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On the priority-based reselection algorithm in GERAN

1 Introduction
With the introduction of absolute priorities and the priority-based cell reselection algorithm in Rel-8, there is a potential requirement for interworking between GERAN/UTRAN networks supporting Rel-8 procedures and deployed networks of Rel-7 or older which are not upgraded to support this algorithm (and hence the legacy algorithm based on cell ranking is used by mobiles in those networks).

When reselecting to a target RAT not supporting the priority based algorithm, RAN2 took the view that reselection towards such a RAT should also be based on cell ranking, so that “symmetric” reselection rules are applied between both RATs. In order to achieve this behaviour, RAN2 has decided that in UTRAN, if the UE has received no priority information for ANY frequency of a target RAT in the selected PLMN, the mobile should use the legacy cell reselection algorithm towards that RAT (see subclause 5.2.6.1.4a of TS 25.304 [1]).

However, when the serving network interworks with two or more other networks, this could lead to scenarios where in the mobile the priority algorithm and the legacy algorithm are running in parallel. This leads to excessive complexity in the mobile. The sourcing companies believe that even if in a UTRAN network the legacy algorithm is used, in GERAN the priority-based reselection can be used towards that network without the risk of ping-pong and with the same reselection behaviour as the GERAN legacy reselection algorithm would provide, providing that a suitable choice is made for the parameters of the priority algorithm and of the ranking algorithm.
2 Priority based reselection towards target RAT supporting ranking

In this paragraph the mobile behaviour in inter-RAT reselection between one RAT that uses the priority algorithm and another RAT that uses the ranking algorithm is investigated
.
The following scenario is analyzed, where it is assumed that RAT1 uses the ranking algorithm, while RAT2 uses the priority algorithm.
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Figure 1
First we consider the case where RAT2 is configured to have higher priority than RAT1. In Figure 2, four possible combinations for the levels measured in two cells of the two RATs are shown.
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Figure 2
For the four cases above, the behaviour of the mobile is as follows:

	Case
	If the mobile is in RAT1…
	If the mobile is in RAT2…
	End result

	(a)
	it stays on RAT1
	it stays on RAT2
	the mobile stays in the current RAT

	(b)
	it stays on RAT1
	it reselects to RAT1
	in both cases the mobile ends up in RAT1

	(c)
	it stays on RAT1
	it stays on RAT2
	the mobile stays in the current RAT

	(d)
	it reselects to RAT2
	it stays on RAT2
	in both cases the mobile ends up in RAT2


Although this is not an exhaustive illustration of every possible combination of levels in RAT1 and RAT2, at least in the cases shown in Figure 2 the behaviour is stable, i.e. ping-pong does not occur.

Figure 3 shows the case where RAT2 is configured to have lower priority than RAT1.
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Figure 3
For the four cases above, the behaviour of the mobile is as follows:

	Case
	If the mobile is in RAT1…
	If the mobile is in RAT2…
	End result

	(a)
	it stays on RAT1
	it stays on RAT2
	the mobile stays in the current RAT

	(b)
	it stays on RAT1
	it reselects to RAT1
	in both cases the mobile ends up in RAT1

	(c)
	it stays on RAT1
	it reselect to RAT1
	in both cases the mobile ends up in RAT1

	(d)
	it reselects to RAT2
	it reselects to RAT1
	PING PONG!


The analysis above shows that in this case there is the risk that ping-pong may occur.
From this analysis it can be concluded that, in the general case, it is possible to use cell reselection based on ranking in one direction and cell reselection based on priority in the opposite direction, provided that the RAT that uses ranking has a lower priority than the one using priorities and if appropriate parameters for the ranking algorithm are used. Note that this is a simplified analysis; in particular, the effect of the hysteresis and the offsets used in the calculation of the rank has not been taken into account.
However, the analysis above only takes into account the ranking rules. In the particular case where UTRAN is the lower priority RAT, there are other mechanism to take into account. Looking at subclause 5.2.6.1.1 of TS 25.304, it can be seen that measurement rules are defined using thresholds that affect whether cells of a particular RAT are measured or not. In particular, in the case of inter-RAT measurements:

If the system information broadcast in the serving cell indicates that HCS is not used and absolute priorities for some inter-RAT layers are not provided, then for inter-RAT measurements on RATs for which absolute priority information is not provided the UE shall:

3.
If Sx > SsearchRAT m, and Srxlev > SHCS,RATm if SHCS,RATm is signalled, UE may choose to not perform measurements on cells of RAT "m".
If Sx <= SsearchRAT m, or Srxlev <= SHCS,RATm if SHCS,RATm is signalled, perform measurements on cells of RAT "m".
If SsearchRAT m, is not sent for serving cell, perform measurements on cells of RAT "m".

