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Introduction
In the TSG RAN meeting #83, the objective of new WI on private network for NG-RAN is agreed as below:
	Objective of WI for RAN2:

· Support NPN functionality in NG-RAN:
· CAG/SNPN relevant parameter broadcast from SIB [RAN2]
· CAG/SNPN cell selection/reselection [RAN2]
· CAG/SNPN cell access control [RAN2/3]
· For CAG, in the case of Intra-RAT intra-system and inter-RAT intra-system, the connected mode mobility support [RAN2/3]
· The connected mode mobility support within SNPN [RAN2/3]


In this contribution, we would like to discuss the consideration for supporting public network integrated NPN.
Discussion
As defined in [2], a Closed Access Group identifies a group of subscribers who are permitted to access one or more CAG cells associated to the CAG. CAG is used for the Public network integrated NPNs to prevent UE(s), which are not allowed to access the NPN via the associated cell(s), from automatically selecting and accessing the associated cell(s).
2.1 CAG Identifiers
In the deployment of solution #2 [1], the non-public network is a non-stand-alone network hosted by a PLMN with allocated network slice instances. The NPN in solution #2 utilizes the closed access group (CAG) to control the network selection and cell access procedure for UE. As similar to Closed Subscriber Group (CSG) in LTE [2], the cell belonging to particular NPN could be identified as CAG cell with unique CAG ID in a PLMN. It is essential that the available PLMN IDs and the list of CAG ID per PLMN ID should be broadcasted in SIB1. The information broadcasted in CAG cell has been defined in specification [2] as attached below for reference. As indicated in [2], the following additional system information is expected from gNB, as listed in the table below:
	System information for CAG cell

	>PLMN List
	M
	

	>> PLMN ID
	M
	Public PLMN 

	>> CAG Identifiers List
	M
	Max-number is FFS (12 is assumed in SA2)

	>>> CAG Identifier 
	M
	

	>>> Human-readable network name
	O
	Carries the name of the network name, e.g. in OCTET STRING format

	>> CAG indication 
	O
	Indicates that only UEs supporting CAG are accessing the cell; This implies that cells are either CAG cells or normal PLMN cells



Proposal 1: the following additional system information for CAG cell is expected from gNB:
-	A CAG is identified by a CAG Identifier which is unique within the scope of a PLMN ID;
-	A CAG cell broadcasts one or multiple CAG Identifiers per PLMN;
-	A CAG cell may in addition broadcast a human-readable network name per CAG Identifier:
-     CAG indication may indicate only UEs supporting CAG are accessing the cell, which implies that cells are either CAG cells or normal PLMN cells. 
2.2 UE configuration, subscription aspects and storage
As specified in [2], the CAG UE may be pre-configured or (re)configured with the following CAG information for every PLMN, included in the subscription as part of the Mobility Restrictions:
· an Allowed CAG list i.e. a list of CAG Identifiers the UE is allowed to access; and
· optionally, a CAG-only indication whether the UE is only allowed to access 5GS via CAG;
And based on [2], the following configuration for UE is expected from pre-configuration, as listed in the table below:
	Configuration for CAG-UE

	>PLMN List
	M
	

	>> PLMN ID
	M
	Public PLMN

	>> Allowed CAG list
	M
	CAG Identifiers the UE is allowed to access

	>>>CAG Identifier
	M
	

	>>CAG-only indication
	O
	whether the UE is only allowed to access 5GS via CAG cells (see TS 38.304 [50] for how the UE identifies whether a cell is a CAG cell);


