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1 Introduction

Enhanced ICIC for co-channel Heterogeneous networks (Het-Nets) has been approved as a WI in RAN#47. In a heterogeneous network, different types of cells including hotzone, femto and relay cells exist within the network in addition to the traditional macro eNodeB (eNB) cells. One of the main motivations in deploying overlaid cells is to increase throughput through cell splitting gains [1]. It has been shown that to achieve those gains, ensuring that sufficient UEs are served by the smaller cells (i.e. associated with smaller cells) is one important factor. This is especially applicable with indoor small cells deployed on the same carrier as a macro cells network.

In this contribution, we provide our views on some issues that need to be studied further before any changes are considered. We consider in particular the unintended outages that result from some of the proposed cell association enhancements for heterogeneous networks. 

2 Alternatives to Rel-8/9 Cell Selection

For LTE Rel-8 UEs, cell selection/reselection are fulfilled by comparing Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ) of downlink (DL) signalling transmitted from neighboring cells. The cell which provides larger RSRP or RSRQ is selected as the serving cell by the UEs, as follows: 
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In the scenario of overlaid heterogeneous cells, it is obvious that the discrepancy of DL transmit power from the macro and small cells would result in a higher number of users being served by the macro cells. As discussed in many previous contributions [4]-[6], this also can result in unwanted UL interference to the smaller power cells from the UEs associated to the larger cell. 

Some alternatives proposed with the objective of expanding the coverage of the small cells are the following: biasing the RSRP (
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) and Path Loss criteria (
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).While some results have shown benefits in terms of expansion of the small cells [1][2] other results also have shown its use to be ineffective [3]. 

3 Discussions
Further studies into the feasibility of enhanced cell selection/reselection, including the unintended outage degradation as well as the potential benefits, should take into account the following considerations: 

· Quantifying the benefits of cell association and weighing the tradeoffs with the increased outages of UEs. This should be done with realistic system parameters for small cells such as power settings, antenna tilting etc.
· The current Cell Selection criterion is known as the S-criterion given below: Srxlev = Qrxlevmeas – (Qrxlevmin - Qrxlevminoffset) where the cell selection is considered fulfilled when Srxlev  > 0 dB. Qrxlevmeas is the measured cell received level value or RSRP. Qrxlevminoffset is a configurable value by the network. In a homogeneous deployment, Qrxlevminoffset is used to prevent ping-pong between PLMNs. Therefore, Qrxlevminoffset  can be used to perform cell biasing for the purpose of range expansion. 
· Qrxlevminoffset is broadcast through RRC to the whole cell and therefore can be common to all UEs or UE specific. The capability to perform cell biasing on a per UE basis allows possibility to remove the biasing for specific UE or UEs which may already be experiencing low SINR prior to the biasing. 

· Controlling UEs cell selection between one macro and the neighbouring macro cells allows the network to perform load balancing between macro cells. With range expansion biasing for the small cells, the network needs to ensure that biasing to shift load from one macro to the small cell would not work against the load balancing being performed by the network for the macro cells. 

4 Conclusions

Possible enhancements in Rel-10 relating to Cell Selection for Heterogeneous networks should include careful studies of any potential gains versus the unintended negative effects. The implementation of biasing to expand cell range is currently supported in Rel-8/9 Cell Selection procedure and is a configurable capability of the network. 

It is therefore summarized that
· Biased Cell Selection to achieve range expansion is supported in current Rel-8/9 Network specification. Use of biased cell selection in HetNet for range expansion is part of network operation i.e. activating or deactivating biasing is network implementation choice.
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