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Abstract of the contribution: This document discusses system wide implications from the introduction of support for extended DRX for UE in Idle mode and provides a solution proposal.
1.
Introduction
SA2 agreed a study item on introduction of extended DRX for UEs in Idle and Connected mode for all 3 3GPP radio access technologies. This contribution discusses system wide implications from the introduction of extended DRX in Idle mode and provides high level principles as basis for the detailed solutions.

2.
Analysis
For a given UE the occasion when a paging message is sent over the radio interface is determined, at least in part, by the radio frame number (see 3GPP TSs 36.331, 45.002, 25.304). Hence in case that the frames in different cells appear on the radio interface in an unsynchronized manner, a given paging message will be sent on the radio interface in different cells at different time instances. The spread between the time instances of a particular paging occasion, i.e. the spread in time between occurrences of the same radio frame number in different cells can be up to the maximum extended DRX cycle length. Hence in the scope of the eDRX study this can be potentially tens of minutes, i.e. the maximum used eDRX value.
The above use of unsynchronized cells has two drawbacks when using eDRX in Idle for a mobile that due to mobility camps over time on different cells:

Drawback 1: It might be unreachable for paging as it might miss its paging opportunities (in different cells) as a result of moving between cells.
Drawback 2: It might receive and respond to the same paging message multiple times (in different cells) as a result of moving between cells.
3.
Solution – Paging coordination
The proposal is to synchronize the occurrence of paging opportunities across multiple cells thus mitigating the drawbacks resulting from using eDRX as outlined in section 2. Instead, it is proposed that for a given UE the MME/SGSN and that UE have a common understanding of the timing of that UE’s paging opportunity within each eDRX cycle wherein each paging opportunity occurs at approximately the same time (within a certain timing accuracy) within each set of  cells that together comprise the paging area. In this solution the MME/SGSN pages a given UE over the relevant interface shortly before its paging opportunity occurs. As such, unless there are at least 2 cells within each set of cells (wherein each paging opportunity occurs at approximately the same time) then there will be no mitigation of the drawbacks outlined in section 2. In other words, the greater the number of cells within each set of cells (wherein each paging opportunity occurs at approximately the same time) the greater the mitigation of the drawbacks outlined in section 2. Note that a paging area may consist of one or more sets of cells wherein for each set the paging opportunity occurs at approximately the same time. As such, the greatest mitigation of the drawbacks outlined in section 2 will be realized if the paging area consists of a single set of cells wherein the paging opportunity for a UE in that paging area occurs at approximately the same time.
The approach outlined above requires that paging triggers are buffered in the MME/SGSN since otherwise the CN is forced to wait as long as the eDRX cycle of the target UE before expecting a page response (or the lack thereof) and proceeding accordingly. In other words, RAN buffering of paging requests will have substantial impact on legacy CN paging strategies. Furthermore temporary identifiers included in the paging message might become invalid when buffer in the RAN for a longer time which would result in paging failure. To mitigate that problem additional signalling and complexity would need to be added to the solution.
The discussion above results in the following three high level working assumptions that can be used as a basis for the further work on developing a full system solution:

WA 1: UE and MME/SGSN are aware of the timing of the paging opportunity within the context of each eDRX cycle. 
WA 2: Paging triggers are buffered in the MME/SGSN.
WA 3: MME/SGSN pages over the relevant interface when a paging opportunity for a given UE occurs within each set of cells comprising the paging area.

4.
Proposal
This paper analysed some system wide impacts from introducing eDRX in Idle mode and proposed high level working assumptions to use as a basis for further development of the detailed solutions. 
****************************Start of Changes**************************

5.2
Solutions to Idle Mode DRX Open Issue #2: Paging strategy in CN that fits the needs of the extended DRX cycle and normal DRX cycle.
Editor’s Note: This clause will contain solutions to Open issue #2 for Idle Mode DRX cycle extension from Core Network perspective as described in Subclause 4.1.
5.2.y
Solution #1: Paging coordination between CN and UE
5.2.y.1
Description

Editor's Note: Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow etc. 

MME/SGSN is aware of the paging timing for a given UE within the context of each eDRX cycle.

Editor’s Note: The realization of the awareness of the paging opportunity timing per eDRX cycle is FFS.

Paging triggers are buffered in the SGSN/MME and Paging messages are sent to the radio access nodes over relevant interfaces shortly before paging opportunity occurs for the paged UE within each set of cells comprising the paging area.
5.2.y.2
Impacts on existing nodes and functionality
Editor's Note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).
-
MME/SGSN: support buffering of paging triggers.
-
UE: FFS

-
eNB: FFS

-
BSC: FFS

-
RNC: FFS

5.2.y.3
Solution Evaluation

Editor's Note: Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
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