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We had discussions at RAN3#114e and RAN3#114bis-e on how to resume in NPN-only cells in case of inter-gNB mobility, see R3-215160 and R3-220683.
This document recaps the problem statement and discusses possible solutions.
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2.1 Problem Statement
2.1.1	What is an NPN-only cell? 
TS 38.331 provides the answer with the following definition:
NPN-only Cell: A cell that is only available for normal service for NPNs' subscriber. An NPN-capable UE determines that a cell is NPN-only Cell by detecting that the cellReservedForOtherUse IE is set to true while the npn-IdentityInfoList IE is present in CellAccessRelatedInfo.
2.1.2	Why is an NPN-only cell so special
The UE calculates the RRC ResumeMAC-I based on the source cell PCI, the target cell ID and the C-RNTI.
According to 38.331 §7.4 (VarResumeMAC-Input), the target cell ID is Set to the cellIdentity of the first PLMN-Identity included in the PLMN-IdentityInfoList broadcasted in SIB1 of the target cell i.e. the cell the UE is trying to resume.
In 38.331, the corresponding SIB content is defined as follows
CellAccessRelatedInfo information element
-- ASN1START
-- TAG-CELLACCESSRELATEDINFO-START

CellAccessRelatedInfo   ::=         SEQUENCE {
    plmn-IdentityInfoList               PLMN-IdentityInfoList,
    cellReservedForOtherUse             ENUMERATED {true}             OPTIONAL,   -- Need R
    ...,
    [[
    cellReservedForFutureUse-r16        ENUMERATED {true}             OPTIONAL,   -- Need R
    npn-IdentityInfoList-r16            NPN-IdentityInfoList-r16      OPTIONAL    -- Need R
    ]]
}

-- TAG-CELLACCESSRELATEDINFO-STOP
-- ASN1STOP

	CellAccessRelatedInfo field descriptions

	cellReservedForFutureUse
Indicates whether the cell is reserved, as defined in 38.304 [20] for future use. The field is applicable to all PLMNs and NPNs. This field is ignored by IAB-MT.

	cellReservedForOtherUse
Indicates whether the cell is reserved, as defined in 38.304 [20]. The field is applicable to all PLMNs. This field is ignored by IAB-MT for cell barring determination, but still considered by NPN capable IAB-MT for determination of an NPN-only cell.

	npn-IdentityInfoList
The npn-IdentityInfoList is used to configure a set of NPN-IdentityInfo elements. Each of those elements contains a list of one or more NPN Identities and additional information associated with those NPNs. The total number of PLMNs (identified by a PLMN identity in plmn -IdentityList), PNI-NPNs (identified by a PLMN identity and a CAG-ID), and SNPNs (identified by a PLMN identity and a NID) together in the PLMN-IdentityInfoList and NPN-IdentityInfoList does not exceed 12, except for the NPN-only cells. A PNI-NPN and SNPN can be included only once, and in only one entry of the NPN-IdentityInfoList. In case of NPN-only cells the PLMN-IdentityList contains a single element that does not count to the limit of 12. The NPN index is defined as B+c1+c2+…+c(n-1)+d1+d2+…+d(m-1)+e(i) for the NPN identity included in the n-th entry of NPN-IdentityInfoList and in the m-th entry of npn-Identitylist within that NPN-IdentityInfoList entry, and the i-th entry of its corresponding NPN-Identity, where
- B is the index used for the last PLMN in the PLMN-IdentittyInfoList; in NPN-only cells B is considered 0;
- c(j) is the number of NPN index values used in the j-th NPN-IdentityInfoList entry;
- d(k) is the number of NPN index values used in the k-th npn-IdentityList entry within the n-th NPN-IdentityInfoList entry;
- e(i) is
    - i if the n-th entry of NPN-IdentityInfoList entry is for SNPN(s);
    - 1 if the n-th entry of NPN-IdentityInfoList entry is for PNI-NPN(s).

	plmn-IdentityInfoList
The plmn-IdentityInfoList is used to configure a set of PLMN-IdentityInfo elements. Each of those elements contains a list of one or more PLMN Identities and additional information associated with those PLMNs. A PLMN-identity can be included only once, and in only one entry of the PLMN-IdentityInfoList. The PLMN index is defined as b1+b2+…+b(n-1)+i for the PLMN included at the n-th entry of PLMN-IdentityInfoList and the i-th entry of its corresponding PLMN-IdentityInfo, where b(j) is the number of PLMN-Identity entries in each PLMN-IdentityInfo, respectively.




