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Prioritisation of inter-RAT cells for GERAN interworking
1 Introduction

With the introduction of LTE, a multi-RAT mobile supporting GERAN, UTRAN and E-UTRAN could perform measurements on cells of more than one RAT and could be in the position 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; it is assumed that the mobile is already camping on a GERAN cell or is receiving service from it.
This document is a revision of contributions submitted at GERAN#35 [1] and at the GERAN-RAN Workshop [2].

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)
. 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 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 [8] (see e.g. subclause 3.2.2) or in TS 23.122 [9];
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 [14]), 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 and TSG RAN. The objective of the document is to describe some mechanisms that can be defined in the GERAN to support or complement the strategies above.
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. Also, in active mode, measurements on inter-RAT cells should be scheduled in such a way that the performance of measurements on GERAN cells is not degraded. At present the requirement in TS 45.008 [15] is that a multi-RAT MS is allowed to dedicate 3 seconds in every 13 seconds period to measurements on cells from other RATs (provided that this is allowed by the parameter 3G_SEARCH_PRIO). If both UTRAN and E-UTRAN cells or frequencies are included in the neighbour cell list, the mobile may not have enough time to measure on all of them. In this case, some sort of prioritisation of the measurements could be useful.
Similar issues exist also in E-UTRAN and UTRAN, where the problem is even more complex, due to the fact that not only the mobile has to deal with inter-RAT cells, but also the intra-RAT cells are organised in different frequency layers, thus the mobile 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 [3]. 
Different methods for prioritisation that have been proposed include the use of thresholds/offsets and the explicit use of priorities (see [1], [2], [4] and references therein). These have been discussed at length both in the GERAN-RAN Workshop and in the RAN working group meetings (see e.g. [5], [6], [7]). At present, there seems to be growing consensus on the priority solution. In this contribution, only this method will be discussed.

Note that the use of these algorithms has also been proposed for load balancing (for example, by assigning different priorities for each RAT to different users) [4].

3 Use of priorities for inter-RAT cell reselection
This method relies on additional data to be provided by the network indicating the priorities of different RATs. These would be defined as absolute priorities and will not be based on varying offset values. If no information is provided, the mobile assumes all the RATs to have equal priority.
This option has some additional advantages. For example, let’s assume that E-UTRAN has priority over UTRAN. In this case, the mobile may avoid monitoring UTRAN cells if, for example, the number of detected E-UTRAN cells is above a predefined value, even if this has not resulted in a reselection. Therefore, this option has the advantage that it could lead to lower power consumption in the mobile. In general, the mobile should not wait until cells of the higher priority RAT(s) are no longer detected to start monitoring cells of the other RATs, because it may be too late (e.g. at the edge of coverage of the higher priority RAT).
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. Note that, even if the mobile were reporting only cells of the higher priority RAT(s), it may still need to perform measurements on cells of the other RATs.
In order for the scheme to work, some associated thresholds for measurements and reselection need to be defined; these are described in [5] for E-UTRAN. Such thresholds should also be defined in GERAN (these are just for illustration, the actual names could change):

· Threshserving,high is a threshold that defines when the MS performs inter-RAT measurements. This threshold refers to the level in the serving RAT.

· Threshserving,low is a threshold that defines the level below which the MS should no longer camp on the serving cell, and reselection is initiated. This threshold refers to the level in the serving RAT.

· Threshx,low are thresholds that define the minimum level acceptable for reselection to a cell of another RAT; "x" could be "RATm" depending on which RAT the threshold refers to (one threshold per RAT). These thresholds refer to the level in the target RAT.

