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Introduction
[bookmark: _Hlk70498098]In RAN2#116-e [1], the following agreements were achieved:
	Satellite Ephemeris Parameters (not same as for L1 pre-compensation, for the constellation, not just single satellite) is needed for the UE for predicting coverage discontinuity. Other info, e.g. beam info, elevation angle, reference location or corresponding is FFS. 
Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.
From RAN2 point of view, the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and WUS can be reused in IoT-NTN. Minor enhancements in existing power saving mechanisms to support discontinuous coverage is FFS.



This contribution will focus on the remaining FFSs and other open issues for support of non-continuous coverage. 
Discussion
Other info needed for the satellite assistance information
For quasi-earth fixed cell, RAN2 has agreed to provide the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage. But we think it’s not enough for UE to predict the discontinuous coverage.
In RAN2#115-e [2], RAN2 agreed that the reference location of the cell is broadcast in system information for quasi-earth fixed cell in WI NR_NTN:
Agreements via email - from offline 108:
1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

For quasi-earth fixed cell, we think that the reference location and the footprint size of the cell can be used for UE to compare the distance (between UE and the cell) with the cell radius, and then predict the discontinuous coverage.
Proposal 1: For quasi-earth fixed cell, the satellite assistance information should also include the reference location of the cell, and the cell footprint size (e.g. sub-satellite point and coverage radius).
For moving cell, the assistance information could include the satellite ephemeris info, the cell reference location, and the cell footprint size. In particular, if satellite transmits the beam perpendicular to the earth ground, ephemeris info and the cell footprint size are enough for prediction as reference point can be derived based on the ephemeris.
Proposal 2: For moving cell, the satellite assistance information could include ephemeris info, the reference location of the cell, and the cell footprint size.

Possible ASN.1 structure
In RAN1#107-e, RAN1 confirmed the following agreements to support two different sets of satellite ephemeris format in IOT-NTN.
	· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits
· Position range is driven by GEO: +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity
· Orbital parameter ephemeris format 18 byte payload
· Semi-major axis α (m) is 33 bits
· Range: [6500, 43000]km
· Eccentricity e is 19 bits
· Range: ≤ 0.015
· Argument of periapsis ω (rad) is 24 bits
· Range: [0, 2π]
· Longitude of ascending node (Ω rad) is 21 bits
· Range: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]



In RAN2#116-e, RAN2 agreed that the serving cell ephemeris information is signalled in a new SIB.
	R2-2111475	[AT116-e][030][IoT-NTN] CP Other (Huawei)
The serving cell ephemeris information (used for L1 pre-compensation) is signalled in a new SIB, which is NTN specific. 
Update to serving cell ephemeris information does not affect the system information value tag and does not trigger System information modification procedure. How to trigger re-read of this information is FFS. FFS if the UE shall reacquire the new SIB when SI update is triggered.



[bookmark: _Hlk91688575]Considering the overlapped information between the serving cell ephemeris information and satellite assistance information, we suggest to include the serving cell ephemeris information and other satellite assistance information for support of discontinuous coverage in a new SIB.
Proposal 3: Include the serving cell ephemeris information and other satellite assistance information for support of discontinuous coverage in a new SIB.
[bookmark: OLE_LINK2]If the satellite assistance information changes quite frequently, the UEs in IDLE mode are required to wake up more often to monitor for SI change indication, which would cause the UEs to consume more power. Therefore, from the UE power saving perspective, we think that it is unnecessary to always trigger system information modification upon any satellite assistance information for discontinuous coverage update, similar as that of serving cell ephemeris information. The UE can acquire it on demand, e.g., when initiating RRC connection establishment/resumption or upon expiration of validity timer.
Proposal 4: Update to satellite assistance information does not affect the system information value tag and does not trigger System information modification procedure.
Based on the analysis above, both fixed-cell and moving cell information can be signalled through the following new SIB:

-- ASN1START
-- TAG-SIBXY-START

SIBXY-r17 ::=        SEQUENCE {
  	servingCellEphemerisInfo                  SEQUENCE {
		pvEphemeris                               PVEphemerisInfo                          OPTIONAL,
    	orbitalEphemeris                          OrbitalEphemerisInfo                     OPTIONAL,        
    	endTimeUTC                                INTEGER (0..549755813887),               OPTIONAL, 
		cellReferenceLocation                     FFS
     }
	neighCellEphemerisList                        NeighCellEphemerisList
	commonTA                                      FFS                                      OPTIONAL,

