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1. Introduction

Possible scenarios for time-dilated UMTS have been extensively discussed during RAN1#72 and RAN1#72bis. In [1], system simulation results for the agreed multi-carrier aggregation scenarios for time-dilated UMTS, considering Inter Carrier Leakage (ICL) and equal Power Spectral Density (PSD), were presented. 
Since no consensus has been reached on equal PSD or equal carrier power for time-dilated UMTS carrier, additional DL system simulation results considering ICL and equal carrier power are presented in this paper.
2. Discussion
Modelling of UE and BS receiver models as well as system simulation assumptions were thoroughly discussed in [1]. All evaluations in this contribution are based on the same assumption with the exception that UMTS and time-dilated carrier have equal carrier power.
3.  Simulation Results

In this section, the system performance of UMTS in presence of increased 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, are presented for various scenarios. The scenarios are similar as the ones in [1] and cover the agreed multi-RAT aggregation scenarios:

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;
The general simulation assumptions are described in Annex A in [1]. The carrier allocation for cases I-IV assumes that the offset towards the edge of a frequency block is kept to its nominal value as described earlier. Also, for cases I-IV, the ICL used in the simulations can be found by considering the appropriate frequency offset in Figures 4-6 in [1].
All the simulation results in this paper assume equal power for UMTS and time-dilated UMTS carriers.

In the legend of all the figures, the T.D-UMTS stands for time-dilated UMTS.

3.1 Impact on the UMTS Carrier by means of User Throughput
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 model are used throughout the following sections. 

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 time in the scheduler.
3.1.1  Results for UMTS + 2.5 MHz time-dilated UMTS in 6 MHz block

[image: image1]
Figure 1: UMTS DL user throughput, file download.
The system simulation results for the carrier aggregation scenario of UMTS + 2.5 MHz time-dilated UMTS in 6 MHz indicate significant losses in throughput for the UMTS carrier taking to account ICL. For equal power scenarios, the degradation on UMTS carrier is significantly larger compared to equal PSD scenarios even for very good performing UE and BS. 
3.1.2
Results for UMTS + 1.25 MHz time-dilated UMTS in 6 MHz block
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Figure 2:
UMTS DL user throughput, file download.
The system simulation results for the carrier aggregation scenario of UMTS + 1.25 MHz time-dilated UMTS in 6 MHz with equal power show that impact on the UMTS carrier is negligible when using very good UE and BS radios.
3.1.2 Results for 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz block
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: image3]
Figure 31:
UMTS DL user throughput, file download.
The system simulation results for carrier aggregation scenario of 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz with equal power indicate losses on UMTS carriers 1 and 2.
3.1.3 Results for 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz block
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.
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Figure 4:
UMTS DL user throughput, file download.
The system simulation results for carrier aggregation scenario of 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz show that the impact on the UMTS carriers is negligible when using very good UE and BS radio models.
3.2 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 5-8. It should be noted that for the time-dilated UMTS carrier performance, two cases 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.
3.2.1 Results for UMTS + 2.5 MHz time-dilated UMTS in 6 MHz block
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Figure 5:
Capacity impact.
From Figure 5, 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 for a stand-alone UMTS carrier without the presence of time-dilated UMTS. The loss is larger when ICL is applied on time-dilated carrier.
3.2.2 Results for UMTS + 1.25 MHz time-dilated UMTS in 6 MHz block
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Figure 6: Capacity impact.

The capacity simulation results for the carrier aggregation scenario of UMTS + 1.25 MHz time-dilated UMTS in 6 MHz show almost no capacity gain although very good radio models are assumed regardless if ICL is applied on the time-dilated UMTS carrier.
3.2.3 Results for 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz block
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Figure 7: Capacity impact.
The capacity simulation results for the carrier aggregation 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 without applying ICL on the time-dilated UMTS carrier. The limited capacity gain turns into slight capacity loss when ICL is applied on time-dilated UMTS carrier. 
3.2.4 Results for 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz block
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Figure 8: Capacity impact.
The capacity simulation results for the carrier aggregation scenario of 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz indicate a negligible capacity gain although very good radio models are assumed regardless if ICL is applied on on the time-dilated UMTS carrier.
3.3 Impact on System Quality
To further analyse 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 carrier aggregation 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.

Simulation results for cases with or without ICL on time-dilated carriers are presented here.
3.3.1 Results for UMTS + 2.5 MHz time-dilated UMTS in 6 MHz block
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Figure 9:
System quality impact. Left: no ICL on the time-dilated UMTS carrier, Right: ICL on all carriers
3.3.2 Results for UMTS + 1.25 MHz time-dilated UMTS in 6 MHz block
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Figure 10: System quality impact. Left: no ICL on the time-dilated UMTS carrier. Right: ICL on all carriers.
3.3.3 Results for 3xUMTS + 2.5 MHz time-dilated UMTS in 15 MHz block

[image: image17]

 SHAPE  \* MERGEFORMAT 
[image: image18]
Figure 11: System quality impact. Left: no ICL on the time-dilated UMTS carrier. Right: ICL on all carriers.
3.3.4 Results for 3xUMTS + 1.25 MHz time-dilated UMTS in 15 MHz block
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Figure 12: System quality impact. Left: no ICL on the time-dilated UMTS carrier. Right: ICL on all carriers.
4. Conclusion

In this contribution, the system impact due to inter carrier leakage between the UMTS carrier and the time-dilated UMTS carrier when both UMTS and time-dilated UMTS assumed to have equal power is investigated. The results cover the DL transmission and are assuming an extremely good BS and UE models performing significantly better than required by the specification. 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. The results cover cases when ICL is applied on both UMTS and time-dilated UMTS carriers and in general indicate additional degradation for equal power cases compared to equal PSD investigated in [1]. 
The fact that there are system degradations for some scenarios (equal PSD or power, with or without ICL applied on time-dilated carriers) justifies the need to consider additional system studies for time-dilated UMTS and not only rely on link-level results, since obviously a scenario for which link-level gains are observed, significant losses in throughput/capacity may be observed for UMTS users. Simulation results considering time-dilated UMTS carrier with or without ICL were presented assuming ICL reciprocity between UMTS and time-dilated UMTS (not necessary same level of ICL on time-dilated UMTS carrier) and further studies are needed to investigate the system impact on time-dilated UMTS carriers. This is a natural step to evaluate the total gain/loss for introducing time-dilated UMTS for various carrier aggregation scenarios.
Proposal: We propose to capture the aspects discussed in this contribution in the technical report. The accompanying text proposal [2] can be used for this purpose.
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