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1	Introduction
There are 5GMM cause and the lower bound timer value IE in DL NAS TRANSPORT message. However, it’s unclear how the UE uses the lower bound timer value. Moreover, current specification also introduces unnecessary suspension in 5GSM sublayer, because 5GMM sublayer will suspend transmission of the message at the same time upon receiving 5GMM cause #78. This paper provides evaluations and solutions to handle DL NAS transport with cause #78.

2	Discussion
2.1	Problem
Problem #1: 5GSM sublayer in the UE will get stuck if the network didn’t initiate the de-registration procedure after sending cause #78 in the DL NAS transport message and how the UE handles the lower bound timer value in the DL NAS transport message is undefined
As specified in 24.501, 6.4.1.6, b3), 5GSM sublayer in the UE will suspend transmission of any PDU session establishment message until entering DEREGISTERED, i.e. will get stuck indefinitely if the network didn’t initiate the de-registration procedure.
As specified in 24.501, 5.4.5.3.3, 5a), 5GMM sublayer in the UE will get stuck indefinitely because the UE didn’t store the PLMN identity in the list of "PLMNs not allowed to operate at the present UE location". i.e. The specification didn’t indicate when is the correct time to reattempt.

Moreover, as 23.501 subclause 5.4.11.4 specifies, the network won’t always initiate a de-registration procedure after sending cause #78, because it uses “may” as the requirement.

Problem #2: Cause #78 received from non-satellite access is not addressed in the current spec.
The UE will treat cause #78 received via non-satellite access as an abnormal case. However, it’s not specified how to handle cause #78 received via non-satellite access in the DL NAS transport message.

2.2	Solution

Solutions for Problem #1:
	Solution
	Detail
	Pros & Cons

	Solution #1: Remove the suspension in the 5GSM sublayer in the UE and align handling in 5GMM sublayer upon receiving cause #78 in DL NAS TRANSPORT message with the corresponding handling in the service /registration reject message

	Remove restriction in the 5GSM sublayer, i.e. 6.4.1.6, bullet b2).
And add more handling in the 5GMM sublayer upon receiving cause #78 in DL NAS transport as follows:

(1) store the PLMN id in the list of "PLMNs not allowed to operate at the present UE location"
	and it will naturally allow emergency (i.e. all exception handling considered in 4.23.2 will be applied)

(2) Check whether the cause is received via satellite access (For problem#2)

(3) 5GMM register state handling:
(3-1) Remain in REGISTERED state and enter REGISTERED.PLMN-SEARCH state

(3-2) Both UE/NW locally enter DEREGISTERED.PLMN-SEARCH

	Pros: Most of the handlings will be aligned and can be reused except for registered state change.

Cons for (3-2) only: It’s weird to see a UE entered deregistered upon receiving a DL NAS transport message.

	Solution #2: Instead of sending DL NAS transport with cause #78, the network initiates MT deregistration procedure directly. (and the UE shall abort the ongoing procedure)

	The network initiates MT deregister procedure when the network receives UL NAS transport and determines the UE is not allowed to operate at the present UE location.
	Pros: Save signalling, and the UE behaviour will be totally aligned with the behaviour upon receiving SR/registration message.

Cons: Nothing can be done for those stuck UE i.e. R18 UE will still get stuck when facing R17 NW. Moreover, this solution contradicts stage 2 requirement, because 23.501 specifies that the network should reject the request.


	Solution #3: Replicate all exceptions mentioned in 4.23.2 to 5GSM spec

	Copy every allowed exceptional case from 24.501 4.23.2 to 5GSM clause 6.4.1.6.
	Cons: The suspension implemented in 5GSM sublayer is redundant because the 5GMM will suspend the transmission of UL NAS transport at the same time anyway.


	Solution #4: UE initiates MO de-registration 

	The UE initiates MO de-registration procedure to enter deregistered state upon receiving cause #78 in DL NAS transport.
	Cons: 
(1) The UE won’t add the PLMN ID to the list of "PLMNs not allowed to operate at the present UE location" and won’t use the lower bound value when processing DL NAS transport message. 
(2) Moreover, there is no lower bound value and 5GMM cause in the DEREGISTER ACCEPT message, UE can’t do anything during MO de-registration procedure except for entering de-registered
(3) It will increase the possibility of MO/MT de-register procedure collision, and waste air interface resources.


	Solution #5: Mandate network shall initiate deregister procedure right after sending DL NAS transport message with cause #78
	The network shall initiate the deregistration procedure with cause #78 right after sending the DL NAS transport message with cause #78.
	Cons: Redundant signalling, it will waste air interface. Lower bound timer value IE in DL NAS transport message and list related to cause #78 will remain undefined for the UE. It’s not completely aligned with what 23.501 specified.




Solutions for Problem #2:
The UE needs to check whether the cause is received from the satellite access upon receiving the cause.


3	Conclusion and Proposal

In C1-230502, it’s proposed to accommodate solution #1 with step (3-1). It resolves issue #1 and #2 at the same time. Solution #1 is the solution on the UE side. The UE which implements solution #1 can interoperate with R17 network. e.g. maintain the list of "PLMNs not allowed to operate at the present UE location" and use the lower bound value in the DL NAS transport message.

