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1. Introduction

In last RAN3 meeting, the discontinuous coverage issue for IoT NTN has been discussed and some progress have been given as below.
	RAN3 makes the decision on this cause value to next RAN3 meeting and takes SA2’s outputs into account.

This scenario and benefit of the indication of no satellite connected with eNB should be further discussed.


In SA2#153-e meeting, the TR 23.700-28 has been completed as v1.1.1, and some conclusions have been captured in Section 8 of this TR [1]. 

In this contribution, we will provide our further considerations on the discontinuous coverage issue for IoT NTN based on the latest progress in SA2.
2. Discussion
Cause Value

In previous RAN3 meetings, the introduction of a new cause value to indicate the UE Context Release Request procedure due to discontinuous coverage has been discussed. Before we decide whether this cause value is needed, the need of the UE Context Release Request procedure should be clarified.

According to the latest TR 23.700-28 [1], for the conclusion on general mobility management and/or power saving, the candidate solutions should meet the requirements R1, R2 for KI#1 and R5 and R6 for KI#2.
	8.1
Conclusion on general mobility management and/or power saving
The conclusions for solutions to the requirements R1, R2 for KI#1 and R5 and R6 for KI#2 are the following:


Table 7.5-1: Support of Mobility Management Requirements for KI#1 and KI#2
	Solutions
	Requirements
	Impacts

	
	R1
	R2
	R3
	R4
	R5
	R6
	I1
	I2
	I3
	I4
	I5
	I6

	Solution #1: Power Saving based on AMF awareness of coverage information
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	

	Solution #2: predictive Power Saving Mode

	N
	Y
	N
	N
	Y
	Y
	N
	Y
	Y
	Y
	N
	

	Solution #3: Power Saving based on UE awareness of coverage information
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	N
	Y
	Y
	

	Solution #4: Mobility Management enhancement based on coverage information and UE location
	N
	N
	N
	N
	N
	Y
	N
	N
	Y
	Y
	Y
	

	Solution #5: Power Saving based on updating parameters before releasing signalling connection
	U
	Y
	N
	N
	Y
	Y
	N
	N
	Y
	Y
	Y
	

	Solution #6: Discontinuous coverage architecture

	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	

	Solution #7: Utilizing discontinuous coverage wait timer for satellite discontinuous coverage scenario
	Y
	U
	N
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	

	Solution #8: Leaving Coverage Notification

	Y
	U
	N
	N
	Y
	Y
	Y
	Y
	N
	Y
	Y
	

	Solution #9: Modification of Timers when in or out of Coverage
	U
	Y
	N
	N
	Y
	Y
	N
	Y
	Y
	Y
	N
	

	Solution #10: UE Reachability Events with Expected in Coverage Time
	This solution is not applicable to mobility management.

	Solution #11: Combined UE Management Architecture

	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	

	Solution #12: Minimize discontinuous coverage by inter-RAT handover processing
	N
	N
	Y
	N
	N
	N
	N
	Y
	N
	Y
	Y
	

	Solution #13: Applicability of no service in discontinuous coverage
	N
	N
	Y
	N
	Y
	N
	N
	Y
	N
	Y
	N
	

	Solution #14: Wait timer for discontinuous coverage

	N
	N
	N
	Y
	N
	N
	N
	Y
	N
	Y
	N
	

	Solution #15: Solution to support Provision of Coverage Data to a UE
	This solution only assists other solutions to support mobility management.

	Solution #16: Solution to support a UE Triggered Generalized Unavailability Period
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	

	Solution #17: Solution with event list coverage information over NAS
	This solution only assists other solutions to support mobility management.

	Solution #18: Response to Nnef_ParameterProvision request containing Maximum Latency
	This solution is not applicable to mobility management.