In NPN only cells, the cellIdentity of the first PLMN-Identity included in the PLMN-IdentityInfoList is set to a value that is not exchanged over Xn in Xn Setup or NG-RAN node Configuration Update.
This is explicitly stated in TS 38.423: NOTE: In case of NPN-only cell, the PLMN Identities and associated information contained in the PLMN-IdentityInfoList IE are not included.
This is the consequence of the Rel-16 decision to 
At inter-NG-RAN node resume, the new gNB includes in the RETRIEVE UE CONTEXT REQUEST message the New Cell Identifier IE, which, according to TS 38.423, “Corresponds to the targetCellIdentity within the VarResumeMAC-Input as specified in TS 38.331 [10].”
Further, the old NG-RAN node has to calculates the KNG-RAN* wand provide it to the new gNB within the RETRIEVE UE CONTEXT RESPONSE.
Observation 1:	The New Cell Identifier contained in the RETRIEVE UE CONTEXT REQUEST message is not known to the old gNB, therefore the old gNB could verify the MAC-I provided by the new gNB, but, along the verbatim interpretation of the current specification, it cannot calculate the KNG-RAN* to be provided to the new gNB within the RETRIEVE UE CONTEXT RESPONSE message.
2.1.3	What could a non-NPN supporting UE (or UE not subscribed to any NPN) do in an NPN-only cell?
TS 38.304 defines the following:
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The cells are categorised according to which services they offer:
acceptable cell:
An "acceptable cell" is a cell on which the UE may camp to obtain limited service (originate emergency calls and receive ETWS and CMAS notifications). Such a cell shall fulfil the following requirements, which is the minimum set of requirements to initiate an emergency call and to receive ETWS and CMAS notification in an NR network:
-	The cell is not barred, see clause 5.3.1;
-	The cell selection criteria are fulfilled, see clause 5.2.3.2.
Following the definition of a NPN-only cell and the definition of an acceptable cell it can be deduced that the configured SIB1 content of the PLMN-IdentityInfoList cannot be arbitrarily chosen, but emergency call capabilities and related PLMN entry has to be considered.
Observation 2:	The content of the PLMN-IdentityInfoList in an NPN-only cell has to be consciously chosen, which means that configuration effort has to be spent even for seemingly non-relevant SIB1 content for NPN-only cells.

2.2 Solutions
2.2.1	Providing the missing information to the old gNB within the RETRIEVE UE CONTEXT REQUEST message
This was proposed in R3-215160 and R3-221277 (latest CR version) but could not be agreed at RAN3#114e/114bis-e
2.2.2	Configuring the cellIdentity of the first PLMN-Identity included in the PLMN-IdentityInfoList with the same content as the cellIdentity-r16 within the first entry of the npn-IdentityInfoLists-r16
This was discussed at RAN3#114e and RAN3#114bis-e but was not agreed.
If this solution is selected, then the configuration approach would need to be specified somewhere, e.g. in 38.423 in §9.2.2.11 Served Cell Information NR, e.g.:
[bookmark: _Toc367182965]<<<<<<<<<<<<<<<<<<<< Begin of Changes >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc20955280][bookmark: _Toc29991477][bookmark: _Toc36555877][bookmark: _Toc44497599][bookmark: _Toc45107987][bookmark: _Toc45901607][bookmark: _Toc51850686][bookmark: _Toc56693689][bookmark: _Toc64447232][bookmark: _Toc66286726][bookmark: _Toc74151421][bookmark: _Toc81322029]9.2.2.11	Served Cell Information NR
This IE contains cell configuration information of an NR cell that a neighbouring NG-RAN node may need for the Xn AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID
	–
	

