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********* Start of Changes ********

4.5.7
High latency communication

Functions for High latency communication may be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions e.g. UE Power Saving Mode (see clause 4.5.4) or eDRX (see clause 4.5.y) depending on operator configuration. "High latency" refers to the initial response time before normal exchange of packets is established. That is, the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s).

High latency communication is handled by an extended buffering of downlink data in the Serving GW controlled by the MME/S4-SGSN or in the Gn/Gp-SGSN. The MME/S4-SGSN asks the Serving GW to buffer downlink data until the UE is expected to wake up from its power saving state. In the Gn/Gp-SGSN this is internal handling. If a Serving GW change or a Gn/Gp-SGSN change is invoked, the buffered packets are forwarded and will not be lost. The number of packets to buffer is decided by the Serving GW or Gn/Gp-SGSN, but the MME/S4-SGSN may optionally provide a suggestion for the number of downlink packets to be buffered based on e.g. subscription.

High latency communication may also be handled by notification procedures (see clause 5.7). The SCS/AS requests notification when a UE wakes up from its power saving state and sends downlink data to the UE when the UE is reachable. Especially for infrequent mobile terminated communication this may be suitable. This notification procedure is available based on two different monitoring events:

-
Monitoring event: UE Reachability; or

-
Monitoring event: Availability after DDN failure.

An SCS/AS may request a one-time "UE Reachability" notification when it wants to send data to the UE. Alternatively the SCS/AS may request repeated "Availability after DDN failure" notifications where each notification is triggered by a DDN failure i.e. the SCS/AS sends a downlink packet which is discarded by Serving GW but which triggers the MME/SGSN to send an event notification to the SCS/AS next time the UE wakes up.

The length of the power saving intervals used by the network decides the maximum latency for a UE. An SCS/AS, which has a specific requirement on the maximum latency for UEs it communicates with, may provide its maximum latency requirement to the network. This is done either by interaction with the application in the UE and setting of appropriate time values in the UE (e.g. periodic RAU/TAU timer) for the Power Saving Mode, or by providing the maximum latency at the configuration of the "UE reachability" monitoring event (if used) (see clause 5.7).

The tools for High latency communication make the behaviour of the 3GPP network predictable when sending mobile terminated data to UEs applying power saving functions. The network will deliver downlink packets with high reliability for both stationary and mobile UEs when the UE wakes up from its power saving state. Therefore SCS/AS can adapt its retransmissions to reduce the load on both the SCS/AS itself and the network.
********* Next Change ********

4.5.x
Paging coordination for extended I-DRX between CN and UE
4.5.x.1
General

Paging coordination for extended I-DRX between CN and UE refers to the determination of the time instant when the CN sends a paging message to the RAN and the time window during which the UE monitors the network for paging.

Fundamental to CN/UE paging coordination are the notions of extended I-DRX cycle and Paging Transmission Window (PTW) illustrated in Figure 4.5.x.1-1.
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Figure 4.5.x.1-1 Extended I-DRX cycle and Paging Transmission Window (PTW)
The extended I-DRX cycle is a time interval of duration TeDRX. The beginning of the extended I-DRX cycle corresponds to the instant when the UE becomes available for paging after having spent some time in power saving state. The UE remains reachable for paging during a Paging Transmission Window (PTW) of duration TPTW, after which it goes again to power saving state until the beginning of the next extended I-DRX cycle.
During the PTW the normal DRX cycle mechanism for determination of Paging Occasions (POs).

The start of the extended I-DRX cycle is determined in the UE and the network based on a reference time Tref. The TeDRX timer is set with the extended I-DRX time value negotiated earlier on NAS level. At TeDRX expiry i.e. when the extended I-DRX cycle elapses, the UE monitors the network for paging using normal DRX parameters.
There are two ways for synchronising the start of the TeDRX timer on the reference time Tref that is used by the UE and the CN:
-
Synchronisation with EMM/GMM Accept messages: CN and UE start the extended TeDRX timer at transmission and reception, respectively, of the Attach Accept or TAU/RAU Accept message where potentially the relevant DRX parameters are provided. In other words, in this option Tref corresponds to the instant when the Attach procedure or TAU/RAU Update procedure is considered complete. The TeDRX 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 TeDRX timer. To cater for possible clock drift due to long inactivity periods and thus potential impacts to the synchronisation between the UE and the CN, the UE and CN shall resynchronise the extended I-DRX cycle at each subsequent successful procedure requiring UE/CN NAS layer communication. The resynchronisation is achieved through a reset of the Tref in the UE and CN upon a completed EMM/GMM procedure.
-
Synchronisation with an absolute clock reference: In this option the time reference Tref is an absolute time reference that can be based on Coordinated Universal Time (UTC). It is assumed that UE receives the absolute time reference from the System Information in RAN (e.g. SIB16 in E-UTRAN). The MME uses the same time reference source as the eNB.
In order to improve paging reliability e.g. to avoid paging misses due to cell reselection or due to imperfect synchronisation 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) with duration TPTW 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 monitors the network for paging using normal DRX parameters.
In reference to Figure 4.5.x.1-1, upon expiry of the TeDRX timer in the UE, the UE monitors the network for paging for TPTW seconds. TDRX is the duration of the normal DRX cycle. The number of POs in the PTW (NDRX) that may take place for the duration of the PTW by using the existing formula for calculation of the PO occurrences in the example shown in Figure 4.5.x.1-1 is equal to 3.
NOTE 1: The conditions for the UE to stop monitoring (if any changes compared to legacy behaviour) for paging will be specified by RAN groups, e.g. to avoid the UE listening for paging during the whole PTW while there is no page for the UE.
When paging the UE the CN provides the information for the PTW 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.
NOTE 2: It is a Stage 3 decision whether the PTW information signalled to the UE and the RAN is expressed as TPTW or NDRX.

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 nodes when the TeDRX expires next time in a timely manner taking possible imperfections in the synchronisation between the CN and the UE into account. The procedure for CN handling of paging trigger is depicted in Figure 4.5.x.1-2.
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Figure 4.5.x.1-2 CN handling of paging trigger
1.
MME receives a Downlink Data Notification at an arbitrary instant and stores it.

2.
 Based on the TeDRX value and when the UE and CN synchronised the TeDRX time the MME determines that the UE monitors the network for paging,

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

4.
eNB pages the UE using the available normal DRX parameters taking the PTW information into consideration i.e. more than one paging message can be sent to the UE within the PTW window.
********* Next Change ********

4.5.y
Minimisation of extended SGW buffering based on extended I-DRX cycle provided to the Application Server
The extended I-DRX cycle of UEs using extended I-DRX may be provided by the MME/SGSN to the Application Server via the SCEF in order to minimise the duration of extended SGW buffering for such UEs. Being aware of the UE’s extended I-DRX cycle, the Application Server may decide to initiate MT communication only shortly ahead of the beginning of the I-DRX cycle, thereby minimising the delay that the MT packets spend in the SGW. This feature is applicable to UEs served over UTRAN and E-UTRAN access.
********* End of Changes ********
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