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1. Introduction
This is an update of document GPC150207 from the FS_IOT_LC Adhoc#2 meeting in Sophia Antipolis. The main updates consist of added descriptions in section 4 on how to avoid frequent Cell Updates for devices with high mobility.
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things [1] (WI code: FS_IoT_LC)  was approved.
The objectives of the study include support for a massive number of low throughput devices, out of which a certain portion will be situated in poor radio coverage. It is also part of the study to cut down the power usage for the devices in order to increase the battery lifetime. A certain amount of the devices can be considered to experience low mobility and some will even be stationary.
More radio resources will be needed in order to page devices in extended coverage areas since the paging messages will be sent using blind repetitions on the radio interface. In order to handle a massive number of devices, where some will be situated in extended coverage areas, the paging messages should thus be sent in as few cells as possible.
Different possibilities to minimize the amount of signaling messages for paging, by limiting the number of cells where paging messages are sent, are discussed in this document.

2. PS Paging procedure
The SGSN can today reach mobile stations for PS services by sending a 48.018 PAGING PS message to the BSS. In the message, the SGSN provides an indication of the area within which the BSS shall page the MS. The levels of resolution within one BSS that the SGSN then can indicate are:
· all cells within the BSS,
· all cells in the BSS within one location area,
· all cells in the BSS within one routing area, and
· one BVCI (i.e. one cell).
The SGSN can thus trigger the BSS to send a paging message in just the specific cell where the device is located, by using the BVCI IE as paging area in the 48.018 PAGING PS message. The amount of paging messages in the network can thus be kept low, as long as the SGSN keeps track of the location of the device on cell level. The SGSN could also trigger the BSS to send paging messages in just a few cells by using several 48.018 PAGING PS messages, each addressing just one cell.

3. [bookmark: _Ref416786365]Stationary devices
A certain amount of the Cellular IoT devices can be considered to be stationary, for example gas meters or vending machines.
The knowledge that a device is stationary can be made available to the network, for example by configuration or based on that the SGSN determines that the device consistently is located in the same area (e.g. a small set of cells) when interacting with the network. Based on that knowledge the SGSN will then know that the device will be located in a specific cell or, at least, in a limited amount of cells. The reason that a stationary device may not, in practice, be limited to a single cell is not due to mobility but to radio coverage fluctuations. The number of different cells a stationary device could be located in would then however be quite limited. The network might anyway still be required to send paging messages to a few cells, i.e. and not just to one cell, in order to reach a stationary device.
One way to reach a device that is considered to be stationary would then be to page the device in the cell where it was located the last time it had contact with the network, and the neighboring cells of that cell, to allow for the case that the device has reselected to one of the neighbor cells. However, this approach fails in case the device camps on yet another cell (e.g. due to an unexpected cell change). In that case the device would not be reachable for paging messages until the device contacts the network by itself, e.g. when performing a Routing Area Update or an autonomous reporting, or until the paging is escalated over a larger paging area.

