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1 Introduction
In order to support enhanced inter-cell interference coordination (ICIC) function in heterogeneous networks, new work item was approved at RAN#47. In [1], it was noted that coordination of control and data channel interference is important to maintain the cell coverage and performance in downlink and uplink. 

The detailed objectives are given as follows:
· Identify and evaluate non-Carrier Aggregation (CA) based strategies of heterogeneous network deployments, as well as determine the standardization work necessary to support enhanced inter-cell interference coordination solutions for control and data channels if need is identified (targeted for completion by RAN#49).
· The study shall include consideration of Rel8/9 techniques and ensure backward compatibility for Rel8/9 terminals as well as minimize physical layer air interface impact.
· Following completion of the above feasibility evaluation, specify suitable solutions considering enhanced ICIC techniques for control and data channels.
In RAN1#60bis, we discussed overall issues on the heterogeneous networks and [2] pointed out that exchanging mechanism of coordination information between Macro eNB and Home eNB should be investigated since X2 interface is not available for Femto cell, as described in [3]. In this contribution, we aim to clarify the ICIC triggering event to protect victim UE in the vicinity of aggressive Home eNB and provide additional details on the coordination information sharing procedure to support dynamic/static Home eNB ICIC function. 
2 Dynamic/Static Home eNB ICIC function
2.1 Victim UE awareness
Fig. 1 shows the downlink dead-zone problem between Macro eNB and Home eNB. When a UE, which is not a member of closed subscriber group (CSG) of Femto cell, is located nearby Home eNB, the downlink interference from Home eNB will block the downlink communication not only for data transmission but also control signaling, and the outage area due to the harsh interference from Home eNB is generally known as downlink dead-zone (or coverage hole of Macro cell) in [4].
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Figure 1 Downlink dead-zone problem and Home eNB ICIC function.
In order to address this problem, we need to investigate candidate technologies for enhanced ICIC functions such as power control, time/frequency resource partitioning and even spatial beamforming [4] if gain is justified by performance evaluation. However, before discussing the detailed technology, we need to clarify the ICIC function triggering condition first. Without knowledge on the existence of victim UE, the ICIC function may yield wasteful sacrifice of Home UE. Since the Home eNB is deployed by consumer for the own sake, the Home UE want to keep using higher data rate transmission and, thus, a unnecessary sacrifice without any victim UE will not be acceptable to the owner when the Home UE is attached to the Home eNB. On the other hand, victim UE awareness is also important to Macro eNB or UE itself. In [5], it shows that the geometry of UE is drastically degraded in dead-zone and the resulting wideband SINR becomes much less than -10 dB, c.f., control channel block error rate < 1% @ -8 dB [6]. Once the UE is dropped to the coverage hole, Macro eNB or Home eNB can’t easily rescue the victim UE without any pre-defined evacuation procedure. For this reason, Macro eNB should ensure that UE is able to work and whenever the UE approaches to the dead-zone, both Macro eNB and Home eNB should immediately recognize the event to trigger enhanced ICIC function. Regarding ICIC triggering event, we can mainly consider two scenarios: Macro eNB or UE triggering ICIC function and Home eNB triggering ICIC function.

· Macro eNB or UE triggering ICIC function
Prerequisite:

1. Inter-cell orthogonal reference signal based on system information, e.g., cell ID.
2. Enhanced inter-cell interference measurement and reporting.
3. Additional signalling procedure to Home eNB.
· Home eNB triggering ICIC function

Prerequisite:

