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Introduction

Updated with increased PSD results in Section 3 and also a section on distributed power.

Scalable-UMTS provides the operator with added flexibility to fit in a fractional UMTS carrier for better spectrum utilization [1]. 
In this document, we present an updated set of results from [6], after modelling agreed-upon CQI feedback errors and ack/nack errors and with two assumptions of outer loop being on or off. 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+Scalable 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.

3.1 Outerloop ON 

Fig. 1 shows the gain% over baseline UMTS. The actual throughputs are included in the Appendix A. First, the nominal multi-carrier configurations I (using UMTS + Scalable UMTS (N=4)) achieves up to 30% gain over baseline UMTS. On the other hand, the nominal configuration II (using Scalable UMTS (N=2)) achieves up to 58% 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 consider the performance of bandlimited configurations I and II. It is observed that the configuration I achieves 18-29% gain and again, the gain weakly depends on the geometry or fading channel type. However, for bandlimited configuration II, it is observed that while gains as large as 49% are obtained at low geometries of -5 dB, the gain% decreased with geometry to as little as 5% for 20 dB geometry (for the PA3 channel). We attribute this to the increased interference between the UMTS and Scalable 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.
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Figure 1: HSDPA throughput %-gain over baseline UMTS 

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. 2. We observe that there is significant loss only for the bandlimited configuration II. The reason is again attributed to the interference from the Scalable 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.
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Figure 2: HSDPA throughput loss % for legacy user over baseline UMTS 
3.2 Outerloop OFF 

Now, we present our results with outerloop OFF in Fig. 3. First, the nominal multi-carrier configurations I (using UMTS + Scalable UMTS (N=4)) achieves up to 29% gain over baseline UMTS. On the other hand, the nominal configuration II (using Scalable UMTS (N=2)) achieves 57% 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 23-28% gain. When compared with outer loop ON, we observe increased performance. This probably suggests that there is scope for further improvement in multi-carrier performance by optimizing the outer loop for Scalable UMTS carrier. As before, we observe ICI-limited performance for the bandlimited configuration II. 
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Figure 3: HSDPA throughput %-gain over baseline UMTS 

Now we characterize the degradation to the legacy user when the outer loop is switched OFF. From Fig. 4, we observe that there is significant loss only for the bandlimited configuration II. On the other hand, for the bandlimited combination I we observe less than 3% degradation in legacy user throughput for all geometries and fading channels.
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Figure 4: HSDPA throughput loss % for legacy user over baseline UMTS 
3.3 Increased PSD for time-dilation carrier

 Finally, as in [6], we present the results with increased PSD for the time-dilated carrier. The gains over UMTS are much higher for the UMTS+scalable UMTS (N=4) compared to when keeping the PSD same as UMTS, while the legacy impact is negligible and within the error floor. On the other hand, legacy impact increased for UMTS+scalable UMTS (N=2).
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Figure 5: HSDPA throughput %-gain over baseline UMTS, increased PSD for time dilation carrier
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Figure 6: HSDPA throughput loss % for legacy user over baseline UMTS, increased PSD for time dilation carrier
3.4 Distribute power across carriers
An interesting practical consideration is to distribute the power of the same PA across the UMTS and the scalable UMTS carriers. Fig. 7 gives the CDF of the geometries for the UMTS and scalable UMTS(N=2) for different powers at the Node B PA. It can be seen that the Geometry distribution is almost the same and hence the link level performance is expected to be the same.
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Figure 7: Geometry distribution of a carrier for different power allocation at Node B

5
Conclusions

The document presents HSDPA throughput results for multi-carrier configurations that utilize a combination of UMTS and Scalable 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 +Scalable UMTS (N=2) achieves 18-29% gain (outer loop on) and 23-28% gain (outer loop off). The gain largely is independent of geometry (range = -5 to 20 dB) and fading channel types (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 for both outer loop on and off settings. In all, multi-carrier configurations in 6 MHz spectrum show significant gains over UMTS even when PSD is assumed to be same as UMTS. Further gains are obtained when the PSD of the dilated carrier is increased. We did not observe any significant change in geometry distribution (for each carrier) when the power at the node B is distributed between the two carriers. 
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Appendix A

This section presents the throughput results for different multi-carrier configurations considered in Table 1.

A.1 Outerloop ON 
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(b) PB 3
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Figure 8: HSDPA throughputs 
A.2 Outerloop OFF
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Figure 9: HSDPA throughputs
