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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 system throughput through cell splitting gains as has been shown in numerous studies including [1]. Ensuring that sufficient UEs are served by the smaller cells (i.e. associated with smaller cells) is one important factor in achieving the cell splitting benefits. This is especially applicable with indoor small cells deployed on the same carrier as a macro-cellular network.

In this contribution, the existing biasing mechanisms for the UE in RRC_Connected and RRC_Idle modes are described. Other system aspect considerations needed before biasing can be implemented for co-channel heterogeneous networks are explained.

2 Rel-8/9 Cell Association 
Handover in RRC_Connected mode and Cell reselection in RRC_Idle mode is controlled by E-UTRAN and UE, respectively.  Therefore unlike in Connected mode, Idle mode cell reselection is performed at the UE based on the information that it has. 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, according to  Section 5.2.4.6 of 36.304 as follows: 
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where:

	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.

For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.


In the scenario of overlaid heterogeneous cells, it is obvious that the higher DL transmit power from the macrocells compared to the small cells would result in a higher number of users being served by the macro cells. 
Bias for Intra frequency cell reselection is achieved by setting the per cell based offset broadcasted in SystemInformationBlockType4, denoted as q_OffsetCell. In Idle mode the biasing affects the Cell which the UE camps on. From the point of view of the air interface cell splitting gain, biasing in Idle mode has minimal impact on the system performance (i.e. System or UE throughput) since the Idle mode UEs are not engaged in data exchanges.
In Connected mode, biasing is applied for a UE in relation to handover to a new target cell. This is performed through the measurement Event A3 where a neighbour cell is selected when it is better than an offset relative to the serving cell. The bias is denoted as a3-offset in the ReportConfigEUTRA. The E-UTRAN therefore controls the biasing to be applied on a per UE basis as the measurement configuration for connected mode is done over dedicated RRC signaling. In a heterogeneous network scenario, the E-UTRAN therefore has to control the handover of a UE (or UEs) to the hotzone cells through the control of the Event A3 offset given in a3-offset. This would effectively force the handover or association of the UE to the hotzone cells to compensate for the smaller DL transmit power. However, other system considerations on the usage of this offset needs to be taken into account as well. It should be noted that, in addition to the a3-offset, frequency- and cell-specific offsets can be configured for Connected mode UE handover (see 5.5.4.4 of 36.331).
 

3 Discussions
Further studies into the implementation of biasing to achieve additional cell splitting gains must take into account other existing objectives of the biasing mechanism. Notably, the following can be identified: 

· 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 mechanism of Handover and Cell reselection in Connected and Idle mode respectively need to be consistent to avoid ping pong upon state transition. The biasing of the q_OffsetCell as described above would not impact cell splitting gains as much as a3-offset in Connected mode. Since the former is set cell wide and the latter is UE-specific, the setting of both offsets may not be necessary or be required to be the same. It is therefore strictly a network operation and optimization issue with regard to the use of these biases.  
· a3-offset can be set for each individual UE allowing the capability to perform cell biasing on a per UE basis. This allows the eNB 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. 

· It is a reasonable assumption that the size of the small cells would be significantly smaller than the macro cells. In the event of high UE speed, biasing in the Connected mode may be used to reduce the handover rate and consequently handover failure. Biasing in this case would be to prevent the UEs from handing over to the small cells. Both these optimizations are contrary to the objective of increasing cell splitting gains. 
4 Conclusions

It is therefore summarized that
· Biased Cell association to achieve range expansion is supported in current Rel-8/9 specification. However, use of biased cell association in HetNet for range expansion is only one of the many consideration that needs to be considered in the overall network operation; in particular, load balancing and handover optimization must be taken into account. The use of biasing for range expansion shall be assumed to be an accepted default network operation.
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Rs = Qmeas,s + QHyst 
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