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Introduction 
SA2 sent a LS [1] to RAN2 regarding the support non-public networks (NPN). According to the LS, 2 solutions have been selected [:
Solution#1: Support a stand-alone Non-Public Network (SNPN) deployment, i.e. not relying on network functions provided by a PLMN
Solution#2: Support a non-stand-alone Non-Public Network deployment, i.e. with the support of a PLMN.
The action to RAN2 is to specify the related RAN functionality to support the 2 solutions.
In this contribution, the RAN2 impacts for the Solution#1 are analysed based on the SA2 CRs [2] and a way forward is proposed.
Discussion
Impact on Network Identification
In such deployment, it needs to provide some identifiers similar to PLMN ID in public network to the UE to indicate whether the UE can camp on the non-public network. As in [2], the identifier for SNPN is a combination of a PLMN ID and Network Identifier (NID). The PLMN ID used for SNPNs is not required to be unique. PLMN IDs reserved for use by private networks can be used for non-public networks, e.g. based on mobile country code (MCC) 999 as assigned by ITU [X]). As for the NID, there are 2 assignment models:
-	Locally managed NIDs are assumed to be chosen individually by SNPNs at deployment time (and may therefore not be unique in all scenarios)
-	Universally managed NIDs are managed by a central entity per region and are assumed to be globally unique.
Further an optional human-readable network name can also be provided.
This information is broadcast in the cell as specified in [2] and PLMN ID, NID and human-readable network name have the following relationship (as extracted from [2]):
· List of NIDs per PLMN ID identifying the non-public networks NG-RAN provides access to (NOTE°2:	The presence of a list of NIDs for a PLMN ID indicates that the related PLMN ID and NIDs identify an SNPN.)
· Optionally a human-readable network name per NID
Based on the Note 2 above, it implies that multiple PLMN IDs in a cell (as in RAN sharing today). In the general case it should be possible to have “RAN sharing” among multiple NPN core networks.
· There can be multiple PLMN per cell
· Each PLMN has 1 NID or can have a list of NIDs. Each of the NID can optionally provide a human-readable network name
Since this information is related to CellAccessRelatedInfo, this information can be included as part of the CellAccess Related Info (e.g. after the extension marker for List of NIDs per PLMN ID and also the human-readable network name per NID) in SIB1:
CellAccessRelatedInfo   ::=         SEQUENCE {
    plmn-IdentityList                   PLMN-IdentityInfoList,
    cellReservedForOtherUse             ENUMERATED {true}  OPTIONAL,            -- Need R
    ...
}

