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Abstract of the contribution: This contribution discusses Robust Notification Alert for NTN-NR and proposes that NB-IoT be investigated to address the intended operation point. It is a minor update of S2-2400391 from SA2#160AHe.
1	Introduction
A proposal for notification/alert channel for UE Terminating calls was made at RAN#99 (RP-230272), RAN Rel-19 Workshop (RWS-230048), and reiterated at RAN#102 (RP-233296, excerpt below) summarized as follows:
	Notification/Alert channel for UE terminating calls
Rationale
-	For incoming calls, users may experience poor reception conditions and thus will miss calls and messages, which can be especially detrimental for public safety or emergency purpose paging messages. These scenarios can occur when UE is placed in pockets, backpacks, or in vehicles, boats, etc., or in conditions where there are clutter losses. In TR 38.811:
-	Shadow fading and clutter loss for suburban and rural scenarios can be over 18 dB
-	LOS probability showed that at 30 degrees elevation, about 10% of users in rural and 50% in urban scenarios will experience NLOS
Proposal
-	A robust notification alert feature will address the problem of missed paging messages to UE in low SNR conditions when normal paging fails. The objective is to mitigate additional losses compared to the link margin required in LOS conditions. The feature can also be used for public warning purposes – i.e., emergency broadcast targeting users in NLOS/low SNR.
-	Identify the notification message requirement
-	Identify and specify possible solutions for the support of a robust notification/alert message and its delivery (including paging procedure impact) over downlink physical channel(s)

-	Some clarification per RP-230272: 
-	when the UE is not able to detect SSB, it monitors this notification/alert channel
-	when the UE receives a notification/alert, it emits an alert (UE MMI) prompting the user to seek better coverage (so the remainder of the signaling can proceed); no UE response is expected in UL (due to severe UL coverage limitations) before user intervention.



This proposal has not been agreed at this point in the Rel-19 RAN package as it is expected to have system-wide impact. RAN#102 / Dec 2023 plenary sent the following LS to SA2 (S2-2400036/RP-234075):
	RAN#102 discussed a candidate features of a robust notification/paging proposed for the Rel-19 RAN2 led NR-NTN-ph3 WI. The robust notification/paging should be addressed to a particular UE in a cell. The intent is to maximise the probability for a UE to be informed of a mobile terminated call when in very poor SNR conditions which prevent to receive a normal paging message. 
This feature should: 
· be triggered by the network upon e.g. paging failure (i.e. when no paging response from the UE has been received by the network), or other criteria; and
· apply only for mobile terminated calls; and
· inform the user of a mobile terminated call so the user could then try and move to a location with better coverage.

It is noted that this feature is highly desirable for satellite networks to reach users experiencing low SNR or NLOS channel conditions.
Before some standardisation activity can be started in RAN on the subject, some inputs, guidance and requirements would be needed from relevant SA WGs.



2	Discussion
2.1	MT-call paging
A dissociation should be made for MT-call paging between:
-	The actual paging procedure (CN/RAN) used by the network to establish a (any) connection between the UE and the network; and
-	IMS transactions (SIP INVITE, etc.) on the established connection to establish/attempt establishing a VoIMS call. (Note that ringing on the Called UE (and corresponding ringing signal on the Caller UE) is happening only once all necessary resources are reserved for the call to proceed). 
Key to the proposed feature is: "inform the user of a mobile terminated call so the user could then try and move to a location with better coverage". As a result, the robust/notification should not be targeted for all paging; it is not reasonable to issue an alert to the user every time a paging message fails to be delivered and especially without any relevant information to the user as to what it is about. Even if the paging cause "voice" (introduced in MUSIM) could be considered, it is simply not useful enough for the end user unless associated with the actual Caller identity. 
In other words, it is IMS call control, namely SIP signalling, that is of interest. In view of the intended use of the alert/notification, it is the SIP INVITE message that contains the information of interest to the Called user i.e. the Caller ID. However, the SIP INVITE message can only be delivered to a registered UE (user) upon a previous successful page and related connection establishment. In the scenario of interest therefore it can only be assumed that the SIP INVITE message can simply not be delivered to the UE over NTN NR.
The consequences of the above are:
-	It is not a paging failure that should trigger a robust alert/notification, but an indication in the network that the UE is already unreachable. Knowing the UE is unreachable over NTN NR, the network would then trigger the notification/alert.
-	The notification/alert is not part of the CN/RAN paging procedure, but relates instead to IMS call control i.e. SIP Signalling.
The above is reinforced by a key assumption of the proposal that is: no SSB can be detected by the UE (as outlined in §2.2 below) i.e. the UE is unable to camp on an NTN NR cell.
Observation 1: Robust alert/notification is triggered by an indication in the network that the UE is unreachable over NTN NR.
Observation 2: Robust alert/notification relates to IMS call control i.e. SIP Signalling.
Observation 3: The SIP INVITE message carries the information of potential interest to the Called UE i.e. the Caller ID – under the assumption the UE is of course IMS Registered.

