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Discussion and Decision
1.
Introduction

Per TS 23.122 clause 4.4.3.3.1, when switched on in a VPLMN, the UE shall attempt to obtain service on its HPLMN or one of its EHPLMNs or a higher priority PLMN after at least 2 minutes and at most T minutes. After this first search, it shall periodically perform a similar search every T minutes.

At CT#31 (March 2006), CT agreed in [1] to extend the possibility for the UE to perform the first higher priority PLMN search after 2 minutes also in the non-switch on case. This was done to enable the UE to go to a higher priority PLMN faster and avoid uncessary delays in obtaining service on higher priority PLMN.
However this change was reverted at CT#35 (March 2007) in [2] due to ping-pong issues observed at the 2G/3G boundaries for Greenfield 3G operators that used a partner’s 2G network as overlay network (see [3]).
The purpose of this contribution is to determine whether it would be beneficial to allow both UE behaviours and let the operator choose which behaviour the UE shall apply.
2.
Background
2.1 Current requirements
TS 23.122 clause 4.4.3.3.1 currently states the following: 
If the MS is in a VPLMN, the MS shall periodically attempt to obtain service on its HPLMN (if the EHPLMN list is not present or is empty) or one of its EHPLMNs (if the EHPLMN list is present) or a higher priority PLMN/access technology combinations listed in "user controlled PLMN selector" or "operator controlled PLMN selector" by scanning in accordance with the requirements that are applicable to i), ii) and iii) as defined in the Automatic Network Selection Mode in subclause 4.4.3.1.1. In the case that the mobile has a stored "Equivalent PLMNs" list the mobile shall only select a PLMN if it is of a higher priority than those of the same country as the current serving PLMN which are stored in the "Equivalent PLMNs" list. For this purpose, a value T minutes may be stored in the SIM, T is either in the range 6 minutes to 8 hours in 6 minute steps or it indicates that no periodic attempts shall be made. If no value is stored in the SIM, a default value of 60 minutes is used for T.

If the MS is configured with the MinimumPeriodicSearchTimer as specified in 3GPP TS 24.368 [50] or 3GPP TS 31.102 [40], the MS shall not use a value for T that is less than the MinimumPeriodicSearchTimer. If the value stored in the SIM, or the default value for T (when no value is stored in the SIM), is less than the MinimumPeriodicSearchTimer, then T shall be set to the MinimumPeriodicSearchTimer.

The attempts to access the HPLMN or an EHPLMN or higher priority PLMN shall be as specified below:

a)
The periodic attempts shall only be performed in automatic mode when the MS is roaming, and not while the MS is attached for emergency bearer services or has a PDN connection for emergency bearer services;

b)
After switch on a period of at least 2 minutes and at most T minutes shall elapse before the first attempt is made;
c)
The MS shall make the following attempts if the MS is on the VPLMN at time T after the last attempt;
This means that if the UE is switched on in e.g VPLMN A and configured with the minimum possible value for T ie 6 minutes, it will perform the first higher priority PLMN search after at least 2 minutes and at most 6 minutes, and every subsequent search thereafter every 6 minutes. If at some point the UE reselects from VPLMN A to VPLMN B, the UE will perform the first higher priority search on VPLMN B 6 minutes after entering VPLMN B. 
Similarly, if the UE returns to the HPLMN for some time, then moves again to VPLMN B, the UE will perform the first higher priority search on VPLMN B after 6 minutes.

One consequence is that, apart from the very first higher priority PLMN search upon switch on which can be performed  as early as 2 minutes after VPLMN acquisition, the UE will always need to stay at least 6 minutes on a VPLMN before it can attempt to go back to a higher priority PLMN.

2.2 Extension of use of 2 minute timer agreed in 2006 in [1]
In March 2006, CT#31 agreed a contribution from Nokia in [1] extending the use of the 2 minute timer for the first search on a VPLMN to the non switch-on case,  through the following changes:

The attempts to access the HPLMN or an EHPLMN or higher priority PLMN shall be as specified below:

a)
The periodic attempts shall only be performed in automatic mode when the MS is roaming;

b)
After switch on or when entering a VPLMN, the MS shall make the first attempt after a period of at least 2 minutes and at most T minutes;

c)
The MS shall make the following attempts, if the MS is on the VPLMN, at time T after the last attempt;

With these changes, the UE can attempt to return to a higher priority PLMN faster after entering a VPLMN since it is allowed to perform the first higher priority search after 2 minutes, even in the non-switch on case. This however was found to have side-effects in certain deployments since it could trigger ping-pong issues with impacts on battery life and reachability, as detailed in [3] based on data provided by 3 (Hutchison 3G UK). As a result, T-Mobile brought a CR to CT1 to revert the change and it was approved at CT#35 in [2].
3.
Discussion
Restricting the use of the 2 minute timer to the switch-on case, or allowing its use also in the non switch-on case, have the following pros and cons:

Option 1: Restricting use of 2 minutes timer to switch-on case:

· Pros: Reduces ping-pong issues between VLPMN and higher priority PLMN
· Cons: The UE needs to wait at least 6 minutes after entering a VPLMN before being able to return to a higher priority PLMN (apart from the very first search upon switch-on)

Option 2: Allowing use of 2 minute timer also in non switch-on case:

· Pros: The UE can return to a higher priority PLMN as fast as 2 minutes after entering a VPLMN

· Cons: In certain deployments there may be ping-pong issues between a higher priority PLMN and a VPLMN
There is clearly a trade-off between potential ping-pong and reducing the amount of time spent by the UE in roaming. Also, certain network deployments are more susceptible to ping-pong than others: as described in [3], “Operators who have both 2G and 3G networks may be able to limit the effect of ping-ponging by sending neighbouring cell information on system information blocks (SIBs) which are sent on 3G networks as well as 2G networks. This way when the UE has locked on 2G signal, it is aware of neighbouring 3G cells and thus able to lock on to 3G quicker instead of performing lengthy PLMN scan. However Greenfield 3G operators, who use partner’s 2G overlay network, may not have access to partner network’s system information and thus unable to send their own 3G neighbouring cell information. This ‘disability’ in sending 3G cell information on partner’s 2G network contributes to ping-ponging.” Therefore the amount of ping-pong for a given search timer will be different in different networks, and some operators can use means other that the value of the higher PLMN search timer to mitigate ping-pong effects. 
Moreover, depending on its roaming agreements with neighboring operators, an operator may want to give priority to reducing ping-pong effects, or to give priority to bringing the subscriber back to the HPLMN as as fast as possible. In particular, operators with a pricing model such that they incur additional costs when their subscribers are roaming may want to make bringing the subscriber back to the HPLMN their highest priority. Additionally, for certain device categories (e.g automotive), some services are disabled based on serving RAT/PLMN so it is especially important to get the subscriber back to the preferred carrier to regain use of these services,
However currently the specification only allows Option 1 and there is no way for the operator to choose Option 2. This can be resolved by introducing a NAS configuration parameter in Rel-12 that would allow the operator to configure the UE for one option or the other.
4.
Proposal
It is proposed to create a new NAS configuration parameter called “FastFirstHigherPriorityPLMNSearch” in Rel-12 and to update TS 23.122 and TS 24.368 as shown in C1-132863 and C1-132864 such that this parameter can be used by the operator to choose which option the UE shall apply, with Option 1 (current requirements) being the default in case the parameter is not present. Note that this will also require an update to TS 31.102 in CT6.
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