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Abstract of the contribution:  This paper evaluates the proposed solutions by specifically considering the provided gains under different traffic and usage scenarios.
Introduction

There are four or five solutions with similar characteristics of employing some longer state during which power consumption may be reduced. It is four or five solutions as for the “plain Attach/Attach” it is not clear whether it serves as an introduction or as a solution on its own. It is assumed to be and compared as a separate solution.

This paper evaluates these five solutions, specifically as those target similar usage scenarios. All describe a period of inactivity during which the UE can save power. During this period the UE doesn’t perform any MM procedures and the network knows that the UE is not reachable and it doesn’t spend any resources on paging or searching the UE. The main difference is in the states and conditions that UE and network assume during the inactivity period, which cause the differences for resource and power consumption at changing between inactive and active conditions and also cause different amounts of network internal signaling traffic for this. Further differences are in the impact on applications.
For the individual solution descriptions the evaluations are provided as far as not yet covered. The pros and cons are aligned using similar criteria for the considered solutions. Main comparison of the solutions is in the evaluations section. There are also conclusions derived, which are proposed for the conclusions section.
Proposed update for the TR
7.1.3.3
Solution: Power Saving State for Devices

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 
7.1.3.4
Solution: Attach/detach
7.1.3.4.1
Description
The UE attaches to the network to communicate and after the communication the UE detaches from the network and switch off the 3GPP modem (MT) during a period to save UE power. The UE periodically perform the Attach and Detach procedures.

7.1.3.4.2
Evaluation


Pros:

· UE battery saving with no need for any specification changes or additions 
· Saves cell/PLMN (re-)selection and related mobility signalling during detached state

· Network resource usage balancing: as it may be assumed that different UEs attach at different point in time; and Network aggregates downlink triggering requests (e.g. SMSs) during detach state 
Cons:

· No MNO control of how frequently the UE attaches/detaches
· Requires the application to adapt to that model, e.g. by regular attaching for polling
· Excessive signalling for attaching and detaching, including PDN connection setup, possibly MSC, AAA, SCS and HSS interactions; regular attach needed to poll for waiting SMSs
· Only suitable for (very) infrequent attach cycles due to the heavy system signalling load
· Power saving by be regular attach/detach can also be achieved on application level OTT, which lowers the chance that the approach gets adopted by applications [Peter] Is this a cons??
7.1.3.4.3
Additional solutions using Attach and Detach procedures

7.1.3.4.3.1
Solution: Attach/detach using existing procedures
********************* next change ***********************************
7.1.3.4.3.1.6
Evaluation

Pros:

This sub-lists the pros of Solution for UE power optimization: Attach/detach using existing procedures:

· UE battery saving with no need for any specification changes or additions 

· Saves cell/PLMN (re-)selection and mobility signalling during detached state
· Network resource usage balancing: as it may be assumed that different UEs attach at different point in time; and Network aggregates downlink triggering requests (e.g. SMSs) during detach state 
Cons:

This sub-clause lists the cons of Solution for UE power optimization: Attach/detach using existing procedures:

· No MNO control of how frequently the UE attaches/detaches
· Requires the application to adapt to that model, e.g. by regular attaching for polling 
· Excessive signalling for attaching and detaching, including PDN connection setup, possibly MSC, AAA, SCS and HSS interactions; regular attach needed to poll for waiting SMSs
· Only suitable for (very) infrequent attach cycles due to the heavy system signalling load
· Power saving by be regular attach/detach can also be achieved on application level OTT, which lowers the chance that the approach gets adopted by applications. [Peter] Is this a cons??
7.1.3.4.3.2
Solution for UE power optimization:  Network Assisted Power Saving
********************* next change ***********************************
7.1.3.4.3.2.7
Evaluation
Added value from the active timer is unclear. All what it does is telling the network when it can detach the UE, which is then done by explicit detach. Instead the UE could simply detach after its “active timer” without a need for the network to do this
.