· Threshx,high are thresholds that define the level above which the MS will perform reselection to a cell of a higher priority RAT; "x" could be "RATm" depending on which RAT the threshold refers to (one threshold per RAT). These thresholds refer to the level in the target RAT.
For example, the role of Threshserving,high is very similar to the role of the existing Qsearch_I and Qsearch_P thresholds. Something that may need to be discussed is whether only one threshold could control the measurements on all RATs, or a specific threshold for each RAT should be defined. On the other hand, Threshx,low has a very similar role as (FDD_Qmin –  FDD_Qmin_Offset) or FDD_RSCP_threshold (and their GPRS equivalents), see TS 45.008.
One 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. should make sure that the MS would not first reselect E-UTRAN from GERAN and then UTRAN from E-UTRAN and then from UTRAN to GERAN, or similar. For example, in order to guarantee some hysteresis, the thresholds should be set in such a way that Threshserving,low(RAT[i]) < ThreshRAT[i],high(RAT[j]).
The use of these thresholds is illustrated in the following sections.
4 Example scenarios
In [5], the priority-based inter-layer reselection mechanisms for E-UTRAN is proposed. To avoid 3-way ping-pong between E-UTRAN frequency layers via GERAN or UTRAN it is important to take a similar approach in GERAN.
The general prioritisation algorithm is discussed at length in [5] and [6]. Note that although the algorithm in that paper refers to the case of inter-frequency reselection (i.e. reselection between different E-UTRAN frequency layers), its extension to the inter-RAT case is straightforward. In this section, we provide an overview of how the reselection algorithm could work from a GERAN point of view, with a few case studies. It should be noted that these scenarios are merely simple examples, for example to illustrate the need for particular parameters, and that they do not represent the complexity of the real world. For simplicity, only scenarios including two RATs are considered.
In all cases, the mobile performs intra-RAT measurements and reselections according to the current rules specified in TS 45.008, and therefore these are not discussed further.
4.1 Reselection from lower priority to higher priority

In this section, we consider the case where E-UTRAN has a higher priority than GERAN.

If the MS is camped on a given RAT (e.g. GERAN), it should search for higher priority RATs (e.g. E-UTRAN). However, it may be beneficial to have a threshold relative to the serving cell, where the MS measurement activity is controlled. For example, one possibility is that if the serving cell is above this threshold the MS performs periodic searches of higher priority RATs, but with a long measurement period; if the serving cell is below this threshold, the measurement activity increases. This type of operation ensures some battery saving, as the MS is not required to constantly search for higher priority RATs. On the other hand, higher priority RAT searches are not urgent from GERAN because the higher priority RAT is unlikely appear at the immediate next search if it did not appear on the one before. Hence, the period could be the same. Other RATs need to be searched only if the neighbour list indicates cells (or frequencies) from other RATs. The GERAN signal strength would typically not correlate a lot with the likelihood of finding the cell of another RAT. For example, assuming the case of co-sited base stations, the other RAT would be found when the serving RXLEV increases. This would be opposite to the rule above. So, perhaps it would be sufficient to simply have one search period.
Also, it is necessary to provide some radio hysteresis in the reselection mechanism to avoid constant reselections (ping-pong). Therefore, it should be ensured the target RAT (E-UTRAN) is above a certain threshold before reselections are considered.
These requirements are illustrated in Figure 1 where the MS is initially camped in GERAN. The MS performs periodic searches for E-UTRAN and, even though it may detect E-UTRAN cells of acceptable level, the MS will only reselect once E-UTRAN is above a high threshold. It is also clear that, for this scenario, the reselection is not triggered by the level of the serving cell but rather by the level of the target RAT.
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Figure 1 - Reselection from low priority to high priority when higher priority cell is above high threshold
It is also necessary to consider the case where the level of the serving GERAN cell falls below some Threshserving,low. In this case, it becomes less significant whether the E-UTRAN cell is above a high threshold or not, and therefore reselection should still be considered, provided that the E-UTRAN cell is at least above its low threshold. Note that it is not sufficient for the Threshserving,low to be equivalent to the minimum level because, from deployment experience, the minimum level provides the bare minimum to enable camping on the cell, but not necessarily to obtain service.
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Figure 2 - Reselection from low priority to high priority when serving cell falls below low threshold

Some further discussion would be needed for the case where all RATs are below the low threshold. This is not considered for the time being.
4.2 Reselection from higher priority to lower priority
In this section, we consider the case where GERAN has a higher priority than E-UTRAN.

