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1. Introduction

During RAN#58, a study item (SI) was initiated on scalable UMTS [1]. The justification is that only a 5 MHz channel bandwidth is defined for UMTS FDD; this restriction may limit the deployment of UMTS in the case when the spectrum allocation is less than 5 MHz, or not a multiple of 5 MHz. An example of such a case is when frequency resources are re-farmed from legacy systems.

In this contribution, we propose additional text on the topic Impact to UMTS – System Simulation Results, to be added to Chapter 7.1.2.x of the Technical Report [2]. The majority of the text comes from [3], but changes and additions have been made.

Text Proposal
[-------------------------------------------------TEXT START -----------------------------------------------]
7.1.2.x Impact to UMTS – System Simulation Results 
In this section, the impact to UMTS in presence of increased inter-carrier leakage (ICL) due to the introduction of time-dilated UMTS will be considered. System simulation performance metrics, such as user throughput, system capacity and system quality, will be presented for various scenarios. The scenarios cover the agreed multi-RAT scenarios, as well as a general scenario with arbitrary ICL:

I) UMTS + 2.5 MHz time-dilated UMTS in 6 MHz block;

II)  UMTS + 1.25 MHz time-dilated UMTS in 6 MHz block;

III) 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz block;

IV) 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz block;

V) General scenario with arbitrary ICL.

The simulation assumptions follow those given in Section 6.3.1, and results can be found in Sections 7.1.2.x.1 – 7.1.2.x.4. The results assume equal power spectral density (PSD) or equal power for UMTS and time-dilated UMTS carriers. Simulation results for cases with and without ICL on the time-dilated carriers are presented. Despite the fact that the models and assumptions are chosen to favour the introduction of a time-dilated UMTS carrier, severe losses are observed for certain target scenarios and observed gains are mostly negligible.

7.1.2.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: image1]
Figure 1:
Mechanisms to calculate the ICL.
The ICL is calculated as:

[image: image2]
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.
7.1.2.x.2 Impact on the UMTS Carrier by means of User Throughput
In this section, simulation results for different multiple-carrier scenarios are presented. The DL user throughput for the UMTS carrier is shown in the figures below, both with and without an interfering time-dilated UMTS carrier. File download as well as full buffer models are used and the results are presented separately. 

The user throughput is the user perceived bitrate defined as the number of transmitted bits divided by total time to transmit the bits including queuing in the scheduler.
7.1.2.x.2.1 Results for UMTS + 2.5 MHz time-dilated UMTS in 6 MHz block assuming equal PSD

[image: image9]
Figure 6: UMTS DL user throughput, file download.

[image: image10]
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.  
7.1.2.x.2.2 Results for UMTS + 1.25 MHz time-dilated UMTS in 6 MHz block assuming equal PSD

[image: image11]
Figure 8:
UMTS DL user throughput, file download. 
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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.
7.1.2.x.2.3 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.
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Figure 10:
UMTS DL user throughput, file download.
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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.
7.1.2.x.2.4 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: image15]
Figure 12:
UMTS DL user throughput, file download.
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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.
7.1.2.x.2.5 Results for general multiple-carrier scenarios assuming equal PSD
In this section a set of general simulations were performed to capture the impact of different ICL values on UMTS DL user throughput for various percentiles; the results are presented in Figure 14 below.

[image: image17]
Figure 14:
General DL user throughput degradation as a function of ICL.
The ICL of ~33 dB corresponds to current ALCR and ACS defined in the UMTS specification. The actual ICL for a certain scenario can be deducted from Figures 3-5 when the type of time-dilated UMTS carrier and centre-to-centre separation is known. In general there is a degradation on UMTS which vary depending on the percentile i.e. 90:th percentile is quite sensitive to ICL while 50:th and 5:th percentile users would tolerate a few dB lower ICL.
7.1.2.x.3 Impact on System Capacity
The impact on system capacity is studied in this section, where capacity is defined as the maximum traffic volume for which the 5th percentile users have at least cell-edge throughput. In this simulation, 1 Mbps was chosen as the desired cell-edge user throughput.

The capacity for UMTS only, time-dilated UMTS only and UMTS in the presence of time-dilated UMTS, respectively, was simulated and the results are given in Figures 16-19. It should be noted that for the time-dilated UMTS carrier performance, two cases i.e. with and without ICL from UMTS carriers were considered. When ICL was applied to time dilated UMTS carrier, the principle of reciprocity in terms of mutual ICL between UMTS and time dilated UMTS was assumed.
Note that none of the simulated scenarios show a significant increase in system capacity with the introduction of time-dilated UMTS. Hence, despite that fact that extremely good radios were assumed, the system level performance is not boosted.
Furthermore, for all capacity and quality simulations with ICL on all carriers, an iterative algorithm was used to ensure that both traffic volume and quality criterions are fulfilled both for UMTS and time-dilated UMTS carrier where certain traffic control was applied until convergence was reached. This is due to the fact that when ICL is applied on all carriers, there is a delicate mutual dependency between the carriers which would require an iterative algorithm capturing the mutual impact. The figures below show the iterations to reach convergence for traffic volume and quality criterion for both UMTS and time-dilated UMTS carriers which also indicate that there is a difference between cases when ICL is applied on all carriers compared to ICL applied only on UMTS. 
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Figure 15
Convergence for traffic volume and quality criterion.
7.1.2.x.3.1 Results for UMTS + 2.5 MHz time-dilated UMTS in 6 MHz block assuming equal PSD
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Figure 16:
Capacity impact.

