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1 Introduction

Recently there has been progress regarding cell reselection (CR) methods applicable for intra-frequency as well as for inter-frequency intra-LTE cases and inter-RAT scenarios in which LTE is one of the involved RATs. The current consensus in RAN2 is that the main (sole) driver for intra-frequency CR is radio coverage, while inter-frequency and inter-RAT CR should allow for an operator controlled priority based scheme [‎1] and Section 5.2.2 of [‎1].

Inter-frequency and inter-RAT cell reselection relies on two sets of parameters. The first set is the cell specific (and thereby also frequency and RAT specific) set of parameters common to all UEs camping on a specific RAT and frequency. The second set is the UE specific set of parameters that provides the means to control UE behavior depending on UE class and, in general, operator defined policy. In the present contribution we focus on the cell specific parameters that need to be broadcasted in the cell. This set of parameters can be regarded as a default set that can be overridden by UE specific signaling.
The current list of system information broadcast parameters in TS 36.304 needs to be updated in order to be consistent with the respective cell reselection evaluation processes for these three cases. For example, currently, TS 36.304 seems to have some inconsistencies or unclear pieces of information:

· Snonintrasearch is used as a parameter for cell reselection in Section 5.2.4.2, but not listed in Section 5.2.4.7
· NCR_M and NCR_H are used as mobility state dependent parameters in Section 5.2.4.3, but not listed in Section 5.2.4.7
· Speed dependent scaling factor for Qhyst is discussed in Section 5.2.4.6 and in Annex B, but not listed in Section 5.2.4.7
· Currently it is not clear whether offset parameters should be used for inter-frequency and inter-RAT cases as well (in addition to the intra-frequency case). This needs to be clarified in TS 36.304 and it must be consistent with TS 36.331. 
 The purpose of this contribution is therefore to provide a preliminary list of these parameters and to raise some issues for further study. Finally we give our understanding of the usage of these parameters by providing a high level overview of the CR process in the priority based scheme; this overview can be used as a basis for the specification of the CR process for inter-frequency and inter-RAT scenarios.
2 Broadcast Parameters to Support Intra-Frequency Cell Reselection 
Table I: A preliminary list of system information broadcast parameters to support intra-frequency cell reselection in LTE
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Currently, the intra-frequency cell reselection criteria, as defined in Section 5.2.4.6 of TS 36.304 include the Rs and Rn criteria which require the Qoffset and Qhyst parameters. It is assumed that cell ranking and CR are based on signal power (RSRP) only. 
In LTE, there is a high and a medium mobility state, which are defined in terms of the number of cell reselctions that a UE performs during the time window TCRmax; the two threshold values being NCR_M and NCR_H (but these are currently not listed in Section 5.2.4.7).

The Treselection_s timer controls the maximum frequency of cell reseletion and therefore it should be scaled by a UE speed dependent factor. It is for further study whether the same or similar scaling factor should be applied to other CR parameters as well. 

3 Broadcast Parameters to Support Inter-Frequency and Inter-RAT Cell Reselection
Table II: A preliminary list of system information broadcast parameters to support inter-frequency and inter-RAT cell reselction in LTE
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Table II lists the parameters that are needed for inter-frequency and inter-RAT cell reselection. The Thresh_serving,low threshold is needed in order to compare the appropriate S-value of the serving cell when deciding if the UE can reselct to a lower priority cell than the currently serving cell (see also Figure 1). On the other hand, the Thresh_serving,high parameter is needed in order for the UE to know when it should trigger inter-frequency and inter-RAT measurements. That is, if the S parameter of the serving cell is above this threshold, the UE should not measure on intra-frequency and inter-RAT (unless it is not camping on its highest priority RAT/frequency layer). In our understanding this parameter is not needed when the UE is camping on a cell that is not of the highest priority layer, because if the UE is camping on a lower priority cell, it periodically searches for the highest priority layer (see also Figre 1).
The Thresh_x,low parameter specifies the minimum level that must be fulfilled by a cell in order for it to be selectable. This value needs to be given for each RAT and frequency layer (“x”). Thresh_x,high specifies the value that a higher priority cell needs to fulfill in order for the UE to reselect to that cell. (See comment in the table.) Thus, this parameter is not used when the UE is camping on its highest priority layer.
The T_HigherPrioritySearch parameter is needed by UEs that are currently camping on a cell that has lower than highest priority. These UEs need to periodically look for higher priority cells. Since inter-frequency and inter-RAT measurements have an impact on the DRX performance, this parameter reperesents a trade-off between minimizing battery consumption and ensuring that the time it can take for the UE to detect the availability of its highest priority RAT and frequency is short enough.

When the measured S value in the current serving cell is under Thresh_serving,low, the UE starts inter-frequency and inter-RAT measurements including RATs and frequencies that are of lower priority. However, the measurement frequency for lower priority cells may be set lower than for high priority cells by setting the TLowerPrioritySearch parameter. Similarly, a separate value for equal priority cells can be set in the T_EqualPrioritySearch parameter.

The <RAT, Band, Priority> information informs the UEs about the default (non UE specific) priority list that UEs can use as a base priority list. If the UE has already received a UE specific priority list (by RRC or NAS signaling), then the UE ignores this parameter set. 
A validity timer may be associated with the broadcasted <RAT, Band, Priority> information. However, the need for this timer should be for further study. A validity timer for the UE specific priority seems necessary (at least for inter-frequency, see Section 5.2.4 of [‎2]), in which case the role of the validity timer for the broadcasted priorities can be questioned.
A further issue is where the UE shall receive the Thresh_serving,low and Thresh_serving,high parameters for other than LTE RATs. The available options are:

· No such parameters shall be defined for other than LTE (only default parameters are applied, such as for cell selection). This option is not acceptable since it would make the priority scheme of limited use only.
· The UE receives these parameters for other RATs (UTRAN, GERAN, etc) via LTE broadcast.
· The UE receives the RAT specific parameters via the respective RAT. This option would require changes in the legacy RATs which is hardly feasible in practice in the short term.
4 Summary: Cell Reselection Operation (High Level View)
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Figure 1: A High level view and the usage of the parameters for inter-frequency and inter-RAT cell reselection.
Figure 1 summarizes the usage of the inter-frequency and inter-RAT system information broadcast parameters. When the UE is camping on its highest priority cell, it periodically measures the S value (e.g. the RSRP) of the currently serving cell and compares this value with Thresh_serving,high. If the S value is below this threshold, the UE starts to look for inter-frequency and inter-RAT cells. The cells whose measured S value is above Thresh_x,low will be ranked (taking into account their associated priorities). When the serving cell’s S value is below the Thresh_serving,low, the UE reselects to the highest ramked such cell.

The CR procedure is a bit different when the UE is camping on a cell that is not its highest priority cell. In this case, the UE constantly looks for the availability for higher priority cells by performing inter-RAT and inter-frequency measurements. If it finds any such (higher priority) cell, it will reselect to that cell. In addition, similarly to the previous case, if the currently serving cell drops below Thresh_serving,low, the UE reselects to a lower priority cell if that is above Thresh_x,low.

5 Conclusions and Proposal

In this contribution we reviewed the system information broadcast parameters that are needed in the cell reselection process in LTE. We propose to discuss the definition and usage of these parameters and include the list in TS 36.304.
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