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*****  First Change  *****
4.5.4
UE Power Saving Mode

A UE may adopt the PSM for reducing its power consumption. That mode is similar to power-off, but the UE remains registered with the network and there is no need to re-attach or re-establish PDN connections. A UE in PSM is not immediately reachable for mobile terminating services. A UE using PSM is available for mobile terminating services only for the period of an Active Time after a mobile originated event like data transfer or signalling, e.g. after a periodic TAU/RAU procedure. PSM is therefore intended for UEs that are expecting only infrequent mobile originating and terminating services and that can accept a corresponding latency in the mobile terminating communication.

PSM has no support in the CS domain on the network side. PSM should only be used by UEs using the PS domain, SMS and mobile originated IMS or CS services. A UE that uses mobile terminated IMS or CS services other than SMS should not use PSM as neither IMS nor the CS domain provide support for mobile terminated CS voice or IMS services to UEs that are in PSM.

Applications that want to use the PSM need to consider specific handling of mobile terminating services or data transfers. A network side application may send an SMS or a device trigger to trigger an application on UE to initiate communication with the SCS/AS. Alternatively, if an SCS/AS has periodic downlink data, it is more efficient when the UE initiates communication with the SCS/AS to poll for downlink data with that period. For either of the options to work, the UE should request an Active Time that is long enough to allow for potential mobile terminated service or data delivery, e.g. to deliver an SMS.

When the UE wants to use the PSM it shall request an Active Time value during every Attach and TAU/RAU procedures. If the network supports PSM and accepts that the UE uses PSM, the network confirms usage of PSM by allocating an Active Time value to the UE. The network takes the UE requested value and any local MME/SGSN configuration into account for determining the Active Time value that is allocated to the UE. If the UE wants to change the Active Time value, e.g. when not content with the value provided in the Attach or TAU/RAU Accept, the UE requests the value it wants in the TAU/RAU procedure.

NOTE 1:
The minimum recommended length for the Active Time is the time allowing for the 'msg waiting flag' in the MME/SGSN to trigger the SMSC via the HSS to deliver an SMS to the MME/SGSN, e.g. 2 DRX cycles plus 10 seconds.

An Active Time may be shorter than the time estimated for delivering a waiting SMS to the UE in NOTE  1 above, e.g. 0 seconds. If the MME/SGSN allocates such a shorter Active Time to the UE, the MME/SGSN (for signalling only connections) and the RAN (for connections with RAB(s) set up) should be configured to keep the connection with the UE sufficiently long such that a waiting SMS can be delivered.

NOTE 2:
The RAN configuration of RAB connection times need not differentiate between UEs.

The UE is in PSM until a mobile originated event (e.g. periodic RAU/TAU, mobile originated data or detach) requires the UE to initiate any procedure towards the network. In Attach and RAU/TAU procedures a PSM capable UE may request a periodic TAU/RAU Timer value suitable for the latency/responsiveness of the mobile terminated services. If the UE wants to change the periodic TAU/RAU Timer value, e.g. when not content with the value provided in the Attach or TAU/RAU Accept, the UE requests the value it wants in the TAU/RAU procedure.

NOTE 3:
If the UE or application performs any periodic uplink data transfer with a periodicity similar to the Periodic TAU/RAU Timer value, it preferably requests a Periodic TAU/RAU Timer value that is at least slightly larger than the data transfer period to avoid periodic TAU/RAU procedures that would increase power consumption.

Any timers and conditions that remain valid during power-off, e.g. NAS-level back-off timers, apply in the same way during PSM. The UE may leave the PSM any time, e.g. for mobile originated communications.

Extended buffering of downlink data is used for UEs that apply PSM. Alternatively event notifications may be used when the UE becomes reachable (see clause 4.5.x). 

If the network confirms the usage of PSM to a UE, the network shall not activate the ISR for such UE.

The specific procedure handling is described in TS 23.060 [6] and TS 23.401 [7].

4.5.x
High latency communication
Functions for High latency communication handles mobile terminated (MT) communication with UEs using power saving functions e.g. UE Power Saving Mode (see clause 4.5.4) or Extended DRX 
(see clause 4.5.Y). “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 waken 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 power saving state. In the Gn/Gp-SGSN this is internal handling. If a Serving GW change or 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 “hint” for the number of packets to be buffered based on e.g. subscription. 
MTC Service Providers that have agreement with their operators, may also handle High latency communication through the notification procedure (see clause 5.X). 
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, can provide its maximum latency requirement to the network. This is done either by interaction through the application in the UE and how the UE invokes the corresponding time values (e.g. periodic RAU/TAU timer, eDRX cycle) on the Power Saving Mode and/or the Extended DRX, or by providing the maximum latency at the configuration of the "UE reachability" monitoring event (if used) (see clause 5.X
). 

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 may and should adapt their retransmissions to reduce the load on both the SCS/AS itself and the network (see Annex X). 

*****  Next Change  *****

Annex X (Informative):
Coordination of maximum latency between AS and 3GPP network
X.1
General

What are described in this annex are recommendations for MTC and Cellular IoT application developers.
Application Servers (ASs) which need to initiate data transmissions to devices that are based on 3GPP technology and are applying power saving functions to reduce the energy consumption in the device, should follow the recommendations below. An AS may either coordinate using the UE application, or using the operator interface. The AS should not use both coordination methods simultaneously for the same UE. If a maximum latency value is sent to the network both through the UE application and through the operator interface, potentially different values, the network decides which value to use.    
X.2
Coordination using the UE application
For 3GPP devices that use power saving functions, e.g. Power Saving Mode, the 3GPP network will instruct the device to power down their radio functions as soon as there is a pause in the communication. The devices will however power on their radio functions periodically to synchronize with the 3GPP network. At such synchronization events, it is possible for the 3GPP network to establish connectivity if needed and deliver data to the device. The result of this behaviour is that if the application server sends data to such a device, it typically takes time before the device can respond, i.e. until the next synchronization occurs. It is possible for application servers to control this maximum response time. Application servers that wish to do this using the application in the device should follow a procedure as described by steps 1 to 5 below. There is a trade-off between keeping the maximum response time low and keeping the power consumption in the device low.  
When it is possible and sufficient to configure the maximum response time in the devices themselves, only steps 3 to 5 needs to be followed.
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Figure X.2-1: Coordination of maximum response time using the UE application

When a change in conditions in the applications server requires a different maximum response time to be used, the application server may re-initiate the sequence above and provide the network with an updated maximum response time value. However this should not be done too frequently, e.g. several times an hour, since the network may be configured to block devices doing this too frequently. In addition each update consumes power in the device. 
X.3
Coordination using the operator interface

Application servers that use a specific interface to the operator network for Service Capability Exposure Functions (SCEF) for the 'UE Reachability' event, may alternatively coordinate the maximum latency (i.e. the maximum response time) using that signalling (see subclause Z.Z
).
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3. The device considers local device configuration, network policies and the maximum response time for the application when it sets parameters in NAS requests
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