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1 Introduction

In RAN #70 a new Study Item entitled “Multi carrier enhancements for UMTS” was approved [1]. During RAN1#84, scenarios and methodology for evaluation were discussed [2,3].  This paper is the second of two on the evaluation of multicarrier enhancements. DB-DC HSUPA is treated here and DC HSUPA in [4]. The evaluation methodology and performance of DC-HSUPA was discussed in [4]. In this paper, we continue our analysis with the simulation results for a set of UE locations for each of the DB-DC-HSUPA scenarios listed in [2,3]. 
2 Evaluation  
2.1 Scenarios for DC-HSUPA and DB-DC HSUPA 
The simulation assumptions are similar to the DC-HSUPA and the reader is referred to [4] for details on the simulation assumption and analytical evaluation. 

For DC HSPA, previous agreement has been to study 2ms+10ms and 10ms+10ms TTI combinations [2]. Additionally, a baseline of legacy DB-DC-HSUPA (Rel-13 2ms+2ms TTI) is assumed. Other parameter to be considered are band allocation (2ms located on lower/higher band) and PA type (a single wideband PA with shared power is assumed).  
2.2 Simulation results 
2.2.1 DB-DC HSUPA
Figure 1a, b, c and d show the throughput for each of the scenario depending on the transmitted power in each carrier and the distance between the UE and the NodeB. The plot only mentions the serving carrier power as the second carrier power can be deduced using equation 6. Note that the total transmitted power is always the maximum, i.e. 23dBm.  
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a) Baseline
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b) 2ms TTI with 900MHz carrier, 10ms TTI with 2100 MHz carrier,
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c) 10ms TTI with 900MHz carrier, 2ms TTI with 2100 MHz carrier,
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Figure 1 Scenario evaluation for DB- DC-HSUPA
2.2.2 Maximum available throughput 

Figure 2 shows the maximum achievable throughput for each evaluated scenario. This is obtained by looking for the maximum throughput at a given UE-nodeB distance in figure 1, over all possible transmitted power pairs. Thus figure 2 is the derivative of figure 1 with respect of the transmitted power pair. 
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Figure 2 Highest Achievable throughputs for each evaluated DB-DC-HSUPA scenarios.  In the legend, the TTI duration on the left-hand side corresponds to the carrier in the lower band, while the TTI on the right-hand side refers to the carrier in the higher band. 
2.2.3 Trend Analysis 
Figure 2 shows the benefit of optimizing the transmitted power between the two carriers as the UE approaches the cell boundary. Contrary to DC-HSUPA, the performance is not symmetrical with respect to the transmitted power. This is expected as each carrier is assigned to a different band. The coverage performance always favours increasing the power towards the lower band at the expense of the carrier in the higher band.  When the UE becomes power limited at the cell edge, performance always improves by favouring one carrier only.  This is true for all proposed cases as well as the baseline. 
In order to assess at which UE distance and transmit power dimension are the new proposal positioned, one has to look at the maximum throughput available for each case for all possible combinations of power and distance. This is shown in figure 2.  It can clearly be seen that as long as the UE is not power limited, legacy 2ms DB-DC HSUPA dominates, before merging with single carrier 2ms EUL. When power becomes an issue, 10ms TTI EUL provides the best performance. It should be noted that at the cell edge, DC HSUPA 10ms + 10ms merges with 10ms + 2ms and EUL 10ms. Thus mixed TTI cases do not provide valuable gains versus legacy, since performance can be optimized by adequate power sharing. 

It should also be noted that the merging of the performance curves occur in the discussed scenario because the simulation assumptions are rather idealistic. Moreover, it is assumed the network is able to tune the power between the carriers to achieve the best overall throughput. With more realistic settings such as inner loop power control on and realistic detection of optimal power settings, dual carrier would actually be below the single carrier throughput.

It is thus possible to identify two possible deployments based on coverage: 2ms legacy (rel-13) DB-DC-HSUPA, then   single carrier 10ms EUL when entering the power-limited range.    
Observation 1: For DB-DC-HSUPA, power limited UEs can maintain performance by using 10ms EUL (SC-HSUPA) in the lower band. 

3 Conclusions

This contribution presented an evaluation of the scenarios proposed for multicarrier enhancements. The following observations were made:

Observation 1: For DB-DC-HSUPA, power limited UEs can maintain performance by using 10ms EUL (SC-HSUPA) in the lower band. 

From the performed evaluation, it can be concluded that a fall back to single carrier is sufficient at the cell edge, as no new TTI cases provide improvements compared to legacy. It is thus proposed to keep a legacy strategy at the cell edge. 
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