3GPP TSG-CT WG4 Meeting #111-e	C4-224337
E-Meeting, 18th – 26th August 2022

Source:	Qualcomm Incorporated
Title:	Discussion on the progress of the NTN work in SA2 
Agenda item:	5
Document for:	DISCUSSION


Background

This paper provides the overview of the status of the relevant SID/WIDs in SA2 and RAN2 followed by an overview of the solutions proposed in the SA2 TR. We then provide a compact summary of the work in CT1 that is likely to ensue from the normative phase in SA2 and RAN2.
We also briefly discuss the organization of the work in CT1.

SA2 SID

SA2 has agreed on a Study item on 5GC enhancement for satellite access Phase 2 for Release 18 in SP-211651. The related specification is TR 23.700-28. The objectives of the SID are focused on the discontinuous coverage. Specifically, the following two objectives, which also map to the two key issues in the TR, are listed in the SID:

WT#1.1: Architectural enhancements to support discontinuous coverage for mobility enhancement (e.g. paging enhancement) 
WT#1.2: Architectural enhancements considering prediction, awareness & notification of UE wake-up time, power saving optimizations. 

The above objectives are applicable to both 5GS and EPS as SA2 has decided to proceed with only one study item in Rel-18 encompassing both 5GS and EPS aspects.

The study has not reached the conclusion phase yet.

RAN2 WIDs

RAN2 did not have any study items related to NR NTN or IoT NTN in Rel-18. Their Rel-18 work is framed under two normative work items in RP-221819 and RP-221806, respectively. 

The high-level objectives of the NR NTN WID are as follows: 
1. Coverage enhancement for NTN
2. Network-verified UE location information
3. NTN-TN and NTN-NTN mobility and service continuity enhancements
· Cell reselection enhancements for earth moving cell for NTN-NTN mobility
· NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead
· Cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption

The high-level objectives of the IoT NTN WID are as follows:
1. Performance enhancements in the physical layer
2. Mobility enhancements
· Neighbour cell measurements and corresponding measurement triggering before RLF
3. Further enhancement to discontinuous coverage
· Mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study

There have not been any normative agreements yet.



Discussion

Summary of the SA2 work

The two objectives in the SA2 SID were directly mapped onto two key issues in the SA2 TR 23.700-28. The overview of the respective solutions with CT1 impacts is provided below.

Key issue 1: Mobility Management enhancement with discontinuous satellite coverage
The two tasks under this key issue are:
a)	Study how UE determines that it has to remain with no service or it has to attempt to register on available different RAT's/ PLMNs to receive the normal service during discontinuous coverage in current NTN RAT.
NOTE:	Consider dependencies with RAN2 and CT1 since inter-RAT selection and PLMN selection related specifications are in control of RAN2 and CT1.
b)	Study how to reduce the impact to target RAT or system due to large number of UEs triggering signalling load on the target RAT or system to receive normal service.
The solutions with CT1 impacts are the following:

Solution 6: The UE uses the satellite ephemeris information provided by the RAN to negotiate with the AMF via NAS signalling the Unreachability Period. The CT1 impact would consist in the new negotiation of the Unreachability period in the Registration Update procedure.

Solution 7: Upon regaining coverage after a coverage gap, to avoid signalling storms, the UE runs a “DCW timer” with the value selected from the range provided by the network. When the timer expires, the UE can initiate the NAS signalling with the network. The CT1 impact would consist in the support for the signalling of the DCW timer range by the NW and in the usage of the timer in the UE. This solution is also related to Key Issue 2.

Solution 8: New “Leaving Coverage Indication” in the Service Request or Registration Request to indicate that the UE is about to leave the network coverage due to coverage gap. The CT1 impact would consist in the support for this new indication in the Service Request and Registration Update procedures. 

Solution 11: New “Leaving Coverage procedure” and “Returning to Coverage procedure”. In the Leaving Coverage procedure, the UE can inform the network that it is leaving coverage, including the time and the location of the expected return to coverage. In the Returning to Coverage procedure, the UE can inform the network that it has returned to coverage.  The CT1 impact would consist in the support for the new parameters related to these procedures in the Registration Update procedure. This solution is also related to Key Issue 2.

Solution 13: The UE is configured by the HPLMN with a parameter based on which UE will determine if, during coverage gaps, the UE should remain with no service or look for another PLMN or RAT. The CT impact would consist in specifying the usage of this parameter in the PLMN selection procedure.

