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GERAN-E-UTRAN interworking – Prioritisation of inter-RAT cells
1 Introduction

With the introduction of LTE, a multi-mode mobile supporting GERAN, UTRAN and E-UTRAN could perform measurements on cells of more than one RAT and could be in a position where it needs to decide whether to reselect to a cell of a different RAT and – if so – which one. In this scenario, it may be desirable to offer the possibility to make the reselection towards cells of one RAT more likely than the reselection towards cells of the other RAT(s), or indeed more likely than continue camping on the serving cell. In other words, this would introduce a “priority” between different RATs, including the RAT of the cell that the MS is camping on (which in the case considered in this contribution is the GERAN). This is discussed in the present document.
Note that this document does not cover the RAT selection during the PLMN selection process, which is outside the scope of TSG GERAN. It is assumed that the mobile is already camping on a GERAN cell or is receiving service from it.
2 Operation in a multi-RAT scenario
At present, only two 3GPP RATs are defined: GERAN and UTRAN (which could have two modes, FDD and TDD). A special case is that of cdma2000, for which, despite it not being a 3GPP RAT, a very close coupling with the other 3GPP RATs has been defined
. With the introduction of LTE, a new RAT (E-UTRAN) will be defined. This opens up some questions, such as: in an area where cells of multiple RATs are detected by to the mobile, which RAT should the mobile camp on? If the mobile decides to leave the RAT that it is camping on, how does it choose which RAT to reselect to?
In general, for the prioritisation of inter-RAT cells, several strategies are possible:

1) priorities are defined by the network, and communicated through signalling; these priorities could be either user-specific, i.e. signalled by the network to a given MS, or general, in which case they could be broadcast in the system information;
2) priorities are defined by the operator (SIM/USIM-stored policies); this could follow similar principles as those already defined in TS 22.011 [3] (see e.g. subclause 3.2.2) or in TS 23.122 [4];
3) priorities are decided by the user (through manual selection), e.g. the choice could be influenced by the cost of a service in the network of a particular RAT;
4) combinations of the above.
Regarding bullet points 2) and 3), an example of such strategies is provided by the mode selection for a GAN-capable terminal (see subclause 8.1 of TS 43.318 [7]), where a preferred mode of operation (GERAN/UTRAN-only, GERAN/UTRAN-preferred, GAN-preferred, GAN-only) can be configured by the user or by the operator through various mechanisms. Whether these mechanisms are suitable also in the inter-RAT case needs investigation/discussion. Note that GAN is peculiar in that there are no true measurement reports for GAN (if connection with a GANC is made, measurements on GAN cells are always reported as '64' i.e. best quality, regardless of the true quality of the GAN radio link).
Obviously, the definition of these strategies may be outside the scope of TSG GERAN. The objective of the document is to describe some mechanisms that can be defined in the GERAN to support or complement the strategies above.
Concerning cell reselection, it is assumed that cell reselection algorithms are defined in such a way that they are independent for each RAT. So, for example, the algorithms from GERAN to E-UTRAN should be independent from those for the GERAN to UTRAN case (i.e. those existing today). If a UTRAN cell is detected and the necessary conditions are met (i.e. a threshold is exceeded), then reselection to UTRAN is performed; alternatively, if an E-UTRAN cell appears and the reselection criteria are met, the MS would reselect E-UTRAN. In other words, the reselection algorithms should not require the comparison between cells on different RATs. The current GERAN to UTRAN reselection algorithm includes an option to reselect between the cell that has a better signal strength (GERAN RXLEV and UTRAN RSCP, possibly weigthed by relevant offsets). A similar simple reselection rule would also apply for E-UTRAN: we would also put a threshold towards E-UTRAN, if the threshold is exceeded, reselection occurs. The UMTS measurements would not affect the E-UTRAN reselection formulas, neither E-UTRAN measurements would affect UTRAN reselection formulas. An important point would be to ensure that inter-RAT cell re-selection parameters are configured consistently between the different RATs to ensure stability in the inter-RAT reselection mechanism. For example, hysteresis should take care that ‘ping pong’ between different RATs is avoided, i.e. would make sure that the MS would not first reselect E-UTRAN and then UTRAN from E-UTRAN and then from UTRAN to GERAN, or similar.
In the case of handover, the target cell is under the control of the network, so this discussion may not be relevant in this case (the policies are vendor implementation dependent). However, with the potential increase in the number of neighbour cells due to the addition of a new RAT, some means of prioritising the inclusion of neighbour cells in measurement reports is needed.

