuing theory, the burst rate of the dual carrier system is (1+1/N) times the burst rate of the single carrier system. For a more direct comparison of different Time Dilated UMTS systems the effective number UEs/Sector is defined as K for single carrier system and (1+1/N) K for the dual carrier system. 

Table Y present the average, 5%, and 50% tail value of the UEs burst rate and shows that similar ratios hold for the tail values of the burst rate.     

Table Y. UE burst rate (Mbps) statistics
	Eff. # UE/Sec.
	Single Carrier N =1
	Dual Carrier, N =1 on 1st Carrier  and N =2 on 2nd Carrier
	Dual Carrier, N =1 on 1st Carrier  and N =4 on 2nd Carrier

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

	2
	4
	7.3
	7.8
	6
	11.1
	11.6
	-
	-
	-

	4
	2.7
	6.3
	6.7
	4.8
	9.6
	10.2
	3.8
	7.7
	8.3

	6
	2
	5.1
	5.7
	3.7
	8.4
	8.9
	-
	-
	-

	8
	1.4
	4.1
	4.7
	2.5
	6.3
	7.1
	2
	5.2
	5.9

	10
	0.9
	3.4
	3.8
	1.4
	4.9
	5.7
	-
	-
	-


Finally, the following plots present the CDF of the UEs burst rate for different values of effective number of UEs per sector. As, shown by the CDFs, similar proportion holds between burst rate of different Time Dilated UMTS systems across different tail values.
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Figure x2: CDF of average UE burst rate for effective number UEs per sector = 2
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Figure x3: CDF of average UE burst rate for effective number UEs per sector = 4
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Figure x4: CDF of average UE burst rate for effective number UEs per sector = 6
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Figure x5: CDF of average UE burst rate for effective number UEs per sector = 2
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Figure x6: CDF of average UE burst rate for effective number UEs per sector = 2
7.x.2.x.1 Inter-Carrier Leakage

For time-dilated UMTS multiple-carrier scenarios, depending on the size of the spectrum block and case, there is a risk for Inter Carrier Leakage (ICL) between the UMTS and the time-dilated UMTS carriers assuming that the offset towards the edge of block is kept to the nominal value to avoid co-existence issues with adjacent uncoordinated operating networks.

The ICL is a combined effect of transmitter unwanted emissions, Adjacent Carrier Leakage Ratio (ACLR) and limited selectivity in the receiver, Adjacent Channel Selectivity (ACS). Figure 1 gives an example of DL ICL, where the BS time-dilated UMTS emissions in form of ACLR as well as selectivity of the UMTS UE would contribute to ICL on the UMTS carrier in DL. The level of ICL in a multiple-carrier scenario will depend on the level of separation/overlap between the UMTS and time-dilated UMTS carriers. Note that in DL, the minimum specified value for BS ACLR is 45 dB, while the UE ACS value is 33 dB considering nominal spacing/separation between UMTS carriers.


[image: image21]
Figure 1:
Mechanisms to calculate the ICL.
The ICL is calculated as:


