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1 Introduction
In this contribution, we would like to discuss the connected mode procedures of Non-Public Network (NPN). The NPN can be deployed as stand-alone NPN (SNPN) or public network integrated NPN (PNI-NPN). The discussion is focused on several aspects: the transfer of NPN ID, handover scenarios with NPN involved, and measurements for NPN (including ANR and proximity indication).
2 Discussion
2.1 Transfer of NPN ID when entering Connected mode
NPN was discussed during SA2 Meetings. In [1]-[3], the general support of NPN was discussed and clarified. As illustrated in the following figures, according to the conclusion of SA2 [1], the combination of a PLMN ID and Closed Access Group identifier (CAG ID) identifies an PNI-NPN, and the combination of a PLMN ID and Network identifier (NID) identifies an SNPN. That is, a PNI-NPN cell is identified by a cell ID, a PLMN ID and a CAG ID, and an SNPN cell is identified by a cell ID, a PLMN ID and an NID.
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As depicted in figure (a), the PNI-NPN NG-RAN and the PLMN NG-RAN share the 5GC via NG interface. CAG cell(s) and PLMN cell(s) can be configured under the PNI-NPN NG-RAN and the PLMN NG-RAN, respectively. In this case the PNI-NPN and PLMN NG-RANs can connect with each other via Xn interface because the NG-RANs can be deployed by the same operator. Also, the NG-RAN can be shared by PNI-NPN and PLMN, then both CAG cell(s) and PLMN cell(s) can be configured under the same NG-RAN in PNI-NPN/PLMN. Different from PNI-NPN, SNPN has separately deployed NG-RAN and has its own core network. Only NID cell(s) are configured under the SNPN NG-RAN. Different NG-RANs in the same SNPN can connect with each other via Xn interface and share the same core network. 
In the following text of this section, we discuss the approaches of transferring CAG ID and NID.

2.1.1 Transfer of CAG ID when entering Connected mode

In the S3-193142, SA3 asks SA2, RAN2 and RAN3 groups to provide feedback on sending CAG ID in the NAS layer rather than the AS layer. The discussion in SA3 seems to speak in favor of transferring CAG ID in NAS signalling even though no agreement was reached. The main concern is about privacy.

From RAN2 perspective, even if transferred in NAS signalling, the security cannot be activated during attach procedure. Besides, transferring the CAG ID in AS has its own merit, e.g. the gNB will be informed of the UE’s CAG ID.
In some certain scenarios, such as a cell only has one CAG ID, transferring by NAS or AS does not make any difference because as long as the fact that UE is served by this cell is known to others, the CAG ID of the UE could be obtained by others as well. As another example, if only one CAG ID is configured per PLMN ID in RAN sharing case, the CAG ID is also naturally revealed now that the PLMN ID is reported.
Observation 1: The CAG ID is naturally revealed for non-RAN sharing case, and RAN sharing case where one CAG ID is configured per PLMN ID.
Based on the above analysis, we do not have strong preference on whether the CAG ID is transferred by NAS or AS.

Proposal 1: RAN2 to decide whether CAG ID is included in NAS signalling or MSG5 for UEs supporting CAG feature.
Moreover, as stated in [1],

 NOTE 2:
CAG is used for authorization at network/cell selection and configured in the subscription as part of the Mobility Restrictions i.e. independent from any S-NSSAI. CAG is not used as input to AMF selection nor Network Slice selection.

Observation 2: For CAG UE, CAG ID is not used for AMF selection.

If more than one CAG IDs are configured per PLMN ID, it is meaningful to consider avoiding the reveal of CAG ID for UE. More than one CAG IDs per PLMN can be reported to avoid the reveal of the selected CAG ID, and it does not affect the AMF selection. For example, the UE reports the selected CAG ID and another one or more CAG IDs broadcasted by the cell. The access is allowed by the AMF and RAN as long as one of the reported CAG IDs is supported by the UE. As another example, an indicator (indicating whether UE is accessing through PN or NPN) rather than the CAG ID is reported to indicate the access of CAG UE.
Observation 3: With more than one CAG IDs per PLMN ID, it is meaningful to consider avoiding the reveal of CAG ID for UE.
Based on the discussions above, we then have the following proposal,
Proposal 2: To avoid the reveal of CAG ID, it is considered for the CAG UE to:

· option 1: send the selected PLMN ID and CAG indicator (indicating the access is through CAG).

