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A New WID on Further Enhancement of Private Network Support for NG-RAN was achieved in [1].
The objective of this work item is to perform normative work for RAN functionalities required to support 5GS functions of the SA2 WID “Enhanced support of Non-Public Networks Phase 2”, with the following features being of RAN relevance:
· Support for enhanced mobility by enabling support for idle and connected mode mobility between SNPNs without new network selection [RAN3, RAN2]
· Support for non-3GPP access for SNPN [RAN3]
In this paper, we analysis the detail impacts in RAN3 for KI#1 and KI#2.
Discussion
2.1 KI#1: Enabling support for idle and connected mode mobility between SNPNs without new network selection.
If the UE moves its 3GPP access between SNPN and PLMN, the network selection is performed as specified in TS 23.122 [17] and UE performs initial registration as specified in clause 4.2.2.2.2 of TS 23.502 [3].
If the UE moves its 3GPP access between SNPNs, the network selection is performed as specified in TS 23.122 [17], then the UE performs initial or mobility registration as specified in clause 4.2.2.2.2 of TS 23.502 [3].
If the UE and network supports equivalent SNPNs, the AMF may provide list of equivalent SNPNs to the UE and NG-RAN. The UE may move its 3GPP access to the SNPN in the list of equivalent SNPNs without performing network selection. A UE supporting equivalent SNPNs gets a new registered SNPN ID during the Registration procedure if serving SNPN is changed.
Also, in the reply LS [2],
· Signaling Equivalent SNPNs over NGAP and XnAP e.g., by including it in the Mobility Restriction List
It can be found that a list of equivalent SNPNs should be provided from AMF to NG-RAN via NGAP to support mobility between SNPNs. The list of equivalent SNPNs can be added in Mobility restriction list in both XnAP and NGAP. Since the ESNPN may comprise with EPLMN and NID, we would like to introduce the Equivalent SNPNs in Mobility restriction list. For example, EPLMN includes PLMN1, PLMN2 and PLMN3 and there are three NIDs e.g., NIDA, NIDB and NIDC. The ESNPN could be PLMN1+NIDA, PLMN1+NIDB, PLMN1+NIDC, PLMN2+NIDA, PLMN2+NIDB etc. (at most 9 ESNPNs).
38.413 and 38.423
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This IE defines roaming or access restrictions for subsequent mobility action for which the NG-RAN provides information about the target of the mobility action towards the UE, e.g., handover, or for SCG selection during dual connectivity operation or for assigning proper RNAs. NG-RAN behaviour upon receiving this IE is specified in TS 23.501 [9].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Serving PLMN
	M
	
	PLMN Identity
9.3.3.5
	
	-
	

	Equivalent PLMNs
	
	0..<maxnoofEPLMNs>
	
	Allowed PLMNs in addition to Serving PLMN.
This list corresponds to the list of "equivalent PLMNs" as defined in TS 24.501 [26].
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
	
	9.3.3.5
	
	-
	

	Equivalent SNPNs
	
	0..<maxnoofESNPNs>
	
	Allowed SNPNs in addition to Serving SNPN.
This list corresponds to the list of "equivalent SNPNs" as defined in TS 24.501 [26].
This list is part of the roaming restriction information. Roaming restrictions apply to SNPNs other than the Serving SNPN and Equivalent SNPNs.
	
	

	>NID
	M
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	0..<maxnoofEPLMNsPlusOne>
	
	This IE contains RAT restriction related information as specified in TS 23.501 [9].
	-
	

	>PLMN Identity
	M
	
	9.3.3.5
	
	-
	

	>RAT Restriction Information
	M
	
	BIT STRING {
e-UTRA (0),
nR (1), nR-unlicensed (2),
nR-LEO (3),
nR-MEO (4),
nR-GEO (5),
nR-OTHERSAT (6)}
(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.
Bit 7 reserved for future use.
	-
	

	>Extended RAT Restriction Information
	O
	
	9.3.1.126
	If this IE is included, the RAT Restriction Information IE is ignored.
	YES
	ignore

	Forbidden Area Information
	
	0..<maxnoofEPLMNsPlusOne>
	
	This IE contains Forbidden Area information as specified in TS 23.501 [9].
	-
	

	>PLMN Identity
	M
	
	9.3.3.5
	
	-
	

	>Forbidden TACs
	
	1..<maxnoofForbTACs>
	
	
	-
	

	>>TAC
	M
	
	9.3.3.10
	The TAC of the forbidden TAI.
	-
	

	Service Area Information
	
	0..<maxnoofEPLMNsPlusOne>
	
	This IE contains Service Area Restriction information as specified in TS 23.501 [9].
	-
	

