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1.
Introduction
This contribution addresses the following Editor’s notes in TR 23.709:

Editor's note:
The applicability of this solution to GERAN/UTRAN is FFS.

MME:

-
Configuration of ePSM in the UE.

Editor's note:
Impact on mobile reachable timer, PPF flag setting and mobile detach timers is FFS. The default assumption is that both timers are determined based on the Periodic TAU timer.

UE:

-
Support for ePSM i.e. alternating between "Idle mode interval" and "PSM interval" without any signalling with the network.

Editor's note:
Impact on access stratum procedures and timers is FFS.

2.
Applicability to GERAN and UTRAN

The Rel-12 PSM functionality was defined for E-UTRAN in TS 23.401 and GERAN and UTRAN in TS 23.060. The relevant text in TS 23.060 is copied below:
5.3.20
MS Power Saving Mode

A MS may adopt a PSM that is described in TS 23.682 [119]. If an MS is capable of adopting a PSM and wants to use the PSM it shall request an Active Time value and may request a Periodic TAU/RAU Timer value during every Attach and RAU procedures, which are handled as described in TS 23.682 [119]. The MS shall not request a Periodic TAU/RAU Timer value if it is not requesting an Active Time value. The network shall not allocate an Active Time value if the MS has not requested it.

PSM has no support in the CS domain on the network side, but when PSM is activated the MS shall apply an Active Time regardless if the RR connection was used for accessing the PS or the CS domain.

NOTE 1:
When the PSM is activated the MS might not be available for paging of Mobile Terminated CS services even though the MS is registered in the CS domain.

NOTE 2:
The Attach and RAU procedures of this specification are not showing the details of the Periodic RAU Time and Active Time negotiation, i.e. are not showing the related IEs.

If the network has allocated an Active Time value, the MS starts the Active Timer and the SGSN starts the Mobile Reachable timer (see clause 6.2.3) with the Active Time value allocated by the network when transitioning from READY/PMM-CONNECTED to STANDBY/PMM-IDLE state. The MS shall stop the Active Timer, if running, when a transition to READY/PMM-CONNECTED state is made. When the Active timer expires, the MS deactivates its Access Stratum functions and enters PSM. In PSM, due to deactivation of Access Stratum functions if no RR connection exists, the MS stops all idle mode procedures, but continues to run any NAS timers that may apply, e.g. periodic RAU timer. The MS shall resume Access Stratum functions and idle mode procedures before the periodic RAU timer expires for performing the periodic RAU procedure as applicable. The MS may resume idle mode procedures and AS functions any time while in PSM, e.g. for mobile originated communications. Any timers and conditions that remain valid during power-off, e.g. for NAS-level back-off, apply in the same way during PSM.

When the mobile reachable timer expires and the SGSN stores an Active Time for the MS, the SGSN knows that the MS entered PSM and is not available for paging. The SGSN handles mobile reachable timer and availability for paging as detailed in clause 6.2.3.

On MS side the PSM complies with some substates of GMM-REGISTERED, as specified in TS 24.008 [13]. The SGSN considers the MS to be GMM-REGISTERED, but not reachable. The MS's Access Stratum functions are considered as deactivated during PSM regardless if the MS is attached to the PS or PS and CS domain and therefore limiting the supported procedures in the respective domains.

When the MS has bearers for emergency services, the MS shall not apply PSM.

As can be seen from the description, PSM for GERAN/UTRAN was defined in a way that is symmetrical to the PSM definition of PSM for E-UTRAN. Specifically, the PSM-related signalling for GERAN/UTRAN relies on the Attach and RAU procedures, in the same way as PSM-related signalling for E-UTRAN relies on the Attach and TAU procedures.

Enhanced PSM uses the same signalling vehicle (i.e. the Attach and RAU/TAU procedures) to convey different type of information (i.e. Ti, Tp, Tref).
One possible difference between GERAN/UTRAN and E-UTRAN is the availability of an absolute clock reference in the RAN signalling. For instance, SIB16 in E-UTRAN can be used to signal UTC (Coordinated Universal Time), which may not be available in GERAN/UTRAN. It is up to RAN working groups to decide what information can be used to provide an absolute clock reference.
Based on this description, it is proposed to delete the Editor’s note about the applicability of this solution to GERAN/UTRAN. 

