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1 Introduction

RAN1 #48bis in Malta decided to introduce an overload indication exchanged via the X2 interface between eNBs for UL interference control:

· Cell wide overload indicator (OI) exchanged over X2 on a slow basis, with expected average delay in the order or 20ms [1]. The number of bits is for further study.
· Neighboring eNBs can control individual UEs served by that eNB through it’s scheduler based on OI and available knowledge (e.g. path-loss obtained from normal handover measurements)
In the recent RAN1 email reflector discussion the question was raised whether the overload indicator should be periodic or event-triggered and whether it should be frequency dependent.
Therefore main focus of this contribution is to study the details of this overload signaling. One of the issues we think is essential is the frequency dependency of the signaling due to the fact that interference in the LTE UL is much more critical than in downlink and efficient signaling means for coordination and control should be provided.  
2 Basic Principle

The figure below shows a cluster based overload indication (OI) approach that could be utilized for inter-cell power control, scheduling and interference control. For the depicted scheme a 5 MHz system with 25 resource blocks (RBs) is used. The 25 RBs are divided into 5 clusters. Each cluster includes 5 RBs. For each RB, there is a load/interference word. In the example if more than 3 RBs out of 5 RBs in one cluster have high load, the cluster indicates high load. The number of clusters per system bandwidth and the proportion limit for high load are for further study and can be implemented configurable. 
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Figure 1: Load Indicator Signaling Scheme
Then when receiving the depicted load indication signal the eNB will know that RB1~RB5 (cluster 1) has led to large interference and not the RBs of the other clusters. Taking that knowledge into account serving eNB can reduce the overload situation in the neighbor cell and apply corresponding countermeasures. For example similarly as studied in various inter-cell interference coordination schemes, the scheduler could imply restrictions on the usage of those indicated resource blocks and/or on the applied power levels. 
3 Signaling and Control Procedure

In the following the different steps of the interference signaling and control procedure are described in detail:
Step 1: The overall bandwidth is divided into several clusters. Each cluster consists of several resource blocks (RBs) and only one overload  word is allowed for one cluster. 
Step 2: If using load indicator, the load indicator in each cluster can be calculated by a simple formula e.g.:
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Herein, Nhigh_load is the number of RBs indicated to high load for one cluster. NTotal is the total number of RB within one cluster and λL is a threshold parameter.
Step 3: If there is overload the load indication signaling is sent via X2 interface between eNBs and neighboring eNBs receive a load indication word per cluster (event based signaling).
Step 4: Based on the received information neighboring eNBs can adapt tx powers of the UEs and manage scheduling resources among users.

4 Conclusions 

The interference situation in LTE UL and DL is very different. For the DL in case of a fully loaded system and with the assumption that the transmission power to the UEs is more or less the same the experienced interference statistic at the receiver is less dependent on the scheduling decision of the neighbor cells compared to the UL. Therefore especially in the UL efficient means for control and coordination are needed and are already studied in various contributions [2,4,5,6]. 

In this document we propose to introduce these efficient means in detail a frequency dependent and event triggered overload indicator. With this approach it is assumed to get a good trade-off between signaling load in the X2 interface and achievable performance gains.
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