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1. Introduction

In this contribution, we introduce a paging scheme for UEs that is applicable in cells that are time-synchronized. The proposed scheme offers significant reduction in paging load without impacting the battery life of the UE or the paging delay. Note that mixed cells in LTE offering both MBMS and unicast services in SFN mode are expected to be time-synchronized. Therefore, the scheme discussed in this paper can be utilized in all those cells.
2. Cascaded paging
In idle mode, a paging channel (PCH) is assigned to the UE and the UE wakes up to check for any page message in that resource. In case there are multiple PCHs in a cell, the UE shall be assigned to one of them. The paging scheme proposed here is mainly motivated by the fact that UEs are typically found with a high probability at the last known cell, where it performed a tracking area update (TAU) 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 UE in a sequential fashion. However, normal sequential paging may result in a longer paging delay when the UE is not present in the area in which it is paged first. 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 UE, the UE is initially paged only in its last known cell as shown in Figure 1. In case there is no response, the UE is paged in the remaining cells of the tracking area after a finite time duration T (e.g., 100 ms). The value of T includes the timeout required at the last known eNB to figure out that the UE has not responded. 
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Fig. 1: Illustration of paging scheme

In current systems, the PCH assigned to a UE is statically determined as a function of its IMSI. To perform fast re-paging, the PCH allocation must be more dynamic. In the scheme proposed in this paper, the PCH assigned to the UE in the remaining cells of the tracking area depends on the PCH allocated to the UE in its last known cell. For example, as illustrated in Figure 2, if the UE is assigned PCH1 in its last known cell and if PCH1 occurs at times t, t+5, t+10, etc., then the PCH implicitly assigned to the UE in the new cell is the one that occurs immediately after t+T, t+5+T, t+10+T (e.g., PCH2 in the new cell). 
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Fig. 2. Illustration of PCH assignment

When the UE is in its last known cell, it wakes up to listen to PCH1 and when it moves out to a new cell, the UE automatically wakes up to listen to a different PCH based on its knowledge of the timing of PCH1 in the last known cell. This implicit determination of the PCH slot requires that the eNBs are time-synchronized. Because the value of T is expected to be small, the paging delay introduced due to this sequential paging is not significant. After paging the UE in the first cell, the source eNB informs the UE of the result of the paging. In case of failure, the MME informs the remaining cells to page for the UE. 
From field statistics, at the time of a page to the mobile, the UE can be found in the same cell where the UE 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

3. Conclusions
We request that RAN3 discuss the above scheme and agree with the proposed fast cascaded paging as it provides a significant reduction in paging load. We also propose to include a statement in TS 36.300 as shown in the text proposal below:

**************************START OF CHANGES**************************

19.2.2.1
Paging procedure
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Figure 19.2.2.1: Paging procedure

The MME initiates the paging procedure by sending the PAGING message to each eNB belonging to the tracking area(s) in which the UE is registered. Sequential paging techniques that do not introduce significant paging delays will be considered.
The paging response back to the MME is initiated on NAS layer and is sent by the eNodeB based on NAS-level routing information.
****************************END OF CHANGES**************************
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