· option 2: send the selected PLMN ID and at least two CAG IDs within the selected PLMN ID.
The AMF or the RAN may select a serving CAG ID for the UE based on the reported indicator or CAG IDs, and the serving CAG ID selected by the AMF or the RAN should be informed to UE, e.g. via RRCReconfiguration message.
Proposal 3: The CAG ID selected by the AMF or the RAN is sent to UE, e.g., in the RRCReconfiguration message.
2.1.2 Transfer of NID when entering Connected mode

The NID is a parallel identifier with the PLMN ID in the SNPN, so to use the similar way of transferring the PLMN ID is a reasonable choice. For example, in TS 38.331, the content of RRCSetupComplete message includes selectedPLMN-Identity indicating the index of the PLMN selected by the UE from the plmn-IdentityList fields included in SIB1. 

RRCSetupComplete message
-- ASN1START

-- TAG-RRCSETUPCOMPLETE-START

RRCSetupComplete ::=                SEQUENCE {

    rrc-TransactionIdentifier           RRC-TransactionIdentifier,

    criticalExtensions                  CHOICE {

        rrcSetupComplete                    RRCSetupComplete-IEs,

        criticalExtensionsFuture            SEQUENCE {}

    }

}

RRCSetupComplete-IEs ::=            SEQUENCE {

    selectedPLMN-Identity               INTEGER (1..maxPLMN),

    registeredAMF                       RegisteredAMF                                   OPTIONAL,

    guami-Type                          ENUMERATED {native, mapped}                     OPTIONAL,

    s-NSSAI-List                        SEQUENCE (SIZE (1..maxNrofS-NSSAI)) OF S-NSSAI  OPTIONAL,

    dedicatedNAS-Message                DedicatedNAS-Message,

    ng-5G-S-TMSI-Value                  CHOICE {

        ng-5G-S-TMSI                        NG-5G-S-TMSI,

        ng-5G-S-TMSI-Part2                  BIT STRING (SIZE (9))

    }                                                                                   OPTIONAL,

    lateNonCriticalExtension            OCTET STRING                                    OPTIONAL,

    nonCriticalExtension                SEQUENCE{}                                      OPTIONAL

}

RegisteredAMF ::=                   SEQUENCE {

    plmn-Identity                       PLMN-Identity                                   OPTIONAL,

    amf-Identifier                      AMF-Identifier

According to the RAN2 #107 meeting, UE is able to acquire the SNPNs (identified by PLMN ID + NID) from SIB1. Therefore, UE can include the NID in MSG5 when entering Connected mode. Now that the index of the selected PLMN identity is already reported, the index of the selected NID needs to be reported. Alternatively, the network index of the selected SNPN (PLMN ID and NID) can be reported to avoid separately reporting PLMN index and NID index.
Proposal 4: The network index of the selected SNPN ID is included in RRC setup complete message.

2.2 Handover cases
Whether handovers are allowed is summarized in the following table for the PLMN, PNI-NPN and SNPN. In the following table, the network in the leftmost column is considered as the source network, and the network in the top row is considered as the target network.
	
	PLMN
	SNPN
	PNI-NPN

	PLMN
	√
	×
	√

	SNPN
	×
	depends
	×

	PNI-NPN
	√
	×
	√


The PNI-NPN is deployed with the support of a PLMN. There can be Xn interface between PNI-NPN/PLMN NG-RAN and PNI-NPN NG-RAN if the two sides share the same 5GC. UE can move between PNI-NPN cell and PLMN cell, or move between cells belonging to the same or different PNI-NPN. Therefore, handovers for the aforementioned cases are supported, and normal Xn- and NG-based handover procedure can be applied.
SNPN is deployed independent of PLMN. It is SA2’s agreement that handover between different SNPNs, between SNPN and PLMN, and between SNPN and PNI-NPN are not supported. However, it is possible the UE moves between cells with the same PLMN ID and NID. In this case, the UE moves in the same network. Handovers between cells with the same PLMN ID and NID are supported, and normal Xn- and NG-based handover procedure can be applied.
Observation 4: Handover between cells in different PNI-NPNs, or between PNI-NPN cell and PLMN cell, or between cells with the same PLMN ID and CAG ID, or between cells with the same PLMN and NID is supported.
2.3 Measurement for ANR
2.3.1 ANR for NPN
It is described in [1] that, 

