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1 Introduction

At recent RAN2 meetings and on the RAN2 mailing list the drivers for intra-LTE and inter-RAT mobiltity control have been extensively discussed. While it is useful to identify and prioritize these drivers, in order to proceed in the standardization it is also necessary to discuss the mechanisms that ensure that such drivers can be supported. Recongizing this, in an accompanying contribution we provide an overview of suitable mobility mechanisms and their relation to the most important drivers.

There seems to be a consensus regarding the importance of the driver “radio condition” or “Radio Access Technology (RAT) coverage”. Indeed, radio condition (coverage) is a fundamental driver both for idle and connected (active) mode mobility. Therefore, it is essential that the radio condition based mobility is efficiently supported both within LTE and between LTE and other systems such as UTRAN and GERAN.

In this contribution we focus on inter-RAT idle mode mobility control (that is cell reselection), while the accompanying contribution deals with inter-RAT handovers. Our purpose is to identify the principles along which (at a later stage) the details of radio (coverage) based idle mode inter-RAT mobility control can be specified. Since inter-RAT cell reselection is not new to LTE, the basic principles from WCDMA/GSM can be resued.

2 Background: Cell Selection and Cell Reselection in UTRAN

When discussing the guiding principles for inter-RAT cell reselection, it is useful to recall the basic PLMN, RAT- and cell selection and reselection procedures in UTRAN. The inter-RAT cell reselection mechanisms involving LTE as one of the available RATs can then be based on similar procedures. Also, it helps identify where the cell reselection procedure fits in the “big picture”. 

A high level summary of PLMN, RAT- and cell selection and reselection is shown in Figure 1, based on the specifications [5], [6] and [7]. When the UE is switched on, it first chooses the mobile network (PLMN) to which it will connect, along with the specific RAT that it will (at least initially) use. The PLMN and RAT selection process takes into account user preferences (may be set manually by the user) and also information residing on the SIM card. (We refer to [7] for the details on PLMN and RAT prioritization and selection.)

After network selection, the UE performs initial cell selection. In UTRAN, this can be done scanning all UTRAN bands to find the strongest cell, or the UE looks for cells in carrier frequencies stored in the SIM from previous measurements. In UTRAN, there are two criteria that must be fulfilled for a cell to be selectable: the signal level criterion and the quality level criterion, as detailed in [6] and [7]. 

After cell selection, the UE continuously makes measurements to ensure that it camps on the best cell. This procedure is referred to as cell reselection and is the topic of the rest of this paper.
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Figure 1: A high level view of PLMN, RAT and cell selection and cell reselection.

3 Cell Reselection Based on Radio Conditions

Coverage based mobility control can be seen as an essential feature of inter-RAT mobility. For instance, an operator may configure the RAN such that whenever LTE coverage is available, UEs will (re-)select LTE. Alternatively, such “static” prioritization of LTE may be combined with e.g. signal strength or signal quality measurements; for instance LTE will be the preferred RAT if LTE signal strength is sufficiently better than other available RATs (e.g. WCDMA). For WCDMA/GSM networks, it has often been the case that lack of coverage has been the main driver for inter-RAT changeovers. It can be expected that coverage based mobility will be a base case even for multi-access networks in which LTE is one of the access technologies.

Radio based inter-RAT cell reselection mechanisms need to address the following issues:

· When the UE is camping on a given RAT, what should trigger a process whose purpose is to discover/identify other available RATs (and candidate cells within that RAT)?

· When such other available RATs are identified, how should the UE (and/or the RAN) compare these avaialble RATs and eventually select one on which the UE should camp?

We note that none of these issues is new for LTE, but the possible LTE specific aspects (e.g. LTE measurements, broadcast system information, etc.) need to be discussed and identified. The first aspect is considered in Section 3 and the second aspect is covered in Section 4.

4 Aspect 1: Triggering inter-RAT Measurements

In LTE, when the UE attaches to the network (that is when it changes from LTE_DETACHED to LTE_IDLE), it performs cell selection that involves non-access stratum signaling. Non-access stratum signaling provides the UE with important pieces of information regarding e.g. not allowed PLMNs or other reasons that forbid the UE to camp on certain cells.

When the UE camps on LTE, it basically continuously perofrms intra-LTE measurements and checks whether it needs to perform intra-LTE cell reselection. (The exact measurements and the details of this selection process are out of the scope of this contribution.) In addition, the UE receives system information (SI) that is broadcasted in the serving cell. Thus, theorectically, the following sets of information can be available  that can affect how the UE looks for (and measures on) other available RATs:

1. Information that is stored in the subscriber identity module (SIM). Such pieces of information may be provided by the user or it can be specified by the operator. For instance, the user may configure a preferred RAT or she may explicitly refrain from the usage of certain RATs.

2. Information that is provided to the UE during the attach procedure. 

3. LTE Measurements. The LTE measurements are still under discussion in RAN1 and are out of the scope of this contribution. Preliminary examples of such UE measurements may be the Reference Symbol Received Power (RSRP), Received Signal Strength Indicator (RSSI) and Reference Symbol Received Quality (RSRQ).

4. Associated threshold values that are part of the broadcasted system information. For instance, the appropriate system information may be a vector whose elements specify a set of minimum values (for RSRP/RSSI/RSRQ or possibly other measurements), under which the LTE cell is not selectable. Special values of this SI can indiatce that the UE should never or always measure on other (or some specific) RAT(s).

