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Discussion
In this contribution we evaluate the various solutions presented for the key issue of “Low Mobility” and provide our recommendations of proposed solution.

There are three solutions proposed for reduction of paging traffic for low mobility feature

1. Paging within configured area
2. Paging stepwise
3. Paging within reported area
We provide an evaluation of the three schemes below as formal changes. To recap: 

Paging within configured areas required several updates to HSS and requires knowledge of TAI and RAI to be introduced into subscription information. This is not desired and has a lot of impacts to EPC nodes and interface. 

Paging stepwise is a reasonable solution where based on the low mobility tag in subscription information, the MME may apply algorithms for paging strategy. These algorithms do not need to be standardized. However, the low mobility feature tag in the HSS and providing that to the MME as part of MTC’s subscription needs to be standardized.

Paging within reported areas has no standards impact. Infact an MME/SGSN can apply such a scheme today for devices it can detect has not moved. However, requiring the MME to dynamically determine if a UE has moved or not, required significant processing/post-processing in the MME or offline processing of NAS time stamp information from the MME. 
Since MTC devices can be in very large number, providing the low mobility tag in subscription data to MME can help in reducing the task in figuring out which devices are not expected to move and apply the optimized paging strategy. Also, the standards impacts of the paging stepwise scheme has low standards impact (subscription info for UE in HSS). 
For optimizing LAU/TAU/RAU signalling, we propose that the low mobility flag in subscription can be used by the MME/SGSN to set long periodic LAU/TAU/RAU timers. Ofcourse, this function can also be supported by MME/SGSN based on post-processing of location of NAS signalling from UEs. 

Hence, our preference is to support the paging stepwise based on low mobility feature flag from HSS. 

Proposed Changes

********************************** First Change *******************************************
6.3
Solution – Paging within configured area

6.3.1
Problem Solved / Gains Provided

See clause 5.6 “Key Issue – Low Mobility.”
6.3.2
General

For MTC devices that do not move frequently or move only within a small area, the paging area (e.g. TAI, CGI, ECGI) is configured in the HLR/HSS as a part of the subscription of the MTC subscriber. The SGSN/MME stores the paging area as part of the subscriber data as received from HLR/HSS.

During the mobile terminated service, the SGSN/MME pages the MTC Device within the specific area. The configured paging area is assumed to be smaller than typical paging areas for other UEs. Thereby paging traffic can be reduced.
An issue might be needed for reconfiguring subscription data when the network reconfigures some cells or the MTC Device is roaming.
6.3.3
Impacts on existing nodes or functionality
-
HSS: Stores the “configured paging area” as part of MTC subscription

-
S6a: MTC Subscriber’s paging area is provided to MME as part of subscription data
-
MME needs to page not based on TAI allocated to UE, but based on “configured paging area” provided in subscription
6.3.4
Evaluation
-
The MTC subscriber at the time that subscription information is created know the  exact area the MTC device will be deployed in. Also the MTC device may get deployed in a totally different area at the last minute. This can cause significant configuration issue for the MTC subscriber and operator.

-
Will need to define a standardized format for “configured paging area definition”. TAI/RAI/LAI are dynamic and configured by operator and the operator may not provide this information to MTC Subscriber to add to the subscription.

-
The MME will need to have logic to determine the action to take in case the UE has moved beyond configured paging area.
6.4
Solution – Paging stepwise

6.4.1
Problem Solved / Gains Provided

See clause 5.6 “Key Issue – Low Mobility.”
6.4.2
General

For the MTC Device with low mobility, the SGSN/MME stores the RAI/TAI(s) like for any other UE and in addition the last known cell (i.e. CGI/ECGI) or last known service area (i.e. SAI) as provided by RAN in S1/Iu/Gb signaling. For low mobility MTC devices the MME preferentially includes only one TAI for TAI List in the accept message.