Pros:

This subclause lists the pros of Solution for UE power optimization:  Network Assisted Power Saving as following:

· UE battery saving with small UE-Network protocol impacts.
· Saves cell/PLMN (re-)selection and related mobility signalling during detached state
· Network resource usage balancing: by provide different UE wake-up time to different UEs; and Network can aggregate downlink triggering requests (SMSs) to the assigned UE wake-up time window. 
· Network Signalling Optimization on Downlink Data or Triggering Handling: The solution can allow the mobility management node to guide the peer node (e.g. SCS), where the downlink triggering requests were initiated, to re-send downlink triggering request, by providing the time when UE is available again.
Cons:

· Defines a new condition for the UE state machine. A wakeup timer for the UE to run in “detached state” that triggers the attach procedure

· Requires the application to adapt to that model. New API for application to set activity and wakeup timers in UE.
· Network and SCS/AS provide new functions and interfaces for signalling when UE should become reachable. But, no guarantee that the UE is attached at this point in time when the SCS/AS was told it can send data.

· Requires a reasonable, but power consuming pre-charge time for safely being attached at the point in time that is negotiated with the network. Because it may be delayed, e.g. by cell selection and load, node or even PLMN change. It depends also on precision of clocks in all involved entities and signalling delays
· Changes for MME, IWF and SCS/AS to signal a time when the UE should become reachable.

· If the UE becomes active earlier than at the negotiated wakeup time then there is a new detach and the time indicated to the SCS/AS may not be valid anymore.  

· Excessive signalling for attaching and detaching, including PDN connection setup, possibly MSC, AAA, SCS and HSS interactions
· Power saving by be regular attach/detach can also be achieved on application level OTT, which lowers the chance that the approach gets adopted by applications.
7.1.3.4.3.3
Solution: Keeping UEs in detached state when not communicating

********************* next change ***********************************
7.1.3.4.3.3.3
Solution evaluation

The implicit Detach procedure has a major benefit compared to explicit Detach in saving the signalling for Detach procedure when the UE is in idle mode (i.e. paging from the network, service request from the UE, detach procedure signalling). For both solutions of explicit and implicit Detach the exchange capabilities and/or configuration of detach parameters between the UE and network is required.
The solution description leaves many parameters and options open making it difficult to evaluate. The only added value compared to other attach/detach solutions with explicit detach seems the use of the implicit detach, i.e. avoiding the detach messages. For the network there is no use in immediate detach. The MME context is even kept even after detach. And for the SM context would be also less effort if it could be reused. The SM context is in any case deleted at next attach. The only condition that the network needs is to know when to stop paging, which is normally done when the reachability timer expires. If the periodic TAU is not used then some new timer value needs to be signalled for changing the network to not-reachable and the UE implicitly to detached.

Pros:

· UE battery saving with small UE-Network protocol impacts
· Saves cell/PLMN (re-)selection and related mobility signalling during detached state

· Network resource usage balancing: as it may be assumed that different UEs attach at different point in time; and Network aggregates downlink triggering requests (SMSs) during detach state 
Cons:

· No MNO control of how frequently the UE attaches/detaches
· Requires the application to adapt to that model, e.g. by regular attaching for polling; depending on application  excessive usage of SMS for data or triggering needed
· It defines a new condition for the UE/MME state machines. The expiry of a new timer or the TAU/reachability timer changes UE/network to detached state.

· New API for setting timer(s) on UE.

· Modifies NAS signalling.
· 
· Needs always the full excessive signalling (attach including PDN connection setup) when becoming active. Also is it not prevented that UE is not purged, so that even HSS signalling may be included always.
********************* next change ***********************************
7.1.4
Overall Evaluation 


*************** All following text and table are new *****************************

The solutions are considered separately dependent on their specifics towards applications on how to use or interact with the PLMN provided services. Specifically it is separated into a category where the applications can always assume the user plane data path is always available, though it may have certain latency, but submitted downlink user plane data get delivered to the UE without any additional effort or functionality for the applications. With the other category of solutions a UE may appear as “not reachable” for downlink user plane data. The UE needs to poll regularly via user or control plane for getting any terminating data or events delivered. 
The only proposed solutions that have the downlink user plane always available are idle and connected mode DRX. Both can provide reasonable battery power savings. The maximum cycle is limited by the latency that is acceptable for the protocols running over the connections, which may be 10..20 seconds if any protocol can be used but longer if only specific set of protocols are used, and could be also limited by RAN considerations. It is recommended to at least adopt for Release 12 longer DRX cycles within these limits.
 
