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Introduction

Scalable-UMTS (S-UMTS) is a flexible option to fit in fractional UMTS carriers in bandwidth chunks smaller than 5 MHz [1]. Significant interest is expressed in implementing a S-UMTS carrier in addition to a UMTS carrier in the 6 MHz bandwidth in 900 MHz [2]. Initial link level performance results presented in [3] considered two options to supplement the UMTS carrier: using S-UMTS (N=2) and S-UMTS (N=4) respectively. The inter-carrier interference is modelled in a link simulator where the two carriers are simulated simultaneously and it was shown that the multi-carrier combination using S-UMTS (N=4) offers 18-28% gains over UMTS over all the popular fading channel types (PA3, PB3, VA30, VA120) and geometries ranging from -5 dB to 20 dB. Further, the impact to legacy UMTS user throughputs was shown to be insignificant. 

In this document, we present results for the same use case as [3]: 6 MHz available spectrum in Band VIII for China Unicom [2] and investigate the effect of throughputs when the power spectral density of S-UMTS carrier is increased so that the total power equals that of UMTS. We model the interference between the carriers using the methodology and parameters from [5]. While increasing PSD improves coverage and downlink throughputs, it can lead to increased inter-carrier interference in the multi-user configuration. This document strives to characterize both the multi-carrier throughput and the legacy user throughput impact aspects. We have included in Annex the results from [3] where the same PSD is used for S-UMTS and UMTS.
2
Multi-carrier configurations
The configurations evaluated in this document are summarized in Table 1. 
Table 1: Configurations evaluated in this document
	Index
	Configuration
	Bandwidth
	Frequency offset between carriers

	U+S4
	UMTS + S-UMTS (N=4)
	6.00 MHz
	2.88 MHz

	U+S2
	UMTS + S-UMTS (N=2)
	6.00 MHz
	2.25 MHz

	U
	UMTS 
	5.00 MHz
	Not applicable


3
HSDPA Throughput Results
This section presents the throughput results (using Variable Reference Channel with CQI-based scheduling) for different multi-carrier configurations considered in Table 1 when the PSD is increased for the S-UMTS carrier. For link simulation assumptions and ICI modelling, refer [5]. For details on CQI feedback time-line and definition of geometry, refer [4].
Figure 1: HSDPA throughputs for multi-carrier combinations in 6 MHz spectrum (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
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We depict the HSDPA throughputs for different fading channels in Fig. 1 and the impact to legacy HSDPA user throughput in Fig. 2. The main points of observation are summarized below: 

· Significant throughput gains of multi-carrier configurations over the baseline UMTS over all geometries and channel types. 
· The configuration U+S4 achieves more than 25% gain for all channel types and geometries considered. When the PSD of S-UMTS is kept same as UMTS, a minimum gain of 18% was obtained (Fig. 4 in Annex). In fact, at low geometries as -5 dB, we obtained gains as high as 108% for the VA120 channel because S-UMTS carrier has the same power as UMTS and power significantly determines throughputs at these ultra-low geometries (assuming constant No). When PSD was restricted to be that of UMTS, the maximum gain obtained for this configuration is 28 %.
· As was priori observed for the setting with same PSD (refer Fig. 4 in Annex), the gains of the multi-carrier combination U+S2 are sensitive to geometry due to inter-carrier interference. The same behavior is observed even when the PSD is increased. While throughputs are comparable or better than U+S4 at lower geometries, they are significantly lower than the throughputs of U+S4 for geometries above 10 dB.
· Impact to legacy user throughput is insignificant for U+S4 combination (with less than 1% loss over all channels and geometries considered). Surprisingly, even though the PSD of the S-UMTS (N=4) carrier is increased to be 6 dB higher than UMTS, no impact is observed on the legacy UMTS carrier.
· On the other hand, legacy user impact for U+S2 depends on the geometry. For low geometries the impact can be as small as 0% and shows an increasing trend with geometry, increasing up to 31% for a geometry of 20 dB. Note that at 20 dB geometry, up to 25% degradation for legacy user throughput is observed in when PSD is kept to be same for UMTS and S-UMTS (Fig. 5 in Annex). This increase in impact is expected because the increased PSD of the S-UMTS carrier causes increased ICI to the legacy UMTS carrier.
Figure 2: HSDPA throughput loss % for legacy user over baseline UMTS (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
[image: image5.png]% Loss in Throughput over UMTS

30

25

20

15

10

—&— UMTS+(1/2)UMTS, 6MHz
—*— UMTS+(1/4)UMTS, 6 MHz

1
5 10
Geometry (in dB)

15

20



[image: image6.png]% Loss in Throughput over UMTS

251

151

10F

—&— UMTS+(1/2)UMTS, 6MHz
—*— UMTS+(1/4)UMTS, 6 MHz

1
5 10 15
Geometry (in dB)

20




[image: image7.png]% Loss in Throughput over UMTS

35

30

—&— UMTS+(1/2)UMTS, 6MHz
—*— UMTS+(1/4)UMTS, 6 MHz

o e e

1
5 10
Geometry (in dB)

15

20



[image: image8.png]% Loss in Throughput over UMTS

—&— UMTS+(1/2)UMTS, 6MHz
—*— UMTS+(1/4)UMTS, 6 MHz

-5

1
5 10
Geometry (in dB)

15

20




For aiding reader’s intuition, we also plot the ICI as a function of frequency separation between the carriers in Fig. 3. We can easily observe that at a frequency separation of 2.88 MHz, the carriers in the combination U+S4 have relative ICI values below -40 dB and hence we expect no degradation even for geometry as high as 20dB. On the other hand, for a frequency separation of 2.25 MHz, the carriers in the combination U+S2 have relative ICI values as high as -5dB. This is the reason we observed considerable throughput degradation for geometries > 10dB. 
Another interesting point to note from Fig. 3 is that the relative ICI values are higher for the UMTS carrier than for the S-UMTS carrier. This trend is the reverse of what is observed in [5] when using the same PSDs. The reason for this reversal is that increase in PSD for the S-UMTS carrier increases its signal level (reduced relative ICI from UMTS carrier) while also increasing the interference to the adjacent UMTS carrier (reduces relative ICI of UTMS carrier). In any case, as long as the ICI values are small (like < -40 dB in U+S4), this is of little consequence.
Figure 3: Inter-carrier interference (relative to signal level) for each carrier in the multi-carrier configurations. The green dotted lines indicate the frequency separations mentioned in Table 1.
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5
Conclusions

The document presents HSDPA throughput results for multi-carrier UMTS+S-UMTS configurations (for 6 MHz allocation in Band VIII) with the PSD of the S-UTMS carrier increased so that both S-UMTS and UTMS carriers have the same total power. The multi-carrier combination UMTS+S-UMTS (N=4) offers more than 25% gain over all geometries (-5 dB to 20 dB) and channel types (PA3, PB3, VA30, VA120). In fact, at low geometries as -5 dB, we obtained gains as high as 108% for the VA120 channel because S-UMTS carrier has the same power as UMTS and power significantly determines throughputs at these ultra-low geometries (assuming constant No). More interestingly, in spite of the increased PSD (and increased levels of ICI), the impact to legacy UMTS user is insignificant (<1% loss) for all channel types and geometries considered. 
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Annex
Here, we include the results from [3] for reader’s convenience. However, note that there are some extra multi-carrier configurations (compared to Table 1) corresponding to nominal bandwidths.
Figure 4: HSDPA throughput (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120) ; S-UMTS PSD = UMTS PSD.
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Figure 5: HSDPA throughput loss % for legacy user over baseline UMTS (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120); S-UMTS PSD = UMTS PSD.
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