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1 Introduction
The SID for UMTS HetNet was agreed in the [1] and the investigation of range expansion techniques with Multiflow was included. There are many Multiflow operations in case of single carrier and multi-carrier HetNet scenarios.
In this paper, we discuss possible Multiflow configurations with using range expansion techniques and potential issues are also analyzed.
2 Discussion
2.1 RE techniques

In case of HetNet scenarios, the Range Expansion (RE) technique is used to mitigate the small cell’s coverage shrink caused by the macro cell’s downlink interference. There are two main RE techniques: 
· Handover parameter optimization, e.g. to optimize the measurement parameters for intra-frequency measurement events.
· Reduce the transmit power of the macro cell and then the downlink interference to the small cell will be mitigated naturally.

The following figures show the first RE technique listed above. In the figures, the Position P2 is the DL boundary. If the RE is not applied, the serving cell of the UE will change when it passes this position. P3 is the position of triggering serving cell change to small cell.
A0 and A1 is the area of macro serving area. B0 and B1 is the area small cell serving area. C0 and C1 is the area of macro-small cell SHO area. 
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Figure 1: RE technique is not applied
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Figure 2: RE technique with Handover parameter optimization
From the above figures, since the small cell serving area is expanded, the UE’s serving cell change to the small cell will happen earlier. In addition, the macro-small cell SHO area is extended.
In this paper, the RE technique of the measurement parameter optimization is analyzed.
2.2 Possible Multiflow configurations with using RE techniques
Multiflow feature was introduced in Rel-11, and when a UE falls into the softer or soft handover coverage region of two cells on the same carrier frequency, when the link from the serving HS-DSCH cell is capacity or interference constrained and non-serving cell in its active set is partially loaded, it would be beneficial for the non-serving cell to be able to schedule packets to this UE and thereby improving this particular user’s experience.

For the non-Multiflow capable UE, in order to obtain the offloading gain accessing or handover to the small cell, the RE technique can be applied for measurement event 1D for the UE. For Multiflow capable UE, the SHO region is expanded with the RE technique so that more UE can obtain the higher throughput from the small cell, and in this case many Multiflow operations can be considered, such as DC-HSDPA, SF-DC (Single Frequency Dual cell) and DF-3C (Dual Frequency 3 cell). In addition, DF-DC (Dual Frequency Dual Cell) can be also considered and discussed though it was not agreed in the scope of Rel-11 Multiflow.
According to [2], there are three scenarios deployment in HetNet. In the following, the possible Multiflow configurations with using RE techniques are analyzed based the three scenarios.
2.2.1 Scenario 1: Full Co-channel deployment
The following figure shows a typical scenario for RE technique with Multiflow in HetNet Full Co-channel deployment. The small cells are deployed in all of the macro frequencies. In figure 3, there are two frequencies where macro and small cells are deployed in both frequencies. The area A is the soft handover (SHO) area between the macro and small cell. In case that RE technique is enabled, the SHO area could be extended so that more UEs can be configured with Multiflow operations.
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Figure 3: Multiflow operation in HetNet Full Co-channel deployment
There are five Multiflow and multi-carrier operations in the above scenario:

(1) DC-HSDPA operation between two macro cells

If the UE1 stays in the coverage of the Cell 1 and the Cell 3, DC-HSDPA operation can be considered if both the UE and the network are capable of DC-HSDPA, and thus higher throughput can be achieved. This operation is supported in current specification and no additional work is needed.
(2) SF-DC operation between one macro cell and one small cell
If the UE2 stays in the extended soft handover area between macro Cell 1 and small Cell 2, SF-DC operation can be considered.
(3) DF-DC operation between one macro cell and one small cell
If the UE2 stays in the coverage of both Cell 2 and Cell 3, it can be configured with DF-DC operation between the two cells.

(4) DF-3C operation

Besides (2), the UE2 may be also configured with DF-3C operation, e.g. Cell 1 is the serving cell, Cell 2 is the assisting serving cell and Cell 3 is the secondary serving cell.
(5) DF-4C operation

DF-4C operation may be also considered, e.g. Cell 1, Cell 2, Cell 3 and Cell 4 can be configured to schedule HS-DSCH data to the UE.
2.2.2 Scenario 2: Partial Co-channel deployment