Note that even though the UE may not be reachable over NTN NR, an IMS Registration could still be valid. The validity of an IMS Registration is time-bound, in accordance with an expiration interval value that by default is set to 600,000 seconds (~7days) by the UE but can be lower depending on network policy and command. A user cannot be called once the IMS Registration for this user has expired. Depending on the expiration interval value, the UE performs a registration refresh i.e. reregistration, 10min or earlier prior expiration, or in accordance with other criteria (as specified in TS24.229).
Observation 4: Even though a UE may not be reachable over NTN NR, it could still be IMS registered. IMS Registration is time-bound, by default set to expire after ~7days or lower depending on network registrar policy and command. A registration refresh (reregistration) is made depending either on the expiration value, 10min or earlier prior expiration, or other criteria.
A point to consider is (whether and) how to maintain the IMS registration whilst out of NTN NR coverage.
2.2	No SSB detection
Per the proposal made in RAN described above, an underlying assumption is when the UE is not able to detect SSB, it monitors this notification/alert channel. But if the UE is not able to detect SSB, it implies it is unable to operate in the (NTN) NR cell containing this SSB as the UE is simply not aware of this NTN NR cell in the first place. 
In fact, it is important that a solution be sought that allows reaching the UE when NTN NR satellite coverage is not at the UEs’ reach, whether temporarily (i.e. NAS connectivity still ON) or "~permanently" (i.e. no NAS connectivity). Indeed, because the UE is out of NTN NR satellite coverage for some time, it might very well end up detached from the corresponding network and thus not being reachable in this network until attached again.
Thus without a UE able to camp on an NTN NR cell due to not being able to detect an SSB, it seems counterproductive to define a new channel unless it were a preconfigured common resource of some sort.
Observation 5: Per the proposal made in RAN, when the UE is not able to detect SSB, it monitors the notification/alert channel. But if the UE is not able to detect an NR cell’s SSB, it implies it is unable to operate in the (NTN) NR cell containing this SSB as the UE is simply not aware of this NTN NR cell.
Observation 6: When out of NTN NR coverage, the UE may lose connectivity with the network and be detached from the network.
2.3	NTN NB-IoT 
NB-IoT is, unlike NR, specifically designed to operate in adverse radio conditions with a low link budget. It is a proven technology in both terrestrial and non-terrestrial environments that is readily available to address the problem statement of the robust alert/notification.
Furthermore, with NTN NB-IoT being considered in Rel-19 (RAN4) for operation in NTN NR guard-band, the combination of NR and NB-IoT can indeed be a very compelling solution to the above problem, with virtually zero negative impact on the limited NTN NR spectrum capacity and zero impact to NTN NR radio design.
Observation 7: NB-IoT is, unlike NR, specifically designed to operate in adverse radio conditions in both terrestrial and non-terrestrial environments. It is, from a radio standpoint, readily available that could address the problem statement of the robust alert/notification.
NB-IoT was designed to support the robust delivery of data in adverse radio conditions hence provides a suitable medium to deliver data pertaining to alert/notification of an MT call.
Observation 8: NB-IoT provides a suitable medium for the robust delivery of data pertaining to an alert/notification of an MT call.
However, NB-IoT was not specified to support IMS and associated services e.g. MMTel. Based on current specifications, the exchange of IMS SIP signalling over NB-IoT is not currently possible which implies that there is no specified support for:
a)	refreshing (if necessary) an IMS Registration over NB-IoT; and
b)	transmitting a SIP INVITE message to an NB-IoT UE.
Observation 9: Current 3GPP specifications do not support IMS and associated services over NB-IoT. 
Mobility support over NB-IoT is also limited (e.g. no connected mode mobility) which while not suitable for services like e.g. VoIMS, should not be a limiting factor to exchange data like IMS signalling.
Observation 10: Mobility support over NB-IoT is limited (e.g. no connected mode mobility) but is not expected to be a limiting factor to exchange data like IMS signalling or an alert/notification.

