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Abstract of the contribution: This paper provides enhancements that reduce the impact on UEs and it provides some estimation about battery lifetime that may be accomplished.

Introduction

The discussion of the approach concluded that introducing a new state is a significant drawback. Evaluation of already specified states identified that those can satisfy the needs of the power saving approach. The solution description is updated to make use of already existing NAS and RRC states removing earlier drawbacks.

For getting an understanding about the possible usage scenarios some estimation is performed using the same assumptions described in tdoc S2-124250. Those show the usage scenarios of very long battery lifetime that may be accomplished.

Discussion of state model
So far the approach assumes a new NAS and perhaps also a new RRC state for the power saving condition. During that condition the UE switches all its component off. Only base functionality that also provides a watchdog timer continues to run.
When comparing this situation with other conditions it becomes obvious that “out of coverage” or being redirected to another RAT causes a similar condition for the UE like experiencing when waking up from the power saving condition. A UE that is in a power saving condition for some minutes or longer has a certain chance of waking up in a different cell. As this is comparable to being redirected from another RAT and trying to finding back to the cells that are stored for this RAT the power saving approach is updated to adopt the RRC_IDLE transitional state “Stored Information Cell Selection”. As the is the state the UE should adopt when waking up, the UE enters this RRC transitional state when the active timer expires and keeps all related information like stored cells.

The comparable NAS state is EMM-REGISTERED.NO-CELL-AVAILABLE, which is adopted when out of coverage or when the UE is active on another RAT and uses GMM. So the UE can adopt this state when the active timer expires be in this state when waking up.

When the UE wakes up it adopts the states as described above and continues with its normal behaviour, when the RRC/AS indicates that that a suitable cell is found and camped on the UE changes to EMM-DEREGISTERED.NORMAL-SERVICE. In that state the UE then sends uplink data or initiates a TAU as needed.

The description of the approach is updated accordingly.
Estimation of power consumption

Following parameters provided by S2-124250 are used as a basis for power consumption estimation, specifically the power parameters.

	Power parameter
	Value
	Time parameter 
	Value
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As a basis for estimating the amount of messages to transmit and receive we take from TR 23.887 “5.1.1.3.1 Solution: Small Data Transfer starting from RRC IDLE (E-UTRAN): Use of pre-established NAS security context to transfer the IP packet as NAS signalling without establishing RRC security” the information flow that shows the current situation for comparison.
To be somehow comparable with the model in S2-124250 we assume 40 ms transmit time for uplink user data and 10 ms transmit time for any system signalling message.

The UE has then per activity period 81 ms transmit time:

·   1 octet Random Access Preamble (1ms)

·   8 octets RRC Connection Request 

· 14 octets RRC Connection Setup Complete

· 13 octets Security Mode Complete

· 14 octets RRC Connection Reconfiguration complete

· 100 or some more octets user data

The receive time is not just the single response for a request. For simplicity we assume the UE is in receive mode for 150ms, the time for becoming user plane connected. And in addition it is for 2 seconds in receive mode until receiving an IP/application layer response.

Assuming, like S2-124250, sending uplink data every 768 seconds and returning to power saving condition afterwards. For being comparable it is also assume that location is not changing (at least not the TA) and the periodic timer is longer than 768 seconds to not require a TAU. With these timing figures, the power consumption figures and the battery capacity (1440 mWh), both from S2-124250, the device can operate 119 days, about 4 months. It should be noted that the power consumption comes almost only from the 2.15 seconds reception per 768 seconds cycle. This is for comparison with the 10 ms assumed by the other paper, which is not realistic in our view.
More battery power (2 AA lithium batteries, 4000 mWh each) gives 22 months for the model above.

