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Abstract of the contribution: This contribution analyses and proposes solutions for detaching a UE after the data communication is completed. 
Discussion

The UEPCOP use case of battery driven UEs is described in TR 23.887 in section 7.1.1 as follows:

-
For M2M use cases like sensors that run on battery it is a major cost to on site exchange (or charge) the batteries for a large amount of devices and the battery lifetime may even determine the device’s lifetime if it is not foreseen to charge or replace the battery;

Further, SA1 WG specified a requirement for keeping a UE in detached state when not communicating:

The system shall provide mechanisms to lower power consumption of MTC Devices. 

-
MTC Devices may or may not be kept attached to the network when not communicating, depending on operator policies and MTC Application requirements.

This contribution proposes a solution to fulfil this requirement. Keeping the UE in detached state when not communicating would result in no power consumption for the radio interface because no MO signalling is needed for updating the mobility and session/bearer contexts in the network and the UE is not listening to Paging channel. The network or UE should perform the detach procedure (implicit or explicit) after the communication is completed. To achieve this, the UE or the network should be configured with given parameters/conditions (e.g. based on the subscription), when to perform the detach procedure. 

Explicit Detach

The Detach procedure can be performed explicitly initiated by the UE or initiated by the network:

-
UE initiated detach. The UE performs the Detach procedure after the data exchange has been completed. The UE can be configured via the application layer which does not require 3GPP standardization. The UE can be also configured by the network operator, e.g. during the Attach/TAU procedure. The UE initiated Detach has the advantage that the UE's NAS layer may know from the application/service layer about the end of communication, and therefore, the Detach procedure is performed after the end of communication. 

-
Network initiated detach. The network initiated detach can be MME/SGNS or HSS initiated. For the purposes of UE power reduction (UEPCOP), MME/SGSN initiated detach may be considered as rather applicable because the MME/SGSN knows the UE's connection state, e.g. idle or connected.

If the network operator is aware about the UE configuration to perform UE initiated detach, then the network relies on the UE behaviour.

If the network operator is not aware about the UE configuration regarding detach, then the network initiated Detach procedure should be performed. One main challenge for the network is to know when the data communication among UE and SCS/AS is completed. A reliable indication that the data exchange may have completed is the transition from connected to idle state. In such case the network can execute the Detach procedure together with the S1 release procedure. As the UE or SCS/AS may have a short communication pause, too early network initiated detach should be avoided. This can be achieved by one of the following ways:

-
SCS/AS informs the network about the end of communication. For example this would involve a signalling between SCS and MTC-IWF and the MTC-IWF can inform either the PGW/GGSN or MME/SGSN about the end of communication.

-
A mechanism in MME's NAS layer to initiate the Detach procedure with a certain delay time after the UE is transferred to IDLE. This would avoid too early detach. 
The latter approach based on delayed detach has benefits, as it requires modifications merely to MME/SGSN. In contrary, the first approach would require changes to many entities and protocols in the Core network (MTC-IWF, GGSN/PGW, SGSN/MME) and still explicit signalling for Detach procedure is needed.

Implicit Detach
The implicit Detach is performed by the network without notifying the UE. Usually the implicit Detach is used in failure conditions when the reachability and implicit detach timer in MME/SGSN expire. 

As the MME needs to page the UE for the delayed explicit Detach procedure in order to transmit the Detach request message, additional signalling (paging, service request, detach procedures) over the RAN is performed. In order to save such a signalling, a kind of modified implicit Detach can be used for the purpose of UEPCOP.  The network may negotiate with the UE a certain time (deferred detach timer), the expiration of which would cause both UE and MME to perform implicit Detach procedure. The negotiation of such deferred detach timer can be done is several was:

· (i) Using explicit Detach request message transmitted to the UE during the S1 release procedure (idle transition), as the Detach request message contains the timer for deferred implicit Detach. After the delay timer expires and the UE has not shown any activity, the network would perform an implicit Detach procedure and the UE would also implicitly delete the EMM/EPS context and transfer to detached state. The use of a "deferred detach" timer assures that the UE and the network are synchronized, i.e. perform the implicit detach at the same time without additional signalling. 