}

NeighCellEphemerisList::=                   SEQUENCE (SIZE (1..maxneighCell)) OF NeighCellEphemerisInfo
NeighCellEphemerisInfo                      SEQUENCE {
		pvEphemeris                               PVEphemerisInfo                          OPTIONAL,
    orbitalEphemeris                          OrbitalEphemerisInfo                     OPTIONAL,  
        startTimeUTC                              INTEGER (0..549755813887),               OPTIONAL,                
     }

PVEphemerisInfo                               SEQUENCE {
        position                                  ENUMERATED {km-42000,...km42000}   -- 78 bit field              OPTIONAL,
        velocity                                  ENUMERATED {km-42000,...km42000}   -- 54 bit field             OPTIONAL,                                        
     }
OrbitalphemerisInfo                           SEQUENCE {
        semiMajor                                 ENUMERATED {km65000, ...km43000}   --33 bit field               OPTIONAL,
        eccentricity                              ENUMERATED {0, ...0.015}           --19 bit field               OPTIONAL,    
        argumentOfPeriapsis                       ENUMERATED {0, ...2π}              --24 bit field               OPTIONAL, 
        longitudeOfAscendingNode                  ENUMERATED {0, ...2π}              --21 bit field               OPTIONAL,   
		inclination                               ENUMERATED {-2π, ...2π}            --20 bit field               OPTIONAL,   
		meanAnomaly                               ENUMERATED {0, ...2π}              --24 bit field               OPTIONAL,       
     }

}
-- TAG-SIBXY-STOP
-- ASN1STOP

         



How to transfer the satellite assistance information
In SA2#148-e, SA2 approved a CR on support for IoT NTN with discontinuous coverage (S2-2109199[3]), and SA2 understand that it is more efficient for the RAN to broadcast the ephemeris data of the NB-IoT satellite constellation in a SIB than use User Data to send this information point to point to every UE.
	This CR is needed to allow/encourage work in other 3GPP WGs, e.g.
1. The MME needs to provide independent control over the PTU/Mobile Reachable Timer and Implicit Detach Timer. And (unless an MME dedicated only to the satellite system is used) these parameters to be configured on a per-RAT or per-TAC basis. This may imply SA5 work.
1. TS 36.304 and perhaps TS 23.122 specifies the cell and PLMN selection procedure that the UE follows when it is powered up. This procedure needs extension/modification to allow a satellite-UE to just search on ONLY the carrier frequency that the satellite will use.
1. It is likely to be more efficient for the RAN to broadcast the ephemeris data of the NB-IoT satellite constellation in a SIB than use User Data to send this information point to point to every UE. This SIB specification needs RAN 2 work.



As specified in TS 36.331, the max TBS for eMTC is 936bits and for NB-IoT is 680bits. RAN1 agreement is to support PV ephemeris format [17 bytes payload] and Orbital parameter ephemeris format [18 bytes payload]. This means network can broadcast maximum of 4 satellites orbital information in a SI message for NB-IoT. RAN2 should discuss the optimization or enhancement. There are several potential ways to transfer the satellite assistance information:
Option1: introduce multiple SIBs or SIB segmentation:
· Alt #A: Similar to ETWS/CMAS notification (i.e. SIB 6/7/8) and may add a 1-bit indication in Short Message to indicate whether there is satellite assistance information.
· Alt #B: The network may broadcast the association of multiple SIBs in SIB1, and the UE can acquire the corresponding SIB for satellite assistance information.
· Alt #C: Set a field in new SIB to indicate whether there is other SIB including satellite assistance information.
· Alt #D: Set a field in new SIB to indicate whether there is other SIB including supplemental satellite assistance information in the same SIB from another neighbour network.
Option2: use compressed information to reduce the SI message payload.
Option3: the network transmits supplemental information to the UE in connected mode.
Proposal 5: RAN2 to discuss the following potential ways to transfer the satellite assistance information.
· Option1: Introduce multiple SIBs from one cell or multiple cells or SIB segmentation.
· Option2: Use compressed information.
· Option3: The network transmits supplemental information to the UE in connected mode in dedicated signalling.