Observation 1: the CAG UE may be pre-configured or (re)configured with the following CAG information for every PLMN, included in the subscription as part of the Mobility Restrictions:
· an Allowed CAG list i.e. a list of CAG Identifiers the UE is allowed to access; and
· optionally, a CAG-only indication whether the UE is only allowed to access 5GS via CAG;
2.3 Network/cell (re-)selection and access control:
2.3.1 Access control
Besides, as similar to Closed Subscriber Group (CSG) in LTE [2], the CAG cell could be recognized by CAG indication and UE supporting CAG will try to register to CAG cells. The parameter cellReservedForOtherUse defined in [3] with “true” setting could prevent the legacy UE or UE not supporting CAG from attempting to access CAG cells. The UE supporting CAG ignores cellReservedForOtherUse with “true” setting and does not treat this cell as barred.
Observation 2: It is essential that the CAG ID per PLMN and CAG indication per cell should be broadcasted in SIB1 as CSG in LTE mechanism did to support the solution #2 in NR. 
Observation 3: The parameter cellReservedForOtherUse defined in [3] with “true” setting could prevent the legacy UE or UE not supporting CAG from attempting to access CAG cells.
And as illustrated in [5], to address the issue of the limitation of CellReservedForOtherUse indicator for both emergency services and RAN sharing, a non-CAG UE and unauthorized CAG UE should have a different interpretation on this indication from the Rel-15 UE. That is: 
Proposal 2: A non-CAG UE and unauthorized CAG UE should be allowed to camp on the cell for Emergency services in case that the CellReservedForOtherUse indicator advertised in the cell is set to ture, which can still be regarded as an acceptable cell. And if RAN sharing is applied, then the CellReservedForOtherUse indicator can be ignored by Rel-16 non-CAG UE and unauthorized CAG UE. Or CellReservedForOtherUse indicator can be defined per-PLMN.
On the other hand, as specified in [2], in order to prevent access to NPNs for authorized UE(s) in case of network congestion/overload, existing mechanisms defined for Control Plane load control, congestion and overload control can be re-used, as well as the access control and barring functionality, or Unified Access Control using the access categories can be re-used.
Observation 4: in order to prevent access to NPNs for authorized UE(s) in case of network congestion/overload, existing mechanisms defined for Control Plane load control, congestion and overload control can be re-used, as well as the access control and barring functionality, or Unified Access Control using the access categories can be re-used.
2.3.2 Support for manual CAG cell selection
As specified in [2], manual network selection is supported in CAG selection, and its impact on RAN is similar to that of LTE CSG selection, as follows:
1) Search for cells with a CAG ID;
2) Read the “Human-readable network name” if broadcast, as indicated in table 1, if a cell with a CAG ID is found.
3) Report CAG ID of the found cell broadcasting a CAG ID together with the Human-readable network name and PLMN(s) to NAS.
4) On selection of a CAG by NAS, select any cell belonging to the selected CSG fulfilling the cell selection criteria and not barred and give an indication to NAS that access is possible (for the registration procedure).
5) The search for available CAGs may be stopped on request of the NAS. 
Proposal 3: For support of manual network selection is supported in CAG selection, the impact on RAN is similar to that of LTE CSG selection, as follows:
· Search for cells with a CAG ID;
· Read the “Human-readable network name” if broadcast, as indicated in table 1, if a cell with a CAG ID is found.
· Report CAG ID of the found cell broadcasting a CAG ID together with the Human-readable network name and PLMN(s) to NAS.
· On selection of a CAG by NAS, select any cell belonging to the selected CSG fulfilling the cell selection criteria and not barred and give an indication to NAS that access is possible (for the registration procedure).
· The search for available CAGs may be stopped on request of the NAS. 
2.3.3 Cell selection with CAG cells
For PLMN selection, if a CAG ID is provided by NAS as part of PLMN selection, the UE shall search for an acceptable or suitable cell belonging to the provided CAG ID to camp on. When the UE is no longer camped on a cell with the provided CAG ID, AS shall inform NAS.
Proposal 4: For PLMN selection, if a CAG ID is provided by NAS as part of PLMN selection, the UE shall search for an acceptable or suitable cell belonging to the provided CAG ID to camp on.
