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Abstract of the contribution: Evaluates paging strategy solutions for idle mode Issue 2, and concludes that coordinated UE and CN solution is more efficient and reliable.
1.
Introduction

There are currently two solutions included in TR 23.770 regarding paging strategy.

Solution 1 (5.2.1): Paging coordination between CN and UE

· This solution relies on the UE and the core network to coordinate when the UE will be available for paging and when it will not.

Solution 2 (5.2.2): Paging Strategy Left to MME/SGSN Implementation 

· This solution relies on the UE following the RAN paging occasion based on extended SFN

· The Core network only uses the knowledge of extended I-DRX cycle value for retransmission strategy 
2.
Comparison of approaches

The RAN solution makes use of extended SFN space while the coordinated CN and UE solution rely on a timer to determine when in the context of extended I-DRX start monitoring for paging. In the latter solution the UE is not as dependent on clock synchronization during the sleeping time, as it is enough for the UE to wake up near the start of the Paging Transmission Window (PTW) and listen to at least one Paging Occasion during the PTW. The UE can make possible timing drift correction when waking up when the timer expires by reading the SFN. It is also noted that the existing requirements in 36.133 sub-clause 4.3.5:

“4.3.5
Relative Time Stamp Accuracy for Radio Link Failure and Handover Failure Log Reporting

The UE shall report the radio link and handover failure log, while meeting the accuracy requirements specified in this section.

4.3.5.1
Requirements for timeSinceFailure

Relative time stamp accuracy requirements for timeSinceFailure reported for MDT in a radio link failure or handover failure log are specified in this clause. timeSinceFailure determines the time elapsed from the last radio link failure or handover failure in E-UTRA to the time when the log is included in the report TS 36.331 [2].

The accuracy of the relative time stamping for timeSinceFailure is such that the drift of the time stamping shall not be larger than ± 0.72 seconds per hour and ± 10 seconds over 48 hours. These relative time stamp accuracy requirements shall apply provided that:

-
no power off or detach occurs after the RLF or handover failure had been detected and until the log is time-stamped.The accuracy of the relative time stamping for timeSinceFailure is such that the drift of the time stamping shall not be larger than ± 0.72 seconds per hour and ± 10 seconds over 48 hours.”
are sufficient to ensure that the clock drift will not be causing the need for excessive resynchronization and ensure that the UE will wake up close to the start of its PTW. 
If the SFN range is extended instead, the UE should be synchronized to the extended SFN timing to be able to read the correct Paging Occasion. However, given that in the RAN solution the RAN nodes are only assumed to be loosely synchronized, it is assumed that also in that solution the UE, when waking up in a new cell needs to monitor during a time window to cater for possible misalignment between cells, i.e. the SFN determining the UE’s PO can be off between different cells due to the loose synchronization. Finally, regardless what solution is chosen, devices need to wake up in good time to reconfirm their location (cell, TAI) and to acquire necessary system information required to monitor for paging. It is expected that the power consumption impact of these aspects is similar in both of the solutions. 
Observation 1: Both solutions post same requirements on UE behaviour with respect to the tasks required to be conducted prior to monitor for paging and thus the same energy consumption is to be assumed.
In the RAN solution the paging messages are buffered in the RAN nodes and CN is unaware when the UE will be reachable. Hence the RAN solution essentially disables usage of the MONTE based HLCom solution. 
Observation 2: In contrast to the coordinated CN and UE solution, the RAN solution is incompatible with the MONTE based HLCom solutions and thus its applicability from end-to-end perspective is limited. 
Pages buffered in the RAN nodes will be using temporary identifiers (S-TMSI) that may no longer be valid and thus can cause paging of the incorrect UEs causing unnecessary signalling load and UE battery life reduction as well as result in paging failure.

· Paging of incorrect UEs generating signalling overhead (incorrect UEs will conduct page response procedure)

· Impacting battery lifetime of wrongly paged UEs

· Resulting in paging failure as incorrect UEs are paged
Given that RAN nodes are unaware of the UEs mobility, in the RAN solution UEs that are addressed by the buffered pages can have moved to another location (or even detached from the network) and thus the paging process executed by the RAN nodes will be wasting processing resources and radio resources while potentially increasing the system interference decreasing system capacity.
While the paging for a given UE is buffered in the RAN, that UE can during the buffering time have a transaction with the network. The subsequent paging will be wasting radio resources as well as processing capacity of the network nodes.
Observation 3: In contrast to the coordinated UE and CN solution the RAN solution solution is less reliable and less resource efficient.
Finally, current RAN node design paradigm is based on the understanding that RAN knows and stores information associated with UEs in Connected state. Introducing buffering pages for extended I-DRX time shifts that paradigm as RAN nodes would be required to store and buffer information associated with UEs that are not in Connected state.

Observation 4: The RAN solution requires RAN nodes to store and buffer pages for UEs not connected to these nodes which raise capacity and general RAN node design principles concerns.
While in the coordinated UE and CN solution it is the CN that configures the extended I-DRX in the UE and in the CN, however, it is unclear what entity will be in charge of configuring the RAN to ensure SFN synchronization.

4.
Conclusion
Based on the analysis and the observations it is concluded that the coordinated CN and UE solution provides a more resource efficient and reliable solution compared to the RAN solution based on SFN extension and CN unawareness and therefore should be adopted by SA2 pending confirmation from RAN WGs. It is proposed that Conclusions section in TR 23.770 reflect the preference from SA2 to adopt a coordinated CN and UE based solution for paging coordination for extended I-DRX.
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