3.
Mobile reachable timer, PPF flag and Mobile detach timer

The relevant TS 23.401 text related to the Rel-12 PSM functionality reads as follows:
Typically, the MME runs a mobile reachable timer. If MME has allocated an Active Time to the UE, then the MME starts the mobile reachable timer with the value of Active Time. Otherwise, the timer is typically started with a value similar to the UE's periodic TAU timer. If this timer expires in the MME, the MME can deduce that the UE is not reachable. However, the MME does not know for how long the UE is not reachable, so, the MME shall not immediately delete the UE's bearers. Instead the MME should clear the PPF flag in the MME and start an Implicit Detach timer, with a relatively large value and if ISR is activated, at least slightly larger than the UE's E-UTRAN Deactivate ISR timer. Additionally, if the MME stores an Active Time for the UE, the Implicit Detach timer value should be also significantly larger than the UE's periodic TAU/RAU timer. With the PPF clear, the MME does not page the UE in E‑UTRAN coverage and shall send a Downlink Data Notification Reject message to the Serving GW when receiving a Downlink Data Notification message from the Serving GW. If this Implicit Detach timer expires before the UE contacts the network, then the MME can deduce that the UE has been 'out of coverage' for a long period of time and implicitly detach the UE as described in clause 5.3.8.3 "MME-initiated Detach procedure".

In Rel-12 PSM the UE effectively becomes unreachable at the expiry of the Active Time, which is the reason why the mobile reachable timer is set to the value of Active Time (yellow highlight). In contrast, when PSM is not active, the mobile reachable time is set to a value similar to the Periodic TAU timer (cyan highlight).

With ePSM the situation is different. Despite the superficial similarity between Active Time (PSM) and Ti (ePSM), the two are different in that the UE remains reachable during every Ti cycle of the periodic (Ti + Tp) cycle. For this reason the criterion for declaring that the UE has become unreachable remains the same as for the case when PSM is not active i.e. the criterion for UE unreachability remains the expiry of the Periodic TAU timer.
As seen from the excerpt, the subsequent setting of the PPF flag and the initiation of the Implicit Detach timer is conditioned only by the expiry of the mobile reachable timer (green highlight). This handling is not impacted by the use of ePSM.
It is therefore proposed to delete the Editor’s note by clarifying that with ePSM the Mobile reachable timer is set to a value similar to the Periodic TAU timer, the same as in the case where PSM is not activated.

4.
Access stratum procedures and timers

In Rel-12 PSM the handling of the Active Time is performed at the NAS. When the Active Time expires, the NAS informs the AS that it can go in deep sleep. Subsequently, when the Periodic TAU Timer expires, the NAS awakes the AS and instructs it to establish RRC connection for the purpose of sending a TAU Request.
With ePSM the timer handling can be performed in a similar way:
· When the network accepts the UE request for entering ePSM, the NAS in the UE keeps track of the Ti and Tp timers.
· When Ti expires, the NAS requests the AS to go to deep sleep and triggers the Tp timer.

· When Tp expires, the NAS requests the AS to wake up, etc.

· When the Periodic TAU Timer expires, the NAS awakes the AS and instructs it to establish RRC connection for the purpose of sending a TAU Request.

It should be noted that SIB16 in E-UTRAN already provides an absolute clock reference in the form of UTC (Coordinated Universal Time). Depending on the UE implementation’s needs for clock accuracy, while the UE is in Ti interval (but not necessarily in every Ti interval), it may occasionally re-read the SIB16 in order to re-sync with UTC and thus eliminate any accumulated clock drift. 
It is proposed to delete the related Editor’s note as proposed below.
5.
Proposal
It is proposed to agree the changes proposed below.
=================PROPOSED CHANGE===========================

5.8.1
Description

This solution proposes to define an enhanced Power Saving Mode (ePSM) as illustrated in Figure 5.8.1-1. The solution applies to both Scenario A and Scenario B.

