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1. Introduction

At the last RAN2 meeting, we presented a discussion paper on Mobility for Multiflow deployments in HetNet ([1]), but it was not treated. In this paper, we continue discussing the scenarios and the issues, and our preferences are also provided.

2. Discussion
2.1 Multi Carrier operation in HetNet scenario
In this section, we use the multi-carrier scenario as mentioned in [2]:
· Two frequency carriers deployed for both macro cells and pico cells (low power nodes). Similar considerations can apply (and be generalized) to deployments with more than two frequency carrier.

· Power range expansion is applied on one carrier, i.e. macro cell transmit power is reduced from 43dBm 
In figure 1, it is assumed that the power of both macro cell and pico cell on F2 are 30 dBm (macro power is 43 dBm before range expansion).
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Figure 1: handover from DC-HSDPA operation to SC-HSDPA operation without changing the serving cell
For Rel-8 DC-HSDPA operation, it is assumed that both the serving cell and the secondary serving cell have identical downlink coverage, so DC-HSDPA could take effect in most of cell coverage area (except for bad coverage area).
However, the above principle is not exactly the same in case of reducing macro power scenario. As shown in figure 1, at point A, the UE accesses in Cell 1 and then the network configures Cell 3 as the secondary serving cell. Since the coverage of Cell 3 is smaller than the coverage of Cell 1, when the UE keeps moving from point A to point B, Cell 3 may suffer bad radio condition so that the DC-HSDPA gain will disappear.

From network point of view, it is considered to deactivate Cell 3 when it is not good enough, but it will lead to inefficient utilization of network resource. The other idea is to use inter-frequency measurements in order to detect the cell coverage of Cell 3, but one should consider the impacts on UE power consumption and normal traffic (e.g. CS call). In general, the issue of inefficient secondary serving cell is seen as a challenge to DC-HSDPA operation in HetNet, so:

Proposal 1: To agree the issue of inefficient secondary serving cell change in case of reducing macro power scenario.

In order to solve this issue, we propose a solution by introducing new measurement events, e.g. 1X and 1Y, and the principles are as below:
· Event 1X: A primary CPICH on the primary frequency becomes worse than an absolute threshold, and it means a cell on the secondary frequency is so bad that the cell should not be configured for HS-DSCH transmission
· Event 1Y: A primary CPICH on the primary frequency becomes better than an absolute threshold, and it means a cell on the secondary frequency is good enough
Regarding event 1X and 1Y, we provide an example in figure 2. Initially the UE is configured with DC-HSDPA operation between Cell 1 and Cell 3, and Cell 1 is the serving cell. If the UE moves from point A to point B, event 1X for Cell 1 is triggered and then the network could remove Cell 3 from DC-HSDPA operation.
Another example is that if the UE moves from point B to point A, event 1Y for Cell 1 is triggered and then the network could configure Cell 3 as the secondary serving cell.
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Figure 2: handover from DC-HSDPA operation to SC-HSDPA operation without changing the serving cell
From our point of view, the proposed solution does not impact the current measurement events (e.g. event 1E and 1F), and it also does not require inter-frequency measurements and compressed mode. In addition, there are limited impacts on the UE side, because the proposed measurement events are rather small enhancements to the current intra-frequency measurements.

Proposal 2: To agree to introduce new intra-frequency measurement events in order to solve the issue of inefficient secondary serving cell change.

2.2 Multiflow operation in HetNet scenario
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 3, 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 3: 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 3: 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 4 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.
In order to meet the handover procedure, we propose to introduce a measurement event 1K and the principle is as below:

· It requires the UE capability of intra-frequency measurements on secondary UL frequency
· If the cell(s) on secondary frequency is better than the cell(s) on the primary frequency, event 1K is triggered and the triggered cell(s) are also reported to the network.
Regarding the above bullets, we provide an example in figure 4. If the UE moves from point C to point D, it continues measuring the cells on both F1 and F2, e.g. Cell 1, Cell 2 and Cell 3, if the UE finds that Cell 1 is better than Cell 3 (or than the average results for Cell 2 and Cell 3), it reports event 1K and Cell 1 is also included in the measurement report.
After receiving event 1K, the network can decide to change the serving cell to a new frequency and thus handover performance is optimized.
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Figure 4: the serving cell for DF-DC is changed to a cell on the secondary frequency
Proposal 4: In case that DF-DC operation is configured and the small cell is the serving cell, if the UE moves out of the coverage of the small cell, it is proposed to introduce new intra-frequency measurement event to change the serving cell to the secondary serving cell.
3. Conclusions
In this document, we provide mobility analysis for Multiflow deployments in HetNet, and it is proposed:
Proposal 1: To agree the issue of inefficient secondary serving cell change in case of reducing macro power scenario.

Proposal 2: To agree to introduce new intra-frequency measurement events in order to solve the issue of inefficient secondary serving cell change.

Proposal 3: It is proposed to utilize the current UE capabilities on optimizing inter-frequency measurements for HetNet Multiflow scenarios.

Proposal 4: In case that DF-DC operation is configured and the small cell is the serving cell, if the UE moves out of the coverage of the small cell, it is proposed to introduce new intra-frequency measurement event to change the serving cell to the secondary serving cell.
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