[image: image22]
It is essential to consider both BS ACLR and UE ACS since ICL in DL would in general be limited to UE selectivity and thus only considering the BS transmitter ACLR as the only source to ICL would result in wrong and extremely optimistic ICL which highly affects the conclusions.
The BS ACLR models are based on an extremely good radio transmitter dimensioned for linearization of around 60dBc. The corresponding UMTS ACLR would be ~55 dB, which is 10dB better than the required performance according to existing RAN4 specifications. The same transmitter was used to investigate the time-dilated UMTS carriers for both N=2 and N=4. The transmitter characteristics and the emissions outside the carrier for UMTS and time-dilated UMTS carriers are given in Figure 2.
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Figure 2:
UMTS and time-dilated UMTS transmitter characteristics (blue) and UMTS spectrum emission mask (red).
The BS ACLR values for time-dilated UMTS carriers are based on measurement in adjacent UMTS carrier and are given for 2.5 MHz and 1.25 MHz time-dilated UMTS carriers respectively. Various centre-to-centre separations between UMTS and time-dilated UMTS carriers are considered. A simple UE ACS model is given below and similar to the BS ACLR models, the ACS values for the UMTS carrier are based on the presence of a time-dilated UMTS carrier in the adjacent channel. The UE ACS values are shown for various centre-to-centre separations between UMTS and time-dilated UMTS carriers. Note that the UMTS ACS value is ~50 dB, which is significantly better than the standardized minimum value of 33 dB. The ACS model does not, however, include possible improvements, such as, employing advanced receivers (e.g. interference cancellation capable receivers, Type 3i). Nevertheless, it should be emphasized that the BS ACLR and UE ACS models used for these simulations represent very good radios that are significantly better than what is required by the RAN4 specifications, and consequently the presented results are overly optimistic. We encourage other companies to investigate the impact of using other radio impairment models to derive the effective ICL.

Figures 3, 4 and 5 show the BS ACLR, UE ACS and the effective DL ICL towards a victim UMTS carrier for different aggressor bandwidth carriers as a function of victim and aggressor centre carrier separation (frequency offset).  
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Figure 3:
UE ACS, BS ACLR and ICL. The frequency offset represents the frequency distance between the centre of the UMTS carrier and the centre of the time-dilated UMTS carrier. As an example, the minimum frequency offset that results in no overlap is given by 5/2+1.25/2 = 3.125 MHz.
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Figure 4:
UE ACS, BS ACLR and ICL. The frequency offset represents the frequency distance between the centre of the UMTS carrier and the centre of the time-dilated UMTS carrier. As an example, the minimum frequency offset that results in no overlap is given by 5/2+2.5/2 = 3.75 MHz.
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Figure 5:
UE ACS, BS ACLR and ICL. The frequency offset represents the frequency distance between the centre of the UMTS carrier and the centre of the time-dilated UMTS carrier. As an example, the minimum frequency offset that results in no overlap is given by 5/2+5/2 = 5 MHz.
7.x.2.x.2 Results for UMTS + 1.25 MHz time-dilated UMTS in 6 MHz block assuming equal PSD

[image: image29]
Figure 8:
UMTS DL user throughput, file download. 

[image: image30]
Figure 9:
UMTS DL user throughput, full buffer.
The system simulation results for the multiple-carrier scenario of UMTS + 1.25 MHz time-dilated UMTS in 6 MHz show that impact on the UMTS carrier is negligible when using extremely good radios.
[------------------------------------------------------------- // --------------------------------------------------------------]

7.x Less Relevant Simulation Results
7.x.1
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.2
System Performance for Full Buffer Traffic 

7.x.2.1 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.2.1.1 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.2.2 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


7.x.3 HSDPA bursty traffic simulations results
Table 7.1.2.X.1-1 shows the DL bursty traffic system level simulation results for HSPA, comparing with UMTS and Scalable UMTS implementation with scaling factor N =2, for PA3, VA3, VA30 and VA120 channels. The number of UEs is chosen as high as up to system stability level. 
Table 7.1.2.X.1-1: Standalone Scalable UMTS downlink bursty traffic simulation results for HSDPA
	
	PA3
	VA3
	VA30
	VA120

	Scaling Factor
	1
	2
	1
	2
	1
	2
	1
	2

	Burst Rate(kbps)
	837.75
	776.98
	637.43
	678.42
	372.92
	329.34
	339.86
	364.26

	Throughput

(kbps)
	Cell average
	6488.41
	3017.18
	5731.3
	2820.91
	4038.34
	1763.42
	3678.77
	1853.76 