Similar to the previous case, there should be a measurement threshold relative to the serving cell, where the MS is not required to perform measurements to cells of lower priority (E-UTRAN in this case): above this threshold, the mobile will not perform measurements on cells of lower priority RATs; when the serving cell falls below that threshold, the MS will search for and evaluate cells of lower priority.

In this scenario, a Threshserving,low relative to the serving cell should be considered. If the serving cell is below this threshold and the target cell is above a ThreshRATm,low relative to the target cell, then reselection occurs. Note that the two thresholds will in general be different (in fact, since they refer to different systems, they will be different measurement quantities, e.g. RXLEV for GERAN, RSRP for E-UTRAN, etc.).
The above principles are illustrated in Figure 3, where it is shown that when the MS is camped on a particular RAT (GERAN in this case), a reselection to a lower priority RAT (E-UTRAN in this case) only happens when the serving cell falls below Threshserving,low. Even if the level of the lower priority cells went above the ThreshRATm,high, the mobile would keep camping on the higher priority RAT if the level on that RAT were sufficient.
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Figure 3 – Reselection from high priority to low priority when serving cell falls below low threshold
4.3 Reselection between RATs of equal priority

The reselection between equal priority RATs should also provide some parameters for both MS battery saving (measurement thresholds) and ping-pong minimisation (reselection thresholds). However, these are not dissimilar from the previous case of high priority → low priority reselection. Therefore, the same principles could be used for the equal → equal priority measurement and reselection rules:

1. Above a certain threshold relative to the current serving cell, the MS is not required to measure cells of another RAT of equal priority. Below this threshold, the MS is required to search and measure cells of equal priority RATs.

2. Reselection only occurs when the level of the serving cell falls below Threshserving,low.
The principles above are the same as those shown in Figure 3.
4.4 Time hysteresis

The effect of fading should also be considered in the reselection process. It is normal for cells to vary above/below configured thresholds and therefore special care is needed to avoid very fast triggered reselections without further consideration into filtering/averaging and evaluation times, as these may result in ping-pong between RATs.

A Treselection parameter could be considered for the provision of time hysteresis. If Treselection is not used, or is signalled as zero, then at least an evaluation time (Tevaluation) performance requirement of the target RAT would allow the MS to perform some filtering of the measurements.

An example of proposed detailed rules for Treselection/Tevaluation for E-UTRAN can be found in [7]. However, some examples are provided in this section on the usage of the time hysteresis parameters. For the examples shown, it is assumed that Treselection is not zero.

In the current algorithm for reselection from GERAN to UTRAN, Treselection is “hard-coded” in the specifications to 5 seconds, whereas in UTRAN it is configurable by the network (see TS 25.304 [10] and TS 25.331 [11]). Whether in the new algorithms it should be fixed or configurable is for further investigation.
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Figure 4 – Reselection from high priority to low priority with Treselection
From Figure 4, it can be seen that the principle behind the time hysteresis is that all criteria for reselection should be fulfilled for a given time, before reselection occurs. This includes both target cell/RAT, and serving cell/RAT.

One additional aspect of Treselection which may be considered is the case where a Treselection timer is already running for a cell on RAT with priority p1, but before the reselection occurs, the conditions to reselect to a RAT with priority p2, greater than p1, become satisfied. In this case it would make sense to cancel the Treselection to the RAT with priority p1 and start a timer for reselection to the higher priority RAT with priority p2. We believe that this would provide a more dependable mecanism to ensure that reselection to the highest of the available priority RATs occurs. This provides protection against a race condition which might otherwise occur, for example when the highest priority RAT drops below the low threshold and two lower priority (but not equal) RATs are both close to their high thresholds.