For cell selection, NAS controls the cell selection by providing lists of forbidden registration areas and a list of CAG IDs, which is similar as a CSG Whitelist, and their associated PLMN ID on which the UE is allowed and provide these lists to AS for the UE to determine whether a CAG cell is suitable for cell selection. And the normal cell selection rules for regular UE, i.e. initial cell selection, stored information cell selection and cell selection after leaving connected mode defined in TS 38.304 apply in the presence of CAG.
Proposal 5: For cell selection, NAS control the cell selection by providing lists of forbidden registration areas and a list of CAG IDs, and their associated PLMN ID on which the UE is authorized to access and provide these lists to AS for the UE to determine whether a CAG cell is suitable for cell selection.
Proposal 6: the normal cell selection rules for regular UE, i.e. initial cell selection, stored information cell selection and cell selection after leaving connected mode defined in TS 38.304 apply in the presence of CAG.
Proposal 7: A CAG cell is not suitable if the CAG ID is not in the Allowed CAG list.
In [2], the NG-RAN cells are either CAG cells or normal PLMN cell. Therefore the UE should reports the PLMN ID only or the CAG ID lists associated with PLMN in message RRCSetupComplete as similar as PLMN ID to gNB. The network slicing (S-NSSAI) is also carried in RRC messages RRCSetupComplete to request different service or select AMF/UPF behind the CAG cells. Only S-NSSAI could be used in NPN to differentiate service and traffic for customer. The CAG ID is only for access control checked by AMF and reserves the NG-RAN resource for CAG support UE. RAN2 may need to study how to support the association between the CAG ID, related PLMN ID and S-NSSAI reported in RRC message.
Proposal 8: RAN2 may need to study how to support the association between the CAG ID, S-NSSAI and related PLMN ID reported in RRC message.
2.3.4 Cell re-selection with CAG cells
As mentioned above, there are two types of CAG UEs, one is that the UE owns an allowed CAG lists and can access 5GS via public PLMN cells and allowed CAG cells. And another is that the UE is only allowed to access 5GS via allowed CAG cells. For the type 2 UE that are only allowed to access 5GS via allowed CAG cells, the both idle and connected mobility management can reuse the mobility management of SNPN UEs.
Proposal 9: For the type 2 UE that are only allowed to access 5GS via allowed CAG cells, the both idle and connected mobility management can reuse the mobility management of SNPN UEs.
Then pleased noted that the following discussion focus on the CAG-UE that can access 5GS via public cells and Allowed CAG cells.
For cell reselection, there are three different types of cells for a CAG UE:
· CAG Member cell: A CAG cell which broadcasts a CAG ID that is present in the UE’s CAG Identifiers List.
· Public cell: A cell which does not advertise a CAG ID.
· Non-allowed CAG Cell: A CAG cell which advertises a CAG ID that is not present in the UE’s Identifiers List. A non-allowed CAG cell is considered to be not suitable by the UE.
Cell reselection in the presence of CAG defines an autonomous search function which is intended to find member cells when normal measurement rules are unable to find the member cell. For example, normal measurement rules will not find the member cell when the serving cell is above S inter-search threshold. The autonomous search function is not specified and left to UE implementation. For example, it may rely on geographic triggers (e.g. cell ID of the camped macro cell), periodic searches or some combination of triggers in order to find the Member cell. The autonomous search for Member cells may also include Member cells of other RATs. A UE with an empty CAG Identifiers List shall disable the autonomous search function.
Proposal 10: In addition to normal cell reselection, the CAG UE shall support an autonomous search function to detect at least previously visited allowed CAG cells on non-serving frequencies, including inter-RAT frequencies. The specific autonomous search function will not be specified and left to UE implementation.
Proposal 11: A UE with an empty CAG Identifiers List shall disable the autonomous search function.
And if proposal is adopted, considering there will cause more UE measurement actions and increase more power consumption for supporting autonomous search function than that of regular UE cell selection and measurement, although there are implementation approached on UE side, PCI range reservation will still bring considerable benefit to reduce the work load of autonomous search and relevant measurement.
Observation 5: considering there will cause more CAG-UE measurement actions and increase more power consumption for supporting autonomous search function than that of regular UE, PCI range reservation will still bring considerable benefit to reduce the work load of autonomous search and relevant measurement.
