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Abstract of the contribution: This paper includes a discussion and proposal on way forward for certain aspects of the Power saving state solution. 

Introduction

For the key issue 7.1, UE Power Consumption Optimizations, it was concluded at SA2#98:

“Further it is recommended to adopt the "power saving state" solution for Rel-12.”. 
This paper discusses some aspects of the Power saving state solution assuming CRs to SA2#99 will be submitted.

Discussion
RAN aspects

RAN2 replied to the SA2 LS S2-133078 in S2-133186/R2-133034 that:
“…the definition of a ‘Power saving state’ has very limited impact on the RAN, if transition into the state is configured/ managed by NAS (however it is FFS how RAN4 would take the power saving state into account).”

It is by that understood that RAN2 never discussed the RAN related additions made at SA2#98 i.e.:
“A possible optimization to help the eNB to select a Paging Occasion (PO) before the active timer expires, the MME includes remaining time period for the active timer in the paging messages. Upon receiving the paging message from the MME, the eNB selects a proper PO within the received time period from the MME. If the eNB cannot find a PO within the time period from the MME, the eNB stops the paging procedure in RAN.”

Proposal 1:
SA2 should not include the PO optimization in any normative CR until RAN2 discussed it.

CN aspects

SCS-HSS interactions

The TR solution states
“The Service Capability Server or other entity then may decide to register its ID with HSS, possibly via the MTC-IWF, for getting notified when the MTC device becomes reachable (for the UE available notification procedure, refer to TS 23.401 [6] clause 5.3.11 or TS 23.060 [5] clause 5.3.10). If the Service Capability Server or other entity knows that the device is only occasionally reachable, it may also directly register with HSS for getting notified without first trying to send downlink data.”

And

“The Service Capability Server or other entity then may decide to register its ID with HSS, possibly via the MTC-IWF, for getting notified when the MTC device becomes reachable (for the UE available notification procedure, refer to TS 23.401 [6] clause 5.3.11 or TS 23.060 [5] clause 5.3.10). If the Service Capability Server or other entity knows that the device is only occasionally reachable, it may also directly register with HSS for getting notified without first trying to send downlink data.”

SA2 has not discussed these aspects so much and therefore not looked into e.g. signalling load implied and exposure of operator information by such functionality. It is therefore proposed to not address these in Rel-12. These aspects could be considered as part of the new SA1 work on Service Exposure.
Proposal 2:
SA2 should not include SCS aspects for the Power saving state solution in Rel-12.
Charging
When the Active time expires and NAS deactivates AS, the UE will not respond to paging and consequently until the UE gets back to connected state any DDN will be rejected by the MME. The question is what happens to charging during this period? The EPS bearers will be retained and consequently the PDN GW will count any DL packet and generate CDRs based on forwarded packets. 
Proposal 3: Discuss whether we need additional measures to avoid user being overcharged.

Subscription control

It has not been discussed whether there is a need to enable the Power saving state solution via the subscription.

Whether there is a need to apply power saving is UE dependent. If the UE has decided that there is a need to apply power saving and the UE supports the Power saving state solution and intends to use it, there is no reason to reject such request as it may end up in the UE applying it without any network support and that may lead to e.g. increased usage of paging resources. It is proposed to not add any subscription control.

Proposal 4: There is no need to add any subscription control of the Power saving state solution.

Measures/Statistics
At the SA2#98 meeting there were comments that we should avoid impacting statistics with the UEPCOP solutions.

Looking into TS 32.408 “Telecommunication management; Performance Management (PM);Performance measurements; Teleservice”:

-
There are no measures specified for SMS infrastructure (e.g. SMS-IWMSC, SMS-GMSC, SMS-SC) i.e. those are outside scope of 3GPP

-
There are no measures defined for MME

-
For Power saving state solution the measures applicable seems to be e.g.

-
Attempted PS SMS mobile terminating
-
Successful PS SMS mobile terminating
-
Attempted PS ms-Present
-
Successful PS ms-Present
If an SMS is attempted by the SMS infrastructure and SGSN/MME knows UE is unreachable and sends failure back to SMS infrastructure it seems like the Power saving state solution impacts the measurements “Attempted”. 