	Solution #19: AMF/MME awareness of coverage times based on AF parameter provisioning
	Y
	Y
	N
	N
	Y
	Y
	N
	N
	Y
	Y
	N
	

	Solution 20: UE-specific Dynamic Tracking Areas

	N
	N
	N
	N
	N
	N
	N
	Y
	N
	Y
	N
	

	Solution #21: NWDAF assisted power saving mechanism for UE in discontinuous NTN coverage
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	N
	

	Solution #22: Coverage data transfer in 5GS and EPS

	Y
	N
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	N
	

	Solution #23: Handling of the UE attempt to Connected mode
	N
	N
	N
	Y
	N
	N
	N
	N
	N
	N
	N
	

	NOTE:
Y = Yes, N = No, U = Unknown (not clarified by the solution), N/A = Not Applicable.


Based on the Table 7.5-1, Support of Mobility Management Requirements for KI#1 and KI#2, the Solution #1, #3, #6, #11, #16, #19, #21 can be selected. Furthermore, considering the impact on RAN, only the Solution #1, #3, #6 and #11 are left. And the potential impact on the RAN side could be summarized as below.

For Solution #1 and #11, if the eNB detects that UE is about to be out of network coverage, the eNB may trigger the S1 release procedure (UE Context Release Request procedure) towards the MME.

For Solution #3, after the TAU procedure between the UE and MME, the MME initiates the UE Context Release procedure towards the eNB. Then, the AN release between the eNB and UE is triggered.

For Solution #6, the NG-RAN shall inform the UE of satellite ephemeris. However, it is not clear that whether this solution applies for IoT NTN.

Based on the analysis above, when the eNB detects the UE is about to be out of coverage, the UE context should be released, no matter triggered by the eNB or MME. For RAN3, it is reasonable to support the UE Context Release Request procedure when the eNB detects the UE is about to be out of network coverage for IoT NTN. Based on the above understanding, the new cause value “Release due to discontinuous coverage” is applicable.

Proposal 1: The new cause value “Release due to discontinuous coverage” is applicable for the UE Context Release Request procedure.

Based on the TR 23.700-28, in addition to remain with no service, the UE could attempt to register available different RATs/PLMNs to receive the normal service. For example, when UE detects it is about to move outside the network coverage in current NTN access, it could also detect other available access, such as the other access with the same/different RAT type with different Satellite Operators and the TN access (e.g. E-UTRAN, NR).

However, as given in [2] which provides the conclusion on alternative RAT/PLMN selection, RAN will not be impacted by the corresponding SA2 solution. In other word, the eNB shall not trigger the inter-RAT/PLMN handovers when it detects the UE is about to be out of coverage based on the current SA2’s conclusion.
	On the aspect of alternative RAT/PLMN selection, the UDM configures in the UE the DisCoNoserviceapplicability parameter, based on the DisCoNoserviceapplicability parameter UE determines it shall remain in no service(and apply power saving mechanisms) or it can trigger registration on alternate RAT or PLMN to receive normal services. Following the procedure described in clause 4.15.6.2 of TS 23.502 [3], the AF can provision the DisCoNoserviceapplicability parameter into the UDM/UDR, what value UDM uses to configure in the UE is up to operator policy. The UDM configures DisCoNoserviceapplicability parameter in the UE per PLMN the exact details to achieve this is up to stage-3 groups. The UE after taking DisCoNoserviceapplicability flag into account can decide it if has to stay in current PLMN applying power saving mechanisms or select another PLMN/RAT by taking example information available to the UE as described in 6.13.1.

To solve overload impacts to target RAT/PLMN it is concluded to re-use the similar mechanisms available for MINT, i.e. UE derives the timers from the wait range configurations from network. The UE starts respective timers when entering discontinuous coverage and when coverage returns, at expiry of this timers UE attempts signalling on the network. The wait range configuration coding should take care that higher priority users are given better priority than normal UEs.


Proposal 2: Introduce the stage 2 description on potential behavior of the eNB when it detects the UE is about to be out of coverage.

MICO/PSM

According to the conclusion on general mobility management and/or power saving, the MME shall configure the mobility management and PSM parameters and send them to the UE before the satellite discontinuous coverage starts.

