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1 Introduction

The issue of how to detect the MUE(s) that cause high uplink interference to the pico cell in the HetNet scenarios has been raised in the RAN3#73bis meeting [1][2][3]. Several potential solutions have been briefly discussed. As a result, an LS [5] was sent to RAN1 to confirm the relevance of this problem and ask if any methods to handle it have already been discussed or can be considered from RAN1’s perspective.
In the reply LS [6], RAN1 confirms that RAN1 is aware of this scenario and discussed the uplink interference during the Rel-10 Enhanced ICIC WI, which concluded that Release 8/9 power control mechanism for both control and data channel can be re-used for Macro-Pico deployment without any range expansion. The enhancements have been left for further studies, which are in Rel-11 time frame among the second priority items that are on hold in RAN1 until after RAN#55.
In the light of RAN1’s confirmation, we believe it is beneficial to carry on RAN3 discussion on UL interference scenario and seek RAN1’s advice when necessary. Therefore in this paper, we focus on one of the identified essential issues -- how to identify the interfering Macro UEs. We further analyse the solutions to UL interference source detection in HetNet, and propose a solution based on SRS measurement that enables the victim pico cell to detect the interference source(s) efficiently and precisely. 
2  Discussion
The example HetNet deployment scenario is illustrated in Figure 1, where Pico_1 may suffer from the UL interference from the UEs served by the neighbouring cells, i.e. Macro_A, Macro_B and Macro_C.
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Figure 1: example scenario where UL interference caused by the neighbour cells


So far there are several solutions that have been proposed to detect and identify the MUE(s) as the UL interference source to the victim pico cell. Three options have been proposed:

Option 1 -- location information based [1]
In this option, UEs’ location information could be known by macro. With other information, e.g. pico eNB’s position, macro eNB could deduce which UEs potentially lead to high interference to pico eNB cells.
Pro: this can be done internally in the macro eNB without specification impact.
Con: 
· Low location accuracy leads to unreliable detection of interference source, which may result in inefficient spectrum usage if it is used for adjusting PCell/SCell selection.
· A cell’s physical proximity does not always correspond with radio coverage of the cell. Detailed coverage maps may be required for this solution.

· 
UE positioning is an optional feature in 3GPP networks; therefore this solution is not always applicable.
Option 2 -- time information based [2]
In this option, time stamp could be added into Load information to show the exact time of high uplink interference. Based on this information, macro eNB could trace back the scheduling record and determine which UE causes the high interference to the pico.

   Pro: this solution can identify the interference source with better accuracy compared with option 1.

Con: 
· Macro eNB needs to maintain the scheduling record of the possible UEs which may cause the UL interference to the pico cell. 
In the case of the scenario shown in Figure 1, all the neighbouring cells (Macro_A, Macro_B and Macro_C) have to keep the scheduling record of its UEs in order to identify the interference source to the victim Pico_1.
In addition, Overload Indication (OI) based solution was proposed in [2], which is similar to option 2. It also requires the macro to keep scheduling record of its UEs in order to identify the interference source to the victim pico.
Option 3 -- random access procedure based [7]
In this option, the pico eNB provides information to the macro eNB that enables the MUE to send a unique random access preamble to the pico eNB on its UL. The pico eNB sends the received preamble to the macro eNB, so that the macro eNB is able to identify the interfering MUE from the preamble.
   Pro: this solution can identify the interference source unambiguously.

Con: 
· It requires the MUE to be fully synchronised with the Pico eNB cell. 
During this period, that MUE will have to suspend all the data exchanging with the macro eNB.
3 SRS Measurements based solution
Sounding RS (SRS), is one of the Reference Signals in uplink. By monitoring SRS, the base station can determine the uplink channel quality for a specific UE. The associated parameters are configured by RRC signalling, including common and dedicated UL SRS configuration [4].

Given SRS configuration information of the neighbouring cells, the victim pico cell can use the SRS measurements to determine the interference source, i.e. the MUE(s) which cause the high uplink interference.
In this solution, the existing procedure, such as Load Information, may be used for the victim eNB to inform the neighbour eNBs of high interference it has experienced. The neighbour eNBs can then identify the suspected UEs that caused such interference and inform the victim eNB with the dedicated SRS configuration information of these UEs. With such information available, the victim eNB is enabled to perform specific SRS measurements, and determine the MUEs that cause the high UL interference.
This solution can identify the interference source with best accuracy, with minimum specification impact (the SRS related information exchange between the victim eNB and the neighbour eNB).
4 Conclusion and Proposal
In this paper, we have analysed the solutions to UL interference source detection in HetNet, and discussed a new solution based on SRS measurement that enables the victim pico cell to detect the interference source(s) efficiently and precisely.  We propose that:
Proposal: RAN3 is kindly asked to agree on the SRS measurement solution for UL interference source detection.
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