 A deficiency of the model assumed for the long DRX (S2-124250) is that it neglects mobility. Not any power consumption is considered for cell re-selection. As longer as the DRX or sleep time as higher the chance that a moving UE changes the cell. To consider it we add 10 seconds receive time for cell re-selection every cycle. Further, as a usage scenario for such a device that runs very long without changing batteries we assume some tracking application, where it is more important to gain long battery life than having frequent reporting. For that we assume a cycle time of reporting e.g. the geo-location every hour. With this reporting/activity cycle the batteries last 20 months.

With such a model and that long cycles consumption is dominated by the reception time. It shows that there is not much gain from very long connected DRX cycles as the few additionally transmitted messages for changing from idle to connected mode bring no significant contribution to power consumption. The main effect is from the time assumed for cell-reselection. If the time needed for cell selection becomes shorter the battery time increases.
This may lead to the assumption that the same can be gained by very long idle mode DRX. A main drawback of very long DRX cycles is however the lack of any reachability. With 1h DRX cycle there is just one paging occasion per hour and a repetition after another hour. Also makes it no sense to store any user data for such a long period. The power saving mode approach changes between sleep condition (not reachable) and normal condition (normal reachability timing). Therefore there are no negative effects on UE reachability timing when in normal mode. I.e. when the serving node notifies the SMSC or an application server that the UE is reachable, the UE can be reached with a latency of a few seconds in maximum. Under sleep condition the UE is clearly not reachable for the network and appropriate actions start without extra overhead.
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Figure 5.1.1.3.1.1-2 from TR 23.877: Current LTE message sequence for the transfer of one IP packet pair
Proposal

It is proposed to update TR 23.887 ver 0.6.0 as following:

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 reachable for paging after the UE changed to idle state. Outside this time period the UE may change to a power saving state. Depending on device configuration the applications of the device may change the device back to normal network operation, 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 cell/RAT/PLMN selection and MM procedures. However the UE continues to run periodic registrations timers (RAU and TAU)  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 propose a periodic updating timer to the network. 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. The network may take the UE indication into account, along with any subscribed periodic updating timer value from the HSS and any local network configuration in determining the timer that is allocated to the UE. If the UE is not content with the timer value that is allocated, 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 now wish to enter the power saving state. Before the periodic registration timer expires, the UE shall become active with sufficient lead time to perform any potential cell/RAT/PLMN selection to complete the necessary periodic registration in time.

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. A defined period [1min] after release of the signalling connection the UE remains reachable for paging. The serving CN node sets the UE’s mobile reachable timer to this time value. 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. As usual, 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.
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 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.
The power saving state doesn’t require any new state. It may base on already existing states. When the active timer expires the LTE UE enters NAS EMM-REGISTERED.NO-CELL-AVAILABLE and RRC_IDLE transitional state “Stored Information Cell Selection”. This corresponds to the condition that E-UTRAN coverage has been lost. 
When the UE wakes up it is still in EMM-REGISTERED.NO-CELL-AVAILABLE and RRC_IDLE transitional state “Stored Information Cell Selection” and follows normal behaviour under that condition, i.e. selects a suitable cell when finding one using stored information or it starts initial cell selection otherwise.




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 and uses this active time period for setting its periodic TAU timer.
-
At TAU timer (active time) expiry the UE changes to states EMM-REGISTERED.NO-CELL-AVAILABLE, RRC_IDLE transitional state “Stored Information Cell Selection”, starts a watch-dog timer with the negotiated periodic TAU time or with a time period required for an application and switches off all other components.

-
When the watch-dog timer expires the UE activates all functions and adopts EMM-REGISTERED.NO-CELL-AVAILABLE and RRC_IDLE transitional state “Stored Information Cell Selection” and performs normal functionality for that states.
The MME/SGSN recognizes this specific UE configuration and sets the mobile reachable timer to the defined time period [1 min] that the UE is reachable after signalling connection release. The implicit detach timer 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 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. 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. When in normal condition the UE is reachable with the timing figures of any other UE, i.e. with a latency of a few seconds in maximum. 
7.1.3.3.3.2

Cons

-
Some UE impacts with modified periodic TAU timer handling and modified state transitions at expiry of that timer.
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