Observation#1: For network identification:  Include PLMN, List of NIDs and the human readable network name as part of the CellAccessRelatedInfo in SIB1..
Impact on Network selection
Upon receiving PLMN IDs and NIDs from SIB1, the UE will provide it to NAS/upper layers. The NAS will perform network selection based on the received PLMNs and NIDs information from the SIB1 and select the network that the UE has SUPI and credentials and this is performed either via automatic or manual network selection. For automatic network selection, if multiple SNPN are available, the UE selects one of the SNPNs based on UE implementation. For manual network selection, the human-readable names (if available) are also used. Hence the UE AS has to provide the following information to UE NAS for network selection during network selection:
1. List of PLMN ID
2. List of NIDs per PLMN
3. Human readable names per NID (if available)
Network selection for NPN is completely disjoint and different from the existing network selection for PLMN of public network. In other words, the UE needs to first decide whether it is going to select an NPN or a PLMN of a public network. If it decides to perform network selection for NPN, it applies the network selection procedure for NPN.
If the PLMN ID is accompanied with NID (or a list of NIDs), then the PLMN ID + NID should be read as a single identifier which identifies an NPN. 
Observation#2: For network selection: the UE AS has to provide the following information to UE NAS upon reading the SIB during network selection:
1. List of PLMN ID
2. List of NIDs per PLMN
3. Human readable names per NID (if available)
During initial registration to an SNPN, the UE has to provide the selected PLMN ID and the corresponding NID to gNB.  This is as specified as follow:
[bookmark: _Hlk536026089]When a UE performs Initial Registration to an SNPN, the UE shall indicate the selected NID and the corresponding PLMN ID to NG-RAN. NG-RAN shall inform the AMF of the selected PLMN ID and NID.
Our understanding is that this information is needed for appropriate selection of the AMF in case of RAN sharing. Such information for AMF selection should be provided in Msg5 (i.e. RRCSetupComplete message)
Observation#3: For initial registration, the UE NAS provides the UE AS with the selected PLMN ID and its corresponding NID and the UE RRC provides them to the NG RAN via LTE RRCConnectionSetupComplete/NR RRCSetupComplete message for AMF selection.
Impact on Cell (re)selection
After successful initial registration, the UE is registered to a PLMN ID with corresponding NID and camps on the cell where the initial registration was successful. On subsequent cell (re)-selection, the UE shall (re)select to neighbour cells belonging to the registered PLMN ID with corresponding NID, until the next network selection is performed as in existing NR. This is as specified in 5.X.2.6:
UEs operating in SNPN mode of operation only select cells and networks broadcasting both PLMN ID and NID.
NOTE:	Further details on the NR idle mode procedures for SNPN cell selection will be defined in TS 38.331 [28] and in TS 38.304 [50].
Observation#4: Cell reselection is as Rel-15 NR. 
[bookmark: _Hlk506409868]To prevent UEs not supporting SNPNs from accessing the cell, e.g. in case the cell only provides access to non-public networks, the existing NR has a forward compatible parameter cellReservedForOtherUse which is introduced for this purpose when it is set to ‘TRUE’. In this case, the UE shall treat the cell as barred as specified in the existing behaviour which includes barring the cell for up to 300s and reselection of neighbour cell in the same frequency as the barred cell depends on IFRI. IFRI can be set accordingly if the frequency of SNPN cells are shared with non-SNPN cells.It is possible that the frequency for the SNPN and the public network of an operator can be the same. Based on the existing NR behaviour, the UE supporting SNPN may detect the cell of the public network (i.e. non-SNPN cell) and will attempt to camp on it if it is the best or highest ranked cell. However, it will find that it is not a SNPN cell (either MCC of PLMN ID is not for private network or cellReservedForOtherUse is not set to ‘TRUE’). 
If the PLMN ID is used, the UE will treat it as not a suitable cell.  Other than that, it will also bar other cells in the same frequency as specified in [3] as follow:
If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of 5GS forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300 seconds. If the UE enters into state any cell selection, any limitation shall be removed.
If cellReservedForOtherUse is used, UE will treat the public network cell as barred and whether it is allowed to reselect to other cell in the same frequency depends on IFRI setting.
Comparing both approaches, the cellReservedForOtherUse approach seems to provide the operator with more flexibility to allow cell in the same frequency to be used as candidate cell for cell reselection using the IFRI setting. 
Observation#5: Rel-15 cellReservedForOtherUse can be used to prevent UEs not supporting SNPNs from accessing the cell and IFRI can be used to decide whether to allow same frequency cell reselection. No additional impact
Impact to RRC Connected mobility