	>PLMN Identity
	M
	
	9.3.3.5
	
	-
	

	>Allowed TACs
	
	0..<maxnoofAllowedAreas>
	
	
	-
	

	>>TAC
	M
	
	9.3.3.10
	The TAC of the allowed TAI.
	-
	

	>Not Allowed TACs
	
	0..<maxnoofAllowedAreas>
	
	
	-
	

	>>TAC
	M
	
	9.3.3.10
	The TAC of the not-allowed TAI.
	-
	

	Last E-UTRAN PLMN Identity
	O
	
	PLMN Identity
9.3.3.5
	Indicates the E-UTRAN PLMN ID from where the UE formerly handed over to 5GS and which is preferred in case of subsequent mobility to EPS.
	YES
	ignore

	Core Network Type Restriction for Serving PLMN
	O
	
	ENUMERATED (EPCForbidden,…)
	Indicates whether the UE is restricted to connect to EPC for the Serving PLMN as specified in TS 23.501 [9].
	YES
	ignore

	Core Network Type Restriction for Equivalent PLMNs
	
	0..<maxnoofEPLMNs>
	
	
	YES
	ignore

	>PLMN Identity
	M
	
	9.3.3.5
	Includes any of the Equivalent PLMNs listed in the Mobility Restriction List IE for which CN Type restriction applies as specified in TS 23.501 [9].
	-
	

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

	NPN Mobility Information
	O
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	YES
	reject



	Range bound
	Explanation

	maxnoofEPLMNs
	Maximum no. of equivalent PLMNs. Value is 15.

	maxnoofEPLMNsPlusOne
	Maximum no. of allowed PLMNs. Value is 16.

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

	maxnoofAllowedAreas
	Maximum no. of allowed or not allowed Tracking Areas. Value is 16.

	maxnoofESNPNs
	Maximum no. of Equivalent SNPNs. Value is 15.



Proposal 1: Introduce a list of equivalent SNPNs in NPN mobility information in Mobility restriction list in Xn/NG.
· Signaling the selected SNPN ID to the target NG-RAN node during Xn and NG based handovers
For NG based handover, AMF needs to be awarded of the target NID when supporting connected mode mobility between SNPNs. The Handover required message can be enhanced to convey NID as below for NG based handover.
38.413
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This IE identifies the target for the handover.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Target ID
	M
	
	
	

	>NG-RAN
	
	
	
	

	>>Global RAN Node ID
	M
	
	9.3.1.5
	

	>>Selected TAI
	M
	
	TAI
9.3.3.11
	

	>>Selected SNPN ID
	O
	
	NID
9.3.3.42
	

	>E-UTRAN
	
	
	
	

	>>Global eNB ID
	M
	
	Global ng-eNB ID
9.3.1.8
	

	>>Selected EPS TAI
	M
	
	EPS TAI
9.3.3.17
	

	>Target RNC-ID
	
	
	
	

	>>LAI
	M
	
	9.3.3.30
	

	>>RNC-ID
	M
	
	9.3.1.123
	This IE is ignored if the Extended RNC-ID IE is included in the Target ID IE.

	>>Extended RNC-ID
	O
	
	9.3.1.124
	The Extended RNC-ID IE is used if the RNC identity has a value larger than 4095.


For the Xn based handover, the selected NID should be introduced in Xn handover request. If we introduce the selected SNPN ID outside the Target Cell Global ID, the selected SNPN ID should also be added where each Target Cell Global ID occurs since the selected SNPN ID NID should be used together with Target Cell Global ID. So we would like to introduce the selected SNPN ID inside the Target Cell Global ID. 
38.423
9.2.3.25	Target Cell Global ID
This IE contains either an NR CGI or an E-UTRA CGI.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Target Cell
	M
	
	
	

	>NR
	
	
	
	

	>>NR CGI
	M
	
	9.2.2.7
	

	>>Selected SNPN ID
	O
	
	9.2.2.65
	

	>E-UTRA
	
	
	