More solutions are proposed for the category where the UE is not always reachable for terminating user plane data. These are the solutions where the UE detaches or adopts a power saving state,, and also the idle and connected mode DRX solutions with cycles lengths causing the UE to be unreachable. All proposed solutions require applications to adapt to their specifics. All start with cell and potentially PLMN selection after their power saving condition, which doesn’t differ between the solutions.

The solutions using attach have for every activity period all the system signaling for MM and SM that consumes battery power for system signaling and also for the receive condition, which is longer due to the reaction and processing time for the various parts and nodes involved in the procedure. In addition there may be user plane traffic, e.g. for configuring IP, for registering the IP address on application level, for establishing end to end user plane security, which also adds to battery power consumption.  “Keeping UEs in detached state when not communicating” can avoid the detach signalling. All attach/detach solutions are merely suited for (very) infrequent attach/detach, due to battery consumption, but also due to system load. For (very) infrequent usage it may be sufficient to use existing attach/detach, basically as an over-the-top approach.
The “power saving state” solution needs only the Service Request procedure for MO data, when TA was not changed. Depending on mobility during power saving state it may need a TAU at a change to active state. IP configuration and therefore also the states basing on it are maintained. Due to the lower amount on shorter time of signalling battery power consumption and also system signalling are less. There is no signalling for the change from active to power saving state. The changes for signalling and states are similar to some attach/detach solutions. The gains are better than the solutions using attach. It is recommended to adopt the “power saving state” solution for Release 12.

Comparison of approaches that require the applications to adapt for UEs not always being reachable
	
	7.1.3.3

Power Saving State for Devices
	7.1.3.4


Attach/detach using existing procedures
	7.1.3.4.3

Additional solutions using Attach and Detach procedures

	7.1.3.4.3.2

Network Assisted Power Saving
	7.1.3.4.3.3
Keeping UEs in detached state when not communicating
	7.1.3.1
(long) Extended DRX in idle mode
	7.1.3.6
Long extended DRX cycles in connected mode

	When UE in active condition
	Normal operation in idle or connected mode
	Normal operation in idle or connected mode
	Normal operation in idle or connected mode
	Normal operation in idle or connected mode
	Normal operation in idle or connected mode
	Normal operation connected mode
During idle mode UE not always reachable 
	Normal operation in idle 
During connected mode UE not always reachable

	When UE in power saving condition
	UE: Power saving state

Net: attached, not reachable
	UE and net: detached 

There are no means to avoid purge during inactivity
	UE and net: detached

There are no means to avoid purge during inactivity
	UE in a state where wakeup timer runs

net: detached


	UE and net: detached
	UE: Normal operation in idle mode between scheduled DRX
Net: attached, reachable or not reachbale
	UE: Normal operation in connected mode between scheduled DRX
Net: attached, reachable or not reachbale

	MO data during power saving condition
	UE changes to active, performs cell (and potentisallyPLMN) selection and transfers uplink data

Chance for a TAU/Attach, depending on mobility.
	UE changes to active, cell/PLMN selection, UE attaches 

Always MM and SM signaling for attach and PDN establishment, possibly MSC, AAA, SCS and HSS signaling
	UE changes to active, cell/PLMN selection, UE attaches 

Always MM and SM signaling for attach and PDN establishment, possibly MSC, AAA, SCS and HSS signaling
	UE changes to active, cell/PLMN selection, UE attaches 

Always MM and SM signaling for attach and PDN establishment, possibly MSC, AAA, SCS and HSS signaling
	UE changes to active, cell/PLMN selection, UE attaches 

Always MM and SM signaling for attach and PDN establishment, possibly MSC, AAA, SCS and HSS signaling
	UE changes to active, performs cell (and potentially PLMN) selection and transfer data using existing procedures.
Chance for a TAU/Attach, depending on mobility.
	UE changes to active, synch to cell and transfer data using existing procedures 
Chance for a TAU/Attach, depending on mobility. NAS recovery procedure when cell is changed.

	MT data during power saving condition (SMS +IP)
	No MT data

SMS trigger at next MO data or TAU; in same way SCS/AS may get notified
Or OTT polling the SCS/AS
	No MT data

SMS trigger at next MO data or TAU; in same way SCS/AS may get notified
Or OTT polling the SCS/AS
	No MT data

SMS trigger at next MO data or TAU; in same way SCS/AS may get notified
Or OTT polling the SCS/AS
	No MT data; data or triggers queued?