-
During connected mode mobility procedures:

-
Based on the Mobility Restrictions received from the AMF:

-
Source NG-RAN shall not handover the UE to a target NG-RAN node if the target is a CAG cell and the related CAG Identifier is not part of the UE's Allowed CAG list;

-
Source NG-RAN shall not handover the UE to a non-CAG cell if the UE is only allowed to access CAG cells;

It can be observed that the CAG ID of the target cell should be considered by source NG-RAN when performing handover. Similarly, the NID of the target cell should be also considered by the source SNPN NG-RAN. Neighbour cell information is important for the source NG-RAN to perform the handover procedure. Mechanism to ensure that source NG-RAN always knows up-to-date list of neighbour cells is needed, e.g. when there is no Xn interface. Enhanced ANR was mentioned in RAN3#105 meeting and can be a candidate. As in [5] of RAN3#105 meeting, self-configuration aspect on NPN was mentioned and left as an open topic for discussion.  
For handover where PNI-NPN is involved, the source cell may be in PLMN or PNI-NPN, or even in both PLMN and PNI-NPN (i.e. the shared cell). As stated in Observation 1, the handover between PNI-NPNs, or between PNI-NPNs and PLMNs, is supported. Therefore, enhanced ANR is needed for the source cell to obtain the PNI-NPN and/or PLMN information of the target cell.
For handover where SNPN is involved, as mentioned in Observation 4, the source cell and the target cell should be in the same SNPN identified by the same PLMN ID and NID. Therefore, enhanced ANR is needed for the source SNPN cell to obtain the SNPN information of the target cell belonging to the same SNPN.
Proposal 5: ANR in the following scenarios is supported to obtain target CAG ID or NID:

· ANR towards PLMN cells configured by PNI-NPN cells.

· ANR towards PNI-NPN cells configured by PNI-NPN cells.

· ANR towards PNI-NPN cells configured by PLMN cells.

· ANR towards SNPN cells configured by cells of the same SNPN.

We provide the possible changes to the intra-system ANR procedure based on the existing figure 15.3.3.2-1 in TS 38.300 [6], as follows:

[image: image2.emf]Cell A

Phy-CID=3

Global-CID=17

UE

Cell B

Phy-CID=5

Global-CID=19

1. Report

(

Phy-CID=5, strong signal

)

2. 

Report Global-CID/NPN ID Request

(Target 

Phy-CID=5

)

3. Report Global-CID=19, NID or 

CAG ID(s)

2b. BCCH(...)


Figure: Automatic Neighbour Relation Function for NPN
1) The UE sends a measurement report regarding a neighbour cell B.
2) The NG-RAN serving cell A (pre)-configures the UE to report CAG ID(s) or NID of the neighbour cell, e.g., via Measurement Configuration.

3)  The UE reads and obtains CAG ID(s) or NID from SIB1 of the neighbour cell. 

4) The UE reports CAG ID(s) or NID to the NG-RAN, e.g. in the measurement report or other RRC messages. 
Based on the steps above, the existing measurement configuration and reporting procedures of ANR can be extended to include NPNs. We then have the following proposal,
Proposal 6: The current measurement configuration and reporting procedures of ANR can be extended to include NPN information.
2.3.2 Proximity Indication for CAG cells
As agreed in RAN2#107bis meeting [7], the autonomous search function of CAG cells is supported and the support of proximity indication in CONNECTED mode for CAG cells needs further study.
1. the UE can optionally implement an autonomous search function of CAG cells. FFS on the relationship with dedicated priorities. 