Proposal 12: It is proposed to introduce PCI range reservation for CAG cell to reduce the work load of autonomous search and relevant measurement.
2.3.5 Measurement rules for CAG cells
In addition to the measurement rules specified in TS 38.304 for triggering intra-frequency and inter-frequency measurements to a regular public Cell, the UE uses the following measurement rules for triggering measurements to an authorized CAG Cell:
- if PCI reservation is applied, a UE may ignore or not perform measurements of CAG cells identified by the PCI split information if no authorized CAG Cells are expected to be found in the neighbourhood. 
- A CAG-UE camped on a public Cell is expected to use the autonomous search function to detect the presence of suitable intra/inter-frequency authorized CAG Cells, even when the regular measurement rules do not require the UE to perform measurements
- A UE camped on an authorized CAG Cell shall use regular measurement rules for intra-frequency CAG cells
- A UE camped on an authorized CAG Cell may use the autonomous search function for inter-frequency an authorized CAG Cells.
Proposal 13: the UE uses the additional measurement rules for triggering measurements to an authorized CAG Cell:
· If PCI reservation is applied, a UE may ignore or not perform measurements of CAG cells identified by the PCI split information if no authorized CAG Cells are expected to be found in the neighborhood. 
· A CAG-UE camped on a public Cell is expected to use the autonomous search function to detect the presence of suitable intra/inter-frequency authorized CAG Cells, even when the regular measurement rules do not require the UE to perform measurements
· A UE camped on an authorized CAG Cell shall use regular measurement rules for intra-frequency CAG cells
· A UE camped on an authorized CAG Cell may use the autonomous search function for inter-frequency an authorized CAG Cells.
2.3.6 Cell Reselection criteria for CAG cells
With regard to the interaction with the Frequency/RAT absolute priority feature defined in TS 38.304, the UE shall apply an implicit priority to authorized CAG Cells:
- For a UE camped on a Public Cell, inter-frequency or inter RAT Member Cells shall be regarded as if they were on a higher absolute priority frequency layer than the serving one.
- For a UE camped on a suitable authorized CAG Cell, inter-frequency or inter RAT public Cells shall be considered to have a lower priority than the current frequency layer, and the UE shall always consider the current frequency to be the highest priority frequency, irrespective of any other priority value allocated to this frequency.
For the cell-ranking criterion, and if the highest ranked cell or best cell according to absolute priority reselection rules is a CAG cell which is not suitable due to the CAG ID and associated PLMN identity not being present in the CAG allowed list of the UE, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection.( Cells with cell reservations, access restrictions or unsuitable for normal camping)
Proposal 14: Regarding cell reselection priorities and cell-ranking handling:
· For a UE camped on a Public Cell, inter-frequency or inter RAT Member Cells shall be regarded as if they were on a higher absolute priority frequency layer than the serving one.
· For a UE camped on a suitable authorized CAG Cell, inter-frequency or inter RAT public Cells shall be considered to have a lower priority than the current frequency layer, and the UE shall always consider the current frequency to be the highest priority frequency, irrespective of any other priority value allocated to this frequency.
· For the cell-ranking criterion, and if the highest ranked cell or best cell according to absolute priority reselection rules is a CAG cell which is not suitable due to the cell not being an authorized CAG cell of the UE, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection.
2.4 Connected mode mobility for CAG Cells
2.4.1 [bookmark: _Toc264555908]Inbound mobility to CAG cells
The mechanism for CSG is introduced in LTE [5] and it could be utilized as the baseline for CAG case. The UE stores the CAG allowed list retrieved from AMF and report the proximity indication to inform the gNB when approaching to the area in CAG cells whitelist. If the “indication that the MS is only allowed to access 5GS via CAG cells” is not provisioned to UE, the UE supporting CAG could also perform the HO between the NPN network (CAG) and non-NPN network(normal PLMN). The HO decision is based on mobility restriction from AMF. For intra-frequency HO between CAG cells with different CAG ID, the additional information, i.e. CAG ID, could be provided in the HO measurement reports and gNB could evaluate this assistant information before making the HO decision. And the PCI range reserved for CAG cells also could help to reduce the complexity of HO between the CAG cells and non-CAG cells. The PCI reserved for CAG cell could be configured as whitelist cell in measurement report.
