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This document decomposes functionality related to paging and then proposes an allocation of functions to network elements.
1. Introduction

At SA2#56C Ad-Hoc there was lengthy discussion around location of idle mode termination. S2-071411 further introduced the issue of paging re-transmission, noting that this may be related to radio related issues. Here we first decompose the paging functionality and then discuss about issues impacting the location of each sub-function.

2. Paging Functionality

The normal paging is split into at least 3 sub-functions.
2.1 Paging Triggering
Paging triggering is associated with idle mode termination. Not every down-link packet may trigger a page in which case a qualification needs to be performed by analyzing the received packet. Not triggering a page from a down-link packet may trigger session level recovery procedures, e.g., triggered after a TCP timeout. 

RFC 3481 defines 3G as approaching a Long Fat Network, which requires a large TCP window of outstanding data in order to provide good TCP performance. Although the delay is likely to decrease with SAE/LTE, this is likely to be offset by an increase in bandwidth, such that the Bandwidth Delay Product may be unchanged. If a 64 KB window is used, then considering an E-UTRAN configured with a paging repetition frequency of ~1000 ms and an idle to active transition of 200ms, then on average 700ms of delay will be experienced in delivering down-link packets if the first page is successful. If the correspondent node has an effective bandwidth to the idle mode termination point of greater than 1 Mbit/s, then it can be seen that the full window of 64 kbytes of data may be received before the UE transitions to active mode. (Given an average IMIX packet of 404 bytes, then this buffered data will correspond to 158 packets.) The above example is of course extreme, but does highlight that a significant number of down-link packets may arrive for the UE between the first packet which triggered the page and the UE entering active mode.
2.2 Paging Prioritization
Not all packets which trigger a page may be equally prioritized. Examples include those packets which require an expedited response from the host, e.g., those packets delivered using TCP’s urgent mode. Because of a decomposition of paging functionality, improved operator control may be available if the priority associated with a page is known.
2.3 Paging Re-transmission
Paging Re-transmission: As mentioned in S2-071411, re-transmission approaches may be impacted by RAN configuration. Further, if paging prioritization is used, the priority may impact specific paging re-transmission operations.
3. Allocation of functionality

Because of the possible use of optimized paging strategies, it is proposed to agree that the paging re-transmission function is located in the MME.
Because of the possible extreme scenario where a significant number of packets will be required to be buffered prior to the destination UE entering active mode and the requirement for common packet inspection capability used to qualify a down-link packet for page triggering and IP level paging prioritization, it is proposed to agree that paging triggering and prioritization functions are located in the Serving SAE-GW.

Associated with the above, it is proposed to agree that S11 supports the triggering of a page from the serving SAE-GW towards the MME as well as the Serving SAE-GW’s determination of the page prioritization.
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