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Abstract of the contribution: This contribution proposes updates to solution #3 to address an editor’s note. 
Discussion 
There is an editor’s note in solution #3 for how to handle eDRX. This paper proposes a resolution to that EN.
Proposal

It is proposed to update TR 23.700-28 as follows:
**** First Change ****

6.3
Solution #3: Power Saving based on UE awareness of coverage information

6.3.1
Description

General

This solution addresses Key Issue #2 about the power saving enhancements for UE in discontinuous coverage.

The solution is based on the Rel-17 approach agreed in TS 23.401 [5] and clarifies how it works with PSM and MICO. It is based on the following existing pre-rel-18 features and functionalities:

-
The UE is aware of its location and the satellite coverage information

-
In the case of Power Saving Mode (PSM), the UE can request an Active Time value and Periodic TAU Timer value in the TAU Request. The MME takes the UE requested values into account and assigns an Active Time value and Periodic TAU Timer value in the TAU Accept.

-
In the case of MICO mode with Active Time, the UE can request an Active Time value during the Registration procedure. The AMF takes the UE requested values into account and assigns the Active Time value in the Registration Accept.
- 
In the case of eDRX, the UE requests eDRX parameters (e.g. cycle length) during the Registration/TAU procedure. The AMF/MME takes the UE requested values into account and assigns the eDRX parameters in the Registration/TAU Accept.
-
HLCOM can be applied while the UE is in PSM/MICO mode to buffer data in the network, or notify the AF about UE reachability, as applicable.

-
Tracking Area or RAT specific MME configuration of implicit deregistration timer can be used to ensure that the UE is not deregistered in case the UE is out of coverage when the Periodic TAU Timer expires.

Power Saving Mode (PSM)

The UE determines based on its knowledge of its location and the satellite ephemeris data when it will have coverage and when it will not have coverage.

In this solution the UE enters PSM based on current specification. The UE leaves PSM based on the existing specification triggers i.e. when it is during the active time or due to an MO event but only when it has coverage (based on the coverage information) and there is a need to contact the network.

As per existing standard, the network will not try to page the UE while it is in PSM. The only time the network may page the UE is during the Active Time for the period of Active Time directly after the UE has moved to IDLE state. During other times, the NW will wait for the UE to initiate connectivity with the network, using e.g. TAU or SR procedures.
When the UE uses PSM, the UE requests an Active Time and may request a Periodic TAU Timer value in the TAU Request. In this solution the UE can take the coverage information into account when requesting these values. Since these timers start when the UE moves to IDLE mode, if the UE is in CONNECTED state the UE will need to take into account an expected time for how long the UE will remain in CONNECTED state. For example, if there is 15 more minutes until the UE loses coverage, and 4 hours of out-of-coverage after that, the UE could select an Active Time value of 10 minutes and Periodic TAU Timer value of 4h20min. Normally a PSM UE may chose a shorter Active Time in order to move back to PSM as fast as possible.

When the UE again has coverage, the UE may access the PLMN and initiate signalling as per existing standard e.g., a TAU or SR, e.g. if there is UL data or the periodic TAU timer has expired. The UE could then request new Active Time and Periodic TAU Timer values based on coverage information as described above. The UE may also trigger a TAU specifically to request new Active Time value and Periodic TAU Timer value, as described in clause 5.5.3.2.2, bullet w of TS 24.301 [7]. The UE could trigger such request when it enters coverage or is about to lose coverage.
MICO
MICO mode is very similar to PSM with the difference that the use of Active Time is optional and that the UE cannot request a Periodic Registration Timer value.

In this solution the UE enters MICO mode based on current specification. The UE can initiate transition to CM-CONNECTED based on existing specification but only when it has coverage (based on the coverage information) and there is a need to contact the network.

