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Abstract of the contribution: This contribution discusses the potential solutions on supporting robust notification feature. Some observations and proposals are made based on the analysis.
1	Introduction
A feature of robust notification/paging was proposed to be studied in RAN Rel-19 WI. It has been discussed several times in RAN (RP-230272, RP-233296). The feature discussed can be summarized as follows:
Rationale:
Shadow fading and clutter loss for suburban and rural scenarios – the Non Line of Sight (NLOS) can be over 18dB.
Line of Sight (LOS) probability showed that at 30 degrees elevation, there are about 10% of rural users or 50% of urban users will experience the poor/NLOS channel condition.
For Mobile terminated calls, since users are unaware of its channel condition, users with poor channel conditions might miss urgent paging message (e.g. paging for public safety purpose) even though it is still in the beam coverage of the NTN system.
Proposal:
A dedicated “Paging Alert Channel (PAC)” is allocated in the current 5G NTN downlink spectrum to address the problem of missed paging message to UE experiencing NLOS channel conditions. 
When normal paging message can’t be delivered to the UE successfully using paging channel, the PAC is used to notify the robust notification alert to UE. If the UE receiving the alert, it can move to a place with better reception condition and respond to normal paging message.
The feature should:
   - be triggered by the network upon e.g. paging failure (i.e. when no paging response from the UE has been receive 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.
The proposed PAC can better serve the 10% of rural users and 50% of urban users who experiencing poor channel condition, which can improve user experience of UEs under such disadvantageous receiving conditions. 

From RAN perspective, this feature is highly desirable for satellite network to reach users experiencing low signal to noise ratio (SNR) or NLOS channel conditions. However, before it is agreed, RAN sends a LS (S2-2400036/RP234075) to request some inputs, guidance and requirements from SA WGs.
In response to the RAN concern, this paper proposes to discuss potential solutions, identify impact on UE and network side of each solution, and give proposals as the way forward.

2	Discussion
2.1	Potential Solutions
In last SA2 meeting, some companies proposed different kinds of potential solutions to address this issue, which can be summarized as follows:  
Solution 1: New message (Robust Paging Notification Request) is defined for AMF to trigger gNB initiating Robust Notification Alert to UE.
A new message (named Robust Paging Notification Request) is proposed to be applied by AMF to trigger gNB change to the PAC in the case of paging failure for an urgent service. As specified in the current paging mechanism, when the network tries to send a Paging message to the UE, it will start T3513 timer and wait for the response from UE side. If no response has been received from UE until T3513 expires, the AMF can determine the paging fails. The AMF can reattempt paging UE through sending the same Paging message before T3513 expires. Such paging attempts can be controlled through Paging Attempt Count and the Intended Number of Paging Attempts. The AMF can, based on implementation, e.g. after a certain number of failed attempts, initiate the Robust Notification Request to the gNB for the urgent service. Meanwhile, the network continues to send the Paging message to the UE. After receiving the Robust Notification Request, the gNB changes to the PAC and initiates Robust Notification Alert as proposed by RAN solution. The UE can move to a better place to response the paging when receiving the robust notification alert message.
Solution 2: RAN internally triggers to initiate Robust Notification Alert to UE
RAN itself determines whether to change to the PAC and initiates the Robust Notification Alert to the UE. As per 23.501, RAN sends Paging message to UE when the UE is in CM-CONNECTED with RRC_INACTIVE state. If a certain number of paging attempt fails, the RAN can decide to send Robust Notification Alert to the UE. However, it is not reasonable to issue the alert for all pagings, only the paging failure for urgent service that needs such alert. But the RAN can not do such determination since it has no knowledge of the service triggering the paging is urgent or not. To enable RAN to make the determination, the service priority being provided to gNB as CN assisted RAN paging information to assist RAN paging can be reutilized. The AMF can treat the urgent service as the top service priority which can be used as the basis for the RAN to decide Robust Notification Alert is applied to the urgent service.
