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1. Introduction
RAN2 has received the LS from SA2 on their Rel-18 study on network slicing (FS_eNS_Ph3), which includes some questions to RAN2 and RAN3 [1]:

	For Key Issue #3:  Network Slice Area of Service for services not mapping to existing TAs boundaries, and Temporary network slices, SA2 has following questions:
1. Whether NG-RAN can broadcast one or more Secondary TAIs (up to a number RAN2 agrees, we note that for NTN is already possible to broadcast TWO TACs) via an updated SIB or new SIB, and report them to the CN and between gNBs as per existing Tracking Area related information exchange procedures but with indication they are secondary. The additional TAIs are associated with specific S-NSSAI(s) like the existing TAs and will be treated by UEs supporting secondary TAs as a normal Tracking area from RM standpoint (as described in solution#9)

2. Whether the NG-RAN can be configured with a slice availability on a per-cell basis and
a)  inform AMF and other gNBs in NGAP messages (as described in solution#11 and others)
b) Whether in Constrained Service Area the network slice is still supported but since no dedicated resources are allocated for the network slice the SLA of the network slice is not guaranteed.(as described in solution#45).

3. The NG-RAN receives in solution 29 (but conceivably this would be needed for similar solutions) the partially allowed S-NSSAIs in addition to the Allowed NSSAI. Can the NG-RAN in principle trigger handover procedure to a supporting TAI of the partially allowed S-NSSAIs when it is possible to do so? this can happen while in connected mode or when the UE is engaged in transition from Idle to connected mode. The reason is to enable the support of the maximum number of S-NSSAIs in the Allowed and partly allowed S-NSSAIs lists. 



In this contributions, we discuss those questions from SA2. As the questions 2 and 3 are mostly RAN3 scope,   we mainly discuss the question 1.
2. Discussion
First of all, SA2 LS does not explicitly mention whether they are asking about current spec (i.e. Rel-17) or feasibility in future (e.g. Rel-18). We understand they are asking about feasibility and consider the questions from that perspective.
Regarding the question 1, at first it can be clarified that for Rel-17 NTN, SIB1 can broadcast more than one TACs in a cell by using the trackingAreaList-r17. From specification point of view, it is feasible to broadcast one or more Secondary TAIs. However, the current RRC spec has a limitation that the trackingAreaList-r17 cannot be broadcasted together with the legacy trackingAreaCode. Therefore for TN it is not possible for NG-RAN to simply reuse the mechanism for NTN, although technically it will be feasible to broadcast one or more Secondary TAIs.
1. Whether NG-RAN can broadcast one or more Secondary TAIs (up to a number RAN2 agrees, we note that for NTN is already possible to broadcast TWO TACs) via an updated SIB or new SIB, and report them to the CN and between gNBs as per existing Tracking Area related information exchange procedures but with indication they are secondary. The additional TAIs are associated with specific S-NSSAI(s) like the existing TAs and will be treated by UEs supporting secondary TAs as a normal Tracking area from RM standpoint (as described in solution#9)

Proposal 1: RAN2 to answer that it is feasible for NG-RAN to broadcast one or more Secondary TAIs, but current NTN mechanism cannot be reused for TN.

Regarding the question 2, we assume this is more or less the question to RAN3 scope. From RAN2 point of view, we can respond to b) that RAN2 also understands it is up to network implementation how the SLA of the network slice is guaranteed. In other words, the network should guarantee the SLA of the network slice by its implementation, not by the specification.
2. Whether the NG-RAN can be configured with a slice availability on a per-cell basis and
a)  inform AMF and other gNBs in NGAP messages (as described in solution#11 and others)
b) Whether in Constrained Service Area the network slice is still supported but since no dedicated resources are allocated for the network slice the SLA of the network slice is not guaranteed.(as described in solution#45).

Proposal 2: RAN2 to answer that the SLA of the network slice should be guaranteed by network implementation.

Regarding the question 3, this is also the question to RAN3 scope. From RAN2 point of view, we can just respond that we expect RAN3 will answer properly.
3. The NG-RAN receives in solution 29 (but conceivably this would be needed for similar solutions) the partially allowed S-NSSAIs in addition to the Allowed NSSAI. Can the NG-RAN in principle trigger handover procedure to a supporting TAI of the partially allowed S-NSSAIs when it is possible to do so? this can happen while in connected mode or when the UE is engaged in transition from Idle to connected mode. The reason is to enable the support of the maximum number of S-NSSAIs in the Allowed and partly allowed S-NSSAIs lists.

