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Abstract of the contribution: a new key issue is added to cover the MTC feature “Infrequent Transmission”.
1. Introduction

So far none of the key issues in TR 23.888 v100 covers the MTC feature “Infrequent Transmission” defined in TS 22.368 vb00, clause 7.2.13. This paper is intended to describe the possible use cases applying this feature and propose the required functionality to support this feature.
2. Discussion 

TS 22.368 clause 7.2.13 states:
The MTC Feature Infrequent Transmission is intended for use with MTC Devices that are expected to send or receive data infrequently (i.e. with long period between two data transmission).
For the Infrequent Transmission MTC Feature:

-
The network shall establish resource only when transmission occurs.

-
When there is data to transmit and/or receive, the MTC Device shall connect to the network, transmit and/or receive the data, then following successful transmission/reception, return to an offline state.
Based on stage 1 service requirement, since transmission takes place infrequently (i.e. with long period between two data transmission), it is possible that the MTC Device has moved frequently before an infrequent data transmission is triggered (either by the network or by the device). For example, for certain fleet management that doesn’t need real time information, some meter in a vehicle may only need to transmit/receive the required data to/from the server once in a few minutes per day or even once a week. Another obvious example is the smart meter, which may only need to send metering data to the server at a regular time once a month. One more particular example is the MTC application that is only carried out based on a rare event trigger (e.g. for a rescue task). Once the event is over, there’s no need for the network to manage/maintain the mobility and reachability of the involved MTC devices.

In the above mentioned use cases, most of the regular mobility management procedures (in particular of those fast moving devices) performed outside of transmission periods are of less value but waste network resources. Therefore, no matter the MTC Devices are fixed, of low mobility, or move frequently, if they are featured with Infrequent Transmission, certain level of network optimization should be applicable.
This paper introduces a new key issue of Infrequent Transmission, in the sense of identifying required functionalities for this key issue. Wherever the required functionality has already been identified for other key issues, available solutions are also recommended in this paper.

3. Proposed changes

* * * Begin of 1st Change * * * 
5.x
Key Issue – Infrequent Transmission

5.x.1
Use case description
Based on stage 1 requirements for “Infrequent Transmission”, since transmission takes place infrequently (i.e. with long period between two data transmissions), it is possible that the MTC Device has moved frequently before an infrequent data transmission is triggered (either by the network or by the device). For example, for certain fleet management that doesn’t need real time information, some meter in a vehicle may only need to transmit/receive the required data to/from the server once in a few minutes per day or even once a week. Another obvious example is the smart meter, which may only need to send metering data to the server at a regular time once a month. One more particular example is the MTC application that is only carried out based on a rare event trigger (e.g. for a rescue task). Once the event is over, there’s no need for the network to manage/maintain the mobility and reachability of the involved MTC devices.

In the above mentioned use cases, most of the regular mobility management procedures (in particular of those fast moving devices) performed outside of transmission periods are of less value but waste network resources. Therefore, no matter the MTC Devices are fixed, of low mobility, or move frequently, if they are featured with Infrequent Transmission, certain level of network optimization should be applicable.
5.x.2
Required Functionality

Depending on the low frequency of data transmission, we can either reduce the frequency of mobility management procedures to optimize the network resources for signalling or we can force the MTC Device to go offline when not communicating, so that the resources for storing/maintaining UE’s state information can be saved on the network elements. 

To reduce the frequency of mobility management procedures a longer periodic update timer can be pre-defined as part of the subscription data with the Infrequent Transmission feature activated in HSS/HLR, and the solutions of optimized periodic LAU/RAU/TAU signalling as defined in subclause 6.20 can be applied.

To keep the MTC Devices remaining offline when not communicating, the following functionalities are required:
· The MTC device should detach itself immediately if explicit transmission end is indicated by its upper layer application. For detecting DL transmission end, the MTC device should be informed by the MTC Server about the DL transmission end via application layer.
· In case no explicit transmission end can be detected by the MTC device, the network should be able to detach the MTC device if network has the mechanism to implicitly detect the transmission end.
· After the MTC device is detached, it keeps in offline state until the next infrequent transmission is to be started. Therefore, the network should be able to trigger offline MTC devices when new transmission is initiated by the MTC Server.

For triggering offline MTC devices, the required functionality in 5.8 “Key Issue – MTC Device Trigger” is applicable, and the solution defined in 6.6 is applicable in case the MTC User is aware of the MTC device’s location. 

The MTC device may rarely stay in idle mode if it immediately goes offline when not communicating. Hence there’s no need/chance for such MTC devices to do idle mode mobility management procedures, reachability management in idle mode is not necessary for such MTC devices either.

