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1
Introduction
With the introduction of LTE, a UE 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). This would introduce a “priority” between different RATs. This contribution discusses how already agreed priority based method for inter-RAT reselections can be applied in the UTRAN-LTE interworking. We especially focus on cell reselections from UTRAN to LTE. The document discusses the prioritisation algorithm (including discussion on measurement thresholds), the scope and possible delivery methods of priority information.
2
Prioritisation Strategy
2.1
Principle
Based on discussions from previous meeting the agreements on priorities could be summarised as follows: 
1. Priorities are defined by the network, and communicated through signalling; these priorities can be either user-specific, i.e. signalled by the network to a given MS by dedicated signalling, or general, in which case they are broadcast in the system information
2. Priorities are defined by the operator (subscription based policies); this could follow similar principles as those already defined in TS 22.011 (see e.g. subclause 3.2.2) or in TS 23.122.
3. Combination of the above

The definition of the strategies in 2 may be outside the scope of TSG RAN; in the following, option 1 is assumed. The priority based inter-RAT cell reselection method was also confirmed in RAN2#59bis.Since the prioritisation is mainly a non-radio related issue, we could consider the prioritisation to be based on absolute values (for example Priority=0…7) as already reflected in 36.304. It is broadcast in the system information (indicated on every cell for all neighbouring RATs). Alternatively, the priorities are configured at the RRC level. The latter provides some flexibility for the operator in taking the user subscription into account (for example a pay-as-you-go  voice centric UE could have higher priority for GSM and/or UTRA). Additionally it might possible to utilise both schemes e.g. by the UE utilising the common priorities provided in the system information unless something else is provided. When user/subscriber specific priorities are provided to a given UE, the UE would use these priorities instead of the common priorities.
From the UTRA point view, one has to consider the existing legacy mechanisms and how the dedicated prioritisation information would be obtained. There are several possibilities, and two main ones which we will consider further are:
· A default set of priorities could be adopted (specified) and updated priority information can be received in LTE (e.g. upon camping on an LTE cell) and stored in the UE independently of future reselections to UTRAN and/or GERAN.

· The RAT priorities updated priorities are signalled either at RRC (e.g. RRC Connection Release) or system information..
The second option requires some investment into the UTRA infrastructure, as it adds some extra signalling. This could also be seen as rather minor when compared to the integration of an LTE system in an operator network. On this point, it is imperative to take into account the opinion of the relevant experts in RAN3 and SA2 since the dedicated signalling option will also impact the UTRA architecture.
Nevertheless, it is required that any chosen method ensures coherence with the priority configuration in the LTE system (e.g. scope of priority information, actual broadcast priority values and thresholds). Failure to do so could result in constant reselections between RATs. In practice, this means that the agreements on the prioritisation mechanism in 36.304 and relevant signalling in 36.331 need to be mirrored in 25.304 and 25.331.
One further point to consider is that the two options above are not necessarily exclusive. Since initial deployments may not have updated system information, it could be useful to have some mechanism whereby the UE stores the priority information received when in dedicated signalling in the LTE cell if at a later stage it reselects to UTRA.
3
Prioritisation Algorithm
The inter-priority layer reselection mechanisms for LTE are mainly based on the use of thresholds rather than ranking. To avoid 3-way ping-pong between LTE frequency layers via UTRA (or GERAN) it is important to take a similar approach in UTRA.
The general prioritisation algorithm has been discussed at length in [2] and has been agreed into 36.304. Still, in this section, we provide an overview of how the reselection algorithm could work from a UTRA centric point of view, with a few case studies. It should be noted that these scenarios are merely simple examples that illustrate the need for particular parameters, etc – they do not represent the complexity of the real world.

