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1 Introduction
In this contribution, we would like to discuss the remaining issues on Idle/Inactive mode procedures for Non-Public Network (NPN).
2 Discussion
2.1 Frequency and PCI issue for NPN

2.1.1 Reserving a PCI range for NPN

Whether to reserve frequency and PCI depends on network deployment. In this part, we would like to discuss reserving PCI for NPN.

In RAN#107 bis meeting, it was agreed that:

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
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.
If the network reserves a PCI range for CAG or SNPN cells, such PCI range should be signalled to UE for reducing unnecessary measurements. In TS 36.331, the reserved PCIs are broadcasted in the form of a PCI range:
SystemInformationBlockType4 information element
-- ASN1START

SystemInformationBlockType4 ::=

SEQUENCE {


intraFreqNeighCellList



IntraFreqNeighCellList

OPTIONAL,
-- Need OR


intraFreqBlackCellList



IntraFreqBlackCellList



OPTIONAL,
-- Need OR


csg-PhysCellIdRange




PhysCellIdRange



OPTIONAL,
-- Cond CSG


...,


lateNonCriticalExtension



OCTET STRING



OPTIONAL,


[[
intraFreqNeighHSDN-CellList-r15

IntraFreqNeighHSDN-CellList-r15
OPTIONAL
-- Need OR


]]

}

However, considering that PCIs reserved for CAG may not be contiguous, a list of PCI ranges is preferred, which is similar to the blacklisted cell ranges in SIB3 and SIB4 in TS 38.331:

IntraFreqBlackCellList ::=          SEQUENCE (SIZE (1..maxCellBlack)) OF PCI-Range
InterFreqBlackCellList ::=          SEQUENCE (SIZE (1..maxCellBlack)) OF PCI-Range
PCI-Range ::=                       SEQUENCE {

    start                               PhysCellId,

    range                               ENUMERATED {n4, n8, n12, n16, n24, n32, n48, n64, n84,

                                                    n96, n128, n168, n252, n504, n1008,spare1}                  OPTIONAL    -- Need S

}

The reserved PCI list for NPN could be included in some SIB (e.g. SIB4) and broadcasted to IDLE/INACTIVE UEs or sent in RRC message requested by UEs as On-demand SI. Besides the PCI range list, the related CAG ID should be included in the SIB or RRC message. The SNPN ID should not be included since the mobility is only supported within the SNPN cells with the same SNPN ID.
For the CONNECTED UEs, the network could include the reserved PCIs in measurement configuration in RRCReconfiguration message.
Based on the above analysis, we’d like to give the following proposals:

Proposal 1a: The PCI range list of current SNPN ID can be signalled to UEs.

Proposal 1b: Both the PCI range list and related CAG ID can be signalled to UEs.
2.1.2 Frequency priority of autonomous search for CAG
The priority of frequency for NPN was discussed in some papers. In RAN#107 bis meeting, it was agreed that:
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).

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).

There is a remaining issue to be discussed:

2.
the UE can optionally implement an autonomous search function of CAG cells. FFS on the relationship with dedicated priorities.
Since there is no autonomous search function of SNPN cells, here we only consider CAG deployments.
It is captured in TS 36.304 that for autonomous search function, when and where to search is based on UE implementation:

	NOTE:
The UE autonomous search function, per UE implementation, determines when and/or where to search for CSG member cells.


which is in line with the agreement from RAN2 #107bis.
Moreover, in TS 36.304, cell selection/reselection for CSG is differentiated from normal cell selection/reselection process and there are separate sections addressing the cell selection/reselection issues for CSG (e.g. 5.2.4.8 Cell reselection with CSG cells, 5.2.3.3 CSG cells and Hybrid cells in Cell Selection). The following is excerpted from 5.2.4.8.1 Cell reselection from a non-CSG cell to a CSG cell, which uses the term “normal cell reselection” to differentiate from the cell reselection with CSG involved:

	5.2.4.8.1
Cell reselection from a non-CSG cell to a CSG cell

In addition to normal cell reselection, the UE shall use an autonomous search function to detect at least previously visited CSG member cells on non-serving frequencies, including inter-RAT frequencies, according to the performance requirements specified in TS 36.133 [10], when at least one CSG ID with associated PLMN identity is included in the UE's CSG whitelist. The UE may also use autonomous search on the serving frequency. The UE shall disable the autonomous search function for CSG cells if the UE's CSG whitelist is empty.