Proposal 3: RAN2 to leave an answer to the questions 3 for RAN3.

3. Conclusion
In this contribution we discussed the questions from SA2 and made the following proposals.

Proposal 1: RAN2 to answer that it is feasible for NG-RAN to broadcast one or more Secondary TAIs, but current NTN mechanism cannot be reused for TN.
Proposal 2: RAN2 to answer that the SLA of the network slice should be guaranteed by network implementation.
Proposal 3: RAN2 to leave an answer to the questions 3 for RAN3.
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Network Slices are deployed for services over an Area of Service which may match the existing TAs or for which the Area of Service can be different. Currently, the network slice availability (i.e. where the network slices are defined to be supported) is designed to match deployed TA boundaries. In addition, the UEs and network configuration can be impacted when network slices are deployed and decommissioned over certain time interval (e.g. the Configured NSSAI can change when a network slice is no longer available or becomes available, this can affect the Allowed NSSAI and other parameters and in turn the RA may need to change, etc.).
This Key Issue will study how to address the issues described above and whether system level improvements are needed to mitigate e.g. the deployment and control plane issues that arise due to the currently defined system behaviour:
-	The support of services over network slices when the services have Area of Service not matching the existing deployed TA boundaries.
-	The support of network slices which have a limited lifetime (including how to gracefully terminate a network slice which can apply also to network slices which have a longer lifespan in order to avoid abrupt PDU Session release).
NOTE:	Coordination with SA WG5 can be needed for Network Slice Life Cycle Management aspects.

< skip >

[bookmark: _Toc112923199][bookmark: _Toc112923844]6.9	Solution #9: Support of a Network Slice with an AoS not matching existing TA boundaries.
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This solution aims to address the key issues#3 by proposing that the RAN is enhanced to support additional TAC broadcast (secondary TACs) that supporting UEs can use. This will require RAN2/3 and CT1 to update their specifications accordingly.
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As the use cases for network slicing become more and more advanced and permit addressing private networking and industrial IoT applications, the Area of Service (AoS) of network slice can become limited to small areas of a PLMN which may not map to already existing TA boundaries. In order to accommodate this, with the current set of specification the way to achieve this would be to redesign the TAs topology of the network.
Indeed, if the goal of an operator is to support legacy UEs while using such slices, the only possible solution is to redesign the TA boundaries and potentially add new and smaller TAs.
So, it can be concluded that to support legacy UEs, the only solution possible to address the problem space is to redesign the TAs to enable matching the needs to deploy limited AoS network slices not matching already deployed TAs topology.
While this can be a solution, this implies that even users that do not have interest in the specific limited AoS slices may end up having to be allocated to such smaller tracking area and/or the TAI list can become rather complicated to form or even in some cases exceed the limit of 16 TAs in the TAI-list. It may in some situations cause also additional signalling traffic due to mobility management and needs of UE configuration update even if the UEs are not interested at all by the use of these specific slices. So, for rel-18 and beyond, improvements can be considered.
If there are network slices that the operator knows the customer has full control on the UE population of and the specification of the supported UEs capabilities is part of the SLA, we can explore alternative option that is presented here.
The solution is based on allowing the broadcast on SIB of additional TACs (we expect only a small number if not just one additional to be only needed to cover most cases, RAN2 to define how many can be configured) that supporting UEs can read. These additional/secondary TAC values are passed to the CN with the associated slices supported in NG-AP messages uses to maintain the supported slices and explicitly indicated as "Secondary TACs" in UE specific signalling when the TAC is included today to signal the UE location in the Initial UE message,  The AMF then forms the RA by considering the support of slices as today, but it can only include in the Allowed NSSAI network slices requiring TAs that are broadcasted as secondary TAs in the RA for the supporting UEs (so e.g. Note well that the support of slices that are not fully supported in a TA is not signalled, as per today's specifications (so, e.g. TA4 only uniformly supports S-NSSAI 1 and S-NSSAI 4). See figure 6.9.2-1. These slices whose AoS also requires some secondary TAs, can be allowed in the in the secondary TAs indicated in the RA only for supporting UEs - so, if the RA includes secondary TAs, then only supporting UEs can received these slices S-NSSAIs in the Allowed NSSAI. Primary TAs may be included in the RA for these slices in addition to secondary TAs only if the S-NSSAIs is uniformly supported in the primary TA that are indicated in the RA. Of course these capable UEs are as capable as the legacy UEs to be allowed to use slices that fully match existing deployed TAs  (so if the supporting UE requests S-NSSAI 1 only, it can be indicated a RA=(TAI1,TAI5).