2. FFS whether proximity indication in CONNECTED mode is needed

It is stated in the WI of NG_RAN_PRN [8] that,

Although the non-public network solutions are limited to the support of Vertical and LAN Services in SA2, from operator points of view, the solutions of public network integrated NPN may also be applicable for a much wider range of use cases, such as SOHO and residential, private network coverage deployments and so on.
Therefore, the following use cases for PNI-NPN cannot be ruled out,

· CAG cells/nodes are deployed for small office and home office (SOHO) and residential deployments.
· CAG cells/nodes are deployed on a separate frequency layer.
· CAG cells/nodes are deployed on a common frequency layer.
· CAG cells/nodes are deployed flexibly and plug-and-play.
It can’t be guaranteed that the cells have the up-to-date information (e.g. the location and frequencies) of the neighbour CAG cells especially for the SOHO, residential deployments. These kinds of network deployments may be unpredictable. Hence, the network cannot always be aware of all CAG cells, which is similar as to HeNB in LTE.
Observation 5: The NG-RAN cannot always know the up-to-date information (e.g. the location and frequencies) of the neighbour CAG cells.
 In order to perform ANR or handover procedures, the NG-RAN needs to configure the UE to search for neighbour CAGs. Given that the NG-RAN may not have the location and frequency knowledge of CAG cells for a specific UE, the NG-RAN does not know when to configure the UE to measure the neighbour CAG cells. It is a waste of UE power when the UE is configured to measure CAG cells not in the vicinity. On the other hand, when the UE enters the coverage of a neighbour CAG cell, the serving cell may be unable to configure the measurements in time. From network perspective, it is not necessary for the NG-RAN to always broadcast or configure frequencies of all the CAG cells to UEs, especially when the number of UEs in the cell is huge or there are too many CAG cells nearby. If the UEs can assist the network to identify the CAG cells via autonomous search function, it can also reduce some overhead from network perspective.
Observation 6: Proximity Indication is beneficial in terms of ANR and reducing unnecessary measurement.

Based on the discussions above, it can be observed that UE needs to provide notifications to NG-RAN about whether and when it is suitable to configure the measurement to the UE towards the neighbor CAG cells. Similar to the CSG in LTE[4], the UE can provide the Proximity Indication to notify the NG-RAN that it is approaching or leaving one or more CAG cells, and some of the CAG cell information (e.g. radio frequency information) can be also notified to NG-RAN. 
Proposal 7: The UE provides Proximity Indication to the NG-RAN to notify that it is approaching or leaving one or more CAG cells.

Proximity Indication procedure is actually closely related with ANR. For example, when the UE sends Proximity Indication to the NG-RAN and indicates it is entering CAG cells, the NG-RAN can know that it is suitable time to configure the UE to perform the ANR towards the neighbor CAG cells.  For example, the procedure with Proximity Indication is depicted in the following figure. We shall note that Step 4-7 depicted in the following figure are consistent with Step 1-3 of ANR depicted in the figure above. Proximity Indication can be used for efficient ANR.

[image: image3.emf]UE

Source 

NG-RAN

Target 

NG-RAN

1. Reconfiguration

(Report Proximity Config)

2. Proximity Indication

(Frequency, RAT)

3. Reconfiguration

(Measurement Config)

4. Measurement Report

(PCI)

5. Reconfiguration

(SI Request)

7. Measurement Report

(CGI, TAI, CAG ID)

Trigger HO based on 

the CAG ID


Figure: Proximity Indication for NPN
1)
The source NG-RAN configures the UE with proximity indication control.

2)
The UE sends an "entering" or "leaving" proximity indication when it approaches or leaves a CAG cell. The proximity indication may include the RAT and frequency of the cell.
3)
If a measurement configuration is not present for the concerned frequency/RAT, the source NG-RAN configures the UE with relevant measurement configuration as needed, so that the UE can perform measurements on the reported RAT and frequency. The network may also use the proximity indication to avoid requesting ANR when the UE is not in the geographical area where the CAG cells are located.

4)
The UE sends a measurement report including the PCI.

5)
The source NG-RAN configures the UE to perform ANR and reporting of a particular PCI.

6)
The UE acquires the relevant system information from the target cell.