Solution 3: NB-IoT with enhancement of supporting IMS signalling is considered to transport robust notification alert
Instead of Paging message, SIP INVITE is proposed to be considered to transport robust notification alert as the SIP message carriers the information of potential interest to the Called UE i.e. the Caller ID. The solution considers the alert may not useful enough for the end user unless associated with the Caller identity. 
The solution considers if the UE is unable 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. Therefore, the solution should be sought that allows reaching the UE when NTN NR satellite coverage is not at the UEs’ reach. The UE camping on the NB-IoT cell can be considered since NB-IoT is designed to operate in adverse radio conditions with a low link budget. However, the exchange of IMS SIP signalling over NB-IoT is not supported based on the current specifications. It is proposed to enhance SIP signalling exchange over NB-IoT to enable transporting robust notification alert via SIP signalling.
Solution 4: Using MUSIM for supporting UE paging in case of paging failure through one USIM
For a MUSIM UE, the UE may access to different PLMNs using USIM-1 and USIM-2 respectively. The paging for an urgent service can be first sent by PLMN-1 to the USIM-1. If a certain number of paging is failure through PLMN-1, it can decide to switch to PLMN-2 to continue paging for the service. The application server also needs to know both the PLMN-1 and PLMN-2 are serving the same UE. 
2.2	Solution Impacts
2.2.1	On UE side
Solution 1 and Solution 2 have the same impact, which requires the UE to support the new Paging Alert Channel and a new Robust Paging Alert message to receive the alert notification. 
Solution 3 and Solution 4 require UE to support multiple access (e.g. NR NTN and NB-IoT). Solution 3 proposes when NTN access has poor channel condition to receive paging for the urgent service, the UE changes to NB-IoT to receive the alert message, which implies the NB-IoT has a better coverage to the UE than NTN NR. If the NB-IoT is TN NB-IoT, then it would be reasonable to choose TN NB-IoT as the first priority for the urgent service, instead of first choosing NTN access with poor reception condition. Another impact is the UE needs to be enhanced to support IMS signalling exchange over NB-IoT for supporting the robust notification. 
The above mentioned impacts also exist in solution 4. Besides, solution 4 is limited as only the MUSIM UE can support the robust notification.
Observation 1: Solution 3 and solution 4 have the limitation that multi access is required to the UE for supporting robust notification feature. 
Observation 2: Solution 4 requires MUSIM capability to the UE for supporting robust notification
Observation 3: On solution 3, if UE supports both NTN and TN access, robust alert can be avoid since it’s reasonable for using TN access as first priority for urgent service.

2.2.2	On network side
Solution 1 needs a new message to trigger gNB to initiate robust notification alert. Before deciding to send the message, the network (e.g. AMF) first differentiates whether the service is urgent that needs to be triggered alert. The condition for triggering alert should be deployed in the network, e.g. how many times of paging failure or how long no response has been received after sending paging should trigger robust notification request.
Observation 4: Solution 1 requires a new message to trigger robust notification request. AMF needs to identify the service in order to determine whether to trigger robust notification request. Trigger conditions needs to be deployed. 
Solution 2 depends on RAN to determine whether and how to trigger robust notification alert. The trigger condition can be deployed in RAN without CN dependency. To enable this, CN should inform UE which service needs to be alerted in case of paging failure. In Rel-19, service priority in the CN assisted paging information can be utilized to indicate the service that needs alert, e.g. it can be deployed the urgent service as the top priority and inform it to gNB. This may not flexible enough, but it can workable in Rel-19. 
[bookmark: OLE_LINK1]Observation 5: Solution 2 uses top service priority to indicate urgent service. RAN determines whether and how to trigger robust notification alert based on service priority. 
In Solution 3, IMS signalling carrying alert information needs is proposed to be delivered via NB-IoT in the case of NR NTN with poor channel condition. But NB-IoT was not specified to support IMS currently. It means NB-IoT should enhance to support IMS signalling exchange in order to enable the alert delivering. Another enhancement is this solution depends on the interaction between 5GC NF(s) and IMS NFs. Before switching to NB-IoT to deliver alert information, the IMS server needs to know multiple access is used by the UE. The event on transport failure of paging /SIP INVITE due to NTN poor channel condition needs to be notified to IMS server in order to trigger the IMS signalling switching. 
