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1 Introduction

TR 22.811 on Network Selection Principles highlights Ping Pong during PLMN selection as an issue in the National Roaming Scenario. This has been captured as one of the major conclusions.

This issue should not be confused with cell reselection where the author believes solutions were introduced in release 6.
The Discussion below highlights the problem in more detail than the SA1 TR. It is appreciated that not all of the discussion will lead to standardisation as some of these may be implementation specific.
2 Out Of Service from 3G idle mode

2.1 Scan issues

The introduction of 3G around the world has meant that the National Roaming Partner scenario is much more common, this trend is likely to continue with SAE/LTE.

An operator may only have one radio technology and uses a National Roaming Partner to increase nationwide coverage. 
In many cases, the NRP is not declared equivalent to the HPLMN. As a result, the UE needs to perform a PLMN reselection when losing the HPLMN before registering on the NRP’s network
When the UE loses coverage from its RPLMN, 23.122 mandates that the UE shall search the last RPLMN on all supported bands before reselecting another PLMN. This implies that the UE cannot move from its HPLMN to a non-equivalent NRP without performing a 3G+2G FBS. 

Depending on the number of PLMNs, RATs and frequencies around, a FBS can take a very long time. Since the HPLMN usually uses a few UARFCNs only and the NRPs will use also a limited set of frequencies, most of this time is spent checking frequencies where only FPLMNs can be found, so if the HPLMN becomes available again before the end of the scan it may not be seen because the UE has already scanned these frequencies. During this time, the UE is effectively out of service.
Therefore when losing coverage from the HPLMN, the user experience can be badly affected by the fact that in the UE has to perform a PLMN reselection, which is not an efficient process. PLMN reselection was specified in 23.122 at a time where national roaming scenarios were not really considered. 
This issue is now being revisited as part of 3GPP’s review of network selection principles for Release 7.

2.2 Ping-pong

There is a trade-off between user experience and roaming costs. To improve the user experience, it is necessary to let the UE move as fast as possible to the NRP once the HPLMN is lost so that the service outage is minimal.

Another consideration is that when the UE is static at the edge of coverage, the user experience can be affected by the UE constantly losing and recovering coverage (cell breathing in 3g has an effect here), while it could camp steadily on a strong NRP signal instead. However, it should be possible to only allow the UE register on the NRP when the HPLMN is lost and not when the UE went through a small gap of coverage.

In order to prevent the UE from reselecting the NRP due to a small gap of coverage, the UE may use a timer during which PLMN reselections are forbidden after a loss of coverage. Such a timer is discussed in 25.331 when 3G coverage is lost in RRC connected mode. Nevertheless, nothing within 3GPP specifications specifies that the UE has such a timer when losing 3G coverage in idle mode.
Ping-pong may easily occur at the edge of 3G coverage because 3GPP specifies one single threshold (Scriteria) that is used to declare both when coverage is lost and when coverage is recovered. Hence, 3GPP doesn’t provide any hysteresis based on signal level. Only time hysteresis is provided by the 12 seconds criteria to declare OOS.

3 has observed that in low coverage scenarios (esp. a UE static at the cell edge) using the same threshold leads to ping-pong effects between In-Service and Out-Of-Service states. 
It should be pointed out this is different from inter-RAT cell reselection. 

(Note: During SA#30, it was asked about the release for Ping Pong, also during SA1 discussions, at least one delegate was confused on this issue)
It is usually preferable to get normal service from a 2G NRP rather than to ping-pong forever between 3G In-Service and OOS. 
3 Possible Solutions
3.1 Overall Selection
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Figure 1: Possible Solution for OOS in 3G idle mode.

In this solution, once the UE has declared OOS (i.e. after 12 seconds searching for a suitable cell on the 3G/2G neighbour cells), the UE will start the T_OOS timer. 
While the timer is running, the UE will only perform 3G and 2G fast scans on the current RPLMN, i.e. it will only search for the LRPLMN or an ePLMN on stored frequencies and neighbours cells from SIB11. 
A short wait timer can be used between the end of a fast scan until the start of a new fast scan. This ensures that the UE can prevent any PLMN reselection during T_OOS, whilst maximising its chances to find a suitable cell since only relevant frequencies with high probability of success are scanned.

Once T_OOS expires, the UE would perform one fast scan on the 3G and 2G OPLMNs of the same country if they have stored frequencies. Again, this will allow the UE to find quickly a suitable cell of a high priority PLMN.

If this fast scan is unsuccessful, the UE then moves into a 3G/2G FBS, still looking for the LRPLMN/ePLMN. At the end of the FBS, the UE will select the highest priority PLMN found. If this PLMN is different from the HPLMN, then the UE would perform a 3G fast scan on the stored UARFCNs for the HPLMN to check that the HPLMN hasn’t reappeared half way through the scan.

Note: It is appreciated that much of the above may be up to implementation and not a matter for standards

3.1.1 Ping Pong

One way to reduce the risk of ping-pong is for the UE to use a hysteresis offset (e.g. 5 dB) that will make it harder for the UE to return to the weak cells of the last RPLMN after OOS has been declared. This hysteresis offset should be under the control of the home operator.
Thus during all the scans shown in figure 1, a suitable cell of the LRPLMN may only be selected if it exceeds the Scriteria by an amount equal to the configurable hysteresis offsets OOS_Hyst_EcNo and OOS_Hyst_RSCP. 
In order to prevent the UE from reselecting the 2G NRP due to a small gap of 3G coverage, the UE should use a timer during which PLMN reselections are forbidden after a loss of 3G coverage even if the UE is in idle mode.

4 Actions

It is asked that the experts in CT1 and RAN take into account the above discussion and specify solutions to these problems in Release 7 

SA1 will create the necessary changes to the relevant stage 1 TSs.
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