Therefore, in our understanding, the autonomous search for CAG cells can be left to UE implementation, and cell selection/reselection towards CAG cells are not totally incorporated into the normal cell selection/reselection mechanism. As a result, there is no conflict between autonomous search and frequency priority, when and where to perform autonomous search can be left to UE implementation.
Proposal 2: Similar to LTE, when and/or where to perform autonomous search is left to UE implementation, which does not contradict dedicated priority mechanism.
2.2 Access control for SNPN
As described in TS 23.501[2], in order to prevent access to SNPNs for authorized UE(s) in case of network congestion/overload, Unified Access Control information is configured per non-public network (i.e. as part of the subscription information that the UE has for a given non-public network). To identify an SNPN cell, both PLMN ID and SNPN ID are broadcast. Currently, the Rel-15 UAC is configured in the granularity of PLMN(s). This cannot distinguish the access of different SNPN IDs. To control the access of UEs from multiple SNPNs better, it is desirable to consider the SNPN specific access control. 
As for the detailed solutions on the introduction of SNPN based UAC, here are two possible options:

Option 1: SNPN ID based UAC, independent from PLMN ID based UAC

In this way, separate SNPN ID based UAC is introduced. When operating in SNPN mode, the UE performs access barring check for an access attempt at least based on the SNPN ID based UAC. The public UEs will perform the access barring check based on the legacy PLMN ID based UAC while the SNPN UEs performs the access barring check based on the corresponding SNPN ID based UAC and ignore the Rel-15 uac-BarringPerPLMN-List.
Besides, the SNPN UEs can perform access barring check based on both PLMN ID based UAC and SNPN ID based UAC. That is, the UAC for UEs operating in SNPN mode will be performed twice. If one of the UAC check fails (i.e. the UE is barred), the UE cannot access the NPN cell. The advantage of this solution is just to add a similar UAC mechanism specific to NPN cells and the current UAC mechanism for normal PLMN cells defined in TS 38.331 [3] remains unchanged. As shown in yellow part, e.g. uac-BarringPerNPN-List should be added in parallel to uac-BarringPerPLMN-List.
    uac-BarringInfo                     SEQUENCE {

        uac-BarringForCommon                UAC-BarringPerCatList    OPTIONAL,   -- Need S

        uac-BarringPerPLMN-List             UAC-BarringPerPLMN-List  OPTIONAL,   -- Need S



uac-BarringPerNPN-List              UAC-BarringPerNPN-List   OPTIONAL,   -- Need S
        uac-BarringInfoSetList              UAC-BarringInfoSetList,

        uac-AccessCategory1-SelectionAssistanceInfo CHOICE {

            plmnCommon                           UAC-AccessCategory1-SelectionAssistanceInfo,

            individualPLMNList                   SEQUENCE (SIZE (2..maxPLMN)) OF UAC-AccessCategory1-SelectionAssistanceInfo

        }          












 OPTIONAL    -- Need S

    }                                                                OPTIONAL,   -- Need R

Option 2: Integrated UAC with PLMN ID and SNPN ID 

In this way, the structure of the UAC related element uac-BarringPerPLMN-List as defined in TS 38.331[3] will be modified. The green part will be added after the plmn-IdentityIndex as part of the network ID. In this way, there is one set of UAC parameters for each SNPN network identified by PLMN ID and SNPN ID. The SNPN UE performs access barring check based on one set of UAC parameters of its PLMN ID and SNPN ID. The advantage is that only one UAC verification is needed.

UAC-BarringPerPLMN-List information element

-- ASN1START

-- TAG-UAC-BARRINGPERPLMN-LIST-START

UAC-BarringPerPLMN-List ::=         SEQUENCE (SIZE (1.. maxPLMN)) OF UAC-BarringPerPLMN

UAC-BarringPerPLMN ::=              SEQUENCE {

plmn-IdentityIndex                  INTEGER (1..maxPLMN),

npn-IdentityIndex          


INTEGER (1..maxNPN),
    uac-ACBarringListType               CHOICE{

        uac-ImplicitACBarringList           SEQUENCE (SIZE(maxAccessCat-1)) OF UAC-BarringInfoSetIndex,

        uac-ExplicitACBarringList           UAC-BarringPerCatList

    }                                                                                                     OPTIONAL     -- Need S

}

-- TAG-UAC-BARRINGPERPLMN-LIST-STOP

-- ASN1STOP

Proposal 3: RAN2 to consider the following two options for UAC of SNPN:

· Option 1: SNPN ID based UAC, independent from PLMN ID based UAC;

· Option 2: Integrated UAC with PLMN ID and SNPN ID.
2.3 Paging optimization for NPN

Currently, the TA list can include a list of TACs while the RNA is constituted by a list of cells, RANACs or TACs to support different area scopes. Both RANAC and TAC can cover a single or multiple cells. For the RNA configured in the form of cell list, the maximum number of the cells is 32. This will limit the indicated moving area for the inactive UE. To cover a larger area, RNA can be configured in forms of RANAC or TAC list, which is also helpful in reducing the signalling overhead in covering the same area compared with the cell list configuration.

