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1 Introduction
RAN1#55bis discussed possible MC-HSPA extensions and agreed on, among other things, simulation assumptions for evaluation of MC-HSDPA operation over 3-4 carriers ‎[1].
Some initial system performance results have already been presented in ‎[2]. Furthermore, an initial UE complexity discussion was provided in ‎[3] and a detailed analysis in ‎[4] and ‎[5].
This contribution contains further system simulation results for Bursty traffic and Full buffer traffic scenarios in 3-or-4 carrier networks where the UEs are capable of receiving 1, 2, 3 or 4 carriers.
2 Simulation results for Bursty traffic
The simulation scenario is as described in ‎[1] with the following options/deviations:

· Channel model: PA3

· Fading across carriers: completely correlated

· CQI quantization not modeled

· CQI feedback cycle: 1 TTI

· UE receiver type: Type 3

· Other sector transmit power: OCNS=0

· Average number of UEs per sector: 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64
· No load imbalance scenarios or dual-band scenarios were studied

If a user is downloading traffic burst 1, and burst 2 arrives before burst 1 is finished, we start the download of burst 2 as soon as it arrives. Burst 1 and 2 will share the available resource until burst 1 (or 2) is finished.
The user throughput is shown in Figure 1 through Figure 3 for a 3-carrier system and in Figure 4 through Figure 6 for a 4-carrier system. For the 3-carrier system we have only simulated single-carrier (Rel-7) users and 3-carrier users, and for the 4-carrier system we have simulated single-carrier (Rel-7) users , dual-carrier (Rel-8) users and 4-carrier users.
Figure 1 and Figure 4 indicate that N-fold MC-HSDPA gives roughly N times the average user throughput as N single carriers. This is a consequence of the better low load properties of MC-HSDPA compared to single carriers. It is much more unlikely that there is a build-up of files in a sector when MC-HSDPA is used, which leads to higher performance also for the higher loads.

When we study the 10 and 90 percentiles in the other figures we realize that this performance increase is valid for all users in the system.
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Figure 1: User throughput as a function of offered load for Bursty traffic
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Figure 2: 10 percentile user throughput as a function of offered load for Bursty traffic 
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Figure 3: 90 percentile user throughput as a function of offered load for Bursty traffic
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Figure 4: User throughput as a function of offered load for Bursty traffic
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Figure 5: 10 percentile user throughput as a function of offered load for Bursty traffic 
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Figure 6: 90 percentile user throughput as a function of offered load for Bursty traffic

As a consequence of the traffic model there is a straightforward mapping between the number of users in a sector and the offered load in bits/s/sector. Each user contributes with 200kbit/s to the offered load. We use the offered load on the axes instead of number of users since it makes the result a bit more general. Note that in some cases results will depend on the simulation time, e.g. for an unstable system. A system is considered to be unstable if the offered load is larger than the throughput of the system. In these results a 57-sector system was simulated for 5 minutes.

A system can be said to be stable when the output of the system is equal to the input. If we plot the transmitted bits and the bits that arrived to the system as a function of the average number of users as in Figure 7, we get a clue whether a certain scenario results in stable operation. From this graph we can guess that a load of 64 users per sector (12.8 Mbit/s in offered load) is, in this specifice scenario, too much to handle for systems with 3 carriers.
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Figure 7: Transmitted bits as a function of offered bits for Bursty traffic
3 Simulation results for Full buffer traffic
The simulation scenario is as described in ‎[1] with the following options/deviations:

· Channel model: PA3

· Fading across carriers: completely correlated

· CQI quantization not modeled

· CQI feedback cycle: 1 TTI

· UE receiver type: Type 3

· Other sector transmit power: OCNS=0

· Number of UEs per sector: 0.25, 0.5, 1, 2, 4, 8, 16, 32

· No load imbalance scenarios or dual-band scenarios were studied

In the case of 3 and 4 times single carrier the distribution of UEs over the carriers in a sector was performed as follows: first, an equal amount of users were allocated to each carrier, and then, the remaining users were distributed randomly in such a fashion that the difference in the number of users served by a carrier in a sector would not be greater than one. As an example of the procedure we consider the case of 5 UEs sharing a sector with three carriers. First, each carrier is allocated one UE each, then, the two remaining UEs are distributed randomly in such a way that they are not assigned to the same carrier.

The user throughput is shown in Figure 8 through Figure 10 for a 3-carrier system and in Figure 11 through Figure 13 for a 4-carrier system. We have simulated single-carrier (Rel-7) users, dual-carrier (Rel-8) users and 4-carrier users.
As for the bursty traffic model, MC operation gives a large advantage in user throughput over SC or DC operation.
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Figure 8: User throughput and Sector Throughput as a parametric function of the number of users per sector for Full buffer traffic
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Figure 9: Average user throughput as a function of the average number of users per sector for Full buffer traffic
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Figure 10: Average sector throughput as a function of the average number of users per sector for Full buffer traffic
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Figure 11: User throughput and Sector Throughput as a parametric function of the number of users per sector for Full buffer traffic
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Figure 12: Average user throughput as a function of the average number of users per sector for Full buffer traffic
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Figure 13: Average sector throughput as a function of the average number of users per sector for Full buffer traffic
4 Conclusions

In this contribution, we have presented system simulation results with attractive performance gains for MC-HSDPA operation over 3 and 4 carriers. For example, for typical bursty traffic, N-fold MC-HSDPA gives roughly N times the average user throughput as N single carriers throughout the sector area.
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