During the mobile terminated service, the SGSN/MME may page stepwise, e.g. first in the last known cell (i.e. CGI/ECGI) or last known service area (i.e. SAI) and if there is no response the SGSN/MME pages the MTC Device in a wider area, i.e. within the RAI or TAI List allocated to the MTC Device.
6.4.3
Impacts on existing nodes or functionality
-
Storage of last known cell or service area in MME when UE goes idle
6.4.4
Evaluation
-
This has least complexity impacts on the MME. Also, the algorithm to use for paging the UE does not need to be specified.
6.5
Solution – Paging within reported area

6.5.1
Problem Solved / Gains Provided

See clause 5.6 “Key Issue – Low Mobility.”
6.5.2
General

For the MTC Device with fixed location (i.e. not move normally), which can be deduced by the SGSN/MME when receiving the same area identifier (e.g. CGI, ECGI, SAI, RAI or TAI) via S1/Iu/Gb signalling during a predefined period or receiving a explicit report from the MTC Device. The SGSN/MME stores the area identifier and pages the MTC Device within the specific area.

When the MTC Device moves (e.g. for maintain purpose), the SGSN/MME detects the moving and pages within the new area which is reported by RAN or by the MTC Device explicitly.
6.5.3
Impacts on existing nodes or functionality
-
MME to dynamically determine low mobility feature of an MTC device, based on correlating area from which UE performs NAS procedure. However, this is an MME internal process and does not need to be specified in standards.
6.5.4
Evaluation

-
This functionality does not require standards impact and can be supported by SGSN/MME by internal processing. However, if there are a large number of MTC devices, the processing on the MME to determine which nodes support low mobility could be significant. 
********************************** Next 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.”
6.20.2
General

For CS domain specific systems, low mobility MTC devices can be pre-provisioned with MTC_T3212 _Multiplier. Low mobility MTC device shall calculate the periodic LAU timer by multiplying T3212 (received from BCCH) with MTC_T3212 _Multiplier. MTC_T3213_Multiplier is also configured at MSC/VLR in order to derives new implicit detach timer. Alternatively, MTC_T3213_Multiplier may be part of an MTC subscription data stored in HLR/HSS and downloaded to MSC/VLR during attach procedure. 
NOTE: This applies to MTC device subscribed to MTC Low mobility feature. Also 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_T3213_Multiplier is needed between MSC/VLR and MTC device.

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 SGSN/MME may 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.
NOTE: These optimizations may also apply to MTC extra low power consumption feature.

6.20.3
Impacts on existing nodes or functionality

6.20.4
Evaluation

-
Not clear how Low Mobility subscription will provide periodic LAU/TAU timers.  
-
The MME could instead, if UE’s subscription contains Low Mobility feature, based on local configuration set a large value of periodic timer T3412. 
-
Currently the maximum value of T3412 timer is 3.2 hours (5 bits, with increment in decihours). Recommendation can be made to Stage-3 to increase the maximum value of this timer. 
********************************** Next Change *******************************************

7
Conclusions

Editor's Note:
This section is intended to list conclusions that have been agreed during the course of the work item activities.
7.1
Low Mobility Feature

7.1.0
General

-
The HSS stored a Low Mobility Feature Flag in UE’s subscription. This is provided to the SGSN/MME/MSC during subscription download.
7.1.1
Optimizing paging

-
If the UE’s subscription contains the Low Mobility Feature tag, the SGSN/MME may store the cell identity (eg CGI/ECGI) provided by RAN in S1/Iu/Gb signalling. Based on this information the MME may use different optimized paging strategies ,eg page first in the reported cell and then progressively till the TAI to which the UE is admitted.  The optimized paging strategy does not need to be standardized.
-
If the UE’s subscription contains the Low Mobility Feature tag, the MME may admit the UE to only one or a small set of TAI(s). 
7.1.2
Optimizing periodic LAU/TAU/RAU Signalling

-
If the UE’s subscription contains the Low Mobility Feature tag, the SGSN/MME/MSC may provide a large value of periodic RAU/TAU/LAU timers, based on local configuration.
-
Stage-3 is requested to allow the maximum value of the periodic RAU/TAU timers to TBD hours. 
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