These are the salient features of ePSM:

-
Based on network configuration when there is no data communication the UE can alternate between successive Idle mode interval and PSM interval that are repeated periodically.

-
The period of the repetitive Idle-cum-PSM cycle (further referred to as "ePSM cycle") is equal to the sum of a configured Idle mode sojourn time (Ti) plus PSM sojourn time (Tp).

-
The repetitive (Ti + Tp) pattern can be made deterministic by locking it on an absolute clock reference (Tref). In other words, the combined (Ti + Tp) cycle starts at instants defined as t = Tref + N * (Ti + Tp), where N is a whole number.

-
If UE needs to break the cycle for any reason (e.g. initiating MO communication, responding to paging, sending a Periodic TAU, etc.), it returns to the (Ti + Tp) cycle as soon as the network releases the RRC connection. Note that if the (Ti + Tp) cycle is locked to an absolute clock reference then this may involve an exceptional truncation or extension of the very first Ti or Tp interval, allowing the UE to lock on the absolute reference clock.

-
The parameters defining the periodic cycle (Tref, Ti, Tp) may be provided to the 3rd party AS, either by pre-configuration or by using a Service Capability Enablement Function (SCEF).

Illustrated in Figure 5.8.1-1 is a call flow for configuration of ePSM in the UE.
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Figure 5.8.1-1. Configuration of enhanced Power Saving Mode (ePSM)

1.
UE sends a TAU Request message, either due to mobility or due to Periodic TAU timer expiry. If UE wishes to use ePSM, it includes a set of parameters that describe the desired ePSM cycle e.g. the duration of Idle sojourn time (Ti), the duration of PSM sojourn time (Tp) and possibly an absolute clock reference (Tref).


The absolute clock reference should be based on a clock that can be made available both within the UE and the AS. For example, Universal Time or GPS time may be used.

2.
MME decides if it allows ePSM based on operator's configuration. If MME decides to accept the request, it forwards the description of the ePSM cycle to a Service Capability Exposure Function (SCEF) along with a UE identity (UE ID). Note that MME may modify the values describing the ePSM cycle if it does not accept the values as proposed by the UE.


Alternatively, Tp and Ti timer values may be configured in HSS as part of UE subscription data and downloaded to MME. If MME receives this information from HSS it may use them to override the values requested by UE.

3.
MME sends a TAU Accept message including the approved description of the ePSM cycle (i.e. the original parameter values as proposed by UE in step 1, or modified values).

4.
At some point the eNB releases the RRC connection. At this point UE enters the ePSM cycle by typically going through Idle mode first. Note that the RRC connection release message is asynchronous (i.e. it can occur at any instant), whereas the ePSM cycle is locked to an absolute time reference. This means that, step 4 may occur either within the "Idle interval" or within the "PSM interval" of an ePSM cycle.


In Figure 2 it is assumed that step 4 has occurred within the latter. For this case the UE can use one of the following options:

a)
UE may lock immediately to the ePSM cycle by entering PSM immediately. In this case the very first "PSM interval" will be truncated.

b)
Alternatively, UE may decide to enter Idle mode first and extend the Idle mode stay until the start of the first upcoming "PSM interval" of the ePSM cycle. In this case the very first "Idle interval" is exceptionally longer than usual.

c)
Alternatively, the UE may enter Idle mode first and remain in Idle mode for a given time duration, possibly equal to the value of Ti, before reverting to the ePSM cycle.

NOTE 1:
The potential benefit of options b) or c) is that they guarantee that the UE is reachable for some time period immediately after the Attach or TAU procedure which is a time when there may be an increased possibility of MT signalling or data.

5.
A 3rd party AS wishing to send MT data to this UE registers with the SCEF and obtains the description of UE's ePSM cycle. Given that the ePSM cycle is described relative to an absolute time reference (Tref), the AS needs to fetch the ePSM description from the SCEF only once. The AS may also subscribe to be notified in case the ePSM cycle parameters are modified or if ePSM is cancelled for this UE.