	
	UE Average
	324.42
	301.72
	286.56
	282.09
	201.92
	176.34
	183.94
	185.38 

	
	UE 50% CDF
	310.84
	299.31
	270.41
	273.56
	188.17
	164.77
	168.12
	179.73 

	
	UE 5% CDF
	163.49
	165.67
	126.7
	144.16
	51.85
	32.56
	40.81
	32.77 


The results of burst rate gains for Standalone Scalable UMTS downlink are summarized In Table 7.1.2.X.1-2. 
Table 7.1.2.X.1-2: Standalone Scalable UMTS downlink simulation results for HSDPA
	Gain (%)
	PA3
	VA3
	VA30
	VA120

	Burst Rate
	-7.25
	6.43
	-11.69
	7.18


7.x.4  HSUPA bursty traffic simulations results
Table 7.1.2.X.2-1 shows the UL bursty traffic system level simulation results for HSPA, comparing with UMTS and Scalable UMTS implementation with scaling factor N =2, for PA3, VA3, VA30 and VA120 channels. The number of UEs is chosen as high as up to system stability level.
Table 7.1.2.X.2-1: Standalone Scalable UMTS Uplink bursty traffic simulation results for HSUPA
	
	PA3
	VA3
	VA30
	VA120

	Scaling Factor
	1
	2
	1
	2
	1
	2
	1
	2

	Burst Rate (kbps)
	286.79
	415.83
	276.97
	375.63
	258.42
	353.74
	238.67
	353.40

	Cell Throughput (kbps)
	1237.42
	644.41
	1238.05
	641.68
	1225.14
	638.59
	1191.84
	639.59

	UE Average Throughput (kbps)
	82.74
	86.62
	81.90
	84.90
	80
	83.56
	77.33
	83.53

	UE 50% CDF Throughput (kbps)
	80.94
	85.33
	81.64
	83.87
	79
	82.90
	76.20
	82.31

	UE 5% CDF Throughput (kbps)
	40.66
	57.24
	39.66
	55.73
	39.33
	55.61
	38.63
	56.01

	Average RoT
	7.06
	6.12
	7.85
	7.62
	7.26
	7.47
	7.3
	8.14


The results of burst rate gains for Standalone Scalable UMTS are summarized In Table 7.1.2.X.2-2. 
Table 7.1.2.X.2-2: Standalone Scalable UMTS uplink bursty traffic simulation results for HSUPA
	Gain (%)
	PA3
	VA3
	VA30
	VA120

	Burst Rate
	44.99
	35.62
	36.89
	48.07


[------------------------------------------------------------- // --------------------------------------------------------------]

7.x Less Relevant Simulation Results
7.x.1 Results for UMTS + 2.5 MHz time-dilated UMTS in 6 MHz block assuming equal PSD

[image: image36]
Figure 6: UMTS DL user throughput, file download.

[image: image37]
Figure 7:
UMTS DL user throughput, full buffer.

The system simulation results for the multiple-carrier scenario of UMTS + 2.5 MHz time-dilated UMTS in 6 MHz indicate significant losses in throughput for the UMTS carrier. This is due to inter-carrier leakage even though the ICL was calculated considering UE and BS with performance far better than the specified values.  

7.x.2 Results for 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz block assuming equal PSD
For this scenario, the centre frequency of the UMTS carriers and time-dilated UMTS carrier was chosen to optimize the performance considering that at least for one UMTS carrier, the ICL should be kept at a low level to obtain best performance. Other carrier allocations are not precluded and we encourage other companies to investigate these.

The frequency offset from centre of each carrier and the lower edge of any arbitrary 15 MHz spectrum block in this case was chosen to be [2.5 MHz, 5.25 MHz, 8 MHz and 12.5 MHz]. The corresponding ICL values turned out to be ~ 10, 10, and 44 dB, respectively. Note that the time-dilated UMTS carrier was allocated between the UMTS1 and UMTS2 carriers.

[image: image38]
Figure 10:
UMTS DL user throughput, file download.


[image: image39]

Figure 11: UMTS DL user throughput, full buffer.