	NR CGI
	M
	
	9.2.2.7
	
	–
	

	TAC
	M
	
	9.2.2.5
	Tracking Area Code
	–
	

	RANAC
	O
	
	RAN Area Code
9.2.2.6
	
	–
	

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs in SIB1 associated to the NR Cell Identity in the NR CGI IE.
	–
	

	>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	CHOICE NR-Mode-Info
	M
	
	
	
	–
	

	>FDD
	
	
	
	
	
	

	>>FDD Info
	
	1
	
	
	–
	

	>>>UL NR Frequency Info
	M
	
	NR Frequency Info
9.2.2.19
	
	–
	

	>>>DL NR Frequency Info
	M
	
	NR Frequency Info
9.2.2.19
	
	–
	

	>>>UL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth
9.2.2.20
	
	–
	

	>>>DL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth
9.2.2.20
	
	–
	

	>>>UL Carrier List 
	O
	
	NR Carrier List
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	If included, the UL Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	>>>DL Carrier List
	O
	
	NR Carrier List
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	If included, the DL Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	>TDD
	
	
	
	
	
	

	>>TDD Info
	
	1
	
	
	–
	

	>>>Frequency Info
	M
	
	NR Frequency Info
9.2.2.19
	
	–
	

	>>>Transmission Bandwidth
	M
	
	NR Transmission Bandwidth
9.2.2.20
	
	–
	

	>>>Intended TDD DL-UL Configuration NR
	O
	
	9.2.2.40
	
	YES
	ignore

	>>>TDD UL-DL Configuration Common NR 
	O
	
	OCTET STRING
	The tdd-UL-DL-ConfigurationCommon as defined in TS 38.331 [10]
	YES
	ignore

	>>>Carrier List 
	O
	
	NR Carrier List
9.2.2.63
	If included, the Transmission Bandwidth IE shall be ignored.
	YES
	ignore

	Measurement Timing Configuration
	M
	
	OCTET STRING
	Contains the MeasurementTimingConfiguration inter-node message for the served cell, as defined in TS 38.331 [10].
	–
	

	Connectivity Support
	M
	
	9.2.2.28
	
	–
	

	Broadcast PLMN Identity Info List NR
	
	0..<maxnoofBPLMNs>
	
	This IE corresponds to the PLMN-IdentityInfoList IE and the NPN-IdentityInfoList IE (if available) in SIB1 as specified in TS 38.331 [8]. All PLMN Identities and associated information contained in the PLMN-IdentityInfoList IE and NPN identities and associated information contained in the NPN-IdentityInfoList IE (if available) are included and provided in the same order as broadcast in SIB1.
NOTE 1: In case of NPN-only cell, the PLMN Identities and associated information contained in the PLMN-IdentityInfoList IE are not included.
NOTE 2: In case of NPN-only cells the SIB1 configuration replicates the content of the cellIdentity-r16 of the first entry in the npn-IdentityInfoList-r16 into the cellIdentity of the first entry of the plmn-IdentityInfoList.
	YES
	ignore

	>Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs in SIB1 associated to the NR Cell Identity IE.
	–
	

	>>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	>TAC
	M
	
	9.2.2.5
	
	–
	

	>NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	
	–
	

	>RANAC
	O
	
	RAN Area Code
9.2.2.6
	
	–
	

	>Configured TAC Indication
	O
	
	9.2.2.39a
	NOTE: This IE is associated with the TAC in the Broadcast PLMN Identity Info List NR IE
	YES
	ignore

	>NPN Broadcast Information
	O
	
	9.2.2.71
	If this IE is included the content of the Broadcast PLMNs IE in the Broadcast PLMN Identity Info List NR IE is ignored.
	YES
	reject

	Configured TAC Indication
	O
	
	9.2.2.39a
	NOTE: This IE is associated with the TAC on top-level of the Served Cell Information NR IE
	YES
	ignore

	NPN Broadcast Information
	O
	
	9.2.2.71
	If this IE is included the content of the Broadcast PLMNs IE in the top Served Cell Information NR IE is ignored.
	YES
	reject

	SSB Positions In Burst
	O
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	YES
	ignore

	NR Cell PRACH Configuration
	O
	
	OCTET STRING
	Containing 9.3.1.139 NR Cell PRACH Configuration as of TS 38.473 [41].
	YES
	ignore

	CSI-RS Transmission Indication
	O
	
	ENUMERATED (activated, deactivated, ...)
	This IE indicates the CSI-RS transmission status of the given cell.
	YES
	ignore

	SFN Offset
	O
	
	9.2.2.75
	
	YES
	Ignore



	Range bound
	Explanation

	maxnoofBPLMNs
	Maximum no. of broadcast PLMNs by a cell. Value is 12.