· (ii) During the Attach procedure the UE and MME may exchange capabilities for detach. The UE and MME agree to perform the implicit Detach procedure after a "deferred detach" time after the transition to idle mode. 
In summary, it is proposed to document the possible solutions for detaching a UE after the data communication is completed. It is further concluded that the Implicit Detach procedure has the benefit of saving signalling for paging, service request and explicit Detach, and therefore, it is proposed to use implicit Detach with approach (ii).
Proposal
The following text is proposed to TS 23.887 to the clause 7.1.3.
Start of change
7.1.3
Solutions

7.1.3.X
Solution: Keeping UEs in detached state when not communicating

See clause 7.1 "Key Issue - UE Power Consumption Optimizations".
NOTE:
This solution has no relation to other solutions for detaching an UE related to the monitoring action "detaching" described in the Building Block MTCe-MONTE in clause 6 of this TR. 
7.1.3.X.1
General

This solution proposes that a UE is kept in detached (aka deregistered) state when no communication from the application point of view is needed. This solution is preferably applicable for scenarios where the UEs perform infrequent mobile originated (MO) communication. For instance, a battery driven UE exchange data with SCS/AS once a day and the power consumption for the Attach procedure is much lower than the consumption needed when the UE stays in idle state.
NOTE 1:
The MO communication means that either 1) the UE's application generates uplink data only to be sent to SCS/AS, or 2) the UE's application polls the SCS/AS for waiting messages.

Keeping the UE in detached state when not communicating would result in no power consumption by the radio interface (e.g. for maintaining mobility/session context for TAU/RAU procedures, IDLE state procedures like cell reselection and monitoring to paging channel). 
The network or UE should be configured to perform the detach procedure (implicit or explicit) after the communication is completed. For example this configuration can be stored in the UE's subscription data or the UE can be configured via OMA-DM. Beside the configuration of the detach procedure, certain detach parameters (like timer and starting point as described below) may be exchange between the network and UE.
Explicit Detach

The Detach procedure can be performed explicitly initiated by the UE or initiated by the network:

-
UE initiated detach. The UE is configured to perform the Detach procedure after the data exchange has been completed. The UE configuration is done either by the application layer (which does not require 3GPP standardization) or by the network operator (e.g. during the Attach procedure). 

NOTE 2:
The UE initiated Detach has the advantage that the UE's NAS layer may know from the application/service layer about the end of communication. The indication from the application layer about the end of communication is implementation dependant and outside the scope of 3GPP.

-
Network initiated detach. In general, the network initiated detach is either MME/SGNS or HSS initiated. MME/SGSN initiated detach is more appropriate because the MME/SGSN knows the UE's connection state, e.g. idle or connected.

If the network operator is aware about the UE configuration to perform UE initiated detach, then the network relies on the UE behaviour. Extensions of the Attach or TAU/RAU procedures may be needed in order for the UE to indicate to the network its configuration.

If the network operator is not aware about the UE configuration regarding detaching, then the network initiated Detach procedure should be performed. One main challenge for the network is to know when the data communication between UE and SCS/AS is completed. A possible indication about the end of data exchange is the transition from connected to idle state. In such case the network can execute the Detach procedure together with the S1 release procedure. However, as the UE or SCS/AS may have a short communication pause, too early network initiated detach should be avoided. This can be achieved by one of the following ways:

(A)
 SCS/AS informs the network about the end of communication. For example this would involve a signalling between SCS and MTC-IWF and the MTC-IWF can inform either the PGW/GGSN or MME/SGSN about the end of communication.

(B)
 A mechanism in MME's NAS layer to initiate the Detach procedure with a certain delay time after the UE is transferred to IDLE. This would avoid too early detach. The delay timer can be UE-specific according to the installed applications and can be configured in the UEs subscription.

The latter approach (B) based on delayed detach has benefits, as it requires modifications merely to MME/SGSN. In contrary, the first approach (A) would require changes to many entities and protocols in the Core network (MTC-IWF, GGSN/PGW, SGSN/MME) and still explicit signalling for Detach procedure is needed. 