7)
The UE reports NR CGI, CAG ID, e.g. via measurement report. If the CAG ID indicates a new neighbour cell, the source cell adds the information of the new neighbour cell into its neighbour cell relation table. Then based on the reported CAG ID, the source NG-RAN decides whether to handover the UE to the new neighbour cell right now or subsequently.
2 Conclusion
In this paper, we have discussed the connected mode procedures of Non-Public Network (NPN). We have the following observations and proposals:
Observation 1: The CAG ID is naturally revealed for non-RAN sharing case, and RAN sharing case where one CAG ID is configured per PLMN ID.
Observation 2: For CAG UE, CAG ID is not used for AMF selection.

Observation 3: With more than one CAG IDs per PLMN ID, it is meaningful to consider avoiding the reveal of CAG ID for UE.
Observation 4: Handover between cells in different PNI-NPNs, or between PNI-NPN cell and PLMN cell, or between cells with the same PLMN ID and CAG ID, or between cells with the same PLMN and NID is supported.
Observation 5: The NG-RAN cannot always know the up-to-date information (e.g. the location and frequencies) of the neighbour CAG cells.
Observation 6: Proximity Indication is beneficial in terms of ANR and reducing unnecessary measurement.

Proposal 1: RAN2 to decide whether CAG ID is included in NAS signalling or MSG5 for UEs supporting CAG feature.
Proposal 2: To avoid the reveal of CAG ID, it is considered for the CAG UE to:

· option 1: send the selected PLMN ID and CAG indicator (indicating the access is through CAG).

· option 2: send the selected PLMN ID and at least two CAG IDs within the selected PLMN ID.
Proposal 3: The CAG ID selected by the AMF or the RAN is sent to UE, e.g., in the RRCReconfiguration message.
Proposal 4: The network index of the selected SNPN ID is included in RRC setup complete message.

Proposal 5: ANR in the following scenarios is supported to obtain target CAG ID or NID:

· ANR towards PLMN cells configured by PNI-NPN cells.

· ANR towards PNI-NPN cells configured by PNI-NPN cells.

· ANR towards PNI-NPN cells configured by PLMN cells.

· ANR towards SNPN cells configured by cells of the same SNPN.
Proposal 6: The current measurement configuration and reporting procedures of ANR can be extended to include NPN information.
Proposal 7: The UE provides Proximity Indication to the NG-RAN to notify that it is approaching or leaving one or more CAG cells.

3 Reference

[1] 3GPP TS 23.501 V16.1.0 (2019-06)
[2] 3GPP TS 23.502 V16.1.1 (2019-06)
[3] 3GPP TR 23.734 V16.2.0 (2019-06)
[4] S2-1906698, Reply LS on Equivalent SNPN
[5] R3-194686, Way Forward with private networks, Nokia, Nokia Shanghai Bell
[6] 3GPP TS 38.300 V15.6.0 (2019-06)
[7] RAN2-107bis-Chongqing-SRVCC-CLI-PRN-eMIMO-UECaps_2019-10-18_final.docx

[8] RP-191563, Revised WID: Private Network Support for NG-RAN, China Telecom, Nokia, Vodafone

 4/7

Cell A
Phy-CID=3
Global-CID=17
UE
Cell B
Phy-CID=5
Global-CID=19
1. Report
(Phy-CID=5, strong signal)
2. Report Global-CID/NPN ID Request
(Target Phy-CID=5)
3. Report Global-CID=19, NID or CAG ID(s)
2b. BCCH(...)



UE
Source NG-RAN
Target NG-RAN
1. Reconfiguration
(Report Proximity Config)
2. Proximity Indication
(Frequency, RAT)
3. Reconfiguration
(Measurement Config)
4. Measurement Report
(PCI)
5. Reconfiguration
(SI Request)
6. BCCH (CGI, TAI, CAG ID)
7. Measurement Report
(CGI, TAI, CAG ID)
Trigger HO based on the CAG ID




5GC (PLMN)
NG
PNI-NPN
gNB (CAG)
gNB (PLMN)
Xn

5GC (SNPN)
NG
SNPN
gNB (NID)
gNB (NID)
Xn