 
Figure 6.9.2-1: Example TA topology including Primary and Secondary TAs
Based on the uniform support of network slices per TA in figure 6.9.2-1, if, the UE requests S-NSSAI 3 and S-NSSAI 1 only, then the RA includes TAI 3 but not TAI1. It is not permitted to add TA4 as cells broadcasting TA4 do not always support S-NSSAI 3 (see above in figure 6.9.2-1 that the cells broadcasting TA4 under primary TA5 do not support S-NSSAI 3).
In other words, the uniform support of slices is assumed also at the secondary TAI level.
Since a gNB only provides the supported slices under the TAC it administers, S-NSSAI(s) uniform support by a secondary TA shall be configured in each gNB even though for the cells under its scope support may be considered uniform (e.g. in figure 6.9.2-1 the TA5 and TA1 may be under different gNBs and so TA4 may be considered uniformly supporting S-NSSAI 3 from the gNB supporting TAI1 and not supporting S-NSSAI 3 in gNB supporting TAI5). The alternative is that the AMF or NSSF determine the uniform support based on the received information from the RAN by combining the support indication received by different NG-AP sources (i.e. if gNB 1 declares S-NSSAI3 is supported by TAI4 and gNB5 does not indicate support  of S-NSSAI3 by TAI4, then TAI4 does not support S-NSSAI 3 uniformly and the NSSF/AMF can summarize this when they combine the indication by different gNBs).
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When the UE performs a MRU, it includes support secondary TAs in UE 5GMM capabilities. The Initial UE message or the UL NAS transport message where the Registration Request is carried, convey the User Location Information IE with the primary TAC and the secondary TACs of the Cell Id to determine the S-NSSAIs that are supported in the cell where the UE is.


Figure 6.9.3-1: enhanced ULI in INITIAL UE/ UL NAS TRANSPORT MESSAGEs
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From:
This IE is used to provide location information of the UE.

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

	CHOICE User Location Information
	M
	
	
	
	-
	

	>E-UTRA user location information
	
	
	
	
	
	

	>>E-UTRA CGI
	M
	
	9.3.1.9
	
	-
	

	>>TAI
	M
	
	9.3.3.11
	
	-
	

	>>Age of Location
	O
	
	Time Stamp
9.3.1.75
	Indicates the UTC time when the location information was generated.
	-
	

	>>PSCell Information
	O
	
	NG-RAN CGI
9.3.1.73
	
	YES
	ignore

	>NR user location information
	
	
	
	
	
	

	>>NR CGI
	M
	
	9.3.1.7
	
	-
	

	>>TAI
	M
	
	9.3.3.11
	
	-
	

	>>Age of Location
	O
	
	Time Stamp
9.3.1.75
	Indicates the UTC time when the location information was generated.
	-
	

	>>PSCell Information
	O
	
	NG-RAN CGI
9.3.1.73
	
	YES
	ignore



To:
This IE is used to provide location information of the UE.

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

	CHOICE User Location Information
	M
	
	
	
	-
	

	>E-UTRA user location information
	
	
	
	
	
	

	>>E-UTRA CGI
	M
	
	9.3.1.9
	
	-
	

	>>TAI LIST
	M
	
	9.3.3.11
	
	-
	

	>>Age of Location
	O
	
	Time Stamp
9.3.1.75
	Indicates the UTC time when the location information was generated.
	-
	

	>>PSCell Information
	O
	
	NG-RAN CGI
9.3.1.73
	
	YES
	ignore

	>NR user location information
	
	
	
	
	
	

	>>NR CGI
	M
	
	9.3.1.7
	
	-
	

	>>TAI LIST
	M
	
	9.3.3.11
	
	-
	

	>>Age of Location
	O
	
	Time Stamp
9.3.1.75
	Indicates the UTC time when the location information was generated.
	-
	

	>>PSCell Information
	O
	
	NG-RAN CGI
9.3.1.73
	
	YES
	ignore



where the definition of TAI LIST can be like:
TAI LIST
This IE indicates the list of TAIs broadcast by the NG RAN node and can be accessed by the UE.