In all cases, the UE performs infra-frequency measurements and makes intra-frequency reselections under the current rules specified in 25.304, and therefore this is not discussed further.
3.1 Reselection from UTRA (lower priority) to LTE (higher priority)

If the UE is camped in a given layer/RAT (e.g. UTRA), the UE should search for higher priority layers/RATs (e.g. LTE). However, it would be beneficial to have a threshold relative to the serving cell, where the UE measurement activity is controlled. If the serving cell is above this threshold the UE performs periodic searches of higher priority layers/RATs. If the serving cell is below this threshold, the measurement activity increases (e.g. every DRX). This type of operation ensures some UE battery saving, as the UE is not required to constantly search for higher priority layers/RATs.
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 layer/RAT (LTE) is above a certain threshold before reselections are considered.
These requirements are illustrated in Figure 1 where the UE is initially camped in UTRA. The UE performs periodic searches for LTE and, even though there are suitable LTE cells, the UE will only reselect once LTE is above a high threshold. It is also clear that for this example, the reselection is not triggered by the serving cell but rather by the level of the target RAT (infrequent periodic searches/measurements still ongoing). Note that in the figures herein, the thresholds are common between RATs purely for simplicity.
The current agreements for the LTE prioritisation algorithm only rely on RSRP. The usefulness of RSRQ measurement is still under debate in RAN4 and therefore, only thresholds based RSRP and RSCP are assumed herein. In [4] we also show the impact of a packet scheduler (HSPDA) on Ec/Io. The consequences of using Ec/Io thresholds for UTRA serving cells are quite similar to those shown in that document for UTRA Inter-frequency reselection, except there is no ranking of UTRA/LTE cells and therefore thresholds are the only mechanism we can rely upon to avoid ping-pong due to cell load variance.
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Figure 1 - UE reselection when higher priority target is above high threshold
It is also necessary to consider the cases where the serving UTRA cell is no longer providing service (e.g. Scriteria or some other threshold). In this case, it becomes less significant whether the LTE cell is above a high threshold and therefore reselection should still be considered, provided that the LTE cell is at least above its low threshold.
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Figure 2 - reselection when serving cell falls below LowTreshold

3.2 Reselection from UTRA (higher priority) to LTE (lower priority)

Similar to the previous case, there should be a measurement threshold relative to the serving cell, where the UE is not required to perform measurements to cells of lower priority (LTE in this case). When the serving cell falls below that threshold the UE will search and evaluate for cells of lower priority.
The reselection should not occur solely dependent on the level of LTE. Variations in the RSRP of the LTE cell could trigger the reselection but once camped on that cell the UE would return to UTRA due to the low→high priority reselection rules. Instead, a LowThreshold relative to the serving cell should be considered. If the serving cell is below this threshold and the target cell is above another threshold, then reselection occurs. Note that it is not sufficient for the LowThreshold to be equivalent to the Scriteria because, from UTRA deployment experience, the Scriteria provides the bare minimum for cell camping but not necessarily complete service.

The above, is illustrated in Figure 3, where it is shown that when the UE is camped in the high priority RAT (UTRA in this case), a reselection to a lower priority RAT (LTE in this case) only happens when the serving UTRA cell is below a LowThreshold.

Similar to previous figures, the thresholds shown are common between the two RATs, purely for simplicity. In reality these may be different.
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Figure 3 – UTRA (high priority) → LTE (low priority) reselection
3.3 Reselection between layers/RATs of equal priority
The reselection between equal priority layers should also provide some parameters for both UE 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 UE is not required to measure cells of another RAT of equal priority. Below this threshold, the UE is required to search and measure cells of equal priority RATs.

2. Reselection only occurs if the serving cell is below a LowThreshold.

The principles above are shown in Figure 3. 
3.4 Time hysteresis
The effects of fast 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 (e.g. Treselection), as these may result in ping-pong between RATs and frequency layers.
The detailed analysis of the filtering is more within the scope of RAN4 than RAN2. However, RAN2 can already consider the use of a Treselection parameter for 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 UE to perform some filtering of the measurements.
The general detailed rules for Treselection/Tevaluation have been agreed into in [3]. However, we also provide some examples in this section on the usage of the time hysteresis parameters. For the examples shown, we assume that Treselection is not zero.
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Figure 4 – Reselection from high priority → low priority with Treselection (I)
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Figure 5 – reselection from high priority → low priority with Treselection (II)
From Figure 4 and Figure 5, it is seem 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 that 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 satisified. In this case we believe that 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.
5
Conclusion

The paper proposed how prioritisation cell reselection and measurement algorithms could work from UTRAN to LTE cell reselections (The most important measurement thresholds were defined and a discussion about the measurement rules was given). 
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