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1. Introduction

During the HetNet SI, the uplink interference from the UEs that are not in SHO towards Macro and LPN has been identified [1]. In RAN#62, the HetNet WI was approved, and one of the objectives is to specify a solution for the uplink interference from non-SHO UE issue [2]:

· A Solution to minimize the interference generated by UEs that are not in soft handover towards macro and LPN base stations. Consider Extended Active Set and further ICIC to apply to such UEs.

Several solutions have already been proposed during the study phase. In this contribution, we further discuss the different solutions.
2. Discussion

As discussed in the study phase [1], there are two types of uplink interference generated by non-SHO UEs.

· Macro UE uplink interference to the LPN

In HetNet, the UE served by the Macro located in the imbalance region between Macro and LPN but outside of the SHO region would generate excessive uplink interference to the LPN. The victim LPN cannot send E-RGCH to reduce the interference because it is not part of the active set of the UE.
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Figure 1 Macro UE uplink interference to the LPN
· LPN UE uplink interference to the Macro

The non-SHO LPN UE will enjoy generous grant if it is very close to the LPN. Since Macro is not in the active set of the LPN UE, it cannot use E-RGCH to reduce LPN UE’s grant when the LPN UE is generating excessive uplink interference at the Macro.
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Figure 2 LPN UE uplink interference to the Macro
System simulation results have shown that such uplink interference exists and cannot be controlled by the victim cell [1]. Noise padding can be used to mitigate the non-SHO Macro UE uplink interference. However, this is at the cost of increasing non-SHO LPN UE uplink interference. In order to control the non-SHO UE’s uplink interference, the network needs to firstly identify the interfering UE and the victim cell. Then, enhanced interference control methods can be used on those identified interfering UEs. During the study phase, several solutions have been discussed, including non-SHO UE identification and enhanced interference control.
2.1 Non-SHO UE identification
Extended active set was proposed for non-SHO UE identification [1]. It simply extends the SHO region of Macro and LPN by using a lower threshold measurement event. However, if the identified UE experiences large downlink power difference from the Macro and the LPN, extending the SHO region would be costly for the downlink control channels from the victim cell. The downlink control channels from the victim cell that need to be configured for the identified UE include F-DPCH and E-RGCH. If interference is identified from the UE at the UL balancing point, the LPN and Macro’s downlink power difference is 13dB. If the UE needs to have sufficient reception quality at such low geometry of the LPN, the power consumption for F-DPCH and E-RGCH could be as high as -10dB Ec/Ior each [1]. This would be a large cost for the LPN in the downlink. 

In order to avoid the high downlink power consumption at the victim cell, it is suggested not setting up the radio link between the victim cell and the interfering UE. In order to have the regular SHO operation, an additional lower threshold measurement event with a different event ID (e.g., 1A’) to the UE can be configured so that an early report from the UE will be sent to the RNC when the UE discovers the victim cell. When the RNC receives this lower threshold measurement report, the interfering UE and its victim cell are identified, but no radio link is set up. The RNC will only set up a radio link for the victim cell and the UE when the report of the normal threshold event (e.g. 1A) is received. In this way the non-SHO UE that would generate the uplink interference that cannot be controlled by the victim cell is identified. It is then proposed to use the extended active set but not setting up the radio link for the victim cell and the non-SHO UE. The extended active set operation can be performed at the network side without any specification change as current network can configure the same event with different measurement IDs. When the non-SHO UE is identified, further interference control solutions can be applied to mitigate the UL interference from the identified UEs. We propose:
Proposal 1: The use of the extended active set operation to identify the non-SHO UE and victim cell without setting up a radio link between them.

2.2 Interference control

During the study phase, several potential techniques for interference control have been discussed.
· Adding the victim cell in the identified UE active set

In [1], it is suggested to let the victim cell to reduce the identified UE interference. However, as discussed above, the control channels can hardly be received by the identified UE. We propose not to add the victim cell in the identified UE active set.
· Grant restriction via the serving cell
When the victim cell and the interfering UE are identified, the serving cell can restrict the UE grant to reduce excessive uplink interference. For example, the restricted grant can be determined by the pathloss difference from the UE to the Macro and LPN. This operation can be performed via the network implementation and can be applied to legacy UEs. No RAN1 specification change is required.
· Common E-RGCH

Since there is no SHO operation in CELL_FACH, common E-RGCH channel was introduced to reduce inter-cell interference during the “Further Enhancements to CELL_FACH" WI. In [3], the common E-RGCH solution was also proposed for the HetNet scenario, in order to reduce the non-SHO Macro UE interference to the LPN. Although system simulation results have shown some performance gain in the uplink due to reduced non-SHO interference, there are some concerns for this solution that need further discussion.
The coverage of common E-RGCH needs to be considered. The target coverage region of common E-RGCH is the imbalance region excluding the SHO region. The UEs in such region are generally in very low geometry of the LPN. For example, with 3/6dB CIO, the Macro and LPN downlink power difference at the SHO boundary is 7.5/10.5dB. The reception quality of the common E-RGCH is also affected by the reception quality of the pilot channels. Thus the coverage of the common E-RGCH in the non-SHO region may be a concern.
Common E-RGCH solution could only be applied to a Rel-12 UE which can only reduce its grant by 1. In addition, the TTI of the common E-RGCH is 10ms. The existing grant reduction method, which is already applicable to legacy UE, would provide more accurate control of the interfering UE grant as it can restrict the interfering UE grant according to the path loss difference. As a result, the benefit of introducing the common E-RGCH channel over the grant reduction method is not clear.
· Inter-cell interference cancellation (ICIC)

In [3], ICIC solution was proposed. Some advanced LPNs may have the capability to perform ICIC. RNC can send the identified UE information to an IC capable LPN so that the interference generated by this UE can be reduced without compromising the performance of the interfering UE. The information sent to the victim cell is necessary to decode the UE E-DCH and DCH. This can be done via the network so that this technique can be applied to legacy UEs. No RAN1 specification change is required.
From the impact on specification point of view, the grant reduction method and ICIC method need some modifications at the network side only and do not require RAN1 specification change. Common E-RGCH requires RAN1 specification change and can only be applied to Rel-12 UE. From the performance point of view, grant reduction method and common E-RGCH method mitigate the interference by reducing the performance of the interfering UE, while ICIC does not compromise the performance of the interfering UE. ICIC solution however needs LPN to support ICIC, and new Iub signalling. 
3. Conclusions

We discussed methods to minimize the interference generated by non-SHO UEs located in the imbalance region. The grant reduction method and ICIC can be applied to legacy UE to reduce the non-SHO UE interference. Common E-RGCH needs RAN1 specification change and is only applicable to Rel-12 UE. For all these solutions, identification of the interfering UEs and the victim cells is necessary as the first step, and extended active set appears to be a good candidate method to do the identification without any specification change. We propose:
Proposal 1: Use the extended active set operation to identify the non-SHO UE and victim cell without setting up a radio link between them.
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