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1
Introduction
For inter-frequency and inter-RAT cell reselection in E-UTRAN, a priority algorithm has been agreed [1][2]. The priority algorithm has been agreed also for inter-RAT cell reselection from UTRAN [3] and from GERAN [4].
However, a careful review of the current description in TS 36.304 has revealed that the present version of the algorithm exhibits some unintended behaviour. This was highlighted in a document submitted to RAN2 [5], where a proposal for correction is given.

Additionally, some enhancements to the way that the algorithm operates are possible, which can improve the stability and the performance of the algorithm, especially when the level of the cells of the target frequency or RAT is close to the lower limit. These have also been proposed in [5].
In this document, the proposed corrections and enhancements are presented. Since the algorithms in the different RATs should be aligned, the description of the priority algorithm in TS 45.008 – which had previously been provided in the CR in [4] – has been updated in the revision of the CR contained in [6].
2
Changes to the priorities reselection algorithm
2.1
Error in the current algorithm
The current text describing the priority algorithm in TS 36.304 is such that:
- the mobile station reselects a cell on a higher priority frequency layer or RAT if the level in the other cell is higher than a "high" threshold Threshx,high (regardless of the level in the serving cell);
- if the level in the serving cell is not sufficient (i.e. below a “low” threshold Threshserving,low), and no cell in a higher priority frequency layer or RAT is above the "high" threshold, then the mobile station reselects to a cell of a lower priority frequency layer or RAT, provided that it is a above a "low" threshold Threshx,low.

Figure 1 summarises the defined thresholds. Note that the level for which the S-value = 0 is the minimum level for camping on a cell.
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Figure 1 – Thresholds for the priority-based reselection algorithm
However, if a reselection is triggered because the level in the serving cell is below Threshserving,low, the mobile station should first try to reselect a cell of a higher priority frequency layer or RAT, provided that it is above a "low" threshold (i.e. above a minimum signal level), but below the “high” threshold
; only if no cells of higher priority frequency layers or RATs are above the "low" threshold should the mobile station reselect to a lower priority frequency layer or RAT. But the current description in the specification does not allow this; the scenario shown in Figure 2 of [2], repeated below for convenience, would never occur.
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Figure 2 – Serving cell falling below the “low” threshold before a higher priority cell reaches the “high” threshold

This means that, with the current wording in TS 36.304, if a target cell is in a higher priority frequency layer or RAT and its level is between Threshx,low and Threshx,high (for that frequency layer or RAT), that cell would never be reselected. In other words, the mobile station would reselect a lower priority RAT (even if this was barely above the lower threshold) even while a higher priority frequency layer or RAT were available just below the corresponding higher threshold. This is clearly not the intended behaviour. Note that this undesired behaviour is due not to the principles of the algorithm itself, but to the current wording in the specification.
For these reasons, the sourcing companies believe that a correction to the text in TS 36.304 (and the corresponding text in [4]) is required.
It is also worth noting that, for lower priority frequencies or RATs, the “high” threshold Threshx,high is currently not used. One option could be to avoid signalling it, and provide it only for higher priority RATs or frequency layers. However, the “high” threshold could be used for an enhancement of the priority algorithm, as described in the following section.
2.2
Enhancements to the algorithm
With the rules currently defined for reselection, a mobile could reselect a frequency layer or RAT of a certain priority that is barely above its “low” threshold even if there exists a lower priority frequency layer or RAT that has a very high signal level. It may desirable for the mobile station to take into account the level of the neighbour cells in deciding the target cell for reselection (but still avoiding ranking between cells).
Another problem is that in the present description of the algorithm there is no hysteresis built in for all possible inter-frequency and inter-RAT reselection scenarios. Consider the case where both the serving cell and the target cell in a lower priority RAT are close to their respective lower thresholds. In this case, if the serving RAT drops marginally below the “low” threshold, an inter-RAT reselection would occur immediately. Reselection backwards would not happen; but because the original RAT now is a higher priority RAT, only a small fluctuation in the level of the new cell could make the mobile station reselect to the original RAT, thus generating ping-pong.
In order to resolve these potential issues, one proposal could be to use the “high” threshold for accepting reselection to a lower priority frequency or RAT. This follows the same principle as reselecting a higher priority RAT: the use of the higher threshold guarantees that reselection is not triggered unless the level in the target frequency or RAT is good enough to avoid an immediate reselection back. In practice, this will introduce some hysteresis in the reselection procedure.
One may conclude that the likelihood of the serving cell dropping below the low threshold increases as a lower priority frequency or RAT is not selected at a level between the low and the high thresholds. In practice this should not be the case, normally it is likely that a lower priority frequency or RAT would have continuous coverage in the area where service from a higher priority frequency RAT is lost. It would be like a normal reselection from LTE to UTRAN or LTE to GERAN when LTE coverage fades.
Another possible modification could be introduced when the serving cell goes below the lower threshold AND no other cell in another frequency layer or RAT exists with a level above the high threshold (meaning no lower priority exists with a level above the high as otherwise the mobile would have reselected it). In this case, a different method to guarantee hysteresis could be introduced, whereby the mobile station should not reselect another frequency layer or RAT if it has no sufficient margin to the point where reselection is triggered, which is relative to the low threshold. In this case, when the level of the serving cell drops below its low threshold, if no better other RAT is available according to the priority-based reselection rules, the mobile station is allowed to reselect another RAT if the level of that RAT, relative to the low threshold (alternatively the high threshold) defined for that RAT exceeds the quality of the serving RAT, relative to the low threshold (alternatively the high threshold) defined for the serving RAT, by a specific hysteresis (which could be either fixed or defined by a network controlled parameter). The same would apply also for the case of neighbour E-UTRA frequencies.
The rule above would be some sort of “emergency rule” and is intended for the case where all available frequency layers or RATs are poor (below the high threshold). This rule tries to avoid approaching levels where service is lost even if suitability is fulfilled, but still it needs to try to avoid frequent inter-RAT reselections, by providing hysteresis between different cells.
The proposal above is clarified with an example. Let’s consider the case of a mobile station that monitors three “priority layers” in addition to the one where the serving cell is located. The phrase “priority layer” is used as a generic way to indicate either a RAT, or a frequency layer of a RAT (e.g for E-UTRAN).
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Figure 3
In the scenario in Figure 3, the level of each priority layer monitored by the mobile station falls between the low threshold and the high threshold. Δ(i) represents the level of priority layer (i), relative to the low threshold defined for that priority layer:

