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1. Introduction

We reported in [1] the gain of the inter-Node B overload indicator (OI) in addition to the intra-Node B transmission power control (TPC) to suppress the high level of interference from the surrounding cells in the E-UTRA uplink. The use of the backhaul to transport the OI to the surrounding cells and the minimum transmission delay via the backhaul were agreed in the 3GPP [2]. This contribution presents the necessity for OI transmission at the transmission time interval (TTI) level interval for an RB-level narrow transmission bandwidth, and then, presents an OI transmission method that indicates the worst interfering UEs (i.e., CAZAC sequences) with priority.
2. Trade-off Between Gain and Signaling Overhead in OI Transmission
In the scheduled based packet access in the uplink, the level of interference imparted to the surrounding cells is changed every TTI according to the distance from the cell site to the assigned UE in a surrounding cell.  Moreover, the interference level varies in the frequency domain since different UEs may be assigned in the frequency domain according to frequency domain scheduling. Thus, the level of interference imparted to the surrounding cells fluctuates at the TTI-level interval in the time domain and for the resource unit (RU)-level transmission bandwidth. This means that the average OI over the total transmission bandwidth of a cell site and during a long averaging interval, e.g., a few tens of milliseconds, does not contribute to the reduction in the high level of interference from the surrounding cells. Therefore, we show that inter-cell TPC based on an individual OI for each UE, i.e., individual OI for the respective transmission band at each TTI, increases the user throughput compared to employing only intra-Node B TPC and a common OI for all UEs within a cell [1]. Therefore, we basically prefer to employ a time and frequency-dependent OI with time-domain granularity of the TTI.

On the other hand, employing OI transmissions for each transmission band at every TTI is not realistic considering the control signaling overhead for the OI through the backhaul even if the control delay of the OI is 20 msec. Accordingly, the OI transmission method causes a dilemma between the achievable gain and an increase in the signaling overhead.
3. Effective OI Transmission Method
Therefore, we propose an efficient OI transmission method as described below.
· The OI signal is transmitted through the backhaul to the surrounding cells.
· The OI signal is UE specific. Thus, the uplink interference is measured for the respective UEs in the surrounding cells. This measurement is achieved by using the cell-specific uplink reference signal sequence.

· The OI signal is transmitted with the granularity of each UE transmission bandwidth in the frequency domain and that of the TTI duration in the time domain.
· Each Node B transmits an OI signal to the UEs transmitting a high level of interference to the cell, which exceeds the threshold level, in order from the worst using a pre-decided limited number of OI signals.
· The available backhaul resources for the OI transmission at each Node B are controlled by a high-layer node.
4. Conclusion
This contribution presented the OI transmission method through the backhaul for inter-cell TPC. A summary is given below.

· The OI signal is UE specific. Thus, the uplink interference from the respective UEs in the surrounding cells is measured. This measurement is achieved by using the cell-specific uplink reference signal sequence.

· The OI signal is transmitted with the granularity of each UE transmission bandwidth in the frequency domain and that of the TTI duration in the time domain.

· Each Node B transmits an OI signal for the UEs transmitting a high level of interference to the cell, which exceeds the threshold level, in order from the worst using a pre-decided limited number of OI signals.
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