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Abstract of the contribution: The MTC UE moves after every transmission to a passive state in order to save battery but still remains pageable and reachable for the MTC application server. 
Discussion:
For an MTC UE the best way of saving energy would be to turn off completely after each transmission, e.g. if a metering device is fixed in a location and scheduled to deliver data once every month, it would be a drastic waste of resources to keep permanently the necessary context state (security context, location, bearer context, etc.). 

A very simple solution is possible for either one of these cases, by switching the device on and off at appropriate times:

· only uplink communication is necessary: the UE attaches to the NW and all context is created subsequently. This can be handled completely by local environment, in which the UE is assumed to be integrated (e.g. timer, counter thresholds, file size, sensors, etc.)  

· the time slots for communication are fixed and known to both sides (UE and NW); in practice this means that (1) the UE is attached to a timer device, which de/activates UE's power switch sufficiently before and after the desired time intervals; and (2) the time must be well synchronized with the NW. In this case there is also no problem for bidirectional communication within the pre-defined time intervals.
In case the UE needs to respond more quickly to the trigger requests, then the UE needs to be reachable also during the energy saving periods.

In 3GPP TS 23.122, subclause 4.7 ("Pageability of the mobile subscriber"), the following is specified:

An MS is required to listen to all paging messages that could address it (see 3GPP TS 45.002), when the following conditions are all satisfied:

· A SIM is inserted;

· The MS is camped on a cell;

· The MS is not in state "Idle, No IMSI"; and

· The MS is not performing the task to search for available PLMNs. …
The last bullet applies for the DEREGISTERED.NORMAL state. In TS 24.301 it is not clearly stated, but it can be deduced, that an initial attach shall be the response for a paging. The paging in this state currently would have to be based on IMSI, as by definition no context with S-TMSI is available; however, IMSI paging is considered as error recovery mechanism. Actually a legacy UE should spend almost no time in this state (an attach procedure anyway has to be executed); however, a lower limit cannot be estimated and depends on the implementation. 
In order to save battery but be also reachable for paging at any time in order to receive the trigger messages, the UE shall stay in this passive state. 
In the passive state, 

· an MTC type UE may choose to remain in this state for an extended period of time; and

· the paging by IMSI may happen also regularly, i.e. not for error recovery. The paging by IMSI is NOT network wide and thus does not cause load problems.
The following figure shows the UE state model including the passive state:
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The UE in passive state is just listening to the PDCCH each DRX intervals and is not doing anything else.
The network needs to keep the location information, i.e. TA for the UE in passive state in order to page the UE correctly.

It is proposed to capture the following solution in TR 23.887:
Start of Change

7.1.3.x
Solution : UE Power Saving in Passive State
7.1.3.x.1
General

For an MTC UE the best way of saving energy would be to turn off completely after each transmission, e.g. if a metering device is fixed in a location and scheduled to deliver data once every month, it would be a drastic waste of resources to keep permanently the necessary context state (security context, location, bearer context, etc.). 

A very simple solution is possible for either one of these cases, by switching the device on and off at appropriate times:

· only uplink communication is necessary: the UE attaches to the NW and all context is created subsequently. This can be handled completely by local environment, in which the UE is assumed to be integrated (e.g. timer, counter thresholds, file size, sensors, etc.)  

· the time slots for communication are fixed and known to both sides (UE and NW); in practice this means that (1) the UE is attached to a timer device, which de/activates UE's power switch sufficiently before and after the desired time intervals; and (2) the time must be well synchronized with the NW. In this case there is also no problem for bidirectional communication within the pre-defined time intervals.

In case the UE needs to respond more quickly to the trigger requests, then the UE needs to be reachable also during the energy saving periods.

In 3GPP TS 23.122, subclause 4.7 ("Pageability of the mobile subscriber"), the following is specified:

An MS is required to listen to all paging messages that could address it (see 3GPP TS 45.002), when the following conditions are all satisfied:

· A SIM is inserted;

· The MS is camped on a cell;

· The MS is not in state "Idle, No IMSI"; and

· The MS is not performing the task to search for available PLMNs. …

The last bullet applies for the DEREGISTERED.NORMAL state. In TS 24.301 it is not clearly stated, but it can be deduced, that an initial attach shall be the response for a paging. The paging in this state currently would have to be based on IMSI, as by definition no context with S-TMSI is available; however, IMSI paging is considered as error recovery mechanism. Actually a legacy UE should spend almost no time in this state (an attach procedure anyway has to be executed); however, a lower limit cannot be estimated and depends on the implementation. 

In order to save battery but be also reachable for paging at any time in order to receive the trigger messages, the UE shall stay in this passive state. 

In the passive state, 

· an MTC type UE may choose to remain in this state for an extended period of time; and

· the paging by IMSI may happen also regularly, i.e. not for error recovery. The paging by IMSI is NOT network wide and thus does not cause load problems.

The following figure shows the UE state model including the passive state:
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The UE in passive state is just listening to the PDCCH each DRX intervals and is not doing anything else.

The network needs to keep the location information, i.e. TA for the UE in passive state in order to page the UE correctly.

7.1.3.x.2
Impacts on existing nodes and functionality

The UE needs to be extended with a new passive state and the network needs to keep the location information of the UE for the paging.
7.1.3.x.3
Solution evaluation

Low impact to the system and best suitable for infrequent data transmission requests.
End of Change
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