From Figure 16 it can be seen that at 1 Mbps cell-edge user throughput, the sum capacity of UMTS and time-dilated UMTS would be less than 1.61+0.66=2.27 Mbps/cell, while for a stand-alone UMTS carrier without the presence of time-dilated UMTS, the capacity is roughly 2.13 Mbps/cell and thus in this scenario the introduction of time-dilated UMTS results in a rather limited increase in capacity even though very good radio models are assumed and no ICL on the time-dilated UMTS carrier is modelled. Furthermore, it is seen that applying ICL on all carriers results in a capacity loss for this scenario.
7.1.2.x.3.2 Results for UMTS + 1.25 MHz time-dilated UMTS in 6 MHz block assuming equal PSD
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Figure 17: Capacity impact.
Regardless if ICL is applied on time-dilated UMTS, the capacity simulation results for the multiple-carrier scenario of UMTS + 1.25 MHz time-dilated UMTS in 6 MHz show almost no capacity gains although very good radio models are assumed.
7.1.2.x.3.3 Results for 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz block assuming equal PSD
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Figure 18: Capacity impact.
The capacity simulation results for the multiple-carrier scenario of 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz indicate a rather limited capacity gain considering the fact that very good radio models are assumed. When ICL is applied on time-dilated UMTS carrier, a slight capacity loss can be observed.
7.1.2.x.3.4 Results for 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz block assuming equal PSD
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Figure 19: Capacity impact.
The capacity simulation results for the multiple-carrier scenario of 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz indicate a negligible capacity gain although very good radio models are assumed..
7.1.2.x.4 Impact on System Quality
To further analyze the user perceived bit-rate, a scenario where the traffic at start was equally distributed between UMTS and time-dilated UMTS carriers and then gradually moved from the time-dilated UMTS carrier to the UMTS carrier(s) was studied. Looking at user perceived quality, it is seen in general that the quality improves the more users that are moved from the time-dilated UMTS carrier to the UMTS carriers. As a reference, the quality for a stand-alone set-up was also derived. Note that in all the simulated scenarios, the quality deteriorated with the introduction of time-dilated UMTS.
Due to the improved quality when users are moved from the time-dilated UMTS carrier to UMTS carriers in the studied scenarios, other multiple-carrier scenarios would require further investigations to ensure that the introduction of time-dilated UMTS would not pose a degradation in perceived quality and bit-rate compared to UMTS only operation.
7.1.2.x.4.1 Results for UMTS + 2.5 MHz time-dilated UMTS in 6 MHz block assuming equal PSD
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Figure 20:
System quality impact.
7.1.2.x.4.2 Results for UMTS + 1.25 MHz time-dilated UMTS in 6 MHz block assuming equal PSD
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Figure 21: System quality impact.
7.1.2.x.4.3 Results for 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz block assuming equal PSD
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Figure 22: System quality impact.
7.1.2.x.4.4 Results for 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz block assuming equal PSD
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Figure 23: System quality impact.
7.1.2.x.4.9 Additional system quality results for different load
To further elaborate the system quality considering various loads and a degraded/relaxed quality target, additional simulation results for UMTS+1.25 MHz time dilated UMTS in 6 MHz are presented here. The capacity quality target was set to 500 kbps (compared to 1 Mbps as in the previous chapters) and various traffic loads i.e. 20%, 50% and 80% of the capacity limit respectively were considered. Furthermore no ICL was assumed on time-dilated UMTS carrier which in addition to chosen scenario would constitute the most favourable case for time-dilated UMTS carriers.

To further analyse the results, user throughput distributions for different traffic fractions considering constant total traffic volume (50%+50%, 75%+25% and 99%+1%) were given. The traffic fraction indicates the fraction of total traffic volume allocated to UMTS and time-dilated UMTS carriers. The user throughput distribution curves thus indicate the perceived user throughput distribution for UMTS and time-dilated UMTS carriers for various traffic fractions.
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Figure 24:
System quality for 20% load case, equal PSD.
As shown in Figure 24, at 20% load, it is more beneficial to move users to the UMTS carrier to obtain better user perceived quality. There are two main effects that impact the results; queues and queuing times are generally longer and rates are lower for time-dilated UMTS carrier compared to the UMTS carrier. Even though the queue characteristics become equal for the different carrier types at some traffic split, the rates are still generally much better at this point for the UMTS carrier.
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Figure 25:
System quality for 50% load case, equal PSD.
As shown in Figure 25, at 50% load, it is still beneficial to move users to the UMTS carrier from the time-dilated UMTS carrier to obtain better user perceived quality. As users are moved from time-dilated UMTS to UMTS carriers, the performance gap between UMTS and time-dilated UMTS carriers is reduced compared to the 20% load scenario. 
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Figure 26:
System quality for 80% load case, equal PSD.
As shown in Figure 26, at 80% load case, the situation is different compared to 20% and 50% load cases since the higher load on the UMTS carrier results in longer queue and thus it is more beneficial to maintain some traffic on the time-dilated UMTS carrier. Note that for 80% load case, an additional traffic fraction i.e. 90%+10% was added since this was the fraction which gave best performance as indicated in Figure 26.

Figure 27 which is a zoomed version of Figure 26 (right plot) shows how the throughput distribution curves at certain traffic fraction intercepts indicating the benefits to have some traffic on the time-dilated UMTS carrier. 
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Figure 27: Zoomed version.
Considering the fact that the chosen scenario was the most favorable for time-dilated UMTS and given the analysis above, a limited gain is indicated for the scenarios when we have high load and no gain at low or moderate loads when time-dilated carrier is present.
[---------------------------------------------------TEXT END ------------------------------------------------]
1 Conclusion

In this contribution, a TP on system simulation performance results for time-dilated UMTS is provided for consideration to the TR [2].

Proposal: Include the provided TP in Chapter 7.1.2.x of the TR [2]. 
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