	

	>>E-UTRA CGI
	M
	
	9.2.2.8
	


Proposal 2: Introduce Selected SNPN NID in Target ID IE in NG Handover required message and introduce Selected SNPN NID in Target Cell Global ID in Xn handover request message.
2.2 KI#2: Support of Non-3GPP access for SNPN
In 23.502, the chapter of 4.12.2.2 Registration procedure for untrusted non-3GPP access including the following description. It requires that NG-RAN provide selected PLMN ID and optionally the Selected NID and the Establishment cause to AMF in N2 message i.e., Initial UE message.
6.	The N3IWF shall select an AMF based on the received AN parameters and local policy, as specified in clause 6.3.5 of TS 23.501 [2]. The N3IWF shall then forward the Registration Request received from the UE to the selected AMF within an N2 message. This message contains N2 parameters that include the Selected PLMN ID and optionally the Selected NID and the Establishment cause.
NOTE 3:	The Selected NID is present when the UE connects to an SNPN via Untrusted non-3GPP access.
Also, in the chapter of 4.12a.2.2 Registration procedure for trusted non-3GPP access, it has the similar description about N2 message i.e., Initial UE message.
-	In the N2 message sent in step 6b, the TNGF includes a UE Location Information (ULI) that contains a "null" IP address (e.g. 0.0.0.0) because the UE is not yet assigned an IP address. After the UE is assigned an IP address, the TNGF includes this address in subsequent N2 messages. This N2 message also includes the Selected PLMN ID and optionally the Selected NID, and the Establishment cause.
NOTE 3:	The Selected NID is present when the UE connects to an SNPN via Trusted non-3GPP access.
The selected NID should be introduced in Initial UE message as an optional IE. The LS agreed in the last meeting also shows this change.
· Signaling for conveying the selected NID from non-3GPP access node to AMF in NGAP INITIAL UE MESSAGE
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This message is sent by the NG-RAN node to transfer the initial layer 3 message to the AMF over the NG interface.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	NAS-PDU
	M
	
	9.3.3.4
	
	YES
	reject

	User Location Information
	M
	
	9.3.1.16
	
	YES
	reject

	RRC Establishment Cause
	M
	
	9.3.1.111
	
	YES
	ignore

	5G-S-TMSI
	O
	
	9.3.3.20
	
	YES
	reject

	AMF Set ID
	O
	
	9.3.3.12
	
	YES
	ignore

	UE Context Request
	O
	
	ENUMERATED (requested, ...)
	
	YES
	ignore

	Allowed NSSAI
	O
	
	9.3.1.31
	
	YES
	reject

	Source to Target AMF Information Reroute
	O
	
	9.3.3.27
	
	YES
	ignore

	Selected PLMN Identity
	O
	
	PLMN Identity
9.3.3.5
	Indicates the selected PLMN id for the non-3GPP access.
	YES
	ignore

	Selected NID
	O
	
	NID
9.3.3.42
	Indicates the selected NID for the non-3GPP access.
	YES
	ignore

	IAB Node Indication
	O
	
	ENUMERATED (true, ...)
	Indication of an IAB node
	YES
	reject

	CE-mode-B Support Indicator
	O
	
	9.3.1.156
	
	YES
	reject

	LTE-M Indication
	O
	
	9.3.1.157
	
	YES
	ignore

	EDT Session
	O
	
	ENUMERATED (true, …)
	
	YES
	ignore

	Authenticated Indication
	O
	
	ENUMERATED (true, …)
	Indicates the FN-RG has been authenticated by the access network.
	YES
	ignore

	NPN Access Information
	O
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	YES
	reject

	RedCap Indication
	O
	
	9.3.1.228
	
	YES
	ignore


Proposal 3: Introduce selected NID in Initial UE message as an optional IE in NG.
Conclusions
Based on the discussion in section 2 the followings are proposed:
Proposal 1: Introduce a list of equivalent SNPNs in NPN mobility information in Mobility restriction list in Xn/NG.
Proposal 2: Introduce Selected SNPN NID in Target ID IE in NG Handover required message and introduce Selected SNPN NID in Target Cell Global ID in Xn handover request message.
Proposal 3: Introduce selected NID in Initial UE message as an optional IE in NG.
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