1. Victim UE detection.
2. Pre-defined operation mode of ICIC, i.e., reservation of radio resource for silencing.
2.2 Static Home eNB ICIC function
When both the probability of being placed in the vicinity of Home eNB and the deployment ratio of Home eNB are low, the resulting outage probability of the Macro UE will be also low. In this case, since the ICIC event rarely happens, we can rely on the static ICIC function without huge sacrifice of Home eNB. If some sacrifice of Home eNB is allowed and the Quality-of-Service (QoS) of Home UE is guaranteed, then Home eNB can statically allocate silencing resources, i.e., escape carrier [7] or blank subframe, to avoid the dead-zone problem completely. To enable the static ICIC function, Macro eNB and Home eNB should make reservation on the silencing resources in time/frequency domains via S1 signaling and the behavior of inter-cell interference should be controllable in a coordinated manner, considering loose backhaul latency of Digital Subscriber Line (DSL) connection. However, if Home eNB can not allocate silencing resources in a static manner to guarantee QoS of Home UE, then Home eNB operates silencing in the reserved resources only when the ICIC function is triggered by either Macro eNB or Home eNB. In this situation, Home eNB triggering scenario is preferred because if Home eNB waits until Macro eNB triggers ICIC function, then the backhaul latency of DSL connection can lead to a temporal outage of victim UE. For this reason, early detection of victim UE is potential issue [7] and, thus, victim UE awareness is important feature for both Macro eNB and Home eNB.
· For the static Home eNB ICIC function, coordination information can be exchanged via S1 signaling.

2.3 Dynamic Home eNB ICIC function
When the deployment ratio of Home eNB is high and, thus, the outage probability of UE is noticeable, the static ICIC function may not be promising solution to cope with the dynamic behavior of inter-cell interference in heterogeneous network, as shown in [8]. In this case, we can consider some extension of Rel8/9 ICIC function relying on X2 signaling: Relative Narrowband Tx Power (RNTP), Overload Indicator (OI) and High Interference Indicator (HII). To exchange X2 signaling, first we need to have alternative backhaul instead of X2 interface and there are several contributions related with this issue [9-11]. They mainly pointed out two alternatives: UE-assisted relaying and over-the-air broadcasting, as shown in Fig. 2. Basically, those approaches can provide tight level of coordination between Macro eNB and Home eNB and, thus, dynamic Home eNB ICIC function can fully exploit potential gain of Home eNB without causing victim UE. 
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Figure 2 Alternative backhaul for dynamic Home eNB ICIC function: UE relaying and over-the-air broadcasting.
When we support the dynamic ICIC function, Macro eNB and Home eNB will share the coordination information by wireless backhaul and the message can be ICIC triggering signal, ICIC request/grant/deny, ICIC command or ICIC feedback for inter-cell interference reporting. The ICIC message should be determined by the nature of wireless backhaul, the level of coordination and the type of enhanced ICIC function: power control, time/frequency resource partitioning and spatial beamforming. For example, if Macro eNB or UE only wants to trigger ICIC function, then UE relaying can deliver simple ICIC triggering signal via random access channel in order to indicate the existence of victim UE to Home eNB. And if Macro eNB wants to send ICIC command such as power control command or frequency scheduling information, over-the-air broadcasting can be more beneficial in terms of latency and if Home eNB wants to perform spatial beamforming, then ICIC feedback will be required to obtain spatial information on the interfering link. 
In our view, to decide the exact form of alternative backhaul for dynamic Home eNB ICIC function, we need to validate the necessity of dynamic eNB ICIC function by evaluating the potential gain of enhanced ICIC function. In addition, we need to clarify the overall practical issues related with both UE relaying and over-the-air broadcasting. For the case of UE relaying, Home eNB should be configured to accept non-CSG member temporarily only for the purpose of Home eNB ICIC function and for the case of over-the-air broadcasting, downlink receiver function can increase implemental cost of Home eNB. Overall, we need to investigate the alternative backhaul for further study if we want to introduce dynamic Home eNB ICIC function in Rel10 or beyond.
· For the dynamic Home eNB ICIC function, coordination information can be exchanged via alternative backhaul.
For further study:
· ICIC backhaul: UE-assisted relaying, over-the-air broadcasting.
· ICIC message: triggering signal, request/grant/deny, command, feedback.
· ICIC technique: power control, time/frequency resource partitioning, spatial beamforming.
3 Conclusions
In this contribution, we clarify the ICIC triggering events to protect victim UE in the vicinity of aggressive Home eNB and raise technical issues on the coordination information sharing procedure to support dynamic/static Home eNB ICIC function.
· For ICIC triggering event, victim UE awareness is important to both Macro eNB and Home eNB. 

· For the static Home eNB ICIC function, coordination information can be exchanged via S1 signaling.

· For the dynamic Home eNB ICIC function, coordination information can be exchanged via alternative backhaul.
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