3	Proposal
In view of the observations in §2 a number of proposals are made hereafter that need to be considered in case support for a robust alert/notification were desired. 
-	Proposal 1: NTN NB-IoT is considered as a suitable transport for a robust alert/notification.
-	Proposal 2: The relation/interaction between robust alert/notification and IMS incl. IMS call control is investigated, incl. 
-	Relation between SIP INVITE and the intended alert/notification (See NOTE)
-	Interactions with the Caller UE (user) while the system tries to reach the Called UE (user)
-	Proposal 3: If necessary, depending on the outcome of proposal 2:
-	the support of IMS Call control signalling over NTN NB-IoT is considered.
NOTE:	An alert signal is intended to be emitted by the Called UE upon reception of the [SIP INVITE/alert/notification] before resource reservation for the call is finalized. The remaining IMS transactions complete once the UE regains coverage of NTN NR.
Last, it should be noted that implementation-based solution using NB-IoT may also be possible.

4	Conclusions
Observation 1: Robust alert/notification is triggered by an indication in the network that the UE is unreachable over NTN NR.
Observation 2: Robust alert/notification relates to IMS call control i.e. SIP Signalling.
Observation 3: The SIP INVITE message carries the information of potential interest to the Called UE i.e. the Caller ID – under the assumption the UE is of course IMS Registered.
Observation 4: Even though a UE may not be reachable over NTN NR, it could still be IMS registered. IMS Registration is time-bound, by default set to expire after ~7days or lower depending on network registrar policy and command. A registration refresh (reregistration) is made depending either on the expiration value, 10min or earlier prior expiration, or other criteria.
Observation 5: Per the proposal made in RAN, when the UE is not able to detect SSB, it monitors the notification/alert channel. But if the UE is not able to detect an NR cell’s SSB, it implies it is unable to operate in the (NTN) NR cell containing this SSB as the UE is simply not aware of this NTN NR cell.
Observation 6: When out of NTN NR coverage, the UE may lose connectivity with the network and be detached from the network.
Observation 7: NB-IoT is, unlike NR, specifically designed to operate in adverse radio conditions in both terrestrial and non-terrestrial environments. It is, from a radio standpoint, readily available that could address the problem statement of the robust alert/notification.
Observation 8: NB-IoT provides a suitable medium for the robust delivery of data pertaining to an alert/notification of an MT call.
Observation 9: Current 3GPP specifications do not support IMS and associated services over NB-IoT. 
Observation 10: Mobility support over NB-IoT is limited (e.g. no connected mode mobility) but is not expected to be a limiting factor to exchange data like IMS signalling or an alert/notification.
Proposal 1: NTN NB-IoT is considered as a suitable transport for a robust alert/notification.
Proposal 2: The relation/interaction between robust alert/notification and IMS incl. IMS call control is investigated, incl. 
-	Relation between SIP INVITE and the intended alert/notification (See NOTE)
-	Interactions with the Caller UE (user) while the system tries to reach the Called UE (user)
Proposal 3: If necessary, depending on the outcome of proposal 2:
-	the support of IMS Call control signalling over NTN NB-IoT is considered.
NOTE:	An alert signal is intended to be emitted by the Called UE upon reception of the [SIP INVITE/alert/notification] before resource reservation for the call is finalized. The remaining IMS transactions complete once the UE regains coverage of NTN NR.
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