6.
The Periodic TAU timer is independent of the ePSM cycle. Upon this timer's expiry, the UE sends a periodic TAU Request message, as usual. The UE can use this opportunity to request a change of ePSM parameters or cancel the ePSM. In such a case the MME contacts the SCEF (not shown in the figure) to update it with the new ePSM description or indication that UE is not using ePSM anymore. The SCEF can then notify all ASs (not shown in the figure) interested in this UE about the change.


Conversely, if the UE is happy with the current ePSM configuration, it may indicate this to MME by sending the same values. UE may cancel ePSM by not including any ePSM-related parameters.

NOTE 2:
Figure 5.8.1-1 describes all aspects listed above including the locking of the (Ti + Tp) cycle onto an absolute clock reference (Tref). If that aspect were not included then there would be the following differences in the sequence:




-
Steps 2 and 5 would not occur;

-
The passing of the Tref parameter in steps 1 and 3 would not be needed;

-
At step 4 the UE would immediately enter the (Ti + Tp) cycle on release of the RRC connection.

The signalling of ePSM parameters (i.e. Ti, Tp, Tref) also applies to the Attach procedure by replacing the TAU Request/Accept messages with the Attach Request/Accept messages.

Figure 5.8.1-2 describes the call flow for MT communication towards a UE in ePSM.
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Figure 5.8.1-2. MT communication towards a UE in ePSM

1.
At the beginning of the call flow the UE has entered ePSM cycle and is alternating between the "Idle interval" and the "PSM interval". The 3rd party AS obtains the ePSM cycle description for this UE.

2.
When the AS has MT data for sending, it waits until the UE enters the "Idle interval" before sending the MT packet(s).

3.
The MT packets are short term buffered in the SGW as usual. SGW sends a Downlink Data Notification (DDN) message to the MME to initiate paging.

4.
MME triggers paging.

5.
Given that UE is currently inside the "Idle interval" it is able to read the paging message. UE establishes a connection with the network and enters Connected mode. While in Connected mode, the ePSM cycle runs in parallel, but is not used in any way. The UE just needs to keep track of the ePSM cycle in the background so that it can later lock on it again.

6.
After the data communication is terminated, at some point the network decides to release the RRC connection. In Figure 5.8.1-2 it is assumed that the RRC connection is released within the "Idle interval". The UE may lock immediately on the ePSM cycle, as a result of which the very first "Idle interval" will be truncated.

NOTE:
Figure 2 describes all aspects listed including the locking of the (Ti + Tp) cycle onto an absolute clock reference (Tref). If that aspect were not included then there would be the following differences in the sequence:

-
Step 1 would not occur.

-
At step 2 the AS would just send data when it is available (i.e. it would not have to wait for an "Idle interval" as it would not be aware when this "Idle interval" occurs in the UE).

-
At step 3 the SGW would need to be able to long-term buffer the packet (as described in solution 2) until it is possible for the UE to be paged during one of its "Idle intervals".

-
At step 4 the UE would immediately enter the (Ti + Tp) cycle on release of the RRC connection.

MT SMS is supported as follows:

-
If the MT SMS arrives at the MME while the UE is in the "PSM interval", the MME indicates towards the SMS Infrastructure that the UE is unreachable and sets the URRP flag.

-
The MT SMS is delivered when the UE is brought to Connected mode again (e.g. due to Periodic TAU timer expiry or due to MO data).


The solution also applies to GERAN/UTRAN, by replacing MME and TA Update with SGSN and RA Update, respectively, in the description above. It is up to RAN working groups to decide what information can be used to provide an absolute clock reference to the UE.
5.8.2
Impacts on existing nodes and functionality

Impact is on the:

MME:

-
Configuration of ePSM in the UE.
-
The mobile reachable timer is set to a value similar to the Periodic TAU timer, the same as in the case when PSM is not activated.

UE:

-
Support for ePSM i.e. alternating between "Idle mode interval" and "PSM interval" without any signalling with the network.
-
The handling of Ti and Tp timers is performed in the NAS. Upon Ti expiry the NAS requests the AS to go to deep sleep. Upon Tp expiry the NAS awakes the AS. When awake, the AS may occasionally re-sync with the absolute clock reference provided as SIB information.

