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1
Introduction

Study item for uplink dual-carrier HSUPA was launched in RAN plenary meeting #42 [1]. In this document initial system level simulation results are shown and analysed for the dual-carrier HSUPA. 
2
Discussion
The following UTRA multicarrier extensions were proposed to be specified to Release 9 in [1] for uplink dual-carrier HSUPA:
· Specify dual carrier HSUPA operation for the following scenarios:

a. The dual carrier transmission only applies to HSUPA physical channels

b. The carriers belong to the same Node-B and when on the same band, are on adjacent carriers
c. Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.

Above items were discussed in RAN1 #55bis and following working assumptions were agreed:
· The single band Dual-Carrier HSUPA work assumes adjacent carrier operation and at least two downlink carriers

This working assumption also limits dual carrier HSUPA to be used only together with dual cell HSDPA.
3 Simulation assumptions

The simulation scenario and parameters are specified in [2]. The following list shows used options and deviations:

· Cell layout: 7 Node B, 3 sectors per Node B

· Channel model: PA3 and TU6 (3 km/h), Fading across carriers is completely uncorrelated
· Number of UEs per sector: 1, 2, 4, 8
· Node B Receiver: Linear MMSE
· Uplink SI delay – No delay
· RoT limits: 3.5 dB and 6 dB
4 Simulation results
4.1 Bursty traffic

Figure 1 and Figure 2 show CDF of burst rate of 1 UE in single carrier case and 2 UEs in dual carrier case with ISDs 500, 1000 and 1732 m when RoT limit is 3.5 dB and 6 dB, respectively, in case of PA3 channel profile. It can be seen with low cell size UE and low RoT target that in dual carrier case user burst rate can be almost doubled before RoT limit is hit. Almost similar behaviour can be seen with ISD 1000 m except that in some cases UE starts to be power limited. In case of 6.0 dB RoT limit user burst rate can be almost doubled in small cells and almost in half of the cases with intermediate cell size. Further, in large cells UE is more probable power limited and thus benefits from dual carrier possibility are also diminished.
In Figure 3 and Figure 4 it’s presented CDF of burst rate of 2 UEs in single carrier and 4 UEs in dual carrier case with different cell sizes and RoT limits in case of PA3 channel profile. Now when more users are in the system there is higher probability that more users are active at the same time and thus lower allocation is given to individual users which leads to lower user burst rates. This trend is supported by Figure 5 and Figure 6 in which there are 4 UEs in single carrier and 8 UEs in dual carrier case, respectively.
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Figure 1 CDF of burst rate, 1 / 2 UEs per cell, RoT limit is 3.5 dB.
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Figure 2 CDF of burst rate, 1 / 2 UEs per cell, RoT limit is 6.0 dB.
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Figure 3 CDF of burst rate, 2 / 4 UEs per cell, RoT limit is 3.5 dB.
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Figure 4 CDF of burst rate, 2 / 4 UEs per cell, RoT limit is 6.0 dB.
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Figure 5 CDF of burst rate, 4 / 8 UEs per cell, RoT limit is 3.5 dB.
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Figure 6 CDF of burst rate, 4 / 8 UEs per cell, RoT limit is 6.0 dB.


Figure 7, Figure 8, Figure 9 and Figure 10 present user burst rate distributions at different number of users and RoT limits in case of TU6 channel profile. Similar general observation can be done that with relatively low number of users per cell gains in user burst rate with small cell size are almost double to single carrier case and that the gain diminishes as cell size and number of users in the system increase. One can also obtain how more frequency selective channel reduces performance of both single carrier and dual carrier transmission if one compares below results to early PA3 results. 
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Figure 7 CDF of burst rate, 1 / 2 UEs per cell, RoT limit is 3.5 dB.
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Figure 8 CDF of burst rate, 1 / 2 UEs per cell, RoT limit is 6.0 dB.
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Figure 9 CDF of burst rate, 2 / 4 UEs per cell, RoT limit is 3.5 dB.
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Figure 10 CDF of burst rate, 2 / 4 UEs per cell, RoT limit is 6.0 dB.


5 Conclusions

Dual carrier transmission can increase user burst rate significantly when the number of users in the system is low and cell size is small. The gains are diminishing as the number of users and cell size increase. On the other hand the achieved burst rates cannot be doubled by allowing dual carrier transmission due to additional DPCCH overhead required. 
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