The SNPN/CAG UEs can only camp on the related cells with subscription. For SNPN/CAG networks, the cell will broadcast the SNPN/CAG IDs to which the cell belongs. In this way, the SNPN/CAG UEs can read the SNPN/CAG ID in the system information, compare the received SNPN/CAG IDs with the configured ones and decide whether to camp on. 

On the other hand, in the SNPN/CAG network, it is possible that one SNPN/CAG ID will contain one or multiple cells. To some extent, the SNPN/CAG ID is similar to the TAC/RANAC. From this point of view, SNPN/CAG IDs can also be viewed as identifiers to identify one geographical area like RANAC and TAC. 

In the context of the above analysis, to identify the network and reduce the signalling overhead for SNPN/CAG UEs, it is expected to introduce SNPN/CAG ID in the TA list and RNA configuration, e.g. SNPN/CAG ID list as another alternative.
Proposal 4: SNPN/CAG IDs can be introduced as one option for TA list and RNA configurations.
In the previous meeting, it was discussed whether to include TAC, RANAC and cell ID fields in addition to PLMN-ID and NID or CAG ID. RAN2 agreed that the aforementioned fields are deployed per PLMN or per SNPN. Whether to apply different or unique values to the above fields between PLMN and NPNs can depend on network implementation. As one alternative assumption, the same identifier can be configured to include both PLMN and NPN cells. For UEs operating SNPN and CAG-only UEs, the paging area configuration, e.g. TA list or RNA, can naturally be applied to the SNPN or CAG networks. For the CAG capable UE with the CAG-only indication not set, the paging area configuration can generally include both CAG and PLMN cells. We believe that it makes sense for the network to flexibly configure the paging area with one kind of network, e.g. PLMNs or CAGs. Therefore, it is desirable to indicate the applicable networks for the configured paging area.

Proposal 5: For UEs supporting both PLMNs and CAGs, the TA list or RNA can be configured for PLMN-only, CAG-only and both.

As stated above, for the CAG capable UE without CAG-only indication, it can move between PLMN(s) and CAGs in the Allowed CAG list. In RAN2#107 meeting, it was agreed to support mixed network sharing, which can contain PLMN(s), SNPN(s) and CAG(s). For the CAG capable UE, if the paging area configuration includes both PN and CAG networks, it can camp on a mixed network if the broadcast PLMN and/or CAG ID match the supported ones. For example, the CAG capable UE supports both “PLMN#1” and “PLMN#2 + CAG ID#2”. If a mixed cell broadcast the above information, the UE can camp on it. When the DL data comes, the UE can receive the related paging. However, due to the support of both PLMN and CAG, the UE cannot figure out from which network the paging is sent. As discussed in section 2.3, the UAC for CAG will be based on operator-defined access categories. It is worth noting that the UE cannot select the right UAC parameter if it is not clear for the network of the paging. 

With the above in mind, we prefer to include one indication in paging message to inform UE of the network, which initiates the paging.

Proposal 6: Network type is indicated in the Paging message to indicate whether the Paging is sent by CAGs.
3 Conclusion
In this paper, we have discussed the idle and inactive mode procedures of Non-Public Network (NPN). We have the following proposals:
Proposal 1a: The PCI range list of current SNPN ID can be signalled to UEs.

Proposal 1b: Both the PCI range list and related CAG ID can be signalled to UEs.
Proposal 2: Similar to LTE, when and/or where to perform autonomous search is left to UE implementation, which does not contradict dedicated priority mechanism.
Proposal 3: RAN2 to consider the following two options for UAC of SNPN:

· Option 1: SNPN ID based UAC, independent from PLMN ID based UAC;

· Option 2: Integrated UAC with PLMN ID and SNPN ID.
Proposal 4: SNPN/CAG IDs can be introduced as one option for TA list and RNA configurations.
Proposal 5: For UEs supporting both PLMNs and CAGs, the TA list or RNA can be configured for PLMN-only, CAG-only and both.

Proposal 6: Network type is indicated in the Paging message to indicate whether the Paging is sent by CAGs.
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