Observation: The Power saving state solution will likely cause an increase in SMS failure statistics
Proposal 

It is proposed to agree on the following:
Proposal 1:
SA2 should not include the PO optimization in any normative CR until RAN2 discussed it.

Proposal 2:
SA2 should not include SCS aspects for the Power saving state solution in Rel-12.

Proposal 3: Discuss whether we need additional measures to avoid user being overcharged.

Proposal 4: There is no need to add any subscription control of the Power saving state solution.

Observation: The Power saving state solution will likely cause an increase in SMS failure statistics

It is further proposed to update the TR 23.887 as follows:
***************************** First Change ******************

7.1.3.3
Solution: Power saving state for devices

7.1.3.3.1
General
The solution introduces a power saving state that a UE may adopt when there are longer periods of inactivity (in the range of multiple minutes or hours). The basic idea behind the solution is that a UE can be configured so that the UE is reachable for downlink data only during the time that the UE is in RRC/S1 connected state plus an active time period that follows the connected state during which the UE is reachable for paging, I.e. the active timer period is after the UE changed to idle state. The UE starts the active timer after transiting to the idle state. When the active timer expires, the UE changes to a "power saving state". Depending on device configuration the applications of the device may change the device back to normal network operation mode, e.g. when an application of the device needs to transfer data.

During that "power saving state the UE remains attached and also all active PDP/PDN connections remain established on UE and network side. The UE stops performing any AS (cell/RAT/PLMN selection) and NAS (MM) procedures. However the UE makes sure to perform periodic registrations (RAU and TAU) procedures with the timer value(s) given by the network.

In order to influence the responsiveness to mobile-terminating events, and taking into account whether the UE is also attached to the CS domain, the UE can indicate its preference for the NAS "power saving state" by proposing a periodic updating timer to the network to be used as the inactive power savings period, and an optional preferred active timer by including these in the Attach or RAU/TAU requests. A UE/application with periodic uplink data, e.g. a remote sensor, would propose a periodic updating timer that is larger than the application uplink data period, so that any periodic uplink data prevent extra periodic updates. The network may take the UE's proposal and preferred power savings inactive and/or active times into account, along with any subscribed periodic updating timer value from the HSS and any local network configuration in determining the inactive/periodic and active timers that are allocated to the UE. If the UE prefers the power saving optimization the MME activates the active timer then sends the allocated inactive/periodic and active times to the UE in the Attach or RAU/TAU Accept messages.

If the UE is not content with the inactive or active timer values that is allocated or no longer prefers power savings mode, and the UE does not want the network to suppress paging, the UE can perform a subsequent registration procedure to indicate that the UE does not want to use  the "power saving state". Before the periodic registration timer expires, the UE needs to return from power saving state with sufficient lead time to perform any potential cell/RAT/PLMN selection to complete the necessary periodic registration in time.

A possible optimization to help the eNB to select a Paging Occasion (PO) before the active timer expires, the MME includes remaining time period for the active timer in the paging messages. Upon receiving the paging message from the MME, the eNB selects a proper PO within the received time period from the MME. If the eNB cannot find a PO within the time period from the MME, the eNB stops the paging procedure in RAN.

From the negotiation with the UE the serving CN node knows that the UE changes to power saving state after the active time. When a not-reachable-flag is set for this UE in the serving CN node (indicating that there is some pending downlink data or SMS), the serving CN node may keep the signalling connection for some time after a mobile originated transaction, e.g. a TAU/RAU procedure or MO data, to keep the communication with the UE established while waiting for potential downlink data. The active time is a defined period [of e.g. 1min] after release of the signalling connection during which the UE remains reachable for paging. The serving CN node sets the UE's mobile reachable timer to this time value to stop paging after the active time expires. Any other CN node timer handling remains unmodified. I.e. it remains as currently specified, when the mobile reachable timer expires, the serving CN node considers the UE as not reachable and starts the implicit detach timer. When the implicit detach timer expires, the serving CN mode may deactivate the UE's PDP/PDN connections and also purge the UE, also as today specified. Specific for this approach the serving CN node sets the implicit detach timer at least slightly longer than the UE's periodic registration timer so that the implicit detach timer doesn't expire before the UE performs the next periodic registration. Thereby the CN operates with its existing timers, which are set with the values specific for this approach.