Solution 14: Upon selecting another RAT or a PLMN during coverage gaps, to avoid signalling storms, the UE runs a timer with a value selected from the “discontinuous coverage wait range” provided by the network. When the timer expires, the UE can initiate the NAS signalling with the new RAT or PLMN. The CT1 impact would consist in the support for the signalling/pre-configuration of the discontinuous coverage wait range by the NW and in the usage of the timer in the UE. It is possible to re-use the solutions adopted in the Rel-17 MINT work.

Solution 15: UE receives from the network coverage data that can include a coverage map which shows the expected coverage by one or more satellite RATs one or more locations and for a particular time in the future. A coverage map (or set of maps) can be provided to a UE by a server via user plane. In one alternative, the UE receives a temporary ID that is used to fetch the coverage data from a server. The CT impact would consist in extending the NAS signalling to support requesting and obtaining a server URI and temporary ID from an AMF or MME. This solution is also related to Key Issue 2.
 
Solution 16: From the NAS/CT aspects point of view, this solution is equivalent to Solution 6. This solution is also related to Key Issue 2.



Key issue 2: Power saving enhancement for UE in discontinuous coverage
As per the TR 23.700-28, the main aspects to be studied under KI#2 are: enhancements to the power saving mechanisms, e.g. PSM, MICO mode and idle mode eDRX, in order to make sure that the UE does not attempt PLMN access when there is no network coverage and that the UE attempts PLMN access in a timely manner when there is network coverage.

The solutions with CT1 impacts are the following:

Solution 1: The network configures the PSM parameters based on the discontinuous coverage information. In EPS, the UE triggers TAU when it is about to leave the coverage to allow the NW to provide new PSM parameters. The CT1 impacts would consist in a new trigger for TAU procedure.

Solution 2: The UE provides via registration request its current position and, optionally, its predicted position at the end of the requested PSM active timer.  The network computes PSM parameters based on this input. The NW can also signal the adjusted periodic update timer using an offset value w.r.t. the value requested by the UE. The CT1 impacts would consist in new IEs in the registration request to support the signalling of the position and the new offset timer value. 

Solution 3: The UE uses discontinuous coverage info to determine requested PSM parameters. The NW always grants the UE-requested PSM parameters when the UE is using satellite access. There would be no CT1 impacts beyond clarifying this.

Solution 5: Prior to the start of a coverage gap, the AMF determines the power saving parameters (e.g. eDRX parameters, periodic registration timer, Extended Connected Time and the active time for MICO mode) for the UE and provides them to the UE using Configuration Update procedure. The CT1 impact would consist in expanding the list of parameters that can be updated using the Configuration Update procedure.   

Solution 9: The network signals to the UE the “future periodic registration timer” to be started when the UE leaves coverage due to a coverage gap. The UE activates this timer when the UE leaves the coverage and performs registration update when the timer expires. The CT1 impact would consist in adding NAS support for the new “future periodic registration timer”.  

Solutions 7, 11, 15 and 16 for KI#1 also apply to KI#2.

Conclusion

With respect to solutions in TR 23.700-28, the CT1 impacts are possible (depending on the solutions selected) in the following areas:
·  Extensions to the registration procedures to facilitate the signalling of: 
· new indications of leaving or re-gaining coverage by the UE
· new timers for avoiding signalling storms upon regaining coverage on the same or different PLMN/RAT combination 
· new UE unreachability/unavailability times for the UE
· new “future periodic registration timer” for the UE
· UE location (current and future)  
· temporary UE ID and server URI for fetching coverage data from a server 
· Extensions to the configuration update procedure to allow signalling of PSM/MICO parameters
· New registration/TAU trigger based on the discontinuous coverage (e.g. start of coverage gap)
· New UE configuration by the HPLMN indicating whether the UE should remain with no service or look for another PLMN or RAT during coverage gaps
· New user plane procedure for fetching coverage data from a server using URI and temporary UE ID provided by the network via NAS.
With respect to the work in RAN2, it is not possible to evaluate possible CT1 impacts due to the lack of any agreements yet. It is also not possible to discard the possibility of CT1 impacts from the RAN2 work. 
Finally, CT1 should autonomously take the lead on defining and working on the solution for topics that are related to the PLMN selection.
Due to the lack of normative WID in SA2 and any normative requirements in RAN2, we believe that it is too early to start normative work in CT1 in this meeting. This may change by the time of the next CT1 meeting. Qualcomm plans to prepare a CT WG WID for NR NTN Ph2 to be available for discussion when SA2 starts their normative work.      