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

	TAI Item
	 
	1..<maxnoofsupportedTACs>
	 
	 
	-
	 

	>TAC
	M
	 
	9.2.2.5
	Broadcast TAC
	-
	 

	>Broadcast PLMNs
	 
	1..<maxnoofsupportedPLMNs>
	 
	 
	-
	 

	>>PLMN Identity
	M
	 
	9.2.2.4
	Broadcast PLMN
	-
	 

	>>TAI Type
	M
	
	ENUMERATED (primary, secondary, …)
	slice categorization
	-
	



The TAI Type information shall also be conveyed alongside the TAI in the NG-AP NG SETUP REQUEST, RAN CONFIGURATION UPDATE messages. similarly, the same applies on Xn-AP Xn SETUP REQUEST and NG-RAN CONFIGURATION UDPATE message and in the F1-AP  F1 SETUP REQUEST and GNB-DU CONFIGURATION UDATE messages.
In the registration Request message itself, the gNB also includes:
In the UE Registration Request step 1 of Figure 4.2.2.2.2-1: "Registration procedure" the registration request includes the "last visited TAI" information.

	
[...] UE to (R)AN: AN message (AN parameters, Registration Request (Registration type, SUCI or 5G-GUTI or PEI, [last visited TAI (if available)], [...]




It is proposed that now it is augmented with the "Last visited secondary TAIs" by supporting UEs because these TAIs have to be detected in the AMF as additional to the primary TAI to have complete information.

	
[...] UE to (R)AN: AN message (AN parameters, Registration Request (Registration type, SUCI or 5G-GUTI or PEI, [last visited TAI (if available)],[last visited secondary TAIs(if available and supported by the UE]] [...]




[bookmark: _Toc104302431][bookmark: _Toc104359397][bookmark: _Toc112923203][bookmark: _Toc112923848]6.9.4	Impacts on services, entities and interfaces
The solution has the following impacts:
NG-RAN node:
-	Broadcast one or more additional TAIs via a new information element in SIB.
-	Support new messages in the NG-AP and Xn-AP as well as F1AP procedures to share support of additional secondary TAI, or indicating the cell where the UE is support >1 TAC and what the TAC and which ones the primary/secondary values are.
AMF:
-	Obtain information on the slice support for primary and secondary TAIs via NGAP procedures.
-	Assign the registration area considering the primary and secondary TACs and whether the UE is a legacy UE or new UE.
-	Page UEs considering the primary and secondary TAC if informed via NGAP procedures as well as the corresponding registration areas of the UEs.
-	Obtain UE's primary TAC and secondary TACs via initial UE message.
UE:
-	When multiple TACs are available for the selected PLMN, the UE selects (all things being equal) a primary or secondary TAC inside the RA.
-	perform registration procedure by taking into account the secondary TAC broadcasted.

A2: TS 38.331 v17.1.0
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The IE CellAccessRelatedInfo indicates cell access related information for this cell.
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
    ]],
    [[
    snpn-AccessInfoList-r17             SEQUENCE (SIZE (1..maxNPN-r16)) OF SNPN-AccessInfo-r17    OPTIONAL    -- Need R
    ]]
}

SNPN-AccessInfo-r17 ::=         SEQUENCE {
    extCH-Supported-r17                 ENUMERATED {true}             OPTIONAL,   -- Need R
    extCH-WithoutConfigAllowed-r17      ENUMERATED {true}             OPTIONAL,   -- Need R
    onboardingEnabled-r17               ENUMERATED {true}             OPTIONAL,   -- Need R
    imsEmergencySupportForSNPN-r17      ENUMERATED {true}             OPTIONAL    -- Need R
}

-- TAG-CELLACCESSRELATEDINFO-STOP
-- ASN1STOP

[bookmark: _Toc60777309][bookmark: _Toc100930220]–	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
    gNB-ID-Length-r17                   INTEGER (22..32)                                                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.

	gNB-ID-Length
Indicates the length of the gNB ID out of the 36-bit long cellIdentity.

	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.

	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) or is an NTN cell.

	trackingAreaList
List of Tracking Areas to which the cell indicated by cellIdentity field belongs. If this field is present, network does not configure trackingAreaCode. Total number of different TACs across different PLMN-IdentityInfos shall not exceed maxTAC.



maxTAC-r17                              INTEGER ::= 12      -- Maximum number of Tracking Area Codes to which a cell belongs to
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