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Introduction

A study item on heterogeneous network was initiated at the last RAN plenary [1]. Identification of uplink and downlink interference and imbalance issues and investigate potential solutions was indicated as being part of the study.

In this contribution, we focus our attention on the co-channel heterogeneous network deployment in which low power nodes use same carrier frequency as the macro-cell. Under co-channel deployment, introduction of the low power nodes to the macro-cell makes the system deployment more challenging in terms of the control channel (HS-DPCCH) reliability as well as the interference management between low and high power nodes. We list in the following several potential problems that could arise from the low power nodes deployment in the macro-cell layout.

2
Potential Problems in Heterogeneous Networks
The major problems in heterogeneous network comes from the transmit power difference between the low power nodes and the high power macro-cell nodes. As the serving cell selection as well as the active set management are mainly based on the downlink (DL) received signal strength, transmit power of each cell largely determines the coverage area of the cell. Normally, a high transmit power nodes cover larger area than the low transmit power nodes. However, from the Uplink (UL) perspective, the strength of the signal being received at each node does not rely on the DL transmit power of each node. Consequently, introduction of the low power nodes could potential cause large DL-UL imbalance in the sense that, in UL, cells other than the serving cell could receive much stronger signal from the UE than the serving cell. 
We could mathematically view the DL-UL imbalance as, per unit of power the UE transmits, the received SINR difference between the target cell and the serving cell. Figure 1 illustrates the potential problem of DL-UL imbalance, i.e. large distance between the UL and DL boundary. The DL boundary is defined as the point beyond which UE will perform serving cell change. The UL boundary is defined as the point where UE causes same SINR at both cells. 
With DL-UL imbalance caused by the transmit power difference, there are potentially three problems described below
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Figure 1 Heterogeneous Network UL Imbalance Scenario
1. Control channel (HS-DPCCH) problem. 

This problem happens for the UEs that are in soft-handoff between macro-cell and low power nodes while macro-cell is the serving cell. Due to the DL-UL imbalance, UE could have a much better UL to the low power node than to the macro-cell. The power control command from low power node will bring the UE transmit power down such that the packet will be mostly decoded at the low power node while UE received signal at the macro-cell is very weak. Control channel, especially the HS-DPCCH which carriers the DL ACK/NACK and CQI information cannot be reliably decoded at the serving (macro) cell. Under that scenario, unreliable DL ACK/NACK decoding, especially the high ACK to DTX error, will cause large unnecessary retransmissions and degrade the DL throughput performance.

2. UL interference from Macro cells to low power nodes

The excessive interference to the low power nodes is caused by the UEs being served by the macro-cell while do not have the victim low power nodes in the active set. In this case, due to the UL imbalance, the UE could still have a better UL to the low power node than to the serving cell, due to the lack of SHO, the low power nodes could not power control the UE or limits the UE grant by RGCH. Consequently, those low power nodes could be the victim of large un-controllable interference from macro-cell. UEs served by low power nodes suffer from bad UL throughput.

3. UL interference from low power nodes to Macro cells
This problem mainly arises from the uneven loading from the heterogeneous network. When the low power node serves only a small number of UEs as compared to the macro-cell, each UE served by the low power node will receive very generous grants and hence transmit at higher power. They could cause large interference to the neighbouring macro-cell and degrade the UL throughput of the UEs served by the macro-cell.

A more detailed analysis of the problems listed above was shown in [2].

Proposal 1: The following issues are to be addressed as part of the Hetnet SI in RAN1:

· HS-DPCCH Reliability. 

· UL interference at Pico cells form UEs connected to the Macro cell

· UL interference at Macro cells from UEs connected to the Pico cell
3
Conclusions
In this contribution, we discussed some potential problem that could arise from the heterogeneous network deployment when low power nodes are being placed in the high power macro-cell layout. Transmit power difference between low power nodes and macro cell could cause link imbalance in which the strongest link on the DL could be quite different from the strongest link on the UL. Interference management and control channel reliability issues could arise from the link imbalance. These issues are motivated and highlighted. The following is proposed:

Proposal 1: The following issues are to be addressed as part of the Hetnet SI in RAN1:

· HS-DPCCH Reliability. 

· UL interference at Pico cells form UEs connected to the Macro cell

· UL interference at Macro cells from UEs connected to the Pico cell
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