Similar issues exist also in E-UTRAN and UTRAN, where the problem is even more complex, due to the fact that not only the UE has to deal with inter-RAT cells, but also that the intra-RAT cells are organised in different frequency layers, thus the UE has to decide also between intra-frequency cells and inter-frequency cells within the same RAT. These issues, as seen from the E-UTRAN point of view, are discussed in [2]. 
3 Possible methods for inter-RAT cell prioritisation
3.1 Use of thresholds/offsets
In TS 45.008 [9], several thresholds and offsets have been defined controlling the measurement and reporting of cells of other RATs. For example, some of the parameters controlling cell reselection are: FDD_Qmin, XXX_Qoffset and optionally FDD_RSCPmin and FDD_Qmin_Offset (and the corresponding ones for packet idle / packet transfer mode); other parameters, such as REP_PRIORITY, XXX_REPORTING_THRESHOLD, FDD_REPORTING_THRESHOLD_2, XXX_REPORTING_OFFSET, on the other hand, control the reporting of measurements of inter-RAT cells. Most of these parameters are RAT specific; hence, similar parameters could be defined also for E-UTRAN. By setting the values of these parameters appropriately, it would be possible to make the reselection towards cells of one RAT more likely than the reselection towards cells of the other RAT(s).
For example, by defining a higher cell reselection offset XXX_Qoffset for a particular RAT, the reselection towards that RAT will be made less likely, thus effectively reducing the priority of that RAT. The trigger levels can be arranged in a way that some priority between UTRAN and E-UTRAN actually appears but this would be transparent for the MS (in particular, no MS-specific mechanisms are required, apart from the normal cell reselection algorithms).
Other parameters are Qsearch_I, Qsearch_C and Qsearch_P, which control the inter-RAT measurements for different states of the mobile. At present these thresholds apply to all RATs, so they are useful mainly to prioritise between GSM and the other RATs but cannot be used to provide relative priority between the other RATs. Whether it would be useful to have different thresholds for different RATs could be a topic for discussion. Another parameter that controls the relative priority of inter-RAT measurements with respect to GSM measurements is 3G_SEARCH_PRIO. Again, whether a single parameter or one parameter per RAT should be defined is a topic for discussion.
Measurement reporting might be a bit different. Due to limited space, we may have difficulties including both UTRAN and E-UTRAN reports in the normal measurement report. Control parameters defining the number of cells to be reported already exist for UMTS. It can be discussed whether we need a separate one for E-UTRAN or if the existing parameter should cover both (if two inter-RAT cells are allowed to be reported, a mix of one from each might be possible, we would not have a hard priority between E-UTRAN and UTRAN reporting). In the latter case, the cells with the highest measurement to report would be included in the report, regardless of the RAT. But this parameter alone (and the corresponding one, if a new one for E-UTRAN is specified) does not solve the priority when several E-UTRAN and several UTRAN cells are available. In order to alleviate the problem, one possible option could be to mandate the use of Enhanced Measurement Reporting for E-UTRAN; however, it may be preferable to allow at least some minimum support also with the normal measurement reporting.

3.2 Use of priorities 
As a possible alternative, additional data could be provided in the system information and/or measurement information indicating the priorities of different RATs. These would be defined as absolute priorities and will not be based on varying offset values. The absolute priorities could – for example – take the form of an Information Element that signals the priorities of the different RATs. If no information is provided, the mobile assumes all the RATs to have equal priority (and the reselection will be based on the principles described in subclause 3.1).
This option could have some advantages with respect to the use of offsets and/or thresholds. For example, let’s assume that E-UTRAN has priority over UTRAN. In this case, the mobile may avoid monitoring UTRAN cells if it has detected one or more E-UTRAN cells, even if this has not resulted in a reselection; only when no E-UTRAN cells are detected would the MS monitor UTRAN cells. Therefore, this option has the advantage that it could lead to lower power consumption in the mobile.
Even in the case of reporting, if – for example – E-UTRAN has been indicated to have priority over UTRAN, the mobile could only report measurements on E-UTRAN cells if both UTRAN and E-UTRAN are available and would report measurements on UTRAN cells when E-UTRAN is not available.
4 Conclusions

In this contribution, two proposals for the definition of inter-RAT cell prioritisation have been presented. It should be discussed whether this is a desirable feature in GERAN, and – if so – which method is the preferred one.
The proposed mechanisms could be impacted by the ongoing discussions on Home NodeB [5] and Closed Subscriber Group (CSG, see Annex F of [6]) in the RAN working groups, which introduce new priority mechanisms or access restrictions for a specific cell or group of cells. This is for further investigation. In any case, in GERAN the definition of specific priorities for specific inter-RAT cells (or group of cells) should be avoided.
While inter-RAT priorities could be handled (implicitly) by means of existing mechanisms based on thresholds and offsets, there are benefits in defining (explicitly) absolute priorities between different RATs. Hence it is proposed that this solution is included in the GERAN specifications. A similar proposal is also made in [2] for E-UTRAN.
It is worth reminding, as also pointed out in [2], that the mechanisms described in this paper may coexist and interact with high-level mobility policies, i.e. policies that do not rely on radio measurement related parameters but instead are defined e.g. based on subscription profiles or mobility drivers; these policies could be valid across different RATs and work on top of existing mobility procedures. These policies (whose definition could be outside the scope of TSG GERAN) should be such that that no conflicts arise with the radio based mobility procedures.
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� It is worth reminding that inter-RAT cell reselection from GERAN to cdma2000 is not possible, only inter-RAT handover to cdma2000 is supported; this relies on measurement reports on cdma2000 cells performed by the mobile.
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