Δ(i) = (level of priority layer i) – (lower threshold of priority layer i).

A reselection is triggered when for the serving cell Δ(serving) is negative, as the level of the serving cell has fallen below the low threshold (as shown in Figure 3).

The mobile station will reselect a priority layer only if its level, relative to the low threshold defined for that layer exceeds the level of the serving RAT, relative to the low threshold defined for the serving RAT, by a specific hysteresis (either fixed or defined by a network controlled parameter). In other words, the mobile station will reselect a priority layer i only if

(Δ(i) – Δ(serving)) > H
where H is the hysteresis.

For example, in the case in Figure 3, assuming that the only priority layer to satisfy this condition is priority layer 1, the mobile station will reselect priority layer 1.
If more than one priority layer satisfies the condition above (and is above Threshx,low), then the mobile station could:
· either reselect the one with the highest priority;

· or reselect the priority layer for which the level is highest.
It is proposed to adopt the second option, i.e. the mobile station reselects the priority layer for which the level is highest.
If none of these quantities above is higher than the hysteresis H (i.e. if the level of all priority layers is close to the low threshold), then the mobile station could continue camping on the serving cell. This is not a major issue: if reselection does not get triggered because of the hysteresis, this would mean that the level of the serving cell is not actually much below the low threshold. In this case there may not be urgency for reselection, especially not towards another layer that has only marginally better quality. This assumes that the level of Threshserving,low is above the ‘suitability’ level (i.e. the level for which S = 0, see e.g. 3GPP TS 36.304 or 3GPP TS 25.304), so the terminal can still camp on a cell and receive service even if its level is below Threshserving,low (provided that S > 0).

As an additional possible enhancement, in the case where no neighbours are above the Threshx,low then the mobile station could consider the priority layers that are above the suitability level and reselect the strongest one (i.e. the one with the highest value of S).

2.3
Proposed changes
In order to address the issues highlighted, the description of the priority algorithm in the CR to TS 45.008 provided in [4] (submitted at GERAN#37) has been revised. The new version can be found in [6].
3
Conclusions
In this document, some unintended behaviour of the priority algorithm in TS 36.304 has been highlighted; also some possible enhancements to the algorithm have been proposed. These proposals have been discussed in a contribution submitted to RAN2 [5]. At the time of writing, the outcome of the discussion in RAN2 is not known.
These issues affect also the introduction of the priorities algorithm in UTRAN and GERAN (for inter-RAT cell reselection). A previous CR to TS 25.304 submitted to RAN2 has been revised to reflect the proposals in the present document; the latest version can be found in [7]. The CR to 45.008 submitted at GERAN#37 [4] has also been revised accordingly, and the new version can be found in [6].
Before agreeing the CR, GERAN should check the outcome of the discussion in RAN2, so that the priority-based reselection algorithms in the different RATs can be kept aligned.
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� If the level of a higher priority frequency layer or RAT were above the “high” threshold, it would have already been reselected.
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