Serving node may give a point in time when UE becomes active; MO traffic and other system actions may cause a change of that time; no update for AS described
	No MT data

SMS trigger at next MO data or TAU; in same way SCS/AS may get notified
Or OTT polling the SCS/AS
	Dependent on DRX timer value and whether MME is informed about next paging occurrence the MT SMS may either attempt to deliver it or it is delivered at next MO data or TAU.

For DL IP data, SGW keeps DL data until bearers are established or until DDN reject, which deletes downlink data without transfer 
	MT data uses existing procedures, but may be cached longer in RAN compared to shorter DRX.
Downlink data lost when UE becomes active in a different cell.

	Synchronization aspects
	Application may rely on SMS trigger and  on reachability notifications triggered by periodic TAU or periodic uplink data.
	Application needs periodically to trigger attach for polling SMS or triggering  reachability alarms
	Application needs periodically to trigger attach for polling SMS or triggering  reachability alarms
	Application needs to request wanted attach cycles; AS may be informed of time when UE becomes active; MO data and system events may cause asynchrony for the time given to AS
	Application needs periodically to trigger attach for polling SMS or triggering  reachability alarms
	Downlink data transfer with the delay of the DRX cycle, unless it is dropped due to considering the UE unreachable. Application is adapted to longer delays and uses communication protocols which do not perform re-transmissions on its own.
For SMS requires the UE (periodic TAU) or the application (periodic uplink data) to get active regularly for triggering reachability notifications. 
	Downlink data transfer  with the delay of the DRX cycle. Application is adapted to longer delays and uses communication protocols which do not perform re-transmissions on its own.
Changing cell causes data loss and NAS recovery procedure. 

	New signaling parameter for:
	UE tells the net the wanted TAU period, thereby the duration of the inactivity period
	None


	None


	“power saving active time” and “power saving wakeup time” in MM signaling
	UE tells the network the wanted duration of being attached
	Determining per UE extended idle DRX value
Optionally, CN gets next paging occurrence
	Determining per UE extended connected DRX value



	Usage scenario
	Frequent and infrequent usage as signaling for “reactivation” is low

	Only infrequent usage due to the heavy system signaling
	Only infrequent usage due to the heavy system signaling
	Only infrequent usage due to the heavy system signaling
	Only infrequent usage due to the heavy system signaling
	Frequent, infrequent and very infrequent as common solution possible for all scenarios and signalling for reactivation low.
	Frequent, infrequent and very infrequent as common solution possible for all scenarios and signalling for reactivation low as long as device is not changing cell.

	way of adjusting active period duration during which the UE is reachable for data and signalling
	Fixed time set to the period within which SMS or downlink data triggered by reachability alarm can be safely delivered
	Application needs to wait with detach for a period within which SMS or downlink data triggered by reachability alarm can be safely delivered
	Application needs to wait with detach for a period within which SMS or downlink data triggered by reachability alarm can be safely delivered
	“power saving active time” to be set to a period within which SMS or downlink data triggered by reachability alarm can be safely delivered
	Periodic TAU time might be with its smallest value already considerably longer  than the period needed for safely deliver SMS or downlink data triggered by reachability alarm 
	eNb or MME keep RRC connection as long as needed for safely delivering (potential) downlink data or SMS
	 UE always considered active (otherwise not reachable)

	way of adjusting inactive period duration
	Application request the periodic TAU timer; UE may coordinate multiple applications
	(multiple) application runs some timer for the attach cycle
	(multiple) application runs some timer for the attach cycle
	Application request the “inactive time”; UE may coordinate multiple applications
	(multiple) application runs some timer for the attach cycle
	Adjusting idle DRX
	Adjusting connected DRX


�Network can use the active timer to ensure UE is available long enough for getting MT stored SMS. Can be used to sync with SCS in case SCS is given the active time when the UE is available etc.


�One step at a time i.e. agree on DRX up to these values now?


�Add some text arguing why this solution is particularly better than the extended DRX in idle mode solution (infinite DRX)? How about waiting for the RAN2 feedback? Do we go ahead with the decision or adopt this solution as one option?


�Is proposal really to address frequent power saving state for frequent IAT?
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