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1
Introduction 
    In order to reduce the traffic load of the macro cell, more and more small cells are deployed under the coverage of the macro cell.  Therefore, DL interference and UL interference may be more severe.  For UL interference, when a MUE is close to small cells which are using the same carrier as macro cell, UL interference caused by UL transmission of MUE would be introduced to the small cells.  In order to reduce the UL interference, an interference indication mechanism, i.e., UL interference Overload Indication (OI), is used.  However, when the dense small cell deployment is considered in [1], the indication based on UL interference OI from small cells to the macro cell may be transmitted much often. The indication may cause the signal overload between macro cell and small cell.  In addition, UL interference may also cause small-cell UEs (SUE) experiencing radio link failure. In this document, we would like to address the scenarios of UL interference for the small cells and macro cell using the same carrier and discuss the related issues. 
2 Discussion

The conventional approach to manage UL interference is based on eNB scheduling. With well-coordinated physical resources, UL interference may be avoided or mitigated. However, when considering dense small cell deployment [1], resource scheduling for UL interference management may not be easy. Therefore, UL interference management would become more and more complicated. In this document, we address three scenarios of UL interference as shown in Fig. 1.
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Fig. 1: Scenarios for UL Interference

Scenario 1: MUE which is at a macro cell edge and close to a small cell transmit with high uplink power.
Since the macro UE (MUE) is not located under the coverage of the small cell, MUE is not possible to be handed over to the small cell. In order to keep the connection with the macro cell, MUE has to transmit with high uplink power. UL interference may be introduced to the small cell which is nearby the MUE due to the same UL physical resource used by MUE and SUE. Furthermore, control and data signalling may be both interfered. 
Scenario 2: MUE is located at the coverage of CSG.
This scenario considers the closed subscriber group (CSG). Small cells may be deployed in an uncoordinated manner. When a MUE is located at the coverage of CSG, MUE may cause severe UL interference to small cells if the physical resources are not coordinated in advanced. Also, we think that the home eNB (HeNB)/Femto eNB will be deployed widely in the future. The UL interference problem would become more serious.
Scenario 3: High speed MUE passes through small cells, but is not handed over.

The simulation results [2] reveal that high speed UEs suffer higher handover failure rate than low speed UE in the heterogeneous scenario. The report of small cell enhancement [1] also indicates that benefits and necessity of mobility for high speed UE need to be further studied. Therefore, solutions to exclude high speed UEs handed over small cells may be considered in the future study. In other words, no handover procedure for high speed UEs is performed when passing small cells. However, in this scenario, severe UL interference would be introduced to small cells which MUE is passing through. This is because MUE is supposed to be handed over. In order to avoid high speed UEs handing over to small cells, the UL interference problem should be considered.
These three scenarios are all common cases in the heterogeneous scenario. We think that the UL interference problem will be more serious and obvious in dense small cell deployment. UL interference scenarios should be noted, and the related problem caused by UL interference should be also discussed.
Several problems caused by UL interference are considered below. 

Radio Link Failure. As indicated in the document [3], because of UL interference, more  small-cell UE (SUE) might suffer from MAC random access problems (e.g. due to reaching max preamble transmission number) or reaching the maximum number of RLC retransmissions, which would cause RLF and thus RRC connection re-establishment procedure. Therefore, more RRC connection re-establishment procedure may be triggered. UL interference is one cause. If RRC connection re-establishment fails, SUE will loose the connection and return back to the idle mode. When dense small cell deployment is considered [1], RLF experienced by SUE would be more serious.

Observation 1: UL interference may cause more radio link failure in dense small cell deployment.

UL interference overload. An indicator based on UL Interference Overload indication (OI) from small cells to the macro cell [4] may be used for macro cell to schedule the UL resource for the aggressor MUE..  But, when considering the dense small cell deployment, much more overload interference indication would be transmitted. This issue should be considered. Otherwise, it may the more signalling overload in the links between macro cell and small cells.
Observation 2: More UL interference overloading report may be sent from small cells.

Based on the above discussion, we propose that the above three scenarios should be considered. 
Proposal 1: The above three scenarios of UL interference should be considered in dense small cell deployment.

3
Conclusions
In this contribution, we discuss about scenarios for UL interference. The related potential issues are also presented. We conclude with the following observation and proposal:
Observation 1: UL interference may cause more radio link failure in dense small cell deployment.
Observation 2: More UL interference overloading report may be sent from small cells.

Proposal 1: The above three scenarios of UL interference should be considered in dense small cell deployment.
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