4. [bookmark: _Ref419803796]Mobility History list
Even though a quite limited number of actual use cases for Cellular IoT devices have been presented, it is very likely that many of the devices will be moving around, probably with different levels of mobility. To reduce the paging load it would be very beneficial for the network to know the location with an accuracy of just a few cells.
This can be achieved by letting the device record a Mobility History list, containing the N last visited cells. The corresponding list is recorded in the SGSN. When the device enters a cell not included in its Mobility History list, it then informs the network by performing a Cell Update. As long as the device moves between cells already included in the Mobility History list, the device does not however need to inform the network. If a new cell, not already part of the Mobility History list, is entered by the device and the list already contains N cells, then a Cell Update is sent to the network and the oldest cell in the Mobility History list would be removed from the list and replaced by the new cell, i.e. the SGSN and the device keep track of the oldest cell in the list. In case the device enters a new cell in a new Routing Area it would send a Routing Area Update, as in the legacy case.
The network (SGSN) would thus continuously update and store the corresponding Mobility History list for the device for as long as it keeps the context for the device. That way the SGSN can send paging messages to the device to just a limited amount of cells, the ones that are part of the Mobility History list. As an example, for a stationary device that has just been located in one cell, and thus has reported its presence in only that cell to the network, the SGSN would with this procedure thus be able to send a paging message to just that single cell. As a maximum the SGSN would need to send paging messages to N cells, corresponding to the maximum number of cells in the Mobility History list. With the location of the device being known by the network, the risk of not reaching a stationary device due to unexpected cell updates, as described in section 3, is thus avoided.
The maximum number of cells to be included in the Mobility History list, N, could either be a pre-defined value or negotiated between the network and the device, e.g. at the Routing Area Update procedure. Whether the Mobility History list shall be used or not could then also be negotiated so that the network could decide to use the legacy mechanism for a device that it detects to have a very high level of mobility. If the SGSN thus detects that a device has a very high level of mobility it can inform the device to stop using the Mobility History list procedure. As such, a means for the SGSN to enable or disable the Mobility History list procedure (e.g. during a Routing Area update or in response to receiving a cell update) on a per device basis should be supported.
The only additional signaling that is required in order to keep the Mobility History list up to date consists of an additional Cell Update if the device detects it has entered a new cell (i.e. not already part of the Mobility History list) when it wakes up to listen to its paging group. Note that if the device determines that it has entered a new cell within a new Routing Area then it performs a normal RAU procedure and thereby implicitly informs the SGSN about the new cell. If the device has entered a new cell when it wakes up to transmit data, the SGSN will be implicitly informed about the new cell as part of the transfer.
The amount of Cell Updates that need to be transmitted by the device depends on its mobility. As long as it moves between the cells that are part of the Mobility History list, it does not need to transmit any additional Cell Updates. If the device however has a high mobility it will be required to transmit a Cell Update each time it monitors the network for reception of a paging message, i.e. at the device’s paging occasions. For the worst case of a device that constantly moves into new cells (not part of the Mobility History list), the frequency of Cell Updates would then depend on the length of the eDRX paging cycle. If the eDRX paging cycle length is ~1 hour, a maximum of 24 Cell Updates per day would thus be needed. However, as described above, the use of the Mobility History list would then be deactivated for devices that need frequent Cell Updates.
As an option, a mechanism to determine the mobility of a device prior to start using the Mobility History list could be applied. A device, which has not been configured as stationary, would then perform RAU and cell updates as per legacy mode until it determines that its mobility is limited. For example, it may determine that it makes use of one or two different serving cells per day/week where the exact threshold for determining what constitutes a limited mobility device may be included as part of system information. The inclusion of this threshold information in system information would also serve to implicitly indicate that the network supports the use of a Mobility History list. Once a device makes this determination (devices that are configured as stationary will immediately make this determination at power on) it enables the use of its Mobility History list and informs the network thereof when it contacts the network the next time (e.g. a RAU Request or a Cell Update), possibly with inclusion of the list of cells where the device has been located.

5. PS Paging message to a list of cells
As described in this document there are cases where the location of a device/mobile station could be known by the core network (SGSN) with an accuracy of a few cells. It would then be beneficial if the 48.018 PAGING PS from the SGSN contained the list of individual cells (BVCIs) in which the device/mobile station might be located. That would lead to a lower signaling load on the Gb interface compared to sending one paging message per cell. In addition, when the list of cells is included in the paging message the BSS would know that the position of the device/mobile station is in that specific area.
It is therefore proposed to add the possibility for the SGSN to indicate a list of several BVCIs (cells) in the 48.018 PAGING PS message. The support for inclusion of a list of cells in the 48.018 PAGING PS message can then be indicated in the Extended Feature Bitmap IE.

6. Summary
A proposal allowing the network to keep track of devices in an area of just a few cells has been presented in this document. This allows the network to reach devices by sending paging messages in just a few cells.
It is also proposed to update the 48.018 PAGING PS message to allow for inclusion of a list of individual cells, belonging to the same BSS.
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