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1. Introduction 
In IoT NTN WID [1], it is assumed that discontinuous coverage can be supported with minor enhancements in IoT NTN such that UE does not waste excessive power because of coverage gap.

-
Others:

-
Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage;

RAN2 also received following LS reply in [2] from SA2.

Currently there is no ongoing SA2 work within R17 scope to support the NTN IoT whether for 5GS or EPS. SA2 expects the conclusions reached during FS_5GSAT_ARCH study and 5GSAT_ARCH WI could serve as a baseline for NTN IoT  for both 5GS and EPS. SA2 understands the RAN NTN IoT work is still in study phase and any SA2 related work might be handled as alignment work triggered by the RAN LS as usual after RAN concludes the study. This assumes that any impacts to SA2 spec.s for alignment with RAN spec.s will be small. If the need for more substantial impacts is found, a new WI could be needed to justify the additional SA2 time.

As it is clearly stipulated in the SA2 reply LS, RAN2 should try to limit the impact of introducing the support of discontinuous coverage to the other working groups in Rel-17.
In this document, we provide details on the support of discontinuous coverage with minor enhancements.
2. Discussion 

The radio coverage may not be continuous due to sparse satellite deployments as shown in Figure 1. Once UE loses satellite coverage, UE may need to wait for a next satellite to be in coverage.
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Figure 1 An example of scenario where the UE is about to be out-of-coverage
The UE may have information of satellite ephemeris and may be able to predict when and for how long a satellite will remain in coverage. Similarly, UE may be able to predict when a new satellite will provide the coverage. As per RAN2 agreement below, the UE may predict how long it is going to be out-of-coverage and sleep without attempting camp-on during the period.

RAN2#114e agreement:

· For a UE, it shall be possible to predict discontinuous coverage based on the satellite assistance information. To the extent possible/reasonable: The UE is expected to save power by not attempting to camp or connect when coverage is not there. To the extent possible/reasonable: The network is expected not try to reach UEs that are out of coverage. Note that it is still an expected requirement that UE and Network are synchronized w.r.t. when the UE is awake and reachable (e.g. for paging]. 

When UE is out-of-coverage and the core network (CN) is not aware, the CN may try to page the UE. The CN will consider this as paging failure as there will be no response and may put the UE in deregistered state (i.e., network may consider UE is switched off). This will lead to UE performing initial registration or PDU establishment procedure when UE initiates MO call. This will be very inefficient from power and signaling point of view.
However, as agreed by RAN2, the CN and the UE should be synchronized on duration where the UE is reachable for paging.
Some solutions have been brought up in RAN2, for example,
(1) Providing assistance information to CN on out-of-coverage duration
(2) Moving paging window to align with in-coverage period
(3) Switching to eDRX and/or PSM state.
However, these solutions require core network to be aware of out-of-coverage duration and act accordingly to make sure paging for MT call works. When the UE is configured with PSM, it must initiate the TAU procedure once it exits the PSM sleep state. So, it cannot switch back to other state, for example, eDRX state until it has completed TAU procedure. As described in the beginning, CN impact should be minimized, and solutions requiring significant specification changes (e.g., paging enhancements, connection release policy, charging etc.) with CN predicting coverage gap pattern can be defined from Rel-18. In Rel-17, the support of discontinuous coverage can be possible by the use of PSM. When UE exits the PSM sleep state, it will trigger TAU procedure which will eventually bring the UE and CN in the synchronized state regardless of discontinuous coverage.
Observation 1. If discontinuous coverage is supported by the PLMN, PSM can be configured to UE to handle the discontinuous coverage.

It is to note that eDRX and PSM can still be configured together as allowed already in terrestrial network.

A UE is configured with two timers for PSM, one is UE reachable timer (T3324) and the other is periodic TAU timer (T3412). The UE can request a desirable value of T3324. In addition, UE can also request a desirable T3412 extended value in TAU request or attach request message.
When a UE acquires satellite information (ephemeris and beam information) of serving as well as future serving satellites, the UE may be able to compute the values of T3324 and extended T3412 and request so as to minimize the duration of state mismatch between UE and core network as well as to minimize the delay in sending TAU request. Note however that it may not be possible to completely avoid such mismatch.

[image: image2.emf]UE

PSM state

UE reachable timer (T3324)

TAU request

Periodic TAU timer (T3412 extended)

coverage outage

coverage available

coverage available

State 

mismatch

State In sync

Delay in TAU

coverage outage


Figure 2 An example of state mismatch and delay in TAU due to discontinuous coverage.
Observation 2. It is up to the UE to compute and request suitable value of UE reachable timer T3324 and TAU timer T3412 for PSM considering the discontinuous coverage information.
Since existing PSM feature can be used to handle the discontinuous coverage, i.e., UE requesting appropriate value of PSM timer as much as it can and initiating TAU after exiting PSM so that it becomes reachable, any large impacts to other working groups can be avoided in Rel-17.

Proposal 1 To support discontinuous coverage in Rel-17, RAN2 will avoid solutions that require more work in other working groups.

However, some alignment work may need to be done by the other working groups because of support of discontinuous coverage. For example, the core network may need to be aware of coverage gap support to configure PSM or accept the PSM request from the UE and some clarification may need to be added by SA2. In addition, application layer may need to be aware of coverage gap to generate data. In case the UE has UL data to transmit, how to specify the handling of PLMN search when the UE’s registered PLMN has no coverage may need to be discussed in CT1. Therefore, RAN2 can send an LS to CT1 and SA2 to do the possible alignment work.

Proposal 2 Send an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage by using PSM. A draft LS is provided in the Annex.

3. Conclusion

Following observations are made:
Observation 1.
If discontinuous coverage is supported by the PLMN, PSM can be configured to UE to handle the discontinuous coverage.
Observation 2.
It is up to the UE to compute and request suitable value of UE reachable timer T3324 and TAU timer T3412 for PSM considering the discontinuous coverage information.


Following proposals are made:
Proposal 1
To support discontinuous coverage in Rel-17, RAN2 will avoid solutions that require more work in other working groups.
Proposal 2
Send an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage by using PSM. A draft LS is provided in the Annex.
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1. Overall Description:

RAN2 would like to inform that Rel-17 IoT NTN supports discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. RAN2 has agreed that the UE is expected to save power by not attempting to camp or connect, and the network is expected not try to reach UEs, during discontinuous coverage to the extent possible/reasonable.

Due to limited time for Rel-17, it is RAN2 understanding that PSM could be used to handle discontinuous coverage in Rel-17 with minimum specification effort (e.g. with some small UE impact but no new network impact). For example, there may be some alignment work needed in SA2 and CT1 regarding UE awareness of discontinuous coverage, and for PSM configuration and PLMN search handling by a UE during discontinuous coverage (e.g. when the UE has UL data to transmit).
2. Actions:

To SA2 and CT1.

ACTION:
RAN2 respectfully asks SA2 and CT1 to take the above information into account for the possible alignment work and provide feedback, if any.

3. Date of Next RAN2 Meetings:

RAN2#116-e
November 1st – November 12th, 2021
Online meeting 
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