The system simulation results for multiple-carrier scenario of 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz indicate losses on UMTS carriers 1 and 2.
7.x.3 Results for 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz block assuming equal PSD
This scenario employs the same carrier allocation strategy as the previous scenario in Section 3.1.3, i.e. the frequency offset from centre of each carrier and the lower edge of any arbitrary 15 MHz spectrum block in this case was chosen to be [2.5 MHz, 5.25 MHz, 8 MHz and 12.5 MHz]. The corresponding ICL values turned out to be ~ 30, 30, and 44 dB respectively. Note that the time-dilated UMTS carrier was allocated between the UMTS1 and UMTS2 carriers.

[image: image40]
Figure 12:
UMTS DL user throughput, file download.


[image: image41]
Figure 13: UMTS DL user throughput, full buffer.
The system simulation results for multiple-carrier scenario of 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz show that the impact on the UMTS carriers is negligible when using extremely good radio models.

 [------------------------------------------------------------- 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].

4
References

[1] RP-131346, “Status report on Study on scalable UMTS FDD bandwidth”, China Unicom.
[2] R1-130821, “Skeleton for Scalable UMTS FDD Technical Report”, China Unicom. 

 





0





2





4





6





8





10





12





14





16





18





0





10





20





30





40





50





60





70





80





90





100





User throughput, Mbps





C.D.F.





UMTS DL User Throughput, File Download





 





 





UMTS standalone  





UMTS in the presence of 1.25 MHz T.D-UMTS





 





0





0.5





1





1.5





2





2.5





3





3.5





4





0





10





20





30





40





50





60





70





80





90





100





User throughput, Mbps





C.D.F.





UMTS DL User Throughput, Full Buffer





 





 





UMTS standalone





UMTS in the presence of 1.25 MHz T.D-UMTS





 





0





2





4





6





8





10





12





14





16





18





0





10





20





30





40





50





60





70





80





90





100





User throughput, Mbps





C.D.F.





UMTS DL User Throughput, File Download





 





 





UMTS standalone





UMTS in the presence of 2.5 MHz T.D-UMTS





 





0





0.5





1





1.5





2





2.5





3





3.5





4





0





10





20





30





40





50





60





70





80





90





100





User throughput, Mbps





C.D.F.





UMTS DL User Throughput, Full Buffer





 





 





UMTS standalone





UMTS in the presence of 2.5 MHz T.D-UMTS





 





0





2





4





6





8





10





12





14





16





18





0





10





20





30





40





50





60





70





80





90





100





User throughput, Mbps





C.D.F.





UMTS DL User Throughput, File Download





 





 





UMTS standalone





UMTS





1





UMTS





2





UMTS





3





 





0





0.5





1





1.5





2





2.5





3





3.5





4





0





10





20





30





40





50





60





70





80





90





100





User throughput, Mbps





C.D.F.





UMTS DL User Throughput, Full Buffer





 





 





UMTS standalone





UMTS





1





UMTS





2





UMTS





3





 





0





2





4





6





8





10





12





14





16





18





0





10





20





30





40





50





60





70





80





90





100





User throughput, Mbps





C.D.F.





UMTS DL User Throughput, File Download





 





 





UMTS standalone





UMTS





1





UMTS





2





UMTS





3





 





0





0.5





1





1.5





2





2.5





3





3.5





4





0





10





20





30





40





50





60





70





80





90





100





User throughput, Mbps





C.D.F.





UMTS DL User Throughput, Full Buffer





 





 





UMTS standalone





UMTS





1





UMTS





2





UMTS





3








30/30

[image: image1.emf]0 0.5 1 1.5 2 2.5 3 3.5 4

0

1

2

3

4

5

6

7

8

9

Traffic volume, Mbps per Cell

User throughput 50

th

 percentile, Mbps

 

 

 

UMTS (PA3)

UMTS (PA3), Half

Time dilated UMTS (PA3) if there would be no spectral efficiency loss

Time dilated UMTS (PA3)

[image: image42.png]11 . 1
ICL~ ACLR = ACS




