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[bookmark: _Ref165266342]Introduction
In this contribution, the RIL in V313 below regarding the RAN area code configuration in NTN is discussed:
[RIL]: V313 [Delegate]: vivo (Xiao) [WI]: NTN [Class]:2 [Status]: ToDo [TDoc]: None [Proposed Conclusion]: v02
[Description]: Introdction of per-TAC RAN area code configuration when trackingAreaList is configured
[Proposed Change]: In NTN, when the trackingAreaList is configured, it is possible that different TACs included in the list correspond to different RAN area codes. Therefore, the existing ranac included in PLMN-IdentityInfo may not be sufficient in this case. 
It is proposed to introduce a per-TAC RAN area code configuration when trackingAreaList is configured, and it can be further determined whether for a given TAC more than one RAN area code can be configured.
[Comments]: 
We give proposals on how to resolve this RIL issue and also provide a TP to show the specific changes needed. 
Discussion
In R17 NR NTN, the tracking area is designed to be fixed on the ground. Since the concept of tacking area in NTN is consistent with that in TN, the RAN area deployment in NTN should follow the same logic and also be fixed on the ground. 
On the one hand, in NR NTN, when the trackingAreaList is configured, it is possible that different TACs included in trackingAreaList correspond to different RAN area codes. Therefore, the existing ranac included in PLMN-IdentityInfo as follows may not be sufficient in this case [1]:
-- ASN1START
-- TAG-PLMN-IDENTITYINFOLIST-START
 
PLMN-IdentityInfoList ::=               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-IdentityInfo
 
PLMN-IdentityInfo ::=                   SEQUENCE {
    plmn-IdentityList                       SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,
    trackingAreaCode                        TrackingAreaCode                                            OPTIONAL,       -- Need R
    ranac                                   RAN-AreaCode                                                OPTIONAL,       -- Need R
    cellIdentity                            CellIdentity,
    cellReservedForOperatorUse              ENUMERATED {reserved, notReserved},
    ...,
    [[
    iab-Support-r16                     ENUMERATED {true}                                               OPTIONAL       -- Need S
    ]],
    [[
    trackingAreaList-r17                SEQUENCE (SIZE (1..maxTAC-r17)) OF TrackingAreaCode             OPTIONAL       -- Need R
    ]]
}
-- TAG-PLMN-IDENTITYINFOLIST-STOP
-- ASN1STOP
The RNA shall be contained within the CN registration area. An Inactive UE can be configured with RAN notification area. Based on the current TS 38.331, upon reception of the SIB1, if the forwarded information does not trigger message transmission by upper layers and if the serving cell does not belong to the configured ran-NotificationAreaInfo, the Inactive UE shall initiate an RNA update procedure. The RNA can be configured as a list of RAN areas which is presented as (at least one) RAN area ID, where a RAN area is a subset of a CN tracking area or equal to a CN tracking area, as per the ASN.1 detail as follows. 
RAN-NotificationAreaInfo ::=        CHOICE {
    cellList                            PLMN-RAN-AreaCellList,
    ran-AreaConfigList                  PLMN-RAN-AreaConfigList,
    ...
}

PLMN-RAN-AreaCellList ::=           SEQUENCE (SIZE (1.. maxPLMNIdentities)) OF PLMN-RAN-AreaCell

PLMN-RAN-AreaCell ::=               SEQUENCE {
    plmn-Identity                       PLMN-Identity                                                       OPTIONAL,   -- Need S
    ran-AreaCells                       SEQUENCE (SIZE (1..32)) OF  CellIdentity
}

PLMN-RAN-AreaConfigList ::=         SEQUENCE (SIZE (1..maxPLMNIdentities)) OF PLMN-RAN-AreaConfig

PLMN-RAN-AreaConfig ::=             SEQUENCE {
    plmn-Identity                       PLMN-Identity                                                       OPTIONAL,   -- Need S
    ran-Area                            SEQUENCE (SIZE (1..16)) OF  RAN-AreaConfig
}

