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1. Introduction

According to [1], the SI on UMTS heterogeneous networks was started at RAN#56, which planed to investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells.
In this paper, we provide further analysis on scenarios and our preferences.
2. Discussion
In HetNet scenarios, small cells are utilized to offload UEs from Macro cells. In order to further improve user experience, DF-DC operation between a Macro cell and a Small cell is seen as a useful solution.
Since the UE may also be configured with DC-HSDPA operation in the Macro Node B, there are some scenarios that the UE may move between DC-HSDPA operation and DF-DC operation.
Here are two typical scenarios for Multiflow deployment.

Scenario 1

The first scenario is shown in figure 1, there are two cells in the Macro Node B. Cell 1 is on frequency 1 and Cell 2 is on frequency 2, both cells are capable of DC-HSDPA operation. On frequency 2, there is a small cell named Cell 3.

Assuming that the UE accesses in Cell 1 at point A, and the network configures DC-HSDPA operation to the UE with Cell 1 as the serving cell (Cell 2 is the secondary serving cell). If the UE moves toward Cell 3, the signal of Cell 2 may suffer strong interference from Cell 3 so that the throughput gains by Cell 2 will be significantly impacted.
Furthermore, if the UE moves to point B, the network may configure DF-DC operation to the UE so that offload gains from small cells is achieved. From point A to point B, it is expected that the UE needs to measure and compare the cells on frequency 2, i.e. to differentiate a suitable cell to be configured as the secondary serving cell.
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Figure 1: handover from DC-HSDPA operation to DF-DC operation

It is natural that inter-frequency measurement will be used in this scenario, and compressed mode may also be activated, however it will impact user experience and more call drops may happen. Currently there are several optimizations on inter-frequency measurements, for example, many UE capabilities related to Multi Carrier HSDPA features have been specified, such as:

· Adjacent Frequency measurements without compressed mode (Rel-8)
· Inter-band Frequency measurements without compressed mode (Rel-9)
· Intra-frequency measurements on secondary UL frequency for DC-HSUPA capable UEs (Rel-9)
· Enhanced inter-frequency measurements without compressed mode (Rel-10)
· Inter-frequency measurements on configured carriers without compressed mode (Rel-11)

From system performance point of view, inter-frequency measurements can be significantly improved if the UE is implemented by at least one of the above capabilities, because compressed mode is overleaped and the ongoing traffic will not be impacted as well.
Proposal 1: It is proposed to utilize the current UE capabilities on optimizing inter-frequency measurements for HetNet Multiflow scenarios.
Currently those UE capabilities are optional, so the improvements on inter-frequency measurements may be limited if few UEs implement them. In order to guarantee the mobility performance in this scenario, it needs further study on the possibility of mandating some of the UE measurement capabilities to UE release version.
Scenario 2
Figure 2 shows the other scenario, there are two cells in the Macro Node B. Cell 1 is on frequency 1 and Cell 2 is on frequency 2, both cells are capable of DC-HSDPA operation. On frequency 2, there is a small cell named Cell 3.

Assuming that the UE accesses in Cell 3 at point C, and the network configures DF-DC operation to the UE with Cell 3 as the serving cell (Cell 1 is the secondary serving cell). If the UE moves away from Cell 3, normally serving cell change will happen (changed to Cell 2) after the UE report intra-frequency measurement reports to the network, but it may introduce additional serving cell change failures because radio condition of the small cell may degrade very quickly.
It is noted that the mobility issue is being evaluated in co-channel deployment for HetNet scenarios. From our point of view, if the network configures Cell 1 as the new serving cell instead of Cell 2, the additional handover failures are seen to be reduced.
For example, if the UE moves to the cell edge of Cell 3, event 1D for Cell 2 may be reported and then the network can order the UE to handover to Cell 1, i.e. inter-frequency hard handover happens. At point D, compared to Cell 2, radio condition of Cell 1 is more robust and there are no other small cells on F1, so the handover performance to Cell 1 is better than to Cell 2.
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Figure 2: the serving cell for DF-DC is changed to a cell on the secondary frequency
Proposal 2: In case that DF-DC operation is configured and the small cell is the serving cell, it is proposed to consider changing the serving cell to the secondary serving cell if the UE moves out of the coverage of the small cell and intra-frequency measurement events are triggered.
3. Conclusions
In this document, we provide mobility analysis for Multiflow deployments in HetNet, and it is proposed:
Proposal 1: It is proposed to utilize the current UE capabilities on optimizing inter-frequency measurements for HetNet Multiflow scenarios.

Proposal 2: In case that DF-DC operation is configured and the small cell is the serving cell, it is proposed to consider changing the serving cell to the secondary serving cell if the UE moves out of the coverage of the small cell and intra-frequency measurement events are triggered.
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