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1 Introduction

During RAN#61, several open issues were identified with respect to the scalable UMTS WI and in particular the time dilation solution. One of these was system simulation simulation results using bursty traffic. In a companion contribution [1], we discuss the need to model inter-cell interference explicitly in neighbor cells in order to properly capture the impact of link level performance on system interference, and the need to model bursty traffic in order to properly account for the trunking inefficiency.
In this paper, we provide initial simulation results that provide some insights into time dilation system performance in a standalone scenario. Companion papers examine performance for the carrier aggregation scenarios. Standalone performance for N=2 has been examined in this contribution; it is expected that for N=4 the impact of inter-cell interference growth and trunking loss will be such that user throughput and capacity loss is significantly higher than for N=2.
2 Discussion

The initial system simulations have been performed in the Pedestrian A channel. Analysis of control plane latency has indicated that the P-CCPCH power needs to be increased by 3dB in this scenario to maintain suitable control plane latency, and thus we have assumed 2 P-CCPCH in the simulations. However as a comparison, we also present results in which it is assumed that there both zero link level losses and only 1 P-CCPCH.
The table below indicates the link level throughput losses in different channels [2]. It can be observed that Pedestrian A is a halfway case in terms of losses; the losses are much lower than VA30, but somewhat greater than VA120.

	Specific Condition
	Source
	Ior/Ioc  
	Throughput Gain

	
	
	
	PA3
	VA3
	VA30
	VA120

	Outer loop ON, Two P-CCPCHs
	Huawei, HiSilicon
	-5
	-11.56%
	-4.02%
	-23.39%
	-8.26%

	
	
	0
	-8.64%
	-4.20%
	-21.02%
	-8.97%

	
	
	5
	-6.96%
	-1.02%
	-13.54%
	-7.65%

	
	
	10
	-5.01%
	-0.30%
	-8.17%
	-5.83%

	
	
	15
	-4.50%
	-0.18%
	-4.11%
	-5.50%

	
	
	20
	-1.61%
	0.23%
	0.86%
	-9.04%

	
	Qualcomm
	-5
	-8.50%
	-12.27%
	-25.43%
	-4.30%

	
	
	0
	-12.01%
	-7.58%
	-20.08%
	-2.72%

	
	
	5
	-8.85%
	-6.95%
	-15.17%
	-2.27%

	
	
	10
	-7.58%
	-4.57%
	-12.35%
	-2.10%

	
	
	15
	-3.45%
	-4.12%
	-8.98%
	-2.21%

	
	
	20
	-2.15%
	-0.37%
	-11.34%
	-3.45%


In figures 1-6, user throughput is plotted against normalized offered load considering 3 cases:

· 5MHz UMTS

·  “Time Dilated UMTS”, with N=2

· N=2 “Time Dilated UMTS”, with the link efficiency corrected and 1 P-CCPCH, in order to show the performance of an N=2 carrier in the case that there would be no link level losses

In figures 1-3, an additional curve is shown labeled as “UMTS Half”. This curve represents 5MHz UMTS performance with the user throughput divided by 2. 

In figures 1-3, the x axis in each of the charts represents offered load per cell; the same load is offered to both the UMTS and the time dilated UMTS carriers. In figures 3-6, the x axis in each of the charts shows a normalized offered load; the offered load is normalized by the bandwidth such that the load offered to a 5MHz standalone carrier is double that offered to time dilated UMTS with N=2. 
In all of the figures in this contribution, “throughput” refers to packet throughput; i.e. for each packet the size of the packet is divided by the difference in time between the arrival of the packet and the time at which the last PDU is achieved, and a PDF is made of packet throughput figures.
Simulation assumptions are the same as those used previously in the Scalable UMTS Study Item, with the exception that inter-cell interference is explicitly modeled and packet data is modeled using the parameters described in [1]
[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)


Figure 1 50th percentile vs offered load
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Figure 2 5th percentile vs offered load
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Figure 3 90th percentile vs offered load
In figures 1-3, the comparison is at equal offered load. It can be observed that time dilated UMTS always provides much lower than half of the user throughput experience than UMTS at all load points. This is true even when there are no link level losses. The reason behind this is the increase in inter-cell interference when serving the same offered load and the trunking effects.
It is interesting to observe that if there is enough capacity on a 5MHz UMTS carrier to accommodate all of the traffic, it is never advantageous to share load between a UMTS carrier and a time dilated UMTS carrier. The users assigned to the time dilated UMTS carrier would experience a much worse performance than if all users are mapped to a single UMTS carrier. For example, if there would be a traffic load of 1.5Mbps in total on a UMTS carrier alone, users would experience burst rates of around 13Mbps. However if the load would be shared as 1MBps on UMTS and 0.5Mbps on time dilated UMTS, time dilated UMTS users would only get around 6Mbps, less than half that observed if all users share the same UMTS carrier.
[image: image4.emf]0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

