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Network Selection and Ping Pong Effect 

1 Introduction 

One of the conclusions in TR 22.811 has identified ping-pong between two non-equivalent PLMNs as an issue.  At the recent SA1/RAN/CT1 workshop on network selection, the conclusions from the SA1 TR were reviewed. The workshop concluded that no further work was required in SA1 and contributions should be taken directly to RAN2 to resolve this issue in release 7. It should be clearly pointed out that this is not the same issue as cell reselection between equivalent PLMNs. See Figure 1.
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Figure 1 Two PLMNS and region where ping-pong effect occurs

Ping-pong can occur easily in a R99 network because 3GPP use the same criteria to enter and leave coverage of a cell: the Scriteria (Qqualmin and Qrxlevmin). Therefore it doesn’t provide any hysteresis other than the 12 seconds timer during which the signal of the serving cell must remain below the Scriteria before out of service is declared in idle mode. See Figure xx2
When the UE is located in an area of weak coverage of its preferred network (e.g. the HPLMN) and has to resort to use another VPLMN that is not equivalent to the HPLMN when coverage is lost from the HPLMN, ping-pong can occur in 2 scenarios:

Scenario 1: After the UE has declared out of service of the HPLMN and whilst it is performing its scan to find any suitable cell or another allowable PLMN, if the old cell of the HPLMN has become slightly stronger than the Scriteria, it will be reselected again. See Figure 2
1) Scenario 2: After the UE has gone to the VPLMN, it will perform background scan at every HPLMN timer expiry. If the old cell of the HPLMN has become slightly stronger than the Scriteria, it will be reselected. See Figure 3.
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Figure 2 UE Re-Selects HPLMN
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Figure 3 UE Selects VPLMN
Because of the volatile nature of the radio signal, a UE located at the edge of the coverage of its preferred PLMN may experience ping-pong between its HPLMN, the VPLMN and out of service. This will result in bad user experience (especially paging outage and perception of unstable service) and extra signalling (due to the incessant registration procedures).

2 New Parameters 

A number of new parameters are introduced in this contribution to alleviate the ping-pong effect during the network selection.

These parameters are: 

OOS_Hyst_EcNo: First additional EcNo signal level for HPLMN search, after UE has declared out of service

OOS_Hyst_RSCP: Second additional RSCP level for HPLMN search, after UE has declared out of service

OOS_Hyst_PenaltyTime: Additional scan time during which UE searches for HPLMN signal using OOS_Hyst_EcNo and OOS_Hyst_RSCP.
BG_Hyst_EcNo: First additional EcNo level for background HPLMN search. 
BG_Hyst_RSCP: Second additional RSCP level for background HPLMN search
BG_Hyst_PenaltyTime: Additional scan time during which UE searches for background HPLMN using BG_Hyst_EcNo and BG_Hyst_RSCP parameters 
3 Proposal

In order to reduce the risk of ping-pong after loss of coverage and during background scans in VPLMN, it is proposed to add signal hysteresis. As (i) the out of service scenario and (ii) the background scan in VPLMN scenario have different characteristics, it is proposed to have different parameters for each.

After the UE has declared out of service on a cell of the RPLMN, the UE shall consider not suitable any cell of the RPLMN that does not meet the Scriteria increased by 2 hysteresis offset parameters (OOS_Hyst_EcNo and OOS_Hyst_RSCP). These hysteresis offset parameters should only be used for a limited period of time after OOS has been declared (OOS_Hyst_PenaltyTime).

After the UE has obtained normal service from a VPLMN, the UE shall consider not suitable any cell of a higher priority PLMN that does not meet the Scriteria increased by 2 hysteresis offset parameters (BG_Hyst_EcNo and BG_Hyst_RSCP). These hysteresis offset parameters should only be used for a limited period of time after first registration on a new VPLMN (BG_Hyst_PenaltyTime).

Ideally, the operator should retain control of these hysteresis parameters and should be able to tune them on a cell by cell basis according to the radio environment. Therefore, all these hysteresis parameters should be broadcast on the SIB together with the other cell selection parameters (SIB3). The UE would read them from the target cell considered for selection at the same time as it reads the other cell selection parameters. 

The signal hysteresis parameters (OOS_Hyst_EcNo, OOS_Hyst_RSCP, BG_Hyst_EcNo and BG_Hyst_RSCP) should have only positive values, from 0 to 10 dB with a 0.5 or 1 dB step. The time hysteresis parameters should have a value range in the order of tens of seconds for OOS_Hyst_PenaltyTime and tens of minutes for BG_Hyst_PenaltyTime.

The introduction of the time hysteresis parameters (OOS_Hyst_PenaltyTime and BG_Hyst_PenaltyTime) also requires the UE to start 2 new internal timers: OOS_Hyst_Timer and BG_Hyst_Timer.

OOS_Hyst_Timer is started when the UE declares out of service from the LRPLMN. Whilst out of service and searching for a suitable cell, if the UE finds a cell from the same LRPLMN it shall check the value of the broadcast OOS_Hyst_PenaltyTime, and if OOS_Hyst_Timer is lower than OOS_Hyst_PenaltyTime, then use the broadcast values of OOS_Hyst_EcNo and OOS_Hyst_RSCP to offset the suitability criteria of this cell. However, if the UE finds a cell from another PLMN, then no offset should be used.  See Scenario 3 shown in Figure 4.
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Figure 4 OUT of Service scenario and Hysteresis Timer

BG_Hyst_Timer is started when the UE first registers on a new VPLMN that is not the highest priority PLMN of this country. Whenever the UE performs a background scan in VPLMN and finds a higher priority PLMN available, it shall read the broadcast value of BG_Hyst_PenaltyTime from the target cell and if it is higher than its BG_Hyst_Timer, the UE shall offset the selection criteria of the target cell by the broadcast value of BG_Hyst_EcNo and BG_Hyst_RSCP. Only if the target cell meets the offset selection criteria should the UE reselect the higher priority PLMN. Note that this may imply a change in the way AS/NAs procedures are performed during background scans in VPLMN since AS may need to check the offset suitability of the target cell before reporting the available PLMN to NAS. See scenario 4 shown in Figure 5 
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Figure 5 UE performs background search during new hysteresis timer

The background hysteresis parameters should not be used if the reselection is initiated by the user.

Finally, in order to provide backward compatibility, the UE shall behave as per current specifications and use normal selection criteria if no hysteresis parameters are broadcast by the target cell.
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