(Sx is equal to Ec/N0 for FDD and RSCP for TDD, and Srxlev is equal to RSCP for FDD). The following statement in the same subclause:

In Idle, URA_PCH, CELL_PCH and CELL_FACH states the UE shall only consider those cells the UE is mandated to measure according to the measurement rules below as measured cells in the cell reselection criteria (subclause 5.2.6.1.4)
indicates that those thresholds can be used not just to control measurement, but also to control cell reselection towards a particular RAT
.
Assuming that RAT1 is UTRAN, if the measurement threshold is set so that the mobile does not measure RAT2 when the level in RAT1 is higher than ThreshRAT1,high, then in the case shown in Figure 3-(d) if the mobile is in RAT1 it stays in RAT1. Hence the end result is that the mobile ends up in RAT1, and ping-pong is avoided.
Again, this a simplified analysis, but the conclusion is that in GERAN the priority-based reselection algorithm can be used towards a Rel-7 network without the risk of ping-pong, with the same reselection behaviour as the GERAN legacy reselection algorithm would provide in the deployed networks. The major benefit is that there is not the need to support two different inter-RAT reselection algorithms in parallel in the mobile, leading to simplified implementation.
Therefore the sourcing companies believe that, in GERAN, it should not be necessary to follow the approach taken by RAN2. As shown above, the priority reselection algorithm could be used in GERAN even when the ranking algorithm is used in UTRAN: provided that the measurement thresholds are set properly, ping-pong can be avoided.
3 Further considerations for dedicated priorities
Figure 4 shows a scenario where a GERAN network is interworking with two UTRAN networks, one of which (UTRAN-A) has been upgraded to Rel-8 and therefore uses priority reselection and the other (UTRAN-B) which continues to use legacy reselection
.
Based on the analysis in section 2, in the GERAN network it is possible to use the priority-based reselection algorithm towards UTRAN-B, as shown in Figure 4. The benefit is that, while in GERAN, the mobile station will only use the priority-based algorithm for inter-RAT reselection.
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Figure 4
In TS 25.304 it has been specified that if the terminal does not have priority information for some inter-RAT layers in a target RAT, cells belonging to layers in that RAT for which no priority or no threshold is assigned shall not be considered for reselection. This rule should apply also in GERAN, especially for the case of dedicated priorities, as it allows the operator to disable the reselection of a mobile to specific frequencies of a RAT.

However we want to avoid the case whereby if no priority has been provided for any frequency of RAT, then legacy reselection is used towards that RAT; instead it is proposed that, in GERAN, if no priority has been provided for any frequency of RAT, reselection towards that RAT (or to one particular PLMN) is disabled completely. This is not possible with the UTRAN rules.
With these assumptions, some cases that could occur when the mobile has been provided with dedicated priorities need some consideration. Let’s consider the following case:

· the mobile is in E-UTRAN, and receives dedicated priorities for E-UTRAN, GERAN and UTRAN-A;

· the mobile moves to GERAN, with dedicated priorities still valid. Due to GERAN rules, it will apply priority reselection to E-UTRAN and UTRAN-A but will ignore UTRAN-B;

As a consequence, the mobile will never reselect to UTRAN-B. The conclusion is that when sending dedicated priorities to the mobile, a network needs to include also dedicated priorities for UTRAN-B, despite the fact that in that network the priority algorithm is not used.
4 Conclusions
In this paper it has been shown that it is possible in GERAN to use the priority algorithm even when the target UTRAN network uses the legacy algorithm. The desired reselection behaviour can be achieved in GERAN without the need for two inter-RAT reselection algorithms running in parallel in the mobile station. Therefore, it is proposed to have in GERAN slightly different rules than those specified for UTRAN.
In [4] a Change Request for the introduction of dedicated priorities in TS 45.008 is provided. The proposed changes are consistent with the principles described in this paper.
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� Note that this wording is not strictly correct; however in this paper we will use this as a ‘shorthand’ terminology, whereby “RAT1 uses the ranking algorithm” means that a mobile camping on that RAT uses the legacy algorithm for cell re-selection, while “RAT2 uses the priority algorithm” means that a (Rel-8) mobile camping on that RAT uses the priority-based algorithm for cell re-selection.


� It is worth noting that the condition above has not been present in the UTRAN specifications since Rel99, but has been included from Rel-5 onwards (see � REF _Ref221981136 \w \h ��[2]� and � REF _Ref221981145 \w \h ��[3]�), due to problems with the ranking algorithm experienced in deployed networks.


� Although in the figure this is shown as a Rel-7 network, the same case applies if the network has been upgraded to Rel-8 but the parameters required for the priority algorithm are not broadcast.
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