<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>

2.3 Selecting a solution
There are two main criteria we find convincing to choose a “configuration” option, resulting in additional text in the semantic descriptions of the Served Cell Information NR IE in XnAP:
-	no protocol impact, i.e. no additional IEs to be defined
-	an operator has to consider appropriate content of a seemingly irrelevant SIB1 content in any case, at least for the PLMN ID contained in the PLMN-IdentityInfoList . Considering the content of the cellIdentity within the PLMN-IdentityInfoList can be automated and seems to be acceptable.
Proposal 3:	Select the solution adding semantics description on how to configure the cellIdentity within the PLMN-IdentityInfoList in the specification of the Served Cell Information NR IE in XnAP.
2.4 RAN2 impacts?
It would be probably wise, just to be on the safe side, to ask RAN2 for checking their specifications on potential impact.

Proposal 4:	Liaise RAN2 and inform them about our decision. A draft LS is provided in the Annex.
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Bla
Observation 1:	The New Cell Identifier contained in the RETRIEVE UE CONTEXT REQUEST message is not known to the old gNB, therefore the old gNB could verify the MAC-I provided by the new gNB, but, along the verbatim interpretation of the current specification, it cannot calculate the KNG-RAN* to be provided to the new gNB within the RETRIEVE UE CONTEXT RESPONSE message.
Observation 2:	The content of the PLMN-IdentityInfoList in an NPN-only cell has to be consciously chosen, which means that configuration effort has to be spent even for seemingly non-relevant SIB1 content for NPN-only cells.
Proposal 3:	Select the solution adding semantics description on how to configure the cellIdentity within the PLMN-IdentityInfoList in the specification of the Served Cell Information NR IE in XnAP.
Proposal 4:	Liaise RAN2 and inform them about our decision. A draft LS is provided in the Annex.
Final Proposal: Agree on the XnAP CR in R3-222055.
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Annex: Draft LS to RAN2
3GPP TSG-RAN WG3 Meeting #115-e	R3-22xxxx
Online, 21st February 3rd March 2022

Title:	[DRAFT] LS on NPN-only cells
Response to:	
Release:	REL-16
Work Item:	NG_RAN_PRN-Core

[bookmark: _Hlk527882009]Source:	Ericsson (will be RAN3)
To:	RAN2
Cc:	

Contact Person:	
Name:	Alexander Vesely
Tel. Number:	
E-mail Address:	alexander dot vesely at ericsson dot com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	<XnAP CR with semantics in Service Cell Information NR IE>


1. Overall Description:
RAN3 realised that in case of inter-gNB mobility in RRC_INACTIVE towards an NPN-only cell the respective neighbour cell PLMN information in SIB1 is not provided on Xn, indeed, this is reflected in XnAP stating “In case of NPN-only cell, the PLMN Identities and associated information contained in the PLMN-IdentityInfoList IE are not included”.
As the MAC-I for RRC Resume is constructed from the CellIdentifier contained in the (first entry of the) PLMN-IdentityInfoList such information would not be available in the old gNB for verification.
RAN3 decided to include the following NOTE in XnAP 
NOTE 2: In case of NPN-only cells the SIB1 configuration replicates the content of the cellIdentity-r16 of the first entry in the npn-IdentityInfoList-r16 into the cellIdentity of the first entry of the plmn-IdentityInfoList


2. Actions:
To RAN2 group.
ACTION: 	RAN3 would like to ask RAN2 to take note of RAN3’s decision and consider potential changes in TSs under RAN2 responsibility.

3. Date of Next TSG-RAN WG3 Meetings:
[bookmark: _Hlk78957352]TSG-RAN WG3 Meeting#116-e	16th - 27th May 2022
TSG-RAN WG3 Meeting#117	22nd - 26th August 2022