When discussing the appropriateness of these types of information, we need to recall that for radio based cell reselection the relevant information may change in time due to idle mode mobility, changes in the current radio conditions and for a number of other reasons. For this reason, items 3 and 4 play an important role to control inter-RAT cell reselection and should be the focus of standardization.

An example on Item 4 above is provided by  legacy systems: when a UE camps on GSM, it reads the broadcasted system information parameter Qsearch_I that specifies the threshold under or above which the UE should perform UTRAN measurements. Specific values of Qsearch_I indicate that the UE should never or always measure on UTRAN. Similarly, when the UE camps on UTRAN, the broadcasted parameters Qqualmin and sRATSearch control when the UE will start GSM measurements.

5 Aspect 2: RAT Comparison and Selection

At some point, the UE may find that within LTE there is no cell tha fulfills some minimum requirements in terms of signal strength and/or signal quality. At this point, it needs to start measurements on other available RATs. In order for the UE to know which other technologies and specifically which cells it should start to measure, it needs information about inter-RAT neighbor cells. Such information is indeed provided in GSM about UTRAN neighbor cells by the System Information 2ter; and similarly the GSM neighbor cells are broadcasted in the BCH in UTRAN.

Once the UE knows that it should start inter-RAT measurements and found the inter-RAT cells to measure on, it needs to know what measurement quantity it should actually measure. For instance, for cell ranking of UTRA cells, both CPICH RSCP and CPICH Ec/N0 measurements can be used. For LTE, the measurement values that can provide information about how “good” a cell is (to camp on) may include RSRP, RSSI and RSRQ. It is important to realize that RSRP alone does not provide information about the inter-cell interference level which is an important quantity that characterizes the radio condition of a particular LTE cell.

Next, the UE must decide on which LTE and other RAT cells qualify for cell ranking. For UTRAN cells, GSM networks broadcast a minimum value both for CPICH RSCP (FDD_RSCP_threshold) and CPICH Ec/N0 (FDD_Qmin). When reselecting a UTRAN cell from LTE, these types of UTRAN specific measurements may be appropriate. When reselecting LTE from GERAN and UTRAN, there is a need to specifiy LTE specific measurement quantites that need to be made available in UTRAN and GERAN broadcast information.

Finally, when the UE has gathered the various measurement values, it needs to make a comparison and decide on the RAT and the specific cell on which it will camp. In this step, the specific cell reselection algorithm may take into account RAT specific hysteresis, offset and timer values (that can be similar to Qhyst and Qoffset in UTRAN and FDD_Qoffset in GSM). When designing the selection algorithm, it is particularly important to avoid ping-ponging effects.

6 Conclusions

As a summary of the discussion in Section 3 and Section 4 above, we propose to consider the following parameters (or parameter sets) in the inter-RAT cell reselection process. If these parameter sets are agreed upon, the specifics of each parameter group can be considered in detail at a later stage. It is worth noting that a similar (analogous) parameter set will be needed in UTRAN and GERAN so that cell reselection to LTE from these systems is made possible.

· QSearch_TH: This parameter (possibly a vector) indicates whether the UE should start inter-RAT measurements when certain LTE measured quantities fall below a certain threshold. A special value can be an indication on “Never measure on UTRAN”, “Never measure on GERAN”, “Always measure on UTRAN” or “Always measure on GERAN”.

· UTRAN neighbors: This parameter (possibly a list) indicates which UTRAN cells should be measured. This parameter can be a carrier frequency or more explicit cell information (this is FFS).

· GERAN neighbors: Analogous to the previous parameter.

· UTRAN_Min: this set includes information about the minimum values for UTRAN cells that need to be met in order for these cells to be selectbale. For instance, this set can contain similar information as FDD_Qmin and FDD_RSCP_threshold broadcasted in GSM today.

· GERAN_Min: Analogous to the previous parameter.

· UTRAN_offset: This parameter is applied to the measured UTRAN quantities. The exact usage of this parameter is FFS.

· GERAN_offset: Analogous to the previous parameter.

7 Text Proposal in TS 36.300

Inter-RAT cell reselection (CR) procedures in which LTE is one of the involved RATs should be based on the principles of inter-RAT cell reselection employed for WCDMA and GSM networks. Specifically, inter-RAT CR must at least support the mobility driver “best radio condition”. Other mobility drivers must be also taken into account.

Radio based inter-RAT cell reselection mechanisms need to address the following issues:

· When the UE is camping on a given RAT, what should trigger a process whose purpose is to discover/identify other available RATs (and candidate cells within that RAT)?

· When such other available RATs are identified, how should the UE (and/or the RAN) compare these avaialble RATs and eventually select one on which the UE should camp?

The inter-RAT cell reselection should therefore drely on the following group of parameters:

· Threshold values associated with intra-LTE measurements. Such threshold values indicate when the UE should start inter-RAT measurements. Special values indicate “ALWAYS” or “NEVER”.

· Inter-RAT Neighbor cell information. Parameters belonging to this group give information to the UE regarding which non-LTE cells it should measure on.

· Minimum values. Parameters in this group allow the UE to classify measured inter-RAT cells as selectable.

· Hysteresis, offset values and timer values: These parameters allow the UE to make a cell reselection decision such that the UE camps on the best cell and ping-ponging effects are avoided. 
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