RAN-AreaConfig ::=                  SEQUENCE {
    trackingAreaCode                    TrackingAreaCode,
    ran-AreaCodeList                    SEQUENCE (SIZE (1..32)) OF  RAN-AreaCode                            OPTIONAL    -- Need R
}
On the other hand, the issue is that the Inactive UEs located around the boundary of the tracking areas and RAN areas will consistently/frequently trigger RNA update procedure, if only one RANAC is configured among different TACs in PLMN-IdentityInfo.
Take UE1 drawn in figure 1 as an example: UE1 at the boundary of RAN areas may trigger RNA update procedure frequently, along with the motion of the NTN cells on the ground. Basically, the issue here is nearly the same as the one discussed earlier for the introduction of multiple TACs, and the motivation to avoid excessive signalling overhead resulting from frequency TAU now becomes the motivation to avoid overhead caused by frequent RNA update procedures.
To address the above issue, it is proposed to introduce a per-TAC RAN area code configuration, where different TACs included in the trackingAreaList correspond to different RAN area code(s). Take UE1 drawn in figure 2 as an example: once multiple RANACs are properly configured, UE1 no more needs to perform RNA update procedure during the period from T1 to T3.
[bookmark: OLE_LINK9]Proposal 1: Introduce per-TAC RAN area code configuration in PLMN-IdentityInfo.
Another issue that should be further discussed is whether more than one RAN area codes can be configured for a given TAC:
· Option 1: only one RAN area code can be configured for a given TAC;
· Option 2: more than one RAN area code can be configured for a given TAC.
If only one RAN area code is broadcast for a given TAC, the cell could change the RAN area codes for the TAC it is broadcasting, as it moves from one RAN area to another. But this option has the drawback that there remain some fluctuations that lead to RNA update around the boundary between the two RAN areas within the same TA. The UEs located around the boundary between the two RAN areas may still suffer from the frequently triggered RNA update procedure and the consequent signalling overhead. This can be seen from UE2 as an example in figure 1. 
To overcome this problem, similar to multi-TAC broadcasting, option 2 can be adopted with proper RANAC configuration, i.e., more than one RAN area codes can be configured for a given TAC included in trackingAreaList. As seen from figure 2, UE 2 does not need to do RNA update anymore, if one of the currently broadcast RAN area codes belongs to the UE’s RAN notification area via the multi-RANAC deployment. 
Based on above discussions, we have the following proposals:
Proposal 2: More than one RAN area codes can be configured for each TAC included in trackingAreaList in SIB1.
Proposal 3: A UE does not do RNA update, if one of the RAN area codes broadcast by the serving cell belongs to the UE’s RAN notification areas configured.
Proposal 4: If P1~P3 are agreed, adopt the TP in the Annex.


Figure 1 RNA updated with moving cells (existing Spec)


Figure 2 RNA updated with moving cells (proposed)
Conclusions
Based on the analysis given above, we have the following proposals:
Proposal 1: Introduce per-TAC RAN area code configuration in PLMN-IdentityInfo.
Proposal 2: More than one RAN area codes can be configured for each TAC included in trackingAreaList in SIB1.
[bookmark: _GoBack]Proposal 3: A UE does not do RNA update, if one of the RAN area codes broadcast by the serving cell belongs to the UE’s RAN notification areas configured.
Proposal 4: If P1~P3 are agreed, adopt the TP in the Annex.
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	TEXT PROPOSAL START


