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1	Introduction
In this contribution we discuss the impact of NPN for UE’s in connected mode, including connection setup and connection resume.
[bookmark: _Ref178064866]2	Discussion
2.1	Indicating selected network during RRC connection setup/resume
The UE needs to signal the selected network to RAN at connection setup so that RAN can select the correct AMF. In the case of PLMNs, this is done by indicating the index of the selected PLMN from the PLMN list in SIB1 in the RRC setup complete message.
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
}
In [2] we describe a generalized network index that can be used for PLMNs, SNPNs and CAGs and that can be included in the selectedPLMN-Identity to indicate the selected network in the RRC setup complete message.
[bookmark: _Toc24052144]A generalized network index is included in the selectedPLMN-Identity field in the RRC setup complete message to indicate the selected network at connection setup. 
Since an SNPN is separate network, each SNPN is assigned its own network index. CAGs on the other hand are not separate network but are considered part of the hosting PLMN. A PLMN and all CAGs belonging to it are therefore assigned the same network index. This implies that the network index will only indicate the PLMN but not the specific CAG ID. However, the CAG ID is not required by the RAN since the CAG ID is not used for AMF selection according to TS 23.501. The CAG ID is not needed for access control either since the RAN or AMF can verify the UE is authorized to access the cell by matching the broadcasted CAG ID list against the UE’s allowed CAG list and check that there is at least one matching entry.
[bookmark: _Toc24052145]The network index used for CAGs only indicates the PLMN but the not the specific CAG ID.
The network index can also be included in the selectedPLMN-Identity field in the RRC resume complete message to indicate the selected network at connection resume. Indicating the selected network at connection resume is necessary in case the UE has selected an equivalent network which is different from the network indicated by the stored UE context in the RAN.
RRCResumeComplete-IEs ::=               SEQUENCE {
    dedicatedNAS-Message                    DedicatedNAS-Message                     OPTIONAL,
    selectedPLMN-Identity                   INTEGER (1..maxPLMN)                     OPTIONAL,
    uplinkTxDirectCurrentList               UplinkTxDirectCurrentList                OPTIONAL,
    lateNonCriticalExtension                OCTET STRING                             OPTIONAL,
    nonCriticalExtension                    SEQUENCE{}                               OPTIONAL
}
For SNPNs, indicating the selected network at connection resume is not strictly necessary since equivalent network is not supported for SNPNs in Rel-16 according to TS 23.501. However, we see no reason to disallow this since it makes it easier to support equivalent SNPNs in the future.
[bookmark: _Toc24052146]The generalized network index is also included in the selectedPLMN-Identity field in the RRC resume complete message to indicate the selected network at connection resume.
[bookmark: _GoBack]In the last meeting it was agreed that all CAGs belonging to the same PLMN share the same Cell ID. It was suggested in [4] that if a cell is used for both public and CAG users by a PLMN, the PLMN must use different Cell IDs for the public and CAG UEs. In other words SIB1 would contain two different Cell IDs associated with the same PLMN: one for the public users and one for the CAG users. If this is the case, the network index may not be not enough to determine the Cell ID since the network index only indicates the PLMN but not the UE type. To enable RAN to determine the Cell ID it may therefore be necessary to indicate if the UE is a public or a CAG UE.
[bookmark: _Toc24052147]RAN2 to discuss if an additional indication is needed in the RRC connection setup complete/RRC resume complete to determine if the UE is a public or CAG UE.
The discussion above is also related to the incoming LS from SA3 on CAG ID privacy [3]:
“SA3 are discussing CAG ID privacy and as part of that discussion are looking at ways of protecting the transfer of CAG ID between the UE and network. One proposal under discussion in SA3 is to not have the CAG ID sent in AS signalling but include it in NAS signalling instead. This means that the CAG ID can be protected by existing NAS signalling security mechanisms for example.”
Since the CAG ID is not revealed by the network index or UE type indication, we propose to respond to SA3 that CAG ID does not need to be included in unprotected RRC signalling.
1. [bookmark: _Toc23771513][bookmark: _Toc24052148]Send an LS reply to SA3 indicating that RAN2 is ok to not include CAG ID in unprotected RRC signalling.
Obviously if there is only one CAG associated with a PLMN an outside observer can infer the CAG ID from the network index and UE type indication. However, in our understanding SA3 is concerned with the case when there are multiple CAGs associated with a PLMN, and in this case an outside observer would not be able to be infer the CAG ID from the information included in the connection setup/resume signalling. From a privacy perspective it is also generally a good principle to not reveal more information than required as you don’t know how the information will be (ab)used.
2.2	Indicating identity of registered AMF during RRC connection setup
If the UE is already registered with the network at the time of connection setup, the UE will also include the identity of the AMF (registeredAMF) where it is registered in the RRC setup complete message (see section 2.1). The registered AMF is identified by its GUAMI which is comprised of a PLMN ID and an AMF Identifier. However, as the selected PLMN ID is already provided in the RRC setup complete message, the PLMN ID part of the GUAMI can typically be omitted in the RRC setup complete message. The only exception is if the UE has entered an equivalent PLMN which causes the selected PLMN ID and the PLMN ID in the GUAMI to differ. If the PLMN ID part of the GUAMI is omitted the network assumes that the PLMN ID is the same as the selected PLMN ID.
RegisteredAMF ::=                   SEQUENCE {
    plmn-Identity                       PLMN-Identity                                   OPTIONAL,
    amf-Identifier                      AMF-Identifier
}
For SNPNs, it is expected that the PLMN ID part of the GUAMI will be replaced by the SNPN ID (i.e. PLMN ID + NID). However, according to TS 23.501, there is no equivalent network concept for SNPNs in Rel-16, and hence the SNPN ID part of the GUAMI will always be the same as the selected SNPN ID. Hence, there is no strict need to indicate the SNPN ID in the registeredAMF field in the RRC connection setup complete message. Nevertheless, to align the signaling with PLMNs, and to be able to support equivalent SNPNs in the future, we think it should be possible to include SNPN ID in the registeredAMF field.
1. [bookmark: _Toc24052149]The SNPN ID should be possible to include in the registeredAMF field in the RRC connection setup complete message.
2.3	Automatic Neighbour Relations (ANR)
To support ANR the RAN can instruct the UE to report the Cell Global Identity (CGI) of neighbouring cells. CGI reporting is configured similar to normal measurements used for handovers: the network indicates the PCI of the cells to measure in the measurement configuration and the UE then reads SIB1 in the cell and reports the CGI in a measurement report. Because of RAN sharing, a cell may in fact be associated with multiple CGIs (up to one per PLMN). The UE therefore includes the whole plmn-IdentityInfoList from SIB1 in the CGI report.
MeasResultNR ::=                        SEQUENCE {
    physCellId                              PhysCellId                 OPTIONAL,
    measResult                              SEQUENCE {
        cellResults                             SEQUENCE{
            resultsSSB-Cell                         MeasQuantityResults    OPTIONAL,
            resultsCSI-RS-Cell                      MeasQuantityResults    OPTIONAL
        },
        rsIndexResults                          SEQUENCE{
            resultsSSB-Indexes                      ResultsPerSSB-IndexList     OPTIONAL,
            resultsCSI-RS-Indexes                   ResultsPerCSI-RS-IndexList   OPTIONAL
        }       OPTIONAL
    },
    ...,
    [[
    cgi-Info                                CGI-InfoNR      OPTIONAL
    ]]
}