In general, the RRC Connected mobility procedure follows the existing mobility procedure for mobility among the SNPN cells corresponding to the PLMN ID with corresponding NID. If there is/are dedicated frequency/frequencies for such SNPN cells, then the RRM measurement configuration can be set appropriately for the UE registered to NPN to ensure that only SNPN neighbour cells are reported. If the frequency of the SNPN cells are shared with operator’s public network (i.e. non-SNPN cells), it may be useful to introduce PCI partitioning and/or whitelisting/blacklisting of cells to allow the network to know whether a neighbour cell reported is an SNPN cell or a non-SNPN cell and to prevent unnecessary reporting overhead from the SNPN and non-SNPN supporting UE.
Observation#6: If there is/are dedicated frequency/frequencies for such SNPN cells, then the RRM measurement configuration can be configured appropriately for the UE registered to SNPN to ensure that only SNPN neighbour cells are reported. No further impact.
Observation#7: If the frequency of the SNPN cells are shared with operator’s public network, it may be useful to introduce PCI partitioning and/or whitelisting/blacklisting of cells to allow the network to know whether a neighbour cell reported is an SNPN cell or a non-SNPN cell and to prevent unnecessary reporting overhead from the NPN and non-NPN supporting UE. This can be further discussed.
Other possible impacts
There may be other impacts which are not mentioned in the SA2 CR.  Since for SNPN cell carried PLMNID together with NID, some extensions to the ASN.1 signalling and/or further clarifications on the field description is probably also foreseen for the following functions:
· UAC where currently the UAC barring configuration is just based on PLMN index indexing the PLMN list in SIB1.
· ANR reporting may need to include not only the PLMN ID but also the corresponding NIDs for SNPN cell.
Also, RAN2 may also need to discuss whether SNPN cell can be used as acceptable cell for emergency call.
Observation#8: Some other foreseeable RAN2 impact not including in the SA2 CR may be the extension of ASN.1 signalling and field descriptions for UAC and ANR, as well as discuss the use of SNPN cell as acceptable cell for emergency call.
Conclusion
In this contribution, we discussed wideband operation for NR-U and we derived the following proposals:
Network Identification impact:
Observation#1: For network identification:  Include PLMN, List of NIDs and the human readable network name as part of the CellAccessRelatedInfo in SIB1.
Network Selection impact:
Observation#2: For network selection: the UE AS has to provide the following information to UE NAS upon reading the SIB during network selection:
Observation#3: For initial registration, the UE NAS provides the UE AS with the selected PLMN ID and its corresponding NID and the UE RRC provides them to the NG RAN via LTE RRCConnectionSetupComplete/NR RRCSetupComplete message for AMF selection.
Cell reselection impact:
Observation#4: Cell reselection is as Rel-15 NR. 
Observation#5: Rel-15 cellReservedForOtherUse can be used to prevent UEs not supporting SNPNs from accessing the cell and IFRI can be used to decide whether to allow same frequency cell reselection. No additional impact
Connected mode mobility impact:
Observation#6: If there is/are dedicated frequency/frequencies for such SNPN cells, then the RRM measurement configuration can be configured appropriately for the UE registered to SNPN to ensure that only SNPN neighbour cells are reported. No further impact.
Observation#7: If the frequency of the SNPN cells are shared with operator’s public network, it may be useful to introduce PCI partitioning and/or whitelisting/blacklisting of cells to allow the network to know whether a neighbour cell reported is an SNPN cell or a non-SNPN cell and to prevent unnecessary reporting overhead from the NPN and non-NPN supporting UE. This can be further discussed
Other possible impact:
Observation#8: Some other foreseeable RAN2 impact not including in the SA2 CR may be the extension of ASN.1 signalling for UAC and ANR, as well as discuss the use of SNPN cell as acceptable cell for emergency call.

A summary of the RAN2 impact based on the SA2 CR [2] is as follow:
	Impact Areas
	RAN2 impact
	Comments

	Network identification
	Broadcast List of NIDs and human readable network name in SIB1
	Small changes

	Network selection
	Provide the PLMN and corresponding NID, human readable network name to upper layer/NAS
Provide the selected PLMNID with corresponding NID to NG-RAN during initial registration in RRCSetupComplete
	Small changes

	Cell reselection
	As per existing behaviour
	No change

	Connected mode mobility
	As per existing behaviour.
	No change


Other possible impacts as in Observation#8 seem to be small/manageable as well.

[bookmark: _GoBack]Based on the above summary, it is proposed that:
Proposal#1: The impact on Solution#1 (SNPN mode of operation) is small/manageable from RAN2 point of view and can thus be handled by RAN2 as part of Rel-16.
Proposal#2: Inform RAN about the impact for Solution#1 (SNPN mode of operation) and RAN can decide how to proceed the work in RAN2 (new WI, existing WI (e.g. IIoT) or as TEI16)
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