Implicit Detach
The implicit Detach is performed by the network without notifying the UE. Currently the implicit Detach is used in failure conditions when the network detects that the UE is not reachable, i.e. after expiry of reachability and implicit detach timer in MME/SGSN. 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). 
NOTE 3:
The implicit Detach procedure in the network is specified in 23.401. The current procedure describes both mobile reachable and implicit detach timers running in the MME, however, for the proposed solution the mobile reachability timer is not needed because the implicit Detach procedure is based on configuration in the network and the UE. The implicit Detach procedure in the UE is currently not specified, but it would basically mean that the UE deletes the EMM/EPS context and transfer to detached/deregistered state without explicit signalling.

The implicit Detach procedure requires the configuration of 2 main parameters in the network and in the UE 1) a certain implicit detach time and 2) the event/point when this implicit detach timer starts. The term "implicit detach time" can be also called "active time" or "reachable time" or any other term that refers to the time duration from a certain event (start point) until the UE implicitly transfers to detached state.
The negotiation of implicit detach parameters (timer and start point) can be done is several ways. Some examples are:

(i)
Using explicit Detach request message transmitted to the UE during the S1 release procedure (idle transition), where the Detach request message contains the implicit detach timer for the deferred implicit Detach procedure. After the implicit detach timer expires and the UE has not shown any activity, the network and the UE perform the implicit Detach procedure. If the UE transmits data during the implicit detached timer is running, the "deferred" implicit Detach procedure is cancelled and it is repeated at the next S1 release procedure.

NOTE 4:
The indication of the implicit detach timer during the S1 procedure would lead to increase signalling because a new IE is included in the S1/RRC release signalling.

(ii)
During the Attach or TAU/RAU procedure, the UE and MME may exchange capabilities for implicit detach. The UE and MME agree/configure the following: 1) whether to perform the implicit Detach procedure, 2) the value of the implicit detach timer and 3) at which event/point the implicit detach timer starts. The UE can suggest a value for the implicit detach timer which is based on the application requirements.
Several examples are listed below for the applicability of implicit Detach solution:

-
Start the implicit detach timer when the UE transfers to idle state. The implicit detach timer can be set to e.g. 10 min, i.e. the network and the UE perform implicit Detach after being 10 minutes in idle state without actions. 
-
If time-controlled communication is configured, the implicit detach timer would be equal to the "grant time interval" or the "communication window" (please refer to TR23.888 v1.7.0, subclause 5.9). When the "grant time interval" or the "communication window" expire, the UE and the network perform implicit Detach procedure. 
-
In the solution for Dormant state as described in this TR subclause 7.1.3.3, the UE and the SGSN/MME can negotiate to transfer to detached state after a particular implicit detach timer expires, as this implicit detach timer starts when the UE does not perform the periodic registration procedure in Dormant state.
7.1.3.X.2
Impacts on existing nodes and functionality

As there are multiple flavours of the Detach solution documented in the above section, the impact on the nodes would be different. However, below there is an attempt to summarize the main enhancements: 

-
MME/SGSN should be capable of:
-
in case of explicit Detach: to initiated the Detach procedure with a delay after the S1 release procedure;

-
in case of implicit Detach: to exchange parameters like "deferred detach" (or "active") time and start point with the UE.
-
UE should be capable of:

-
in case of UE initiated explicit Detach: to enable UE configuration to start detach procedure;

-
in case of implicit Detach: to exchange parameters like "deferred detach" (or "active") time and start point with the MME.
7.1.3.X.3
Solution evaluation

In conclusion, if explicit Detach is desirable, the network initiated Detach with approach (B) has the advantage that changes merely to the SGSN/MME are required and subscription configuration in HSS. The UE initiated Detach procedure has the advantage that no configuration in the network is needed and the UE can reliably know if the data exchange is completed, however it also requires a closer integration between application layer and communication module in the UE.

In order to save the signalling for explicit Detach (and possible paging and service request), the coordinated implicit Detach procedure between network (SGSN/MME) and UE is preferable. The deployment of implicit Detach would requires minimal configuration effort, and therefore, it is proposed to use implicit Detach with approach (ii) where the UE and MME exchange the capabilities and detach parameters during the Attach or TAU/RAU procedure. 

Editor’s Note: If further extensions to the solutions are proposed during the course of Rel-12, the evaluation can be updated accordingly.
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