Besides, the two access connecting to the same PLMN or different PLMNs needs to be considered. If the NR-NTN and NB-IoT belong to different PLMNs, then how to coordinate with two PLMNs for supporting the alert notification should be studied. 
Observation 6: Solution 3 requires interaction enhancement between 5GC and IMS for enabling IMS alert signalling switching. NB-IoT needs to be enhanced to support IMS signalling for alert information delivering.
Regarding solution 4, in the case of paging failure via one access/PLMN, the paging for the service can be switched through another access/PLMN. If the two USIMs belong to the same PLMN, the AMF needs to be aware of the relationship between USIM-1 and USIM-2, and triggers the paging to USIM-2 if paging to USIM-1 fails. If the two USIMs belong to different PLMNs, and if the AMF in PLMN-1 sending paging fails, it needs to contact the AMF in PLMN-2 to switch the paging. The application server also needs to be aware of the two PLMNs serving for the same UE. 
Observation 7: Solution 4 requires network to be aware of the relationship between USIM-1 and USIM-2. If the two USIMs belong to different PLMNs, the two PLMNs needs to create connection for supporting paging switching.

2.2.3	Others
The S2-2400391describes, 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. Solution 3 is based on the above assumption to use NB-IoT to deliver robust alert in the case of NTN NR with poor channel condition.
However, as per RP-230272, the paging failure may be caused by two scenarios: scenario 1, UE can still successfully detect SSB and scenario 2, UE can’t successfully detect SSB.
To solve the problem described in paging failure for scenario 2, the DP (RP-230272) proposed to allocate a dedicated Paging Alert Channel (PAC) in the current 5G NTN downlink spectrum. Very low code rate or low MCS plus large number of repetitions can be applied to the downlink paging alert channel to extend the received SNR by as much as 18 dB without affecting the rest of the physical downlink channels including PBCH for SSB, PDCCH and PDSCH to maintain the efficiency of the system. 
As the above mentioned, it seems the issue outlined in S2-240039 has been discussed in RAN WGs, PAC can solve the paging failure due to the UE cannot detect SSB. There is no essential to repeat the discussion in SA2. Moreover, it’s more suitable to be discussed in RAN WGs more than in SA2.
3	Proposals
In view of the observations in clause 2, some proposals are made hereafter that need to be considered in case support for a robust notification feature:
Proposal 1: Solution 1 is proposed as the way forward for supporting robust notification feature. 
Proposal 2: Considering SA1 progress and overall plan in SA2, solution 2 can be selected as a candidate solution in Rel-19.
4	Conclusions
Based on the discussion above, we have the following observations and proposals.
Observation 1: Solution 3 and solution 4 have the limitation that multi access is required to the UE for supporting robust notification feature. 
Observation 2: Solution 4 requires MUSIM capability to the UE for supporting robust notification
Observation 3: On solution 3, if UE supports both NTN and TN access, robust alert can be avoid since it’s reasonable for using TN access as first priority for urgent service.
Observation 4: Solution 1 requires a new message to trigger robust notification request. AMF needs to identify the service in order to determine whether to trigger robust notification request. Trigger conditions needs to be deployed. 
Observation 5: Solution 2 uses top service priority to indicate urgent service. RAN determines whether and how to trigger robust notification alert based on service priority. 
Observation 6: Solution 3 requires interaction enhancement between 5GC and IMS for enabling IMS alert signalling switching. NB-IoT needs to be enhanced to support IMS signalling for alert information delivering.
Observation 7: Solution 4 requires network to be aware of the relationship between USIM-1 and USIM-2. If the two USIMs belong to different PLMNs, the two PLMNs needs to create connection for supporting paging switching.
Proposal 1: Solution 1 is proposed as the way forward for supporting robust notification feature. 
Proposal 2: Considering SA1 progress and overall plan in SA2, solution 2 can be selected as a candidate solution in Rel-19.
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