It is worth noting that in GERAN protection against ping-pong is provided by adding a higher hysteresis for a limited time, to protect the MS reselecting back to the previous cell shortly after a reselection (but this would still be allowed if the difference is large). This mechanism should be retained, as this approach would be even better than trying to delay the “forward” reselection.

5 Possible algorithm

In this section, a possible algorithm for prioritisation in GERAN is presented. In particular, an example is given of how cell reselections from GERAN to other RATs with different priorities could be achieved. This is very similar to the corresponding algorithm for E-UTRAN in [5]. The algorithm described in [5] applies only to the case of inter-frequency cell reselection; however, as stated in the paper, its adaptation to the inter-RAT case is straightforward.

Note that some of the details discussed in the previous sections may be missing, and the algorithm is provided only for illustration
.

· MS continuously performs intra-RAT measurements and makes intra-RAT cell reselections based on the existing reselection rules
· If MS is not camped on the highest priority RAT,
· the MS needs to periodically search for higher priority RAT(s) and if found, measures them.
· If at least one GERAN cell (typically the serving cell) is above a given threshold (Threshserving,high), the minimum periodicity for the MS to search new neighbour cells on higher priority RATs may be indicated by the network (Tpriority).
· If no GERAN cell (typically the serving cell) is above a given threshold (Threshserving,high) and/or the MS has not identified any (new) neighbour cell in the serving RAT, the periodicity for the MS to search and measure new neighbour cells on higher priority RATs is increased. (This is FFS)
· Priorities can also be utilised to decide the order of the neighbour cell searches and level measurements of higher priority RATs.
· If the MS finds a cell on a higher priority RAT that exceeds a given threshold (Threshx,high) for a given time (Treselection), the MS shall reselect to that cell. Once on the higher priority cell, it may be useful to have a hysteresis other than “time-based” to prevent the MS from moving back to the lower priority RAT.
· In order to further avoid ping-pong in case this does not appear to be sufficient for a particular MS, the threshold for re-selecting to a higher priority RAT should increase (i.e. become more stringent) proportional to the instability between the RATs.
· If the MS is not camped on the lowest priority frequency RAT, 

· If no GERAN cell (typically the serving cell) is above a given threshold (Threshserving,high) and/or the MS has not identified any (new) neighbour cell in the serving RAT, the MS shall search and measure cells on equal or lower priority RATs.
· The MS may search for cells on equal or lower priority RATs in priority order. 

· If the first measured RAT does not contain any cells above a given minimum required level (Thresx,low), the MS continues to the next lower priority RAT etc… If none is found, the MS continues periodically to search for cells on the lower priority RATs as long as the abovementioned measurement rules indicate so.

· The MS will reselect a new cell on a lower priority RAT, if no cell on the current serving RAT or on RATs of equal and higher priority meet a given minimum level for a given time (like Treselection) and the new cell has met the minimum service threshold for reselection for that RAT (Thresx,low) during that time.

For the E-UTRAN algorithm it has been proposed in [5] that some of the cell reselection parameters or priorities could be adjusted based on stationary vs non stationary (or low vs. high mobility) triggering, in line with what already happens in TS 25.304 [10]. Whether this should be done for GERAN as well is for further study. In any case, in order to ensure robust cell reselection rules, simple mobility triggering schemes should be defined.
6 How are priorities provided to the MS?

