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1. Introduction

Similarly to UTRA, the purpose of cell reselection in LTE is to ensure that the UE:s camp on the appropriate cell (for instance in terms of signal strength and/or signal quality). In addition, cell reselection can take into account the overall load in multiple cells (see Subsection 6.12.2.3 of [1]).

Indeed, cell reselection provides a means to balance the idle mode UE:s over multiple cells. Such a load balancing function may be needed to balance the load among multiple eNodeB:s, and also in situations in which the Operator deploys more than one cell in the same geographical area. Such cells can be termed as co-located cells, since a single physical eNodeB acts as the radio resource owner for multiple cells. The purpose of this contribution is to discuss the role of cell reselection in LTE and to propose some parameters for efficient cell reselection. 

2. Inter and Intra eNodeB Cell Reselection in E-UTRA

The primary purpose of the cell reselection function is to ensure that the UE camps on the proper cell in terms of the received signal strength and/or quality and/or other parameters. Usually, a straightforward cell reselection algorithm that is based on pilot or common reference symbol measurements ensures that when the UE becomes active, the call attempt will not fail and the UE does not need to make an immediate handover to another cell.

As idle mode UE:s move across multiple eNodeB:s and the UE:s continuously reselect the cell on which they camp, it typically also means that the UE changes the eNodeB to which it is connected. This case can be referred to as inter eNodeB cell reselection, since cell reselection in this case implies selecting between two or more eNodeB:s. The basis for cell reselection in this case can be the measurements on OFDM reference symbols, such as the common reference symbol power (CRSP) or common reference symbol quality (CRSQ), since these will be different from different eNodeB:s.

In E-UTRA, an important case for cell reselection is provided by the co-located cell scenario which is illustrated in Figure 1:
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Figure 1: Co-located cells in E-UTRA. The eNodeB acts as a resource owner for multiple cells. 

In the co-located multiple cell scenario, the CRSP and the CRSQ may have similar values in different cells. Furthermore, different UE:s within the same geographical area may measure similar CRSP and CRSQ values. Thus, a large number of UE:s may make a similar cell reselection decision resulting in an unbalanced load over the co-located cells. 

3. Parameters to Support Load Balancing in E-UTRA

For UTRA, the cell reselection process is also influenced by the cell reselection parameters that are broadcasted in the System Information broadcasts as specified in TS 25.304 [2]. The System Information broadcasts provide a means to optimize the cell reselection process. For instance, in UTRA, the Qoffset2_s,n parameter specifies the offset between two cells in FDD. This parameter gives the necessary difference for the measured Ec/N0 in order for the UE to execute cell reselection. 

In general, the parameters in the system information (SI) that affect the cell reselection process can be categorized as follows:

· Offset and Hysteresis values, for instance Qoffset2_s,n and Qhyst2_s

· Hierarchical Cell Structure parameters, e.g. HCS_PRIO_s

· Timer values, e.g. Treselection_s

· RAT specific threshold values, e.g. Ssearch_RAT_1

· Other parameters, e.g. Inter-frequency scaling factor for Treselection

In the scenario of Figure 1, none of the above parameters helps the UE:s to reselect the cells in such a manner that would ensure an even (or close to even) distribution of the UE:s over the cells. In fact, in the probable scenario that the path loss value (and thereby the CRSP and CRSQ values) in the different cells are similar, it is highly probable that most of the UE:s will select the same cell to camp on.
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Figure 2: Co-located cells in E-UTRA. The eNodeB that manages the cells includes a Cell Selection probability value in the System Information broadcast, according to which the UE selects the cells. Thus, a low probability cell will be selected by less UE:s than a high probability cell, which provides a means for load balancing.

To achieve a balanced load distribution of idle UE:s over co-located cells, there is a need to (1) trigger the cell reselection process and (2) to ensure that the result of the cell reselection will be such that the desired UE distribution is reached. This can be achieved by additional parameters that are broadcast by the eNodeB.

As an example, in the load balancing scheme of Figure 2, the first such parameter could be the Cell Reselection Attempt Probability that can be broadcasted in SI. This parameter would control the cell reselection attempt by each UE: it can be interpreted as the probability that a UE needs to execute a cell reselection algorithm after some timer value. 

The second parameter that is needed for load balancing is a parameter that influences the distribution of the UE:s over the cells; an example of such a parameter could be the Cell Selection Probability value in the broadcasted System Information (SI). A CSP value can be associated with every cell and provides information for the UE according to which it should select the particular cells, if CRSP and CRSQ values associated with the monitored (measured) cells are similar. Thus, the cell reselection attempt probability and the CSP value can provide a straightforward tool to distribute idle mode UE:s among co-located cells. Setting the CSP values according to a specific distribution will cause the UE:s to be camping on the available cells according to that distribution.

4. Proposal

We propose to discuss the cell reselection scenarios as presented in this contribution and also to discuss the necessary parameters for cell reselection load balancing in these scenarios. 
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