0

1

2

3

4

5

6

7

8

9

Normalized traffic volume, Mbps per Cell per MHz

User throughput 50

th

 percentile, Mbps

 

 

 

UMTS (PA3)

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

Time dilated UMTS (PA3)


Figure 4 50th percentile throughput vs normalised offered load
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Figure 5 5th percentile user throughput vs offered load
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Figure 6 90th percentile user throughput vs offered load

Figures 4-6 show the user throughputs when the load offered to UMTS is double that offered to time dilated UMTS. It can be seen that time dilated UMTS loses performance in two ways; firstly the capacity is halved and secondly the user throughput falls to less than half of that obtainable with UMTS. 

In order to examine the impact of time dilated UMTS on user experience and capacity in more detail, relative losses to 5MHz UMTS are shown in the figures below. The y axis on the figures should be interpreted as the percentage of capacity/user throughput available on a 5MHz UMTS carrier that is lost if instead a time dilated carrier is used.
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Figure 7 User throughput loss of time dilated standalone UMTS relative to standalone UMTS according to load level

Figure 7 indicates the user throughput loss if a user is placed on standalone UMTS rather than UMTS. At medium to high offered load levels, the reduction in user throughput is high. For instance, if the offered load is more than 1Mbps, cell edge users will experience less than 15% of the throughput that they would on a 5MHz carrier.

Since it could be argued that comparing 5MHz and 2.5MHz at the same offered load level is not a proper comparison, figure 8 compares the systems with offered load normalised with bandwidth. The figure indicates that time dilated UMTS still experiences a very large loss in user throughput, even when the offered load applied to UMTS is doubled compared with time dilated UMTS, when the load level is above 1Mbps per 2.5MHz cell or 0.4Mbps per MHz.
In addition to the user throughput losses, the latency penalties of time dilated UMTS are also incurred in the user and control plane. Thus a full picture of user experience is a large loss in user throughput together with a significant increase in latency.
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Figure 8 Comparison of UMTS and time dilated UMTS throughputs with normalised offered load
Finally, it is interesting to compare the capacity of a 5MHz UMTS and time dilated UMTS carrier. Figure 9 shows capacity as a function of user throughput for 50th and 5th percentile user throughput.
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In general, users should be provided at least the same quality regardless of the carrier to which they are assigned. A typical figure is providing 1Mbps for cell edge users. If this is the target, then the capacity of an N=2 time dilated UMTS carrier is around 25% of that of full bandwidth UMTS. It can also be observed from the figure that if the quality requirement would be any higher than 1Mbps, the capacity of time dilated UMTS would be insignificantly small compared with UMTS for a Pedestrian A channel.
3 Conclusions

This paper has examined the user throughput and capacity performance of time dilated UMTS in a pedestrian A channel. Simulations with packet data indicate that interference dynamics and trunking impact system behavior and cause KPIs such as user experience and capacity to scale down with factors greater than N.

Users on a standalone time dilated UMTS carrier will experience very much reduced throughput compared to users on a 5MHz carrier. If traffic is split between a scalable UMTS carrier and a UMTS carrier, the users placed on the time dilated UMTS carrier will experience very much worse throughput than if all users would be placed on a single UMTS carrier. Thus unless the capacity of a 5MHz carrier has been exceeded, it is always better to map traffic to a single 5MHz carrier than to try to share the traffic between UMTS and a scalable UMTS carrier.
The capacity of a time dilated UMTS carrier in standalone does not simply scale down by N. Assuming that the same user throughput is to be provided to all users, the capacity in Pedestrian A may be 25% or less of that of 5MHz UMTS. Thus the potential for scalable UMTS to add capacity to a network is limited.
Pedestrian A represents a “midway” channel between good and poor performance. It is to be expected that VA30 will show very much lower throughputs and capacity than Pedestrian A, whilst e.g. VA120 will show improved throughputs and capacity, bounded by the curves depicting no link level losses.

In the full context of user experience, it should be borne in mind that users on a standalone UMTS carrier will also experience a significant increase in L1 latency in addition to the throughput losses.
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