Hence, while the CAG UE is in connected state, the UE performs normal measurement and mobility procedures. However, In addition to this, in order to support handover from a source RAN node to a target CAG RAN node, similar as the CSG cell, the following special consideration different from the regular HO procedures still need to be studied: 
· Proximity Estimation: in case the UE is able to determine, using autonomous search procedures, that it is near an allowed CAG cell, the UE may provide to the source gNB an indication of proximity. 
Proposal 15: considering the autonomous search procedures are proposed to be reused in CAG UEs, it is proposed to reuse the proximity indication to assist the RAN to make correct control on UE measurement and mobility.
· PCI Confusion: within the coverage of the source gNB, several target gNB have the same PCI. This leads to a condition referred to as PCI confusion, wherein the source gNB is unable to determine the correct target cell for handover from the PCI included in the measurement reports from the UE. PCI confusion is solved by the UE reporting the global cell identity of the target gNB.
Proposal 16: whether to reuse PCI Confusion in CAG cell inbound mobility depends on the evaluation result on the probabilities of the PCI of CAG cell in NPN deployment.
Proposal 17: The additional information, i.e. CAG ID, could be provided in the HO measurement reports if configured by a gNB and the gNB could evaluate this assistant information before making the HO decision.
2.4.2 [bookmark: _Toc264555911]Outbound mobility from CAG cells
It seems that normal network controlled mobility procedure can apply for a UE leaving a CAG cell in connected mode.
Proposal 18: it is proposed that normal network controlled mobility procedure can apply for a UE leaving a CAG cell in connected mode. 
2.5 Paging for CAG UE
To save the signalling overhead of paging message from gNB, a list of CAG IDs may be included in the PAGING message. If included, the gNB may use the list of CAG IDs from AMF for paging optimization.
Proposal 19: it is proposed that a list of CAG IDs may be included in the PAGING message. If included, the gNB may use the list of CAG IDs from AMF for paging optimization.
Conclusion
Observation 1: the CAG UE may be pre-configured or (re)configured with the following CAG information for every PLMN, included in the subscription as part of the Mobility Restrictions:
· an Allowed CAG list i.e. a list of CAG Identifiers the UE is allowed to access; and
· optionally, a CAG-only indication whether the UE is only allowed to access 5GS via CAG;
Observation 2: It is essential that the CAG ID per PLMN and CAG indication per cell should be broadcasted in SIB1 as CSG in LTE mechanism did to support the solution #2 in NR. 
Observation 3: The parameter cellReservedForOtherUse defined in [3] with “true” setting could prevent the legacy UE or UE not supporting CAG from attempting to access CAG cells.
Observation 4: in order to prevent access to NPNs for authorized UE(s) in case of network congestion/overload, existing mechanisms defined for Control Plane load control, congestion and overload control can be re-used, as well as the access control and barring functionality, or Unified Access Control using the access categories can be re-used.
[bookmark: _GoBack]Observation 5: considering there will cause more CAG-UE measurement actions and increase more power consumption for supporting autonomous search function than that of regular UE, PCI range reservation will still bring considerable benefit to reduce the work load of autonomous search and relevant measurement.
Proposal 1: the following additional system information for CAG cell is expected from gNB:
-	A CAG is identified by a CAG Identifier which is unique within the scope of a PLMN ID;
-	A CAG cell broadcasts one or multiple CAG Identifiers per PLMN;
-	A CAG cell may in addition broadcast a human-readable network name per CAG Identifier:
-     CAG indication may indicate only UEs supporting CAG are accessing the cell, which implies that cells are either CAG cells or normal PLMN cells. 
Proposal 2: A non-CAG UE and unauthorized CAG UE should be allowed to camp on the cell for Emergency services in case that the CellReservedForOtherUse indicator advertised in the cell is set to ture, which can still be regarded as an acceptable cell. And if RAN sharing is applied, then the CellReservedForOtherUse indicator can be ignored by Rel-16 non-CAG UE and unauthorized CAG UE. Or CellReservedForOtherUse indicator can be defined per-PLMN.
Proposal 3: For support of manual network selection is supported in CAG selection, the impact on RAN is similar to that of LTE CSG selection, as follows:
· Search for cells with a CAG ID;