* * * End of 1st Change * * * 
* * * Begin of 2nd Change * * * 
6.6
Solution - Triggering of non-attached MTC Devices based on location information provided by MTC User

6.6.1
Problem Solved / Gains Provided

See clause 5.8 "Key Issue - MTC Device Trigger". “Location Specific Trigger”, and clause 5.x “Key Issue – Infrequent Transmission”
6.6.2
General

With non-attached MTC Devices, the network has no knowledge of the location of the MTC Device. However, in many cases the MTC User does have knowledge about the location of the MTC Device. In these cases the MTC User can provide the PLMN with information on the location of the MTC Device. Based on that information the PLMN can then broadcast a trigger message in a relevant cell or group of cells. The MTC Device, while not attached, will still listen to the broadcast channel of the PLMN.

A possible solution to broadcast the triggers may be by using the Cell Broadcast Service (CBS) as specified in  TS 23.041. A Cell Broadcast Center (CBC) is under control of a mobile network operator and connected to the radio network i.e. to the BSCs in case of GSM and to the RNCs in case of UMTS. Connected to a CBC are one or more Cell Broadcast Entities (CBEs) which may originate CBS messages. A mobile network operator may make available the interface on the CBC to trusted 3rd parties to interconnect their CBE to the CBC of the mobile network operator. The MTC Devices are programmed to monitor a preset CB channel(s), even when they are not attached to the network, and have assigned a Unique Paging Identity (UPID). This way the MTC Server of the 3rd party is able to send CBS messages, including one or more UPIDs, to its MTC Devices in certain areas based on location information available in the MTC Server.
6.6.3
Impacts on existing nodes or functionality
6.6.4
Evaluation
* * * End of 2nd Change * * * 
* * * Begin of 3rd Change * * * 
6.20
Solution - Optimizing periodic LAU/RAU/TAU Signalling
6.20.1
Problem Solved / Gains Provided

See clause 5.6 "Key Issue – Low Mobility," clause 5.12 "Key issue – Signalling Congestion Control", clause 5.14 "Key Issue – Potential overload issues caused by Roaming MTC devices", clause [TBD] "Key Issue – Extra Low Power", and clause 5.x “Key Issue – Infrequent Transmission”.

6.20.2
General

This solution can be used for low mobility and/or extra low power MTC devices and/or MTC devices with infrequent transmission (CS and PS domain specific systems), MTC devices that indicate "Low-Priority-Access" (PS domain specific system) (see clause 6.23), and for signalling congestion control and potential overload issues caused by roaming MTC devices.

For CS domain specific systems, MTC devices can be pre-provisioned with MTC_T3212 _Multiplier. If provisioned, the MTC device shall calculate the periodic LAU timer by multiplying T3212 (received from BCCH) with MTC_T3212 _Multiplier. MTC_T3212_Multiplier is also configured at MSC/VLR in order to derives new implicit detach timer. Alternatively, MTC_T3212_Multiplier may be part of an MTC subscription data stored in HLR/HSS and downloaded to MSC/VLR during attach procedure.

NOTE:
The MTC device may need to be configured to apply the specific timer, e.g. whether to adopt the special timer value from broadcast information.

Editor's Note:  It is FFS if dynamic synchronization of MTC_T3212_Multiplier is needed between MSC/VLR and MTC device.

Alternatively, a separate setting for the T3212 timer can be added into the LAU procedure. Details for such solution including whether to add specific MS capability sent from the MTC device can be decided in stage 3.

For PS domain specific systems, in order to reduce periodic RAU/TAU signalling the granularity of T3312/T3412 and Mobile reachable timer can be increased. New binary coding can be added for example to indicate GPRS timer value is incremented in multiple of 10 or 100 decihours.

Editor's Note:  Exact changes to coding of the GPRS timer value is FFS and will be specified as part of stage-3 specification.

A long periodic RAU/TAU timer (T3312/T3412) or specific coding to deactivate the timers may be part of an MTC subscription data stored in HLR/HSS and downloaded to the SGSN/MME during the Attach procedure. During Attach and periodic RAU/TAU procedures the SGSN/MME sets the device's periodic RAU/TAU timer and the mobile reachable timer to long values or deactivate the timers according to the parameter received from the MTC subscription data. Alternatively, if periodic RAU/TAU timer is not stored as part of MTC subscription data, or if SGSN/MME is experiencing overload situation, or if MTC device indicates "Low priority Access", SGSN/MME may decide to set them to higher values or decide to deactivate them.

