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1. Introduction
FS_eDRX study the feasibility of introducing extended DRX for UEs in Idle and Connected mode. This contribution provides details to the solution 5.2.1 Paging coordination between CN and UE. The corresponding RAN2 considerations are found in the RAN2 paper R2-152423.
It is proposed to change TR 23.770 as follows.

----------------------------------------FIRST CHANGE------------------------------------

5.2.1
Solution1: Paging coordination between CN and UE
5.2.1.1
Description

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


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.
5.2.1.2
Solution details for UTRAN and LTE

In this solution an I-DRX cycle using extended I-DRX value negotiated between the UE and the CN as described in section 5.1.1 is referred to as extended I-DRX cycle.

The extended I-DRX cycle is controlled in the UE by a new timer, for convenience named here I-eDRX Timer (IeDT) that is set with the extended I-DRX time value negotiated earlier on NAS level, see section 5.1.1. At the expiration of the IeDT time, i.e. when the extended I-DRX cycle elapses the UE monitors the network for paging using normal DRX parameters. CN and UE start the extended IeDT timer at transmission respectively reception of the Attach Accept or TAU/RAU Accept message where potentially the relevant DRX parameters are provided. The IeDT timer is maintained and used only when the Attach/TAU/RAU procedure was successfully executed and independent of UE ECM state, i.e. Idle/Connected transitions do not stop/reset the IeDT timer.
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Figure 5.2.1.2-1 Start of the extended I-DRX cycle in the UE and in the CN during Attach procedure.

Figure 5.2.1.2-1 shows the existing Attach procedure, see 23.401.

The following changes are introduced to enable a pseudo-synchronized start of the IeDT in the MME and the UE (only significant steps are mentioned):

Step 17: At the transmission of the Attach Accept message the MME starts a IeDT set with the relevant extended I-DRX parameters.

Step 18: At reception of the Attach Accept message the UE starts the IeDT using the received extended I-DRX parameters.
Similar changes are applicable to the TAU/RAU procedures.

Note: The realization of the extended I-DRX cycle awareness in the CN, e.g. by means of a new timer, is not further specified.

To cater for possible clock drift due to long inactivity periods and thus potential impacts to the synchronization between the UE and the CN, the UE and CN shall resynchronize the IeDT at each subsequent successful procedure requiring UE/CN NAS layer communication. The resynchronization is achieved through a reset of the IeDT in the UE and CN upon a completed EMM/GMM procedure.
It is assumed that due to imperfect synchronization of the extended I-DRX cycle starting point a measure to improve the paging reception robustness is needed. This is achieved by introducing a Paging Transmission Window Time (PTW) during which the UE monitors the network for paging when the extended I-DRX cycle based on the extended I-DRX value expires. During the PTW there may be multiple opportunities to page the UE which monitor the network for paging using normal DRX parameters. The conditions for the UE to stop monitoring for paging will be specified by RAN groups. The PTW is provided to the UE over NAS when extended I-DRX is negotiated, see section 5.1.1. When paging the UE the CN provides the PTW as new information in the relevant paging S1/Iu paging message to RAN. RAN repeats the paging during the PTW in multiple paging occasions determined by normal DRX parameters. 
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Figure 5.2.1.2-1 Clarifying the usage of PTW and independence of the eDRX cycle from UE state.

In case of a paging trigger received in the CN for a UE in ECM Idle state, the CN forwards the paging message towards relevant RAN when the extended I-DRX cycle expires next time in a timely manner taking possible imperfections in the synchronization between the CN and the UE into account.
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Figure 5.2.1.2-2 CN handling of paging trigger.
Step 1: MME receives a Downlink Data Notification at any arbitrary point in time and stores it.

Step 2: Based on the extended I-DRX value and when the UE and CN synchronized the IeDT time the MME determines that the UE monitors the network for paging,

Step 3: MME sends S1 Paging message to the relevant eNB including PTW.

Step 3: eNB pages the UE using the available normal DRX parameters taking the PTW into consideration.
5.2.1.2
Impacts on existing nodes and functionality
-
MME/SGSN: support buffering of paging triggers. Support for calculation of the UE availability for paging using IeDT.
-
UE: Support for calculation of the paging monitoring timing using IeDT during PTW.
-
eNB: Support for reception of PTW information in paging message and repetition of the paging on radio interface.
-
BSC: FFS

-
RNC:  Support for reception of PTW in paging message and repetition of the paging on radio interface.
5.2.1.3
Solution Evaluation

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

The solution enables paging coordination between UE and CN required to efficient provide support for extended DRX in Idle. The UE-CN synchronization required to coordinate the paging timing is event driven, i.e. no additional timing source is required. The event that synchronizes UE/CN is the successful execution of a EMM/GMM procedure.
There is a minor impact on the RAN to repeat paging over a Paging Transmission Window that is provided by the CN in the paging message.
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