[bookmark: _Toc60776719][bookmark: _Toc90650591]5.2.2.4.2	Actions upon reception of the SIB1
Upon receiving the SIB1 the UE shall:
1>	if the UE is a RedCap UE and it is in RRC_IDLE or in RRC_INACTIVE, or if the RedCap UE is in RRC_CONNECTED while T311 is running:
2>	if intraFreqReselectionRedCap is not present in SIB1:
3>	consider the cell as barred in accordance with TS 38.304 [20];
3>	perform barring as if intraFreqReselectionRedCap is set to allowed;
2> else:
[bookmark: OLE_LINK100][bookmark: OLE_LINK101]3>	if the cellBarredRedCap1Rx is present in the acquired SIB1 and is set to barred and the UE is equipped with 1 Rx branch; or
3>	if the cellBarredRedCap2Rx is present in the acquired SIB1 and is set to barred and the UE is equipped with 2 Rx branches; or
3>	if the halfDuplexRedCapAllowed is not present in the acquires SIB1 and the UE supports only half-duplex FDD operation:
4>	consider the cell as barred in accordance with TS 38.304 [20];
4>	consider cell re-selection to other cells on the same frequency as the barred cell as specified in TS 38.304 [20] ;
1>	store the acquired SIB1;
1>	if the cellAccessRelatedInfo contains an entry of a selected SNPN or PLMN and in case of PLMN the UE is either allowed or instructed to access the PLMN via a cell for which at least one CAG ID is broadcast:
2>	in the remainder of the procedures use npn-IdentityList, trackingAreaCode, trackingAreaList, and cellIdentity for the cell as received in the corresponding entry of npn-IdentityInfoList containing the selected PLMN or SNPN;
1>	else if the cellAccessRelatedInfo contains an entry with the PLMN-Identity of the selected PLMN:
2>	in the remainder of the procedures use plmn-IdentityList, trackingAreaCode, trackingAreaList, and cellIdentity for the cell as received in the corresponding PLMN-IdentityInfo containing the selected PLMN;
1>	if in RRC_CONNECTED while T311 is not running:
2>	disregard the frequencyBandList, if received, while in RRC_CONNECTED;
2>	forward the cellIdentity to upper layers;
2>	forward the trackingAreaCode to upper layers;
2>	forward the trackingAreaList to upper layers, if included;
2>	forward the received posSIB-MappingInfo to upper layers, if included;
2>	apply the configuration included in the servingCellConfigCommon;
2>	if the UE has a stored valid version of a SIB or posSIB, in accordance with sub-clause 5.2.2.2.1, that the UE requires to operate within the cell in accordance with sub-clause 5.2.2.1:
3>	use the stored version of the required SIB or posSIB;
2>	else:
3>	acquire the required SIB or posSIB requested by upper layer as defined in sub-clause 5.2.2.3.5;
NOTE:	Void.
1>	else:
2>	if the UE supports one or more of the frequency bands indicated in the frequencyBandList for downlink for TDD, or one or more of the frequency bands indicated in the frequencyBandList for uplink for FDD, and they are not downlink only bands, and
2>	if the UE is IAB-MT or supports at least one additionalSpectrumEmission in the NR-NS-PmaxList for a supported band in the downlink for TDD, or a supported band in uplink for FDD, and
2>	if the UE supports an uplink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in uplinkConfigCommon for the SCS of the initial uplink BWP or, for RedCap UE, of the initial uplink BWP for RedCap if configured), and which
-	is wider than or equal to the bandwidth of the initial uplink BWP or, for RedCap UE, of the initial uplink BWP for RedCap if configured, and
2>	if the UE supports a downlink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in downlinkConfigCommon for the SCS of the initial downlink BWP or, for RedCap UE, of the initial downlink BWP for RedCap if configured), and which
-	is wider than or equal to the bandwidth of the initial downlink BWP or, for RedCap UE, of the initial downlink BWP for RedCap if configured, and
[bookmark: _Hlk55890539]2>	if frequencyShift7p5khz is present and the UE supports corresponding 7.5kHz frequency shift on this band; or frequencyShift7p5khz is not present:
3>	if trackingAreaCode and trackingAreaList are not provided for the selected PLMN nor the registered PLMN nor PLMN of the equivalent PLMN list:
4>	consider the cell as barred in accordance with TS 38.304 [20];
4>	perform cell re-selection to other cells on the same frequency as the barred cell as specified in TS 38.304 [20];
3>	else if UE is IAB-MT and if iab-Support is not provided for the selected PLMN nor the registered PLMN nor PLMN of the equivalent PLMN list nor the selected SNPN nor the registered SNPN:
4>	consider the cell as barred for IAB-MT in accordance with TS 38.304 [20]; 
3>	else:
4>	apply a supported uplink channel bandwidth with a maximum transmission bandwidth which
-	is contained within the carrierBandwidth indicated in uplinkConfigCommon for the SCS of the initial uplink BWP or, for RedCap UEs, initial uplink BWP for RedCap, if configured, and which
-	is wider than or equal to the bandwidth of the initial BWP for the uplink;
4>	apply a supported downlink channel bandwidth with a maximum transmission bandwidth which
- is contained within the carrierBandwidth indicated in downlinkConfigCommon for the SCS of the initial downlink BWP or, for RedCap UEs, initial downlink BWP for RedCap, if configured, and which
- is wider than or equal to the bandwidth of the initial BWP for the downlink;
4>	select the first frequency band in the frequencyBandList, for FDD from frequencyBandList for uplink, or for TDD from frequencyBandList for downlink, which the UE supports and for which the UE supports at least one of the additionalSpectrumEmission values in nr-NS-PmaxList, if present;
4>	forward the cellIdentity to upper layers;
4>	forward the trackingAreaCode to upper layers;
4>	forward the trackingAreaList to upper layers, if included;
4>	forward the received posSIB-MappingInfo to upper layers, if included;
4>	forward the PLMN identity or SNPN identity or PNI-NPN identity to upper layers;
4>	if in RRC_INACTIVE and the forwarded information does not trigger message transmission by upper layers:
5>	if the serving cell does not belong to the configured ran-NotificationAreaInfo:
6>	initiate an RNA update as specified in 5.3.13.8;
NOTE X:	In case more than one RAN area codes are broadcast by the serving cell for a tracking area, the UE considers the serving cell not belonging to the configured ran-NotificaitonAreaInfo if not any RAN area code broadcast matches those indicated in ran-NotificaitonAreaInfo (when providing a list of RAN area codes).
<Unchanged Texts Removed>

