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Time Coordinated Cells for eDRX
Introduction
The paging occasion (nominal paging group) used by a CIoT device on the radio interface is determined, at least in part, by the radio frame number (see 3GPP TSs 36.331, 45.002, 25.304). As such, the cycle of radio frame numbers in different cells will appear on the radio interface in an uncoordinated manner in the time domain (i.e. when paging a device in a given paging area the corresponding paging message will be sent on the radio interface at different points in time). 
With this lack of time coordination the spread between paging occasions for the same device in different cells can be up to the maximum extended DRX cycle length since the same radio frame number associated with the start of a nominal paging group can occur at different times in different cells. The lack of time coordinated cells therefore has some drawbacks when considered within the context eDRX:
· Drawback 1: A device might be unreachable for paging as it might miss its paging opportunities (in different cells) as a result of moving between cells.
· Drawback 2: A device might receive and respond to the same paging message multiple times (in different cells) as a result of moving between cells.
· Drawback 3: Temporary identifiers (e.g. P-TMSI) included in the paging message might become invalid if the paging messages are buffered in the RAN for extended time periods (e.g. P-TMSI re-allocation could occur while a page with that P-TMSI is buffered). If this happens then if the buffered page is eventually sent this could then lead to either a paging failure (the intended device is not paged) or at least a waste of paging bandwidth. To mitigate these problems additional signaling and complexity would need to be introduced.
Proposed Solution
Realizing Time Coordinated Cells – Radio Interface
This aspect of the proposed solution requires the coordination of paging occasions across the radio interface of multiple cells thus mitigating the drawbacks resulting from using eDRX described above. This means that each paging occasion of a device needs to occur at approximately the same time (within a certain timing accuracy over the radio interface for each cell in the set of cells used for paging that device. 
· The greater the number of cells within each set of time coordinated cells the greater the mitigation of the drawbacks described above. 
· As such, the greatest mitigation of these drawbacks will be realized if the paging area consists of a single set of time coordinated cells wherein the paging occasion for any device in that paging area occurs at approximately the same time on the respective radio interfaces of these cells.
Realizing Time Coordinated Cells – SGSN
This aspect of the proposed solution requires the SGSN to have knowledge of when the paging occasion of a device is approaching within the set of cells comprising its paging area. This can be realized as follows:
· Upon receiving an LLC PDU, a BSS that has knowledge of the IMSI, eDRX Cycle Length and Coverage Class (not applicable for uPoD devices) of the corresponding device shall calculate the “time remaining until the next paging opportunity” (i.e. in minutes and seconds) for that device. It shall then forward the received LLC PDU and the corresponding “time remaining until the next paging opportunity” information to the SGSN.
· The legacy Routing Area Update (RAU) procedure can be modified so that it can be used as an opportunity for the SGSN to provide the BSS with the information it needs to calculate the “time remaining until the next paging opportunity”.
· The SGSN includes IMSI, eDRX cycle and Coverage Class information within the BSSGP PDU used to send the RAU Accept from the SGSN to the BSS.
· The BSS retains these TLLI specific parameters (IMSI, eDRX cycle and Coverage Class) for a certain minimum amount of time (e.g. 10 seconds).
· If it receives an uplink LLC PDU from a device having a TLLI for which it still has these TLLI specific parameters it will calculate the “time remaining until the next paging opportunity” and include it along with the received uplink LLC PDU within the BSSGP PDU it sends to the SGSN (in the context of the RAU procedure this uplink LLC PDU will contain the RAU Complete).
· The SGSN uses this information along with its knowledge of the device specific eDRX cycle (established during the RAU procedure) to maintain a device specific eDRX cycle timer to determine the periodicity of paging opportunities.
· The value of the eDRX cycle timer remains valid for the device (unless modified due to reception of new eDRX cycle information or a new value for “time remaining until the next paging opportunity”) regardless of whether an SGSN actually triggers the transmission of a page to that device using any of the ongoing paging opportunities.
· Note that the eDRX cycle timer is set to expire a few seconds before the next paging opportunity to ensure paging requests arrive at the set of BSSs in the paging area before the paging opportunity occurs on the radio interface.
The SGSN uses the reception of an LLC PDU containing the “time remaining until the next paging opportunity” as an opportunity to verify its understanding of the periodicity of paging opportunities for that device. 
· If a LLC PDU indicates a next paging opportunity that is different from where the SGSN expects it to occur then the SGSN will modify the eDRX cycle timer for the corresponding device accordingly.
· A paging request is created upon SGSN reception of a N-PDU and are buffered in the SGSN until expiration of the eDRX timer of the corresponding device. 
· If there is no buffered paging request when the eDRX cycle timer expires the SGSN restarts the eDRX cycle timer based on its knowledge of the eDRX cycle length.
· If there is a buffered paging request when the eDRX cycle timer expires the SGSN sends out paging requests to the appropriate set of BSSs (i.e. the BSSs managing the cells of the applicable paging area) and restarts the eDRX cycle timer.
Upon receiving a paging request the BSS calculates the precise paging opportunity on the radio interface of the cells it manages using IMSI + eDRX cycle length + coverage class (absent for uPoD devices) information included within paging request.
Way Forward
The following working assumptions are proposed for realizing Time Coordinated Cells for eDRX and apply for both the uPoD FS (GERAN Study on Power Saving for MTC Devices : FS_uPoD) and the CIoT FS (Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things : FS_IoT_LC).
WA 1: Devices negotiate eDRX cycle length with the SGSN using NAS signaling (e.g. the Routing Area Update procedure).
[bookmark: _GoBack]WA2: Upon receiving an uplink LLC PDU, a BSS should include “time remaining until the next paging occasion” information for the corresponding device when forwarding the LLC PDU to the SGSN.
WA 3: The SGSN uses the negotiated eDRX cycle length and “time remaining until the next paging occasion” to determine the occurrence of ongoing paging occasions for that device.
WA 4: Paging requests are buffered in the SGSN until expiration of the device specific eDRX cycle timer or the device enters the Ready state.
WA 5: The SGSN sends paging requests to the set of BSSs managing the cells of interest (e.g. the cells in the routing area). Note that the point when these paging requests are sent will need to take into account the largest difference in frame synchronization between cells used for paging (see WA8). 
WA6: Upon receiving a paging request for a CIoT device the BSS calculates the precise paging opportunity on the radio interface using IMSI + eDRX cycle length + Coverage Class information included within paging request. 
WA7: Upon receiving a paging request for a uPoD device the BSS calculates the precise paging opportunity on the radio interface using IMSI + eDRX cycle length included within paging request. This calculation is performed independent of the number of CCCHs per cell.
WA8: The set of cells within a routing area in which eDRX is supported shall be time coordinated on the radio interface such that the largest difference in frame synchronization between any two cells in the set shall not exceed 4 seconds. 
A corresponding pCR for the uPoD FS is provided in [1] and a corresponding pCR for the CIoT FS is provided in [2].
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