Reachability handling of such UEs is accomplished by using already existing functionality. When a Service Capability Server or any other entity attempts to send downlink data or SMS to the UE outside of the reachability period of the UE (i.e. after the mobile reachable timer has expired), it will get a notification that the device is not reachable / not responding (for SMS delivery attempts) or it gets no response (when downlink IP packets are discarded). The Service Capability Server or other entity then may decide to register its ID with HSS, possibly via the MTC-IWF, for getting notified when the MTC device becomes reachable (for the UE available notification procedure, refer to TS 23.401 [6] clause 5.3.11 or TS 23.060 [5] clause 5.3.10). If the Service Capability Server or other entity knows that the device is only occasionally reachable, it may also directly register with HSS for getting notified without first trying to send downlink data.

As specified for the reachability handling, the HSS requests the serving CN node(s) to notify about reachability. The CN node(s) set the URRP-SGSN or URRP-MME flag. In the response, as an enhancement for existing functionality, the serving CN node(s) may provide the time of the last UE contact and/or the time of the expected next UE contact, which the HSS may deliver to the requestor. When the UE becomes available (e.g. because of TAU/RAU or e.g. MO data for another application), the HSS gets alerted by the serving CN node and the HSS informs all entities that have registered their IDs with the HSS, all by existing functionality. The Service Capability Server can then send the downlink data to the UE.

When considering specifics of multi-RAT UEs it is assumed that the power saving state doesn't require any new state. LTE and 2G/3G capable UEs have coupled MM state machines. TS 24.301 assumes the MM states obviously as depending on the currently camped on RAT: if on LTE GMM-REGISTERED.NO-CELL-AVAILABLE and EMM-REGISTERED.NORMAL-SERVICE, if on 2G/3G vice versa. Using this model the "power saving state " could be modelled based on EMM states as shown below. The actual definition of a state model for the "power saving state " is for stage 3.


[image: image1.emf] 

*EMM - REGISTERED.   UPDATE - NEEDED  

Active Timer expires   (deactivate AS)   

Periodic TAU timer expires   (activate AS)  

an application on UE needs   MO communication   (activate AS)  

*EMM - R EGISTERED.   NO - CELL -   AVAILABLE  

*EMM - REGISTERED.   NORMAL SERVICE  

AS indicates camping on   a suitable cell from registered TA   (case of finding back an old cell)  


Figure 7.1.3.3.1-1: EMM state model in UE
The figure above shows the EMM state model in the UE. The dotted arrows show transitions specific for the solution. The Active Timer is started by the ECM state change from connected to idle in the same way as the UE's periodic TAU timer (part of ECM state model). When this timer expires, the UE's EMM changes to EMM-REGISTERED.NO-CELL-AVAILABLE, which may be considered as some "EMM-REGISTERED.power-saving" following TS 24.301. The UE returns from this power saving state by interrupts from the periodic TAU timer (to EMM-REGISTERED.UPDATE-NEEDED) or from a data transfer request (where it stays in EMM-REGISTERED.NO-CELL-AVAILABLE). Both interrupts cause the NAS to reactivate the AS. The additionally shown transition (non-dotted arrow) is showing one example of an existing transition. This example shows how the UE returns to NORMAL SERVICE.
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Figure 7.1.3.3.1-2: E-UTRAN RRC state model in UE
The figure above shows a part from the cell selection procedure with RRC states from TS 36.304. The bolded parts are added for returning from power saving state. As it can be seen that existing procedures and states are used. Only the RRC-NULL is "created" here for this description. TS 36.331 [4] shows transitions between UTRA_IDLE and E-UTRA_IDLE. Unfortunately there seems not any specific state name for the currently unused RAT in none of the RAN specifications. All what is done here is adding description that moves RRC to a NULL state when NAS deactivates the RAT for modelling this situation. And when NAS activates the AS/RAT again the normal cell selection process is started.
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Figure 7.1.3.3.1-3: EMM state model in MME

The MME's EMM state transition model is not changed and here only shown for explaining the functionality. The difference to existing handling are: the Reachability Timer is set to the active time (e.g. 1 min) instead of setting it to the periodic updating timer period, which accomplishes to stop any paging when the UE changes to power saving state. And the Implicit Detach Timer is set at least somewhat longer than the periodic updating timer. The latter is specifically for UEs with very long inactivity period to know soon when those UE contexts are not relevant anymore as the UEs with very long timer have not much activity, but require context storage for long.