Annex A:	23.501 excerpts
[bookmark: _Toc122440208]5.4.11.4	Verification of UE location
In order to ensure that the regulatory requirements are met, the network may be configured to enforce that the selected PLMN is allowed to operate in the current UE location by verifying the UE location during Mobility Management and Session Management procedures. In this case, when the AMF receives a NGAP message containing User Location Information for a UE using NR satellite access, the AMF may decide to verify the UE location. If the AMF determines based on the Selected PLMN ID and ULI (including Cell ID) received from the gNB that it is not allowed to operate at the present UE location the AMF should reject any NAS request with a suitable cause value. If the UE is already registered to the network when the AMF determines that it is not allowed to operate at the present UE location, the AMF may initiate deregistration of the UE. The AMF should not reject the request or deregister the UE unless it has sufficiently accurate UE location information to determine that the UE is located in a geographical area where the PLMN is not allowed to operate.
NOTE:	The area where the UE is allowed to operate can be determined based on the regulatory area where the PLMN is allowed to operate based on its licensing conditions.
If the AMF, based on the ULI, is not able to determine the UE's location with sufficient accuracy to make a final decision or if the received ULI is not sufficiently reliable, the AMF proceeds with the Mobility Management or Session Management procedure and may initiate UE location procedure after the Mobility Management or Session Management procedure is complete, as specified in clause 6.10.1 of TS 23.273 [87], to determine the UE location. The AMF shall be prepared to deregister the UE if the information received from LMF indicates that the UE is registered to a PLMN that is not allowed to operate in the UE location. In the case of a NAS procedure, the AMF should either reject any NAS request targeted towards a PLMN that is not allowed to operate in the known UE location and indicate a suitable cause value, or accept the NAS procedure and initiate deregistration procedure once the UE location is known. In the deregistration message to the UE, the AMF shall include a suitable cause value. For UE processing of the cause value indicating that the PLMN is not allowed to operate in the current UE location, see TS 23.122 [17] and TS 24.501 [47].
In the case of a handover procedure, if the (target) AMF determines that it is not allowed to operate at the current UE location, the AMF either rejects the handover, or accepts the handover and later deregisters the UE.


Annex B:	24.501 excerpts
[bookmark: _Toc20232663][bookmark: _Toc27746756][bookmark: _Toc36212938][bookmark: _Toc36657115][bookmark: _Toc45286779][bookmark: _Toc51948048][bookmark: _Toc51949140][bookmark: _Toc123901486]5.4.5.3.3	Network-initiated NAS transport of messages

5a)	the 5GMM cause IE is set to the 5GMM cause #78 "PLMN not allowed to operate at the present UE location", the UE passes to the 5GSM sublayer an indication that the 5GSM message was not forwarded because the UE is registered to a PLMN via a satellite NG-RAN cell that is not allowed to operate at the present UE location along with the 5GSM message from the Payload container IE of the DL NAS TRANSPORT message. Additionally, the UE shall not send the UL NAS TRANSPORT message to transport any of the data types listed in subclause 5.4.5.2.1;

[bookmark: _Toc123901508]5.5.1.2.5	Initial registration not accepted by the network
#78	(PLMN not allowed to operate at the present UE location).
	This cause value received from a non-satellite NG-RAN cell is considered as an abnormal case and the behaviour of the UE is specified in subclause 5.5.1.2.7.
	The UE shall set the 5GS update status to 5U3 ROAMING NOT ALLOWED (and shall store it according to subclause 5.1.3.2.2) and shall delete 5G-GUTI, last visited registered TAI, TAI list and ngKSI. Additionally, the UE shall reset the registration attempt counter. The UE shall store the PLMN identity and, if it is known, the current geographical location in the list of "PLMNs not allowed to operate at the present UE location" and shall start a corresponding timer instance (see subclause 4.23.2). The UE shall enter state 5GMM-DEREGISTERED.PLMN-SEARCH and perform a PLMN selection according to 3GPP TS 23.122 [5].
	If the message was received via 3GPP access and the UE is operating in single-registration mode, the UE shall handle the EMM parameters EMM state, EPS update status, 4G-GUTI, TAI list, eKSI and attach attempt counter as specified in 3GPP TS 24.301 [15] for the case when the EPS attach procedure is rejected with the EMM cause with the same value.


[bookmark: _Toc27746934][bookmark: _Toc36213118][bookmark: _Toc36657295][bookmark: _Toc45286960][bookmark: _Toc51948229][bookmark: _Toc51949321][bookmark: _Toc123901688]6.4.1.6	Abnormal cases in the UE

b2)	Upon receiving an indication that the 5GSM message was not forwarded because the UE is registered to a PLMN via a satellite NG-RAN cell that is not allowed to operate at the present UE location along with a PDU SESSION ESTABLISHMENT REQUEST message with the PDU session ID IE set to the same value as the PDU session ID that was sent by the UE, the UE shall stop timer T3580 and shall abort the procedure. The UE shall not trigger the PDU session establishment procedure until the UE is deregistered from the PLMN.