CGI-InfoNR ::=                    SEQUENCE {
    plmn-IdentityInfoList               PLMN-IdentityInfoList               OPTIONAL,
    frequencyBandList                   MultiFrequencyBandListNR            OPTIONAL,
    noSIB1                              SEQUENCE {
        ssb-SubcarrierOffset                INTEGER (0..15),
        pdcch-ConfigSIB1                    PDCCH-ConfigSIB1
    }                                                                       OPTIONAL,
    ...
}
In the last meeting it was agreed as a working assumption that the CAGs/SNPNs are signalled in a separate network list in in SIB1. 
Working assumptions:
1. NPN information is outside PLMN-IdentityInfoList as a new Rel-16 IE for NPN-only cell and PLMN+NPN cell (the total number of network IDs is still 12)
2. Access attempts by Rel-15 UEs for emergency services on CAG-only cell could be allowed based on operator's preference
To support CGI reporting for CAGs/SNPNs, the new list also needs to be added to the CGI report.
[bookmark: _Toc24052150]A UE supporting SNPN or CAG shall also report the npn-IdentityInfoList in the CGI report.
2.4	Proximity indication
The proximity indication was introduced in LTE CSG to facilitate handovers from public macro cells to CSG cells. When proximity indication is enabled by the network the UE will send a proximity indication whenever it is entering or leaving the proximity of one or more CSG member cells. The network can then configure the UE to provide measurements for the CSG frequency so that the UE can be handed over to the CSG cell.
The proximity indication is closely related to autonomous cell search which is another LTE CSG feature. Autonomous cell search is based on that the UE stores the location and frequency of previously visited CSG cells. The location could be the identity of nearby macro cells at the moment when the UE is camping on a member CSG cell, or it could be more accurate location information, such as the GPS coordinates of the CSG cells. Based on the stored location information, the UE knows when it is close to a CSG cell and can activate the CSG cell search.
In the last meeting it was agreed that autonomous cell search will also be supported for CAG but the support for proximity indication was left FFS. For SNPN, it was agreed that neither autonomous cell search nor proximity indication will be supported.