As per existing standard, the network will not try to page the UE while it is in MICO mode. The only time the network may page the UE is when Active Time is used, and in that case for the period of Active Time directly after the UE has moved to IDLE state. During other times, the NW will wait for the UE to initiate connectivity with the network, using Registration or SR procedures.
In case MICO with Active Time is used, the UE can take the coverage information into account when requesting Active Time value. Similar to PSM mode, the UE may need to use an expected time for how long the UE will remain in CONNECTED state when determining a suitable Active Time based on coverage information.
Common to PSM and MICO

The solution does not guarantee that the UE cannot lose coverage while the UE is in CONNECTED state or while the Active Time timer is running. For example, if the UE loses coverage during the Active Time timer is running, the AMF/MME may page the UE without getting a reply. The UE may also not have coverage when the TAU timer expires e.g. in case the UE has moved to a new location during the out-of-coverage period. However, as in rel-17, the solution is stable to handle such cases. TAI or RAT specific MME configuration is used to ensure that the UE is not deregistered in those cases and HLCOM can be used to buffer DL packets in the network or to notify the AF about reachability status. Also, by using UE-provided Active Time and Periodic TAU Timer values based on coverage information, the risk for such failed paging or missed Periodic TAU Timers is reduced.

eDRX


If the UE decides to request for extended idle mode DRX, the UE includes an extended idle mode DRX parameters information element in the Registration Request message, as described in TS 23.501 (for 5GS), or Tracking Area Update as described in TS 23.682 (for EPS). The AMF/MME will then provide the eDRX parameters to the UE based on UE requested values, subscription data etc. 
In this solution, the UE can request eDRX parameters based on its awareness of the coverage information. The eDRX cycle length is defined in TS 24.008 and can only express certain fixed values. The available eDRX cycles may therefore not match the timing of the coverage and out-of-coverage for a UE. The UE may in this case request a eDRX cycle length that is less than the coverage window to ensure that the UE is reachable within the window. TAI or RAT specific AMF/MME configuration can be used to allow the AMF/MME to use the UE requested value when assigning the eDRX parameter in the reply to the UE. 
When the UE is out of coverage, the AMF/MME may page the UE based on the eDRX cycle but without getting a reply from the UE. TAI or RAT specific AMF/MME configuration is used to ensure that the UE is not deregistered in those cases and HLCOM can be used to buffer DL packets in the network or to notify the AF about reachability status. 
Editor’s note: Additional enhancements to reduce failed paging attempts is FFS.
6.3.2
Procedures

The call flow below illustrates an example for PSM. The handling of MICO mode and eDRX is similar. All signalling is based on existing procedures and protocols.
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Figure 6.3.1-1: Example of PSM usage in case of discontinuous coverage

6.3.3
Impacts on existing nodes and functionalities

The solution has no protocol impacts.

UE and AMF/MME functional impacts:

-
The UE to take coverage info into account to 1) stay in PSM/MICO mode while out of coverage and 2) (optionally) request Active Time,  Periodic TAU Timer and eDRX parameters based on coverage info.

-
The MME/AMF to honour the UE requested Active Time value (for MICO and PSM), Periodic TAU Timer value (for PSM) and eDRX parameters (for eDRX) when using satellite RAT type. This behaviour could be based on Tracking Area or RAT specific MME configuration.
The normative impacts would be to describe the above two bullets.

6.3.4 
Solution evaluation
The solution is based on existing EPS/5GS power saving solutions and protocols and has therefore minimal impact to rel-17.

Letting the UE handle the awareness of coverage information has the following benefits:

- 
The UE can be aware of its location also during out-of-coverage times, e.g. by periodically determining its position using GNSS. The network would however need to rely on predicted UE mobility information that is not always available and that, when available, may not be very reliable.

- 
The UE anyway needs satellite ephemeris information in order to access NTN. The information received from RAN is limited but can be used to e.g. determine when the UE will lose coverage. Other solution candidates for how UE can become aware of coverage information are available in the TR. 

- 
No need for MME/AMF to be aware of satellite-specific information such as ephemeris, that is more RAN related than CN related. 

The solution does not guarantee that CN will never try to page a UE while it is out of coverage but based on rel-17 approach this can be handled without deregistering the UE. HLCOM can be applied for data buffering and reachability notifications to the AF. 
**** End of Changes ****
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