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1. Introduction

Last meeting there was a discussion on what default paging DRX cycle should be reported to the AMF when a gNB hosts multiple DUs with different default DRX cycles. However, no agreement was achieved on how to handle this scenario.
During the discussion, most companies agreed that we should not force different DUs within one gNB be configured with one same default paging DRX cycle. In this contribution, we will analyse what AMF behaviour may be affected by the reported default paging DRX cycle, and propose a solution accordingly.
2. Discussion
A UE in RRC_IDLE or RRC_INACTIVE state is expected to monitor paging occasions. In order to mitigate UE power consumption, a UE can be configured to use paging DRX, which means that the UE only needs to monitor one paging occasion per DRX cycle. As specified in §7.1 of TS 38.304, the UE shall use the shortest DRX cycle among the default one broadcast in the system information per cell, and the UE-specific one(s) if any. Here for simplicity we only discuss the case where the UE-specific paging DRX cycle is either not configured or long enough, so that the DRX cycle in use equals to the per-cell default one.
When the 5GC needs to contact with the UE, it shall trigger paging procedure, requesting the RAN to send paging message on some cells. The RAN shall then order these cells to page the UE on the first available paging occasion. Due to various reasons, e.g. poor radio channel status, such paging may fail even if the UE is currently camping on the cell which performs paging. When the AMF is sure that the previous paging procedure has failed, it may trigger another paging procedure as a retry. And when the AMF retried many times, e.g. three times, without any response, it will relinquish the entire attempt and report to the application layer.
Now the issue is over how the AMF get sure that the previous paging procedure has failed. According to current specifications, the RAN would not report any paging failure toward the AMF, thus the AMF has to deduce on itself. This depends on the time interval between paging triggering and the UE-associated message arrives at the AMF. This interval has three components: the downlink latency over the interface(s) on sending the paging message, the waiting time for an available paging occasion, and the control-plane connection establishment latency. Typically the first and the last components would be around or less than 100ms altogether, while the length of waiting time is quite uncertain, with its possible value spreads from 0ms toward 320ms, 640ms, 1280ms or 2560ms, depending on the default paging DRX cycle of the relevant cell.
If no information was provided to the AMF, the AMF had to wait a bit more than 2560ms before retrying, even if the DRX cycle is in fact 320ms. This would obviously lengthen the CP latency. Considering this issue we introduced a method so that the RAN node can report toward the AMF about its default paging DRX cycle.
However there is still an issue for the case that one gNB hosts different cells configured with different default DRX cycles. For convenience here we assume that it hosts two cells: Cell A with a default paging DRX cycle of 320ms, and Cell B with a default paging DRX cycle of 2560ms.

If the gNB reports the longest DRX cycle, i.e. 2560ms, toward the AMF, the AMF will retry only after a silence of a bit more than 2560ms, even when the UE is currently camping on Cell A whose default paging DRX cycle is only 320ms. Suboptimal long CP latency comes up again.
If the gNB reports the shortest DRX cycle, i.e. 320ms, toward the AMF, the situation is even worse. The AMF will wait only a bit more than 320ms between each retry, and after a silence of 960ms or so, may believe that either cell has retried three times without any response and thus report failure toward the application layer, while in fact Cell B has not send even one single paging frame. When Cell B finally sends the paging frame and the UE responds, the application layer has already cancelled the session and the AMF has to fail UE’s request. Such implementation will surely incur a significant paging failure probability of any UEs camping on Cell B.
Observation: Implementation-based solutions are suboptimal: reporting the longest default paging DRX cycle will incur unnecessary CP latency, while reporting the shortest default paging DRX cycle will incur significant paging failure probability.
Therefore we propose to indicate clearly within the NGAP message about what default paging DRX cycles are configured to at least one cell which the gNB hosts. Since currently there are only 4 possible values for default paging DRX cycle, we propose to indicate it simply with a bit map of 4 digits. Nevertheless other identical formats are also acceptable for us.
Proposal: Add a new indicator into the NG SETUP REQUEST message and the RAN CONFIGURATION UPDATE message so that one RAN node can indicate what default paging DRX cycles are configured to at least one cell which the RAN node hosts.
3. Conclusion

Observation: Implementation-based solutions are suboptimal: reporting the longest default paging DRX cycle will incur unnecessary CP latency, while reporting the shortest default paging DRX cycle will incur significant paging failure probability.
Proposal: Add a new indicator into the NG SETUP REQUEST message and the RAN CONFIGURATION UPDATE message so that one RAN node can indicate what default paging DRX cycles are configured to at least one cell which the RAN node hosts.
We draft a CR accordingly [1].
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