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1
Introduction

Scalable-UMTS (S-UMTS) provides the operator with added flexibility to fit in a fractional UMTS carrier for better spectrum utilization [1]. Link level performance of the standalone S-UMTS configuration (scaling factors = 2) was investigated in [2]. But there are a number of situations when the operators are given large chunks of bandwidths (> 5MHz) and it becomes necessary to evaluate the best multi-carrier combination using UMTS and S-UMTS.

In this document, we use the available spectrum of 6 MHz in Band VIII for China Unicom [3] and investigate different multi-carrier configurations in terms of HSDPA throughput. We model the interference between the carriers using the methodology and parameters from [4, 5]. 
2
Multi-carrier configurations
The configurations evaluated in this document are summarized in Table 1. Refer [4] for power spectral densities and additional details regarding these configurations. Bandlimited configurations refer to UMTS+S-UMTS combinations that are squeezed to fit into the 6 MHz bandwidth. 
Table 1: Configurations evaluated in this document; note that only Bandlimited I, Bandlimited II and BASELINE UMTS can fit into a 6 MHz available spectrum.
	Index
	Configuration
	Bandwidth
	Frequency offset between carriers

	Nominal I
	UMTS + (1/4) UMTS
	6.25 MHz
	3.25 MHz

	Bandlimited I
	UMTS + (1/4) UMTS
	6.00 MHz
	2.88 MHz

	Nominal II
	UMTS + (1/2) UMTS
	7.50 MHz
	3.75 MHz

	Bandlimited II
	UMTS + (1/2) UMTS
	6.00 MHz
	2.25 MHz

	BASELINE
	UMTS 
	5.00 MHz
	Not applicable


3
HSDPA Throughput Results
This section presents the throughput results for different multi-carrier configurations considered in Table 1.
In Fig. 1, we depict the HSDPA throughputs for different fading channels – PA3, PB3, VA30 and VA120. We observe significant throughput gains of multi-carrier configurations over the baseline UMTS. 

For reader’s convenience, we present the gain% over baseline UMTS in Fig. 2. First, the nominal multi-carrier configurations I (using UMTS + S-UMTS (N=4)) achieves 22-32% gain over baseline UMTS for all geometries and fading channels considered. On the other hand, the nominal configuration II (using S-UMTS (N=2)) achieves 46-59% gain over baseline UMTS. In general, the %gain weakly depends on geometry or the type of fading channel. However, note that these nominal configurations require bandwidth greater than 6 MHz. 

Now we concentrate on the performance of bandlimited configurations I and II. We observe that the configuration I achieves 18-28% gain and again, the gain weakly depends on the geometry or fading channel type. However, for bandlimited configuration II, we observe that while gains as large as 51% are obtained at low geometries of -5 dB, the gain% decreased with geometry to as little as 8% for 20 dB geometry (for the PA3 channel). We attribute this to the increased interference between the UMTS and S-UMTS (N=2) carriers in this configuration. Such interference is minimal for the bandlimited configuration I. The nominal configuration I is only squeezed by 0.25 MHz while the nominal configuration II is squeezed by 2.5 MHz to fit into the 6 MHz available spectrum.
Figure 1: HSDPA throughput (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
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Figure 2: HSDPA throughput %-gain over baseline UMTS (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
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Figure 3: HSDPA throughput loss % for legacy user over baseline UMTS (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
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While multi-carrier configurations offer increased throughput for the advanced user that can operate on both carriers, they may also cause a degradation to the legacy user who can only operate on the UMTS carrier in the multi-carrier combination. We investigate this degradation in Fig. 3. We observe that there is significant loss only for the bandlimited configuration II. The reason is again attributed to the interference from the S-UMTS carrier that is brought closer by 2.5 MHz compared to the nominal configuration II. On the other hand, for the bandlimited combination I we observe less than 4% degradation in legacy user throughput for all geometries and fading channels.
5
Conclusions

The document presents HSDPA throughput results for multi-carrier configurations that utilize a combination of UMTS and S-UMTS (N=2 or 4). When the available spectrum is 6 MHz, the comparison provided in terms of %-gain over baseline UMTS throughput indicates that UMTS +S-UMTS (N=2) achieves 18-28% gain. The gain largely does not depend on geometry (range = -5 to 20 dB) and fading channel type (PA3, PB3, VA30, VA120). Further, the loss in legacy user throughputs for this configuration is less than 4% over all geometries and fading channels considered.    
6
References
[1] RP-122017, “New SID proposal: Scalable UMTS”, China Unicom, Huawei, Hisilicon, Qualcomm Incorporated, Telefonica, Ericsson, ST-Ericsson
[2] R1-125194, “Flexible Bandwidth Usage for UMTS FDD”, Qualcomm Incorporated.  

[3] R1-130347, “Scalable UMTS Deployment Scenarios, China Unicom, Huawei, HiSilicon”, Qualcomm Incorporated.
[4] R1-131588, “Modeling of Adjacent Carrier Interference”, Qualcomm Incorporated.
[5] R1-131589, “Link Simulation Methodology for Performance Evaluation of Scalable UMTS”, Qualcomm Incorporated.
