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Network Overhead Reduction for Power Management Mode
John Harris, Pranav Joshi, HuaXu 
Motorola, Inc
Introduction 
In this contribution, we introduce a paging scheme for MSs. The proposed scheme offers significant reduction in paging load without impacting the battery life of the MS or the paging delay.
In idle mode, the MS wakes up during its paging interval to check if it is paged.  The current paging scheme is to assign the MS to a paging group with a pre-specified paging cycle and offset. A BTS can have multiple paging groups available to/used by its mobiles.  A MS typically will be assigned to one of them.
Detailed Proposals
The paging scheme proposed here is mainly motivated by the fact that MSs are typically found with a high probability at the last known cell, where it performed a location update or ended its last call.  From field statistics, a mobile can be found in the same cell as was last observed in, approximately 50% to 90% of the time. 

Based on this, it is proposed to page the MS in a sequential fashion. In other word, page the MS’s last known cell first and page the entire paging area only when no response received from the first attempt.  However, normal sequential paging may result in a longer paging delay.  When the MS is not present in the area in which it is paged first, the MS will have to wait for the entire paging cycle. As a result, it is important to design a paging scheme that provides the benefits of reduced paging load offered by sequential paging without introducing considerable delay.

In our proposal, when a call arrives for the MS, the MS is initially paged only in its last known cell as shown in Figure 1. In case there is no response, the MS is paged in the remaining cells of the tracking area after a finite time duration T (e.g., 100 ms), which is much shorter than the entire paging period as illustrated in Figure 2.  The value of T includes the timeout required at the last known cell to figure out that the MS has not responded.  We call this paging scheme cascaded re-page.
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Fig. 1: Illustration of Cascaded Re-Page Paging Scheme
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Fig 2:  Illustration of Cascaded Re-Page Delay
To facilitate the cascaded re-page, we propose to assign MS two paging group, one is called HighPriorityGroup.  The other is called LowPriorityGroup.  The HighPriorityGroup is configured in a number of cells, the mobile only monitors this group when it is in the LastKnownCell.  The LowPriorityGroup is the traditional paging group, which typically covers a vary large area.  The MS monitors this group when it is not in the LastKnownCell.

The first page is sent to the HighPrioirtyGroup/LastKnownCell at defined paging cycle and offset, T1.  If no response is received in T1+CascadedRepageInterval, the re-page is sent to the LowPriorityGroup/normal paging group coverage area.  On the other hand, the MS shall monitor at defined paging cycle and offset T1 if it is in its LastKnownCell.  Otherwise, MS shall monitor its LowPriorityGroup at T1+ CascadedRepageInterval.  In case that MS misses a page wake-up at time T1 because of idle handoff (e.g. from outside cell back into LastKnownCell), it can receive its re-page by monitoring the LowPrioirtyGroup at T1+ CascadedRepageInterval.
The MS conducts its paging group update only when change of LowPrioirtyGroup is detected.  
Conclusions 
Because the value of CascadedRepageInterval is expected to be small, the paging delay introduced due to this sequential paging is not significant. After paging the MS in the first cell, the source BTS informs the paging server of the result of the paging. In case of failure, the paging server informs all the BTSs in the LowPriorityGroup to page the MS. 

Based on field statistics, at the time of a page to the mobile, the MS can be found in the same cell where the MS was last observed, between ~50% to 90% of the time.  This yields that the paging load is reduced by ~2x to 10x; or S/ (P*1+(1-P)*S) ~= 1/(1-P) where:

· P = probability mobile is still in the same cell was last observed in

· S = number of cells in paging area
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