	NEXT TEXT PROPOSAL


–	   PLMN-IdentityInfoList
The IE PLMN-IdentityInfoList includes a list of PLMN identity information.
PLMN-IdentityInfoList information element
-- ASN1START
-- TAG-PLMN-IDENTITYINFOLIST-START
 
PLMN-IdentityInfoList ::=               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-IdentityInfo
 
PLMN-IdentityInfo ::=                   SEQUENCE {
    plmn-IdentityList                       SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,
    trackingAreaCode                        TrackingAreaCode                                            OPTIONAL,       -- Need R
    ranac                                   RAN-AreaCode                                                OPTIONAL,       -- Need R
    cellIdentity                            CellIdentity,
    cellReservedForOperatorUse              ENUMERATED {reserved, notReserved},
    ...,
    [[
    iab-Support-r16                     ENUMERATED {true}                                               OPTIONAL       -- Need S
    ]],
    [[
trackingAreaList-r17                SEQUENCE (SIZE (1..maxTAC-r17)) OF TrackingAreaCode             OPTIONAL       -- Need R
ran-AreaInfoList-r17                   SEQUENCE (SIZE (1..maxTAC-r17)) OF RAN-AreaCodeList-r17           OPTIONAL        -- Need R
    ]]
}
-- TAG-PLMN-IDENTITYINFOLIST-STOP
-- ASN1STOP
 
	PLMN-IdentityInfo field descriptions

	cellReservedForOperatorUse
Indicates whether the cell is reserved for operator use (per PLMN), as defined in TS 38.304 [20]. This field is ignored by IAB-MT.

	iab-Support
This field combines both the support of IAB and the cell status for IAB. If the field is present, the cell supports IAB and the cell is also considered as a candidate for cell (re)selection for IAB-node; if the field is absent, the cell does not support IAB and/or the cell is barred for IAB-node.

	ran-AreaInfoList
List of RAN areas to which the cell indicated by cellIdentity field belongs. If trackingAreaList is present, the n-th entry in this list corresponds to the n-th TAC listed in trackingAreaList. If present, the UE shall ignore ranac.

	trackingAreaCode
Indicates Tracking Area Code to which the cell indicated by cellIdentity field belongs. The absence of the field indicates that the cell only supports PSCell/SCell functionality (per PLMN).

	trackingAreaList
List of Tracking Areas to which the cell indicated by cellIdentity field belongs. If this field is present, the UE shall ignore trackingAreaCode, if present.. Total number of TACs across different PLMNs of the cell cannot exceed maxTAC.



 <Unchanged Texts Removed>

–	   RAN-AreaCode
The IE RAN-AreaCode is used to identify a RAN area within the scope of a tracking area. The IE RAN-AreaCodeList is used to identify a list of RAN areas within the scope of a tracking area.
RAN-AreaCode information element
-- ASN1START
-- TAG-RAN-AREACODE-START
 
RAN-AreaCode ::=                INTEGER (0..255)
RAN-AreaCodeList::=             SEQUENCE (SIZE (1..maxRANAC)) OF  RAN-AreaCode

-- TAG-RAN-AREACODE-STOP
-- ASN1STOP

<Unchanged Texts Removed>

–	   Multiplicity and type constraint definitions
-- ASN1START
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-START

<Unchanged Texts Removed>
maxPLMN                                 INTEGER ::= 12      -- Maximum number of PLMNs broadcast and reported by UE at establishment
maxTAC-r17                              INTEGER ::= 12     -- Maximum number of Tracking Area Codes to which a cell belongs to
maxRANAC-r17                            INTEGER ::= FFS    -- Maximum number of Tracking Area Codes within a tracking area to which a cell belongs
maxNrofCSI-RS-ResourcesRRM              INTEGER ::= 96      -- Maximum number of CSI-RS resources per cell for an RRM measurement object
<Unchanged Texts Removed>

-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-STOP
-- ASN1STOP
	TEXT PROPOSAL END
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