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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. Deployment of low-power nodes (LPNs) is seen as a powerful tool to meet the ever-increasing demand for mobile broadband services, such as data and video. A LPN may correspond, for example, to a remote radio unit (RRU), pico, or micro base station, allowing expanding the network capacity in a cost-efficient way. A network consisting of traditional macro NodeBs (referred to as NodeBs from now on) and LPNs is referred to as a heterogeneous network. Two examples of use-cases for heterogeneous network deployment that may be envisioned are coverage holes and capacity enhancement for localized traffic hotspots. One objective with the SI is to “Investigate range expansion techniques with multiflow”. 
In this contribution, we present initial simulation results for HSDPA multiflow operation in a UMTS heterogeneous network. We consider a co-channel deployment scenario in which NodeB’s and LPNs share the same spectrum. Furthermore, we only consider single-carrier UEs.
2 Background
In Rel-11, multiflow HSDPA was standardized allowing simultaneous data transmission to a UE from cells belonging to different NodeBs or different sectors in the same NodeB.  In addition to the serving HS-DSCH cell, an assisting serving cell is set up in the same frequency, and the UE is configured to simultaneously monitor a HS-SCCH set and receive HS-DSCH if scheduled in that cell. 
For heterogeneous networks, there is an interest in understanding whether multiflow can be used as a range expansion and load balancing tool. When a UE has multiple serving cells, the network may dynamically allocate its resources to serve the UE and account for the instantaneous load condition in each serving cell. In case the assisting serving cell has available resources, the UE can be served by two cells, thereby increasing the UEs throughput.
3 Simulation Assumptions

The system simulation assumptions are according to [2] and we use a 21-cell layout (7 NodeB, 3 sectors per NodeB with wrap-around) and consider both uniform and hotspot UE distributions. A round-robin scheduler and UE Type 3i receivers are used. We simulate a mixed indoor-outdoor scenario and consider full buffer traffic.
For multiflow operation, we only consider simultaneous HSDPA transmission from a pair of cells operating on the same carrier frequency in any given TTI to a particular user. Furthermore, we consider unrestricted multiflow operations, where the two data flows may be transmitted by two NodeB’s, two LPNs, or one NodeB and one LPN.

4 Simulation Results
Figure 1 shows the relative gains from multiflow operation in a macro-only network and a heterogeneous network deployment with 16 UEs per macro cell coverage area. For heterogeneous network deployments, 37 dBm LPNs are used. Pure multiflow gains can be observed by comparing the same deployment scenario with and without multiflow. It can be observed that pure multiflow gains are rather limited. Additional results for pure multiflow gains in terms of mean user throughout are shown in Figure 2, covering various network load scenarios. It can be observed that the main performance increase compared to the macro-only network is due to the introduction of LPNs. There is also some gain from multiflow, but this gain is limited when the load is 16 UEs per macro cell. From Figure 2,  it can be further observed that in heterogeneous network deployments, gains from multiflow can be obtained at higher loads than in macro-only depluyments. However, once the system becomes loaded, these gains are small. At what load this will happen, depends on cell deployment, user distribution and traffic models. 
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Figure 1: Relative gains compared to a macro-only deployment without multiflow.  Users are dropped uniformly, 37 dBm LPNs are assumed and the network load is 16 UEs per macro cell coverage area. 
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Figure 2: Pure multiflow gains in terms of mean user throughput. Uniform user dropping and 37 dBm LPNs are used in the case of heterogeneous network deployment.
Results for 30 dBm LPNs are shown in Figure 3 and Figure 4. When the LPN power level is decreased, the pure multiflow gains decrease at low loads. Generally speaking, the gains are very small at load levels relevant for heterogeneous networks.
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Figure 3: Relative gains compared to a macro-only deployment without multiflow.  Users are dropped uniformly, 30 dBm LPNs are assumed and the network load is 16 UEs per macro cell coverage area.
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Figure 4: Pure multiflow gains in terms of mean user throughput. Uniform user dropping and 30 dBm LPNs are used in the case of heterogeneous network deployment.
If the UEs are dropped according to the hotspot model, the macro offloading will increase. A method to further increase the macro offload is to increase the Cell Individual Offset (CIO). This is shown in Figure 5, where the gain compared to the macro only case is shown for various CIOs with and without multiflow and with hotspot UE dropping. Here, one can observe that the median and 5-th percentile throughput gains increase when the CIO increases. However, the mean user throughput is more stable and even shows a slight decrease as the CIO is increased.
For the pure multiflow gains, increased offload to LPNs may not be beneficial. This is because multiflow relies on the fact that there are available resources in the assisting cell, and higher offloading will reduce the probability of finding LPNs with free resources. In 
Figure 6
, the pure multiflow gain for users in SHO is shown. As the LPN loading increases, the probability of finding an assisting LPN with free resources decreases, leading to a decreased multiflow gain.
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Figure 5: Relative gains in terms of mean user throughput. Hotspot user dropping and 37 dBm LPNs are used with different CIOs. 
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Figure 6: Pure multiflow gains in terms of mean user throughput for SHO users. Hotspot user dropping and 37 dBm LPNs are used with different CIOs.
5 Conclusion
In this contribution, we evaluated the performance of multiflow in a UMTS heterogeneous network. A co-channel deployment was considered with single-carrier UEs. From our initial results, we observe that the pure multiflow gain at load scenarios relevant for heterogeneous networks is rather small. Thus, further studies are needed to justify that multiflow is an effective tool for load balancing in a UMTS heterogeneous network.
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