Agreements:
1. no new mechanism is introduced to handle the priority of a frequency layer of a CAG cell on which the UE is camped (beyond what cellReselectionPriority provides in SIB4 and in RRCRelease).
2. the UE can optionally implement an autonomous search function of CAG cells. FFS on the relationship with dedicated priorities. 
3. reserving a PCI range for CAG cells is purely a deployment issue (does not need to be reflected in the spec)
4. the PCI list of CAG cells can optionally be signalled to UEs. FFS on details of the list
5. FFS whether proximity indication in CONNECTED mode is needed
6. no preliminary access check for CAG cells in CONNECTED mode. The Allowed CAG list is provided to the gNB by the AMF. 
7. no new mechanism is introduced to handle the priority of a frequency layer of an SNPN cell on which the UE is camped (beyond what cellReselectionPriority provides in SIB4 and in RRCRelease).
8. There is no autonomous search function of SNPN cells.
9. reserving a PCI range for SNPN cells is purely a deployment issue (does not need to be reflected in the spec)
10. FFS whether PCI range of SNPN cells can optionally be signalled to UEs. 
11. No proximity indication in CONNECTED mode is needed for SNPN.
12. no preliminary access check for SNPN cells in CONNECTED mode.

In order to trigger a handover from a public macro cell to a CAG cell the macro gNB needs to have established an Xn interface with the CAG gNB. When establishing the Xn interface the CAG gNB can provide information on e.g., supported CAG cells and frequencies. Hence, we can assume that the macro gNB is aware of any nearby CAG cells and their frequencies. This means that it is possible for the macro gNB to configure measurements on the CAG frequencies and to handover the UE to CAG cells without relying on proximity indications from the UE.
[bookmark: _Toc24052140]It can be assumed that the macro gNB is aware of any nearby CAG cells and hence it should also be possible for the gNB to configure measurements and handover the UE to CAG cells without relying on proximity indications from the UE.
During the online discussion in the previous meeting it was claimed that proximity indication can be used to resolve PCI confusion, i.e. to prevent that a UE is handed over to the wrong CAG cell when a public macro cell has two different neighbour CAG cells with equal PCI and frequency. This is illustrated in the figure below where CAG cell A and B have the same PCI and the UE is close to CAG cell B. As the proximity indication only indicates the frequency of the CAG cell and not the CGI, the macro gNB cannot know which cell to hand over the UE to even if the UE sent a proximity indication when it entered the coverage of CAG cell B. The only way the macro gNB can determine the handover target is to request the UE to report the CGI for PCI = 10 using the CGI reporting mechanism described in section 2.3.
[bookmark: _Toc24052141]It is not clear how the proximity indication can help to resolve PCI confusion since the proximity indication only indicates the frequency of the CAG cell and not the CGI.

[image: ]
Figure 1 PCI confusion

Considering the above we propose:
[bookmark: _Toc24052151]No proximity indication procedure is introduced for CAG cells.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	It can be assumed that the macro gNB is aware of any nearby CAG cells and hence it should also be possible for the gNB to configure measurements and handover the UE to CAG cells without relying on proximity indications from the UE.
Observation 2	It is not clear how the proximity indication can help to resolve PCI confusion since the proximity indication only indicates the frequency of the CAG cell and not the CGI.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A generalized network index is included in the selectedPLMN-Identity field in the RRC setup complete message to indicate the selected network at connection setup.
Proposal 2	The network index used for CAGs only indicates the PLMN but the not the specific CAG ID.
Proposal 3	The generalized network index is also included in the selectedPLMN-Identity field in the RRC resume complete message to indicate the selected network at connection resume.
Proposal 4	RAN2 to discuss if an additional indication is needed in the RRC connection setup complete/RRC resume complete to determine if the UE is a public or CAG UE.
Proposal 1	Send an LS reply to SA3 indicating that RAN2 is ok to not include CAG ID in unprotected RRC signalling.
Proposal 2	The SNPN ID should be possible to include in the registeredAMF field in the RRC connection setup complete message.
Proposal 3	A UE supporting SNPN or CAG shall also report the npn-IdentityInfoList in the CGI report.
Proposal 4	No proximity indication procedure is introduced for CAG cells.
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