	The role of AMF/MME:

-
The AMF/MME configures the UEs mobility management and Power saving mode (PSM) parameters and sends the MICO/PSM parameters to UE before the satellite discontinuous coverage starts.

-
Takes into account the UE unreachability period in order to make sure the UE is in power saving mode if it is leaving network coverage, to avoid attempting to page the UE during this time and that the UE need not initiate NAS procedures excessively frequently compared to the Expected UE behavior, if known by the AMF/MME.

-
The mobility management and MICO/PSM parameters include:

-
Periodic registration update timer / Periodic TAU Timer,

-
MICO mode with optional Active Time and PS,

-
MICO mode with Extended Connected time (only for AMF case),

-
eDRX parameters.
-
AMF/MME takes the Tracking Area reported by RAN before AN release as the paging area.

-
The AMF/MME sets an implicit detach timer based on the UE unreachability period information to avoid de-registering or detaching the UE when it is in discontinuous coverage.

NOTE:
Whether the UE can be in CM-connected with RRC inactive and the AN release procedure is needed when there is no satellite coverage can be discussed during the normative phase.

-
Optionally, AMF can provide a backoff timer to prevent the UE from sending MO data/signalling while out of coverage.

-
Request the UE to inform AMF/MME about when UE unreachability periods begin and end.


Regarding the MICO mode, based on the TS 38.413, the MICO Mode Indication has been introduced over NG to indicate the UE is configured with MICO mode by the AMF [3]. And the similar mechanism could be reused over S1 for IoT NTN. To be more specific, the MME could send the MICO Mode Indication to the eNB via S1 interface. With this indication, the UE could avoid being paged by the eNB.
Proposal 3: Add the MICO Mode Indication over S1 to indicate the UE is configured with MICO mode by MME.
Indication of no satellite connected with eNB
In last RAN3 meeting, a new indication to inform MME of no satellite connected with the eNB in the ENB CONFIGURATION UPDATE message has been proposed in [2]. The potential benefit is to avoid that the MME incorrectly initiates Paging procedure for a UE in discontinuous coverage.

However, since the path of satellite movement is predictable and static, the information of no satellite connected with eNB can be configured by the OAM, and there is no need to signal this information via S1AP signaling. In addition, if there is no satellite connected with eNB due to TNL failure, it should be the alarm in the OAM other than S1AP signaling.
Proposal 4: The information of no satellite connected with eNB can be sent to MME via OAM other than the S1AP signaling.
3. Conclusion
Proposal 1: The new cause value “Release due to discontinuous coverage” is applicable for the UE Context Release Request procedure.

Proposal 2: Introduce the stage 2 description on potential behavior of the eNB when it detects the UE is about to be out of coverage.

Proposal 3: Add the MICO Mode Indication over S1 to indicate the UE is configured with MICO mode by MME.

Proposal 4: The information of no satellite connected with eNB can be sent to MME via OAM other than the S1AP signaling.

The draft CR for stage 2 description on potential behavior of the eNB due to discontinuous coverage is given in [4].
The potential CR for the introduction of MICO Mode Indication over S1 is given in the Annex.
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<<<<<<<<<<<<<<<<<<<< START OF CHANGE >>>>>>>>>>>>>>>>>>>>

9.2.1.22
Handover Restriction List
This IE defines roaming or access restrictions for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO, or for SCG selection during dual connectivity operation. If the eNB receives the Handover Restriction List IE, it shall overwrite previously received restriction information.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality 

	Serving PLMN
	M
	
	9.2.3.8
	
	
	

	Equivalent PLMNs
	
	0..<maxnoofEPLMNs>
	
	Allowed PLMNs in addition to Serving PLMN.

This list corresponds to the list of “equivalent PLMNs” as defined in TS 24.301 [24].

This list is part of the roaming restriction information. Roaming restrictions apply to PLMNs other than the Serving PLMN and Equivalent PLMNs.
	
	

	>PLMN Identity
	M
	
	9.2.3.8
	
	
	

	Forbidden TAs
	
	0..<maxnoofEPLMNsPlusOne>
	
	Intra LTE roaming restrictions.
	
