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4 Introduction

This contribution provides the text proposal for the evaluations performed for the study on Evaluation of Multicarrier Enhancements [1], reported in [2].
5 Text Proposal
[------------------------------------------------------ TEXT START ---------------------------------------------------------]
6 Target Scenarios 

For DC HSPA, within this SI, it was agreed to study 10ms+10ms TTI combination [2], while the 2ms+10ms TTI case was also investigated in order to complement this research. Additionally, the baseline DC-HSUPA (2ms+2ms TTI) was included for performance reference purposes.

For DB-DC HSPA, the agreement was to study 2ms+10ms and 10ms+10ms TTI combinations [2]. Additionally, the legacy DB-DC-HSUPA (Rel-13 2ms+2ms TTI) was included as a performance reference. Other parameters that were considered are band allocation (2ms located on lower/higher band) and PA type (a single wideband PA with shared power was assumed). 

7 Evaluation methodology

7.1 Path Loss

The path loss model in the methodology is mentioned in [HW paper] and described in [4]. This model is applicable for the test scenarios in urban and suburban areas outside the high rise core where the buildings are of nearly uniform height. The path loss formula is defined in dB as
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where:

R   is the base station – UE separation in kilometers;

f    is the carrier frequency, which is 2000 MHz or 900MHz, depending on the band allocation.
∆hb is the base station antenna height, in meters, measured from the average rooftop level. In [4] the base station antenna height is fixed at 15 meters above the average rooftop (∆hb = 15 m).  
Considering a carrier frequency of 900 MHz and a base station antenna height of 15 meters, the formula becomes 
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Considering a carrier frequency of 2000 MHz and a base station antenna height of 15 meters, the formula becomes 
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7.2 Available SNR as a function of the base station – UE separation

The available SNR at the UE is expressed as
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Where 
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 is the path loss and 
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is the noise figure.  Figure 1a plots the available power for each band. 
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Figure 1: Available Rx Power
It should be noted that in figure 1 and 2, there is only one UE in the cell and therefore only self interference is present. Assuming maximum transmit power of 23dBm, one could analytically compute the available throughput for a given distance. This would, however, be impractical. Therefore, a link simulation is used to relate the cell throughput to a given location in the cell via the SNR definition. 

7.3 Power settings

For a given maximum transmitted power the power settings are related by
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Equation 6 is plotted in figure 2a. The maximum available SNR (without power control) as a function of the distance is shown in figure 2b. 
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Figure 2: a) available transmitted power pairs and b) SNR
8 
Study areas
In this section the theoretical definition for SNR in the different scenarios is given, as well as details on path loss modelling and the relationship between the two carrier powers in DC-HSUPA and DB-DC-HSUPA.
8.1 Evaluation of DC-HSUPA

Figure 3a, 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 10ms
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c) 10ms 2ms
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Figure 3: Scenario evaluation for DC-HSUPA
8.1.1 Maximum available throughput 

Figure 4 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 3, over all possible transmitted power pairs. Thus figure 4 is the derivative of figure 3 with respect of the transmitted power pair.
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Figure 4: Highest Achievable throughputs for each evaluated DC-HSUPA scenarios. 
8.1.2 Trend analysis

Figure 3 shows the benefit of optimizing the transmitted power between the two carriers as the UE approaches the cell boundary. One can notice that the plots are symmetrical for cases where both carriers have the same TTI length. When the UE becomes power limited at the cell edge, coverage always improves by favouring one carrier only.  This is true for all proposed cases as well as the baseline. 
In order to assess where in the 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 4.  It can clearly be seen that as long as the UE is not power limited, legacy 2ms DC HSUPA dominates. When power becomes an issue, 10ms TTI single carrier HSUPA dominates the performance. Mixed TTI cases do not provide valuable gains versus legacy.  

It should also be noted that the merging of single and dual carrier performance occur in the discussed scenario because the simulation assumptions are rather idealistic. Moreover, it is assumed that the network is able to tune the power between the carriers in order 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 where it is now merged with single carrier. 

When analysing the different results associated with different power settings as shown in the appendix, it can be seen that for some power settings the proposed scheme are beneficial in the power limited region, compared to the legacy 2ms TTI DC-HSUPA. They are, however, outperformed by legacy 10ms EUL. 

It is thus possible to identify two possible deployments depending on where the UE is located within the nodeB coverage area. First 2ms +2ms legacy DC-HSUPA, then, when dual carrier legacy becomes power limited, single carrier 10ms EUL. 

Observation:  For DC-HSUPA, power limited UEs can maintain performance by using 10ms EUL (SC-HSUPA). 
8.2 Evaluation of  DB-DC HSUPA
Figure 5a, 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 5 Scenario evaluation for DB- DC-HSUPA
8.2.1 Maximum available throughput 

Figure 6 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 5, over all possible transmitted power pairs Thus figure 6 is the derivative of figure 5 with respect of the transmitted power pair. 
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Figure 6 Highest Achievable throughputs for each evaluated DB-DC-HSUPA scenarios. In the legend, the first TTI duration is given for the carrier in the lower band, and the second TTI duration is given for the carrier in the higher band; e.g. 10ms 2ms means 10ms TTI used for the 900MHz carrier and 2ms TTI used for the 2100MHz carrier.
8.2.2 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.

When analysing the different results associated with different power settings as shown in the appendix, it can be seen that for some power settings the proposed scheme are beneficial in the power limited region, compared to the legacy 2ms TTI DB-DC-HSUPA. They are, however, outperformed by legacy 10ms EUL. 

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: For DB-DC-HSUPA, power limited UEs can maintain performance by using 10ms EUL (SC-HSUPA) in the lower band. 
 [------------------------------------------------------ TEXT OMMITED ---------------------------------------------------------]
8.2.3 Appendix

8.2.4 Further evaluation for DC-HSUPA
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Further evaluation for DB DC-HSUPA
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[------------------------------------------------------ TEXT end ---------------------------------------------------------]
9 Conclusions

Upon reviewing the content of the Text Proposal, it is proposed to:
Proposal: Agree on the text proposal and capture the content presented in this document in the Technical Report of Multi-Carrier Enhancements for UMTS [2].
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