If the subscribed periodic timer changes the SGSN/MME provides the MTC device with the new timer value during the next RAU/TAU procedure. Alternatively the SGSN/MME can initiate an SGSN/MME-Initiated Detach procedure with a re-attach indication to enforce an Attach procedure and provide the MTC device with the new timer value.

For M2M devices that support both the PS and CS domains, an alternative implementation is that these devices are commanded to use Network Mode of Operation (NMO) I and use a long PRU timer in the PS domain. With NMO=I, the MSC deactivates its implicit detach functionality and the device only performs periodic updates to the PS domain. By using a new broadcast indication, the network operator can maintain the use of NMO=II for existing devices and only use NMO=I for M2M devices.

6.20.3
Impacts on existing nodes or functionality

Impacts to HLR/HSS:

-
Support configuring and provisioning of periodic LAU/RAU/TAU information (e.g. MTC_T3212_Multiplier, T3312/T3412 timer value or special encoding to disable them) as part of MTC subscription.

Impacts on SGSN/MME:

-
Support configuring and storing the periodic RAU/TAU information (e.g. T3312/T3412 timer value or special encoding to disable them) and mobile reachable timer for a particular MTC Device, according to the parameter received from the HSS/HLR.

-
Support modification of periodic RAU/TAU and mobile reachable timer values, if the subscribed periodic timer value changes, and provide the MTC device with the new timer value during the next RAU/TAU procedure or by initiating detach with "re-attach indication".

-
Support configuring longer timer values for RAU/TAU or disable them based on local configuration, if periodic timer is not present in subscription information, or if SGSN/MME is experiencing overload situation, or if the device indicates "low priority access".

-
Support for an extended coding of the timers (e.g. T3312/T3412)

Impacts on MSC/VLR:

-
Support configuring and storing the periodic LAU information (e.g. MTC_T3212_Multiplier).

-
Using MTC_T3213_Multiplier to derive new implicit detach timer.

-
Downloading MTC_T3213_Multiplier during the attach procedure, if it is stored as part of subscription data.

Impact on the MTC Device / UE

-
Support pre-configuring MTC_T3213_Multiplier and calculating the periodic LAU timer.

-
Configuration flag on whether to use MTC_T3213_Multiplier or special periodic timer value from broadcast information.

-
MTC devices need to be able to read the NMO I indication in the broadcast information

Impacts on the RAN/GERAN:

-
New broadcast indication telling specifically MTC devices to use NMO I (In UTRAN this can be an existing spare bit in one of the 'transparent containers' of NAS information that the UTRAN broadcasts),

-
For CS domain system, generation of special periodic timer value in the broadcast information

6.20.4
Evaluation

Following conclusion can be drawn:

-
For the protection of other networks in the case of one network's failure, long periodic timers seem to be useful in slowing down the rate at which low activity mobiles detect the network failure. Hence mechanisms with the minimal impact on VPLMN equipment are desirable.

-
Extending the periodic timer in one domain (e.g. PS) and not the other (e.g. CS) will not slow down the rate at which mobiles detect network failure unless NMO=1 is used.

-
Proposed solution does not avoid overload or provide a congestion control mechanism, but it provides a simple way to limit the signalling load in the network.

-
Extending the existing periodic LAU/RAU/TAU timers and defining configuration of new parameter (MTC_T3212 _Multiplier) is fairly simple.

-
MTC device indication of "Low Priority Access" to SGSN/MME can be added by using new IE on existing NAS messages.

-
HLR/HSS control of the periodic timer ranges is useful longer term functionality. Operator can control the frequency of the periodic update performed by MTC devices by configuring the periodic timer related parameters in the MTC subscription database.

-
Adding the new timer values or indication to broadcast information may have an impact on RAN and GERAN. In general Broadcast channels are a scarce resource.

Based on the above conclusion following items are proposed for normative work:

-
Add normative stage 2 requirements for enabling the long periodic LAU/RAU/TAU update timer for MTC devices.

-
Add encoding of the extended periodic LAU/RAU/TAU timers and MTC_T3212_Multiplier.

-
Standardization and encoding for new subscription parameters in HLR/HSS for extended periodic LAU/RAU/TAU timers and MTC_T3212_Multiplier.

-
Standardization of mechanism for MTC device to indicate "Low priority Access" to SGSN/MME/MSC.

-
GERAN broadcast information and the existing NAS information broadcast by UTRAN is modified so that M2M devices can be commanded to use NMO=I (Gs interface) while existing devices use NMO=II.
* * * End of 3rd Change * * * 
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