	

	>PLMN Identity
	M
	
	9.2.3.8
	The PLMN of forbidden TACs.
	
	

	>Forbidden TACs
	
	1..<maxnoofForbTACs>
	
	
	
	

	>>TAC
	M
	
	9.2.3.7
	The TAC of the forbidden TAI.
	
	

	Forbidden LAs
	
	0..<maxnoofEPLMNsPlusOne>
	
	Inter-3GPP RAT roaming restrictions.
	
	

	>PLMN Identity
	M
	
	9.2.3.8
	
	
	

	>Forbidden LACs
	
	1..<maxnoofForbLACs>
	
	
	
	

	>>LAC
	M
	
	OCTET STRING (SIZE(2))
	
	
	

	Forbidden inter RATs
	O
	
	ENUMERATED(ALL, GERAN, UTRAN, CDMA2000, …,

GERAN and UTRAN, CDMA2000 and UTRAN)
	Inter-3GPP and 3GPP2 RAT access restrictions. “ALL” means that all RATs mentioned in the enumeration of this IE are restricted.
	
	

	NR Restriction in EPS as Secondary RAT
	O
	
	ENUMERATED(NRrestrictedinEPSasSecondaryRAT, …)
	Restriction to use NR when the NR is used as secondary RAT in EN-DC.
	YES
	ignore

	Unlicensed Spectrum Restriction
	O
	
	ENUMERATED(UnlicensedRestricted, …)
	Restriction to use unlicensed spectrum in the form of LAA or LWA/LWIP or NR-U as described in TS 23.401 [11].
	YES
	ignore

	Core Network Type Restrictions
	
	0..<maxnoofEPLMNsPlusOne>
	
	Includes any of the Serving PLMN or any PLMN of the Equivalent PLMNs listed in the Mobility Restriction List IE for which Core network type restriction applies as specified in TS 23.501 [46].
	
	

	>PLMN Identity
	M
	
	9.2.3.8
	
	
	

	>Core Network Type
	M
	
	ENUMERATED(5GCForbidden, …,EPCForbidden)
	Indicates whether the UE is restricted to connect to 5GC or to EPC for this PLMN.
	
	

	NR Restriction in 5GS
	O
	
	ENUMERATED(NRrestrictedin5GS, …)
	Restriction to use NR when the NR connects to 5GS.
	YES
	ignore

	Last NG-RAN PLMN Identity
	O
	
	9.2.3.8
	Indicates the NG-RAN PLMN ID from where the UE formerly handed over to EPS and which is preferred in case of subsequent mobility to 5GS.
	YES
	ignore

	RAT Restrictions
	
	0..<maxnoofEPLMNsPlusOne>
	
	This IE contains RAT restriction related information as specified in TS 23.401 [11].
	YES
	ignore

	>PLMN Identity
	M
	
	9.2.3.8
	
	-
	

	>RAT Restriction Information
	M
	
	BIT STRING {

LEO (0),

MEO (1),

GEO (2),

OTHERSAT (3)}

(SIZE(8, …))
	Each position in the bitmap represents a RAT.

If a bit is set to "1", the respective RAT is restricted for the UE.

If a bit is set to "0", the respective RAT is not restricted for the UE.

Bits 4-7 reserved for future use.
	-
	

	MICO Mode Indication
	O
	
	ENUMERATED (true, …)
	Indicates that the UE is configured with MICO mode by the MME.
This IE only applies for IoT NTN.
	YES
	ignore


	Range bound
	Explanation

	maxnoofEPLMNs
	Maximum no. of equivalent PLMN Ids. Value is 15.

	maxnoofEPLMNsPlusOne
	Maximum no. of equivalent PLMN Ids plus one. Value is 16.

	maxnoofForbTACs
	Maximum no. of forbidden Tracking Area Codes. Value is 4096.

	maxnoofForbLACs
	Maximum no. of forbidden Location Area Codes. Value is 4096.
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