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Core network assistance for paging devices in extended coverage
Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1]. 
At the first Cellular Adhoc meeting there were several contributions addressing the need for core network assistance for transmission of paging as well as how to convey the last know coverage class to the core network nodes [2][3][4].  There was in addition incoming LS from SA2 triggered by RAN1 on the topic [5].  An LS response was prepared but in the end postponed in order to be able to provide SA2 with more details concerning a desired solution. 
This paper proposes a set of common working assumptions that may be used as input to the Reply LS on paging for MTC to SA2. 
At Routing Area Update
All proposals mention the need for device specific DL coverage class information to be conveyed to the SGSN at either Routing Area Update or at Attach.  In particular, whenever a MS change Routing Area the new SGSN needs to be updated with the latest known coverage class in order to ensure that any subsequent paging is sent according to the latest coverage class.  Since all NAS signaling messages and the Routing Area Update Request message, in particular, will be transported across the Gb interface using a UL-UNITDATA PDU the most straightforward solution is to include a new IE within this PDU to convey the latest estimated downlink coverage class. 
Idle Mode update of coverage class
When analyzing all proposals it is clear that a common approach is that there is a need for a device in idle mode to notify the SGSN whenever it determines that the coverage class has changed (especially for the case where the radio environment has become worse). This is to ensure that any subsequent paging message is sent according to the latest known device coverage class. In [4] it is proposed that the Routing area update procedure is used for conveying the last known coverage class while in [2] and [3] it is proposed to use either the Cell update or similar procedure that minimizes the volume of signaling information a devices needs to send to the SGSN.  Given that the two latter approaches are more battery efficient and that no additional RAI has to be configured in the BSS it is suggested to not further pursue the Routing Area update based approach. It is furthermore suggested to use the Cell Update procedure for conveying change of coverage class in idle mode since this doesn’t require an introduction of an additional code point in the RACH message to indicate coverage class update.  As the BSS will be aware of the new coverage class through code points in the RACH message the most straight forward way to convey the new coverage class is to introduce a new IE in UL-UNITDATA PDU. Note that this is a BSSGP PDU used to transfer an LLC-PDU and its associated radio interface information across the Gb-interface.
WA 1: In idle mode the MS will use the Cell Update Procedure to convey an update of coverage class to the SGSN. The RACH Request message includes code points to indicate Cell Update Procedure as well as current Coverage Class. 
Packet transfer mode 
As identified both in the proposals by Ericsson [2] and Huawei et al [3] it is sometimes necessary to update the SGSN with the latest known coverage class while a device is in packet transfer mode. As the BSS assigns/modifies the resources used for all TBFs it will always be aware of the DL coverage class it has last commanded a device to use while there is an on-going packet transfer. As such, whenever it receives a LLC PDU from a device it can forward it along with a new IE (defined at the BSSGP layer) that contains the latest DL coverage class. 
WA 2: At Routing Area update as well as in both idle mode and packet transfer mode the SGSN needs to be made aware of the latest known MS coverage class.  In order to convey the latest known coverage class from the BSS to the SGSN an optional DL COVERAGE CLASS IE is introduced in the UL-UNITDATA PDU. 
Paging in the BSS
Whenever the BSS needs to send a page to a device in extended coverage it needs to know the current coverage class of the device in order to determine the appropriate number of repetitions to use on the radio interface. If there is no MS context in the BSS the SGSN has to provide the BSS with this information. It is therefore proposed to add a new IE to the PAGING-PS PDU to convey the latest known coverage class from the SGSN to the BSS. 
WA 3: In order for BSS to send a page with the appropriate coverage enhancements the SGSN needs to convey the latest known coverage class in a new optional DL COVERAGE CLASS IE the PAGING-PS PDU. 
Conclusion
This paper proposes a set of common working assumptions related to core network assistance for paging devices in extended coverage. It is proposed to adopt the working assumptions and use them as input for the LS reply to SA2 on paging for MTC. 
WA 1: In idle mode the MS will use the Cell Update Procedure to convey an update of coverage class to the SGSN. The RACH Request message includes code points to indicate Cell Update Procedure as well as current Coverage Class.
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