==============End of PROPOSED CHANGE======================

3GPP

SA WG2 TD


_1486472616.doc
[image: image1.emf][image: image2.emf][image: image3.emf][image: image4.emf][image: image5.emf][image: image6.emf][image: image7.emf][image: image8.emf][image: image9.emf][image: image10.emf][image: image11.emf][image: image12.emf][image: image13.emf][image: image14.emf][image: image15.emf][image: image16.emf][image: image17.emf][image: image18.emf][image: image19.emf][image: image20.emf][image: image21.emf][image: image22.emf][image: image23.emf][image: image24.emf][image: image25.emf][image: image26.emf][image: image27.emf][image: image28.emf][image: image29.emf]

for specific UE ID







Tref 







and 







Tp 







, 







Ti







AS retrieves 







. 







5







IDLE







Ti expiry







Tp expiry







PSM







IDLE







Ti expiry







Tp expiry







T







3412 







expiry







6







. 







TAU Request 







(







Ti







, 







Tp







, 







Tref







)







Optional extra IDLE time 







(







awaiting to lock on Tref







)







Tref 







+ (







N







+







2







) * (







Ti 







+ 







Tp







)







Tref 







+ (







N







+







3







) * (







Ti 







+ 







Tp







)







SCEF







AS







2







. 







Insert data 







(







UE ID







, 







Ti







, 







Tp







, 







Tref







)







UE







eNB







MME







PSM 







(







UE access stratum deactivated and UE is not reachable







)







4







. 







RRC Cnx Release







1







. 







TAU Request 







(







Ti







, 







Tp







, 







Tref







)







IDLE 







(







UE reachable through paging







)







3







. 







TAU Accept 







(







Ti







, 







Tp







, 







Tref







)







Ti







 







expiry







Tp







 







expiry







Tref







 







+ 







N 







* (







Ti 







+ 







Tp







)







Tref 







+ (







N







+







1







) * (







Ti 







+ 







Tp







)







PSM











[image: image30.emf][image: image31.emf][image: image32.emf][image: image33.emf][image: image34.emf][image: image35.emf][image: image36.emf]
_1486472871.doc
[image: image1.emf]

UE







eNB







MME







Tref 







+ (







N







+







1







) * (







Ti 







+ 







Tp







)







PSM







IDLE







IDLE







2







. 







MT data 







(







IP packet







)







Tref 







+ (







N







+







2







) * (







Ti 







+ 







Tp







)







SCEF







AS







3







. 







DDN







Tref 







+ (







N







+







3







) * (







Ti 







+ 







Tp







)







Tref 







+ (







N







+







4







) * (







Ti 







+ 







Tp







)







4







. 







PAGING







5







. 







UE brought in Connected mode







; 







MT data delivered







(







while UE is in Connected mode







, 







the 







(







Ti 







+ 







Tp







) 







cycle runs in parallel







, 







but has no use







)







PSM







“truncated” IDLE interval







PSM







, 







etc







...







IDLE







6







. 







RRC Cnx Release







Tref 







+ (







N







+







5







) * (







Ti 







+ 







Tp







)







SGW







/







PGW







1







. 







AS retrieves 







Ti







, 







Tp 







and 







Tref 







for specific UE ID











[image: image2.emf][image: image3.emf][image: image4.emf][image: image5.emf][image: image6.emf][image: image7.emf][image: image8.emf][image: image9.emf][image: image10.emf][image: image11.emf][image: image12.emf][image: image13.emf][image: image14.emf][image: image15.emf][image: image16.emf][image: image17.emf][image: image18.emf][image: image19.emf][image: image20.emf][image: image21.emf][image: image22.emf][image: image23.emf][image: image24.emf][image: image25.emf][image: image26.emf][image: image27.emf][image: image28.emf][image: image29.emf][image: image30.emf][image: image31.emf][image: image32.emf][image: image33.emf][image: image34.emf][image: image35.emf][image: image36.emf][image: image37.emf][image: image38.emf][image: image39.emf][image: image40.emf][image: image41.emf][image: image42.emf][image: image43.emf][image: image44.emf]