Something to be discussed is how the priority information is provided to the MS. For example, it could be broadcast in the system information (indicated on every cell for all neighbouring RATs). Alternatively, the priorities could be configured by dedicated signalling, either RR level signalling or NAS level signalling. The latter would provide some flexibility for the operator in taking the user subscription into account (for example a pay-as-you-go voice centric mobile could have higher priority for GERAN than UTRAN or E-UTRAN). Additionally it might be possible to utilise a combination of these schemes e.g. by the MS utilising the common priorities provided in the system information unless something else is provided; when user/subscriber specific priorities are provided to a given MS, the MS would use these priorities instead of the common priorities. This is discussed further in [5].
6.5 Scope of the information
Something that could require further discussion is whether the priorities (or the thresholds) are applicable only to one cell or to a larger area e.g. Location Area (LA) / Routing Area (RA) or even the whole PLMN. This could have an impact on how the information is provided. For example, if the information could differ on a cell basis, then System Information would be the best way to provide it (this could take the form of an Information Element associated with each RAT that signals its priority). Alternatively, if the scope is set to the LA/RA, then the signalling could be done in the LA/RA update messaging, possibly using NAS signalling; the MS would retain the signalled parameters until a new LA/RA is entered or until new parameters are signalled. This information could also be refreshed or updated during each periodic LA/RA update.
In RAN2 it seems to get consensus that, in E-UTRAN, priorities are terminal specific and signalled during a TA (Tracking Area) update procedure, and additionally in the state transition from RRC_CONNECTED to RRC_IDLE.
6.6 Signalling level – NAS vs. RR
As stated earlier in the paper, one possible application of priorities could be idle mode load balancing. Thus it seems natural to use NAS level signalling for this kind of subscription based prioritisation. Since NAS just needs to know which kind of RATs the operator has in the whole PLMN, it would be probably possible to use NAS signalling for subscription based load controlling.

On the other hand if there is need to do idle mode load balancing via RR then it might be difficult to provide that information to NAS.

In [5] it is proposed to use NAS level signalling for providing idle mode load balancing parameters to the MS. Whether this solution should be adopted also in GERAN needs further discussion. However, it should be consulted with CT/SA groups whether it is possible for legacy systems to provide priorities from the legacy NAS or whether this should be limited only to SAE.
In the end, it would be useful to have a consistent solution across all 3GPP RATs; hence coordination with the RAN working groups may be needed on this topic before making a final decision.

7 Other considerations

Comparing the algorithms described in section 5 with the algorithm provided – for example – in subclause 6.6.5 of TS 45.008, it can be seen that, in the case of two RATs (i.e. GERAN plus another RAT), an equivalent behaviour to the one obtained using priorities could be achieved by setting the value of Qoffset to ‑∞ when calculating the ranking of the cells in different RATs. Given that this is what operators seem to be currently doing anyway, it should not be a problem to substitute the existing algorithms with the priority-based ones. The advantage of the priority-based algorithms, as already mentioned in previous contributions, is that they work well also in the case of multiple RATs, unlike the offsets based ones. This is because, using only ‑∞, it would be possible to set the priority of RAT1 and RAT2 with respect to GERAN, but not the priority of RAT1 with respect to RAT2.
One question is whether a mobile of Release 8 that supports only two RATs (i.e. GERAN plus another RAT) should use the priority algorithms also for reselection from GERAN to the other RAT, or whether algorithms based on ranking (i.e. offsets) should be used. This could be especially relevant for the case of a Rel-8 mobile supporting only GERAN and UTRAN, where it should be decided whether the MS would use the algorithms described earlier in the paper instead of the ones currently provided in TS 45.008.
8 Conclusions

In this contribution, a proposal for the definition in GERAN of an inter-RAT cell prioritisation algorithm based on absolute priorities has been presented. A similar proposal is also made in [5] for E-UTRAN and in [6] for UTRAN. It is proposed that this feature is discussed and, if agreed, be included in the GERAN specifications. A text proposal for TS 45.008 will be provided at GERAN#37.

The proposed mechanisms could be impacted by the ongoing discussions on Home NodeB [12] and Closed Subscriber Group (CSG, see Annex F of [13]) 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.
It is worth reminding 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 no conflicts arise with the radio based mobility procedures.
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� 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. 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 provided by the mobile.


� As currently worded, the case of equal priority RATs may not be handled correctly. Some revision may be required.
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