· Read the “Human-readable network name” if broadcast, as indicated in table 1, if a cell with a CAG ID is found.
· Report CAG ID of the found cell broadcasting a CAG ID together with the Human-readable network name and PLMN(s) to NAS.
· On selection of a CAG by NAS, select any cell belonging to the selected CSG fulfilling the cell selection criteria and not barred and give an indication to NAS that access is possible (for the registration procedure).
· The search for available CAGs may be stopped on request of the NAS. 
Proposal 4: For PLMN selection, if a CAG ID is provided by NAS as part of PLMN selection, the UE shall search for an acceptable or suitable cell belonging to the provided CAG ID to camp on.
Proposal 5: For cell selection, NAS control the cell selection by providing lists of forbidden registration areas and a list of CAG IDs, and their associated PLMN ID on which the UE is authorized to access and provide these lists to AS for the UE to determine whether a CAG cell is suitable for cell selection.
Proposal 6: the normal cell selection rules for regular UE, i.e. initial cell selection, stored information cell selection and cell selection after leaving connected mode defined in TS 38.304 apply in the presence of CAG.
Proposal 7: A CAG cell is not suitable if the CAG ID is not in the Allowed CAG list.
Proposal 8: RAN2 may need to study how to support the association between the CAG ID, S-NSSAI and related PLMN ID reported in RRC message.
Proposal 9: For the type 2 UE that are only allowed to access 5GS via allowed CAG cells, the both idle and connected mobility management can reuse the mobility management of SNPN UEs.
Proposal 10: In addition to normal cell reselection, the CAG UE shall support an autonomous search function to detect at least previously visited allowed CAG cells on non-serving frequencies, including inter-RAT frequencies. The specific autonomous search function will not be specified and left to UE implementation.
Proposal 11: A UE with an empty CAG Identifiers List shall disable the autonomous search function.
Proposal 12: It is proposed to introduce PCI range reservation for CAG cell to reduce the work load of autonomous search and relevant measurement.
Proposal 13: the UE uses the additional measurement rules for triggering measurements to an authorized CAG Cell:
· If PCI reservation is applied, a UE may ignore or not perform measurements of CAG cells identified by the PCI split information if no authorized CAG Cells are expected to be found in the neighborhood. 
· A CAG-UE camped on a public Cell is expected to use the autonomous search function to detect the presence of suitable intra/inter-frequency authorized CAG Cells, even when the regular measurement rules do not require the UE to perform measurements
· A UE camped on an authorized CAG Cell shall use regular measurement rules for intra-frequency CAG cells
· A UE camped on an authorized CAG Cell may use the autonomous search function for inter-frequency an authorized CAG Cells.
Proposal 14: Regarding cell reselection priorities and cell-ranking handling:
· For a UE camped on a Public Cell, inter-frequency or inter RAT Member Cells shall be regarded as if they were on a higher absolute priority frequency layer than the serving one.
· For a UE camped on a suitable authorized CAG Cell, inter-frequency or inter RAT public Cells shall be considered to have a lower priority than the current frequency layer, and the UE shall always consider the current frequency to be the highest priority frequency, irrespective of any other priority value allocated to this frequency.
· For the cell-ranking criterion, and if the highest ranked cell or best cell according to absolute priority reselection rules is a CAG cell which is not suitable due to the cell not being an authorized CAG cell of the UE, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection.
Proposal 15: considering the autonomous search procedures are proposed to be reused in CAG UEs, it is proposed to reuse the proximity indication to assist the RAN to make correct control on UE measurement and mobility.
Proposal 16: whether to reuse PCI Confusion in CAG cell inbound mobility depends on the evaluation result on the probabilities of the PCI of CAG cell in NPN deployment.
Proposal 17: The additional information, i.e. CAG ID, could be provided in the HO measurement reports if configured by a gNB and the gNB could evaluate this assistant information before making the HO decision.
Proposal 18: it is proposed that normal network controlled mobility procedure can apply for a UE leaving a CAG cell in connected mode. 
Proposal 19: it is proposed that a list of CAG IDs may be included in the PAGING message. If included, the gNB may use the list of CAG IDs from AMF for paging optimization.
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