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Abstract of the contribution: This solution addresses KI#4 (power saving functions) and proposes that eDRX intervals adjust automatically over time.
1
Discussion

When eDRX is used the UE is provided with parameters that define the Paging Transmission Window (PTW) and the fixed eDRX cycle length.
Typcially after an initial exchange of messages, the UE enters IDLE and then the UE uses eDRX. However there are applications when after the initial exchange of messages the AF will, sometimes, but not always, prepare additional downlink messages.
The preparation of these additional downlink messages may take an unpredictable amount of time, for example because of interaction with other systems, and in these cases the additional downlink is only made available after some time, meanwhile the UE is be released to IDLE by the network.
Depending upon the eDRX cycle length the delivery of this additional downlink data may incur a long delay. As time passes the probability of the AF preparing additional downlink messages is reduced.
The required timeliness of the additional downlink messages is often proportional to the calculation time, it is acceptable to wait, e.g., 33% of the calculation time to transfer the response to the UE (i.e. 1 minute calculation time, 20 second transmission latency or 8 minute calculation time, ~3 minute transmission latency).
To provide this lower downlink latency the eDRX cycle length can be set to a shorter value, however this comes at a cost to the UE in terms of power consumption. The UE will prefer a longer eDRX cycle for power consumption.
Therefore to support this application scenario it is proposed the eDRX cycle length can increase, in a configured way, while the UE is in IDLE, allowing lower latency after entering eDRX and then moving to a longer eDRX cycle to enable additional power saving on the UE, at the cost of higher latency.
2
Text Proposal
It is proposed to capture following changes in TR 23.724.
**** Beginning of Changes ****
6.X
Solution Y: Increasing eDRX Cycle Length
6.X.1
Introduction
This solution is an enhancement to the eDRX solutions included in 5GS and addresses Key Issue 4, Power Saving Functions.

For eDRX, UEs are configured with a Paging Transmission Windows (PTW) and a fixed eDRX cycle length. The eDRX cycle length can be related to a downlink latency that the AF requires.

The AF downlink latency requirement can change depending upon how recently a UE has communicated with the AF and calculation time for responses to UE requests. If the AF needs to do some time consuming processing or interaction with other (slow) systems, a reply to an UE request may take a relatively long time to prepare. In this case the UE may be released to IDLE while the AF prepares a response and use eDRX to remain reachable. The downlink latency for the response maybe relatively short, to enable timely delivery of the response, compared to a more preferable eDRX cycle length to enable UE power saving.

This solution provides a way for the eDRX cycle length to increase the longer the UE remains in IDLE, upto a maximum eDRX cycle length.

The increasing of the eDRX cycle length enables the shorter downlink latencies required in the response scenario outlined above while allowing longer eDRX cycle lengths required for UE power saving, without having to establishing a new RRC connection to reconfigure them.

6.X.2
Functional Description
During the registration procedure optional increasing eDRX parameters are negotiated that, define a starting eDRX cycle length and number of times to use the starting and each intermediate eDRX cycle length up to a maximum eDRX cycle length.

The increasing eDRX parameters are part of the UE subscription data in the UDM. These parameters can be provisioned or modified using the existing exposure or subscription configuration mechanisms.

Following the existing principle used for eDRX negotiation, the UE can signal its support of the feature by suggesting increasing eDRX parameters, in addition to other eDRX parameters, to the AMF in the Registration Request message. If the AMF enables eDRX it can then determine whether to enable the increased eDRX cycle feature and what increasing eDRX parameters to configure the UE with in addition to the normal eDRX parameters, based on the UEs suggested values, subscription data and operator policy. The increasing eDRX parameters that the UE and network will use are provided to the UE in the Registration Response message.
When the UE is in IDLE the increasing eDRX parameters are used by UE and network to calculate the starting time of any PTW. As both the UE and the network apply the increase to the eDRX cycle in a synchronised way the UE remains reachable.

Figure 6.x.2-1 shows an example of a UE being released to IDLE and using eDRX where the increasing eDRX parameters configuration has a starting eDRX cycle of 20.48s, the starting and each intermediate eDRX cycle is used twice and a maximum eDRX cycle of 81.92s.
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Figure 6.x.2-1: Overview of increasing eDRX intervals

The UE and network need a common timing reference for the first PTW, otherwise, due to processing and transmission delays, for example in the air interface, N2 signalling or NAS messages, the PTWs used by the UE and the network may not be synchronised until the maximum eDRX cycle length is reached.

To achieve this synchronisation the RAN provides to the AMF a common timing reference, for example the H-SFN in which the RRC Release message was sent to the UE, or other common timing reference point that can be used to identify an H-SFN in the UE and network of the first PTW. In the case a common timing reference cannot be established, for example abnormal release caused by RLF, the UE and AMF should not use increasing eDRX cycle feature.

The eDRX cycle lengths can be any increasing sequence. The existing EPC eDRX cycle lengths could be reused or depending upon the solution(s) for Key Issue 4, other sequence of eDRX cycle lengths could be used.

When the network needs to page the UE, it determines what eDRX cycle length the UE is currently using based on:

-
the starting eDRX cycle length,

-
the number of times to use each intermediate eDRX cycle length, and

-
the time elapsed since the common timing reference point.

The length of the eDRX cycle is used to determine the Paging Hyperframe and therefore the PTW in which the UE can be paged, using the existing formulas in RAN.

RAN does not need to be aware of increasing eDRX parameters as the information to calculate the paging occasions is provided by the CN, however if RAN supports paging a UE using eDRX in RRC_INACTIVE, then along with other eDRX parameters these additional parameters will need to be provided to RAN.

6.X.3
Support of EPC interworking
As increasing eDRX parameters are not supported in EPC, in addition to the interworking procedures in other solutions for eDRX the following applies for the increasing eDRX parameters:

-
When the UE moves to EPC from 5GC, the UE shall locally disable increasing eDRX. 
-
When the UE moves back to 5GC from EPC from where increasing eDRX is not supported, new increasing eDRX parameters can be negotiated during the (re-)registration procedure. If new increasing eDRX parameters are not negotiated then increasing eDRX is not used.
6.X.4
Procedures
6.X.4.1
Registration

The existing Registration procedure defined in 23.502 [7], clause 4.2.2.2.2 can be reused, with the addition of new parameters in the existing flow to configure the feature in the AMF and UE.

6.X.4.2 AN Release

The existing AN release procedure defined in 23.502 [7], clause 4.2.6 is reused, with the addition of a new parameter to step 4 to indicate the H-SFN to the AMF from RAN of the common timing reference point.
6.X.5
Impacts on existing entities and interfaces

Editor's note:
This clause describes impacts to existing entities and interfaces.
6.X.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.
**** End of Changes ****
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