In this scenario, the small cells are deployed in part of the macro frequencies. In figure 4, only macro cells are deployed in the frequency 2.
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Figure 4: Multiflow operation in HetNet Partial Co-channel deployment
The same Multiflow and multi-carrier operations can be considered in the above scenario, except for the DF-4C operation.
2.2.3 Scenario 3: Dedicated Frequency deployment
In this scenario, the small cells are deployed in a dedicated frequency. In figure 5, the small cells (Cell 2 and Cell 3) are deployed in frequency 2.
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Figure 5: Multiflow operation in HetNet Dedicated Frequency deployment
In this scenario, DF-DC operation can be considered.
As analyzed above, in case of range expansion techniques with Multiflow, it is proposed to consider the following Multiflow operations: SF-DC, DF-DC, DF-3C and DF-4C.
Proposal 1: It is proposed RAN2 to discuss Multiflow operations in case that range expansion techniques are used, i.e. SF-DC, DF-DC, DF-3C and DF-4C.
2.3 Uplink and downlink imbalance Problem
In the WID, the “investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques” [1] is included in the investigation of range expansion techniques with Multiflow. 
The uplink and downlink imbalance (UL/DL imbalance) issue is a common issue for HetNet. But in Multiflow, the demodulation requirement for HS-DPCCH is higher than non-MF HetNet scenario. So this issue shall be considered especially for the SF-DC operation and it is analyzed below.
The issue is shown in figure 6.
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Figure 6: UL/DL imbalance between macro cell and small cell

In figure 6, the UE is moving from macro Cell 1 towards small Cell 2. In position P1 (UL boundary), both Cell 1 and Cell 2 receive the same signal power from the UE. In position P2 (DL boundary), the UE will detect the same signal power from both Cell 1 and Cell 2.

When the UE moves across position P1, it will introduce uplink interference to the small cell, and the support of soft handover between macro Cell 1 and small Cell 2 can mitigate this type of uplink interference.

As shown in figure 6, the area A is the SHO area between the Cell 1 and Cell 2 and the UE will establish radio links in both the macro cell and the small cell (assumed that the macro cell is the serving cell). In this case, the small cell is able to control the transmitting power of the UE so that the uplink signals towards the macro cell may be bad, because the uplink data reception in the small cell is good enough and it may send ‘DOWN’ TPC command to the UE.

In the scenario of RE with Multiflow, the SHO area is extended. Since SHO area becomes close to position P1, the UL interference will be mitigated. But the problem of UL receiving in the macro is worse and it will lead to two issues:
(1) HS-DPCCH quality issue
The unreliable reception of uplink control channels will also degrade the HS-DPCCH performance at network side, e.g. in the worst case at position before the serving cell is changed to the small cell, if the difference of transmitting power between the macro cell and the small cell is 13 dB, then the UL path loss difference at position P2 (in figure 6) is also 13 dB. In this case, the received power of HS-DPCCH at the macro is 13 dB less than at the small cell.
In RAN1, the HS-DPCCH performance issue is being discussed, and it will lead to increased HS-DPCCH HARQ-ACK miss detection, e.g. in case of different positions between the macro cell and the small cell, different HS-DPCCH power offsets. In addition, It can be seen that the miss detection rate of ACK increases if the path loss difference between the macro cell and the small cell increases. In this case, the HS-DPCCH performance will not be guaranteed even a large HS-DPCCH power offset is used. In addition if SF-DC operation is configured, the downlink data transmission will also be degraded due to bad HS-DPCCH performance.

So the HS-DPCCH quality issue should be considered and discussed in the co-channel scenario when enabling Multiflow with the RE technique.

Proposal 2: It is proposed RAN2 to discuss the issue of uplink HS-DPCCH quality issue in case of RE with Multiflow.

It’s suggested that the RAN2 discussion shall focus on the solutions that have little impact on RAN1. Regarding the issue, since the small cell will also need to receive HS-DPCCH in order to get HARQ ACK and CQI, a potential solution is that the small cell can transfer some necessary information to the macro to solve this problem. The low-delay interface between the macro cell Node B and small cell Node B is necessary for this solution.

(2) HSUPA quality issue
If a UE wants to request resources for HSUPA transmission, it will send scheduling requests including Scheduling Information and Happy Bit in the uplink.
As shown in figure 6, the area A is the SHO area between the Cell 1 and Cell 2. Assumed that the macro cell is configured as UE’s serving E-DCH cell and the small cell is configured in UE’s E-DCH active set. Since the Scheduling Information is only used in the Serving E-DCH RLS, it is seen that the unreliable quality of uplink channels (E-DPCCH and E-DPDCH) in the macro cell will also affect HSUPA performance, for example, the macro cell may be not able to send absolute grant to the UE due to bad SI reception, and thus the uplink data transmission will not be guaranteed.
Proposal 3: It is proposed RAN2 to discuss the issue of uplink E-DPCCH and SI quality issue in case of RE with Multiflow.
Based on the above analysis, the uplink data reception in the small cell is reliable, so the UE may be configured non-uniform uplink and downlink serving cell in order to solve the UL/DL imbalance problem.

3 Conclusion

From the analysis above, it is proposed:
Proposal 1: It is proposed RAN2 to discuss Multiflow operations in case that range expansion techniques are used, i.e. SF-DC, DF-DC, DF-3C and DF-4C.
Proposal 2: It is proposed RAN2 to discuss the issue of uplink HS-DPCCH quality issue in case of RE with Multiflow.

Proposal 3: It is proposed RAN2 to discuss the issue of uplink E-DPCCH and SI quality issue in case of RE with Multiflow.
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