UE behaviour in discontinuous coverage
In SA2#148-e, SA2 agreed not to enable eDRX and PSM in this release and expected the UE deactivates its Access Stratum functions in order to optimise power consumption until coverage returns.
	For an example of the UE being in coverage for 20 minutes every 10 hours, (based on the MME knowing that the Tracking Area is associated with that discontinuous coverage IoT NTN system) the MME: 
a) sets the Periodic TAU timer to 24 minutes and Mobile Reachable Timer to 30 minutes (which limits useless paging traffic), 
b) sets the Implicit Detach Timer to 10.1 hours (which keeps any PDN connection alive while the UE is out of coverage),
c) does not enable eDRX (in this 3GPP release)
d) does not enable Power Save Mode (in this release)
e) may use HLCOM by setting the DL Buffering Duration time to the time left before the Implicit Detach timer expires
f) supports SMS message waiting capability and/or Monitoring event: UE Reachability; 



[image: ]
According to the clause 4.2.1 of TS 36.331 [4], the idle mode UE mainly performs neighbour cell measurements and cell (re)selection, paging monitoring and acquires system information.
To save UE’s power consumption, the UE could stop unnecessary idle mode actions when predicting it is out of coverage, such as cell search, neighbour cell measurements for cell reselection, and paging monitoring.
As agreed in SI stage, the CN and the UE should be synchronized on duration where the UE is reachable for paging. Since SA2 does not enable PSM in this release, the UE is not expected to request appropriate values for PSM timers based on prediction of discontinuous coverage and can’t receive the configuration of PSM. Maybe the UE can inform the network in advance that it will be out of coverage. And more enhancements (e.g. CN predicts discontinuous coverage) can be studied in next release.
Proposal 6: The UE may inform the network in advance that it will be out of coverage.
When the UE is in idle mode, it should camp on a suitable cell to obtain service. When no suitable cell can be found after a complete scan of all RATs and all frequency bands supported by the UE, the UE enters any Cell selection state, until it finds a suitable or acceptable cell to camp on. This process can cause very huge power consumption. 
While the UE is out of satellite coverage, it can’t find a suitable or acceptable cell to camp on. Therefore, the UE is not required to attempt to camp on a cell or connect to the network when it is out of coverage.
Proposal 7: The UE is not required to attempt to camp on a cell or connect to the network when it is out of coverage.

Conclusion
Here are the proposals for support of non-continuous coverage.
Proposal 1: For quasi-earth fixed cell, the satellite assistance information should also include the reference location of the cell, and the cell footprint size (e.g. sub-satellite point and coverage radius).
Proposal 2: For moving cell, the satellite assistance information could include ephemeris info, the reference location of the cell, and the cell footprint size.
Proposal 3: Include the serving cell ephemeris information and other satellite assistance information for support of discontinuous coverage in a new SIB.
Proposal 4: Update to satellite assistance information does not affect the system information value tag and does not trigger System information modification procedure.
Proposal 5: RAN2 to discuss the following potential ways to transfer the satellite assistance information.
· Option1: Introduce multiple SIBs from one cell or multiple cells or SIB segmentation.
· Option2: Use compressed information.
· Option3: The network transmits supplemental information to the UE in connected mode in dedicated signalling.
Proposal 6: The UE may inform the network in advance that it will be out of coverage.
Proposal 7: The UE is not required to attempt to camp on a cell or connect to the network when it is out of coverage.
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If the UE is out of E-UTRAN coverage (including the cases when the UE is camped on GERAN/UTRAN cells) when
its periodic TAU timer expires, the UE shall:

- if ISR is activated, start the E-UTRAN Deactivate ISR timer. After the E-UTRAN Deactivate ISR timer expires
the UE shall deactivate ISR by setting its TIN to "P-TMSI".

- if ISR is activated and the UE is camping on a GERAN/UTRAN cell (or returns to coverage in
GERAN/UTRAN) and the UE is EPS/IMSI attached, perform a LAU procedure in NMO II or a combined
RA/LA update procedure in NMO 1.

- when EMM-REGISTERED, perform a Tracking Area Update when it next returns to E-UTRAN coverage. For
UE using a RAN that provides discontinuous coverage (e.g. for satellite access with discontinuous coverage), if
the UE knows how the E-UTRAN coverage varies with time based on information defined in TS 36.331 [37]
(e.g. from the ephemeris data of a satellite access system that the UE is using) then the UE may deactivate its
Access Stratum functions in order to optimise power consumption until coverage returns. Details are specified in
TS 36.304 [34] and TS 24.301 [46].