7.1.3.3.2
Impacts on existing nodes and functionality
-
The UE is enhanced for negotiating the use of the power saving state and the periodic TAU timer with the MME.

-
At Active Timer expiry the UE's NAS changes to state EMM-REGISTERED.NO-CELL-AVAILABLE and deactivates the AS. The UE starts a timer with the negotiated periodic TAU time or with a time period required for an application and switches off any not needed components.

-
When the timer expires the UE activates all components and adopts or is still in EMM-REGISTERED.NO-CELL-AVAILABLE or in EMM-REGISTERED.UPDATE-NEEDED when woken up by a transfer request. The NAS initialises the AS.

-
The UE can indicate: its own power savings capability by including periodic updating timer for the preferred inactive power savings timers and an optional active timer to the network in Attach Request or RAU/TAU Request.

-
The MME/SGSN recognizes this specific UE configuration and sets the mobile reachable timer to the defined time period  that the UE is reachable after signalling connection release. The implicit detach timer of this UE takes at least the value negotiated for the periodic TAU. The MME/SGSN may be configured to allocate a long periodic update timer to such UEs.

-
The MME/SGSN only activate the active timer for UEs requesting the power savings capability. It sends the allocated periodic and active times in the Attach Accept or the RAU/TAU Accept Request.

-
As a possible optimization: The MME/SGSN includes the remaining time period of the active timer in the paging message.

-
Optionally, if the remaining active time is provided, the eNBs/RNCs select a proper PO within the time received from the MME. If they failed to find one, the eNBs/RNC stop the paging procedure in the RAN.

-
The HSS to application signalling may be extended to provide timing information

7.1.3.3.3
Solution evaluation

7.1.3.3.3.1
Pros

The solution is applicable to service provision via PS domain. Reachability handling via MSC may be used within the overall scenario as far as the functionality exists already for the CS domain, i.e. existing SMS related notifications.

The approach permit very long battery lifetime for stationary and moving UEs with infrequent communications needs. There are clear conditions for the 3GPP system and for the applications whether the UE is reachable or not. I.e. when in power saving state the UE is not reachable and the network does not waste resources on trying to find or contact the UE. Under this condition the UE can be reached via SMS, which gets delivered when the UE wakes up as it remains active for the active time after contacting the network. When the UE is active it is reachable with the timing figures of any other UE, i.e. with a latency of a few seconds in maximum.

-
UE battery saving with small UE-Network protocol impacts; 

-
Saves cell/PLMN (re-)selection and related mobility signalling during power saving state;

-
Network resource usage balancing: as it may be assumed that different UEs contact the network  at different point in time; and Network aggregates downlink triggering requests (e.g. SMSs) during power saving state ;

-
Suitable for medium and long inactivity cycles due low amount of system signalling.
7.1.3.3.3.2
Cons
-
Some UE impacts due to additions for activating and deactivating NAS and AS based on power saving conditions.

-
Requires the application to cope with or adapt to that model and an API in UE, e.g. for adjusting the periodic TAU timer for polling.

-
Adds signalling load for polling the network, when there is no periodic uplink user traffic accomplishing this .
-
The Power saving state solution will likely cause an increase in SMS failure statistics in the SMS infrastructure.
***************************** Next Change ******************

9.4
Key issue 7.1

It is recommended to adopt for Rel-12 longer DRX cycles within the limits that do not cause major impacts on system signalling, e.g. due to systematic increase of UE unreachable conditions, or major impact on system functionality like SMS infrastructure. Specific values for the limits may be determined by RAN together with CT groups.

Depending on RAN and CT findings longer DRX cycles may be considered by SA2.

Further it is recommended to adopt the "power saving state" solution for Rel-12 with the exception of the following aspects:

-
Without any SCS interactions towards the MNO (e.g. HSS to application signalling); 
-
Without any UE subscription control (i.e. HSS interactions to enable/disable power saving mode per UE); and
-
Without MME/SGSN including the remaining time period of the active timer in the paging message.
***************************** End of Changes ******************
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