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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: network indexing, the transfer of NPN ID in MSG5, handover scenarios with NPN involved, and measurements for NPN (including ANR and proximity indication).
2 Discussion
2.1 Network indexing and transfer of network index in MSG5
In #107 meeting, RAN2 agreed to support network sharing and allowed at most 12 networks (including PLMN, SNPN, CAG).
4
If “mixed” network sharing is allowed (i.e. a cell can contain both PLMNs and NPNs), the total number of networks indicated in SIB1 (i.e. #PLMN + #SNPN + #PNI-NPN) shall not exceed 12.

In RAN2 #108, the following agreements on the transmission of CAG ID and NID were agreed.
Agreements:

1. From RAN2 point of view there is no requirement for CAG ID to be included in RRC signalling at RRC connection establishment.

2. For SNPN, include the SNPN ID in the RRCSetupComplete message. Stage 3 detalls are FFS

3. For SNPN, there is no need to include SNPN ID in the RRCResumeComplete message since the UE context is known to the network.

4. Send a LS to SA3 with Agreement#1 with SA2 and RAN3 in To.

In the current TS 38.331, selected PLMN is mandatorily included in RRCSetupComplete message, in the form of PLMN index. It is reasonable for SNPN ID to mimic the ASN.1 design of PLMN ID, i.e., also in the form of network index.
Since RAN sharing is supported, RAN2 first needs to define the network indexing mechanism for PN-NPN mixed cells. According to the email discussion [108#37][PRN] RRC Running CR (Nokia), PLMN list is placed before NPN list, therefore it is natural for PLMNs to use the legacy indexing style and NPNs are indexed straight after. This way, R15 UEs are not affected. Besides, RAN2 does not need a new IE for NPN index in MSG5, the current selectedPLMN-Identity is reused instead.
Each SNPN can be considered as a separate network and can have its own index. However, for CAGs, we think there are two possible solutions:

· Option 1: CAG is considered as a separate network when indexing.
For instance, in the following table, CAG 1/2/3 are indexed as network #7, #8, #9 respectively, and CAG 1 and CAG 2 are deployed by the same PLMN.
However, for security reasons, RAN2 has agreed that CAG ID is not included in MSG5. So if this solution is adopted, RAN2 needs to clarify that when including the selected network in MSG5, UE only considers the PLMN part (i.e. in this case, UE can report whichever of #7 and #8 for CAG 1/2) and the gNB only detects the PLMN part of the network index).
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· Option 2: CAG is not considered as a separate network when indexing. The public list (legacy list) index values are reused if same PLMN occur together with CAG IDs in the NPN list.
Take the following table as an example, PLMN 5 appears in the PLMN list (index #3) and “PLMN 5+CAG 1”, “PLMN5+CAG 2” appear in the NPN list. Then all of the abovementioned networks are considered as index #3. 
[image: image2.emf]Reported Network Index in MSG5 Network Index PLMN ID NID-List CAG-List Cell ID

#1 #1 PLMN 1 Cell Identity 1

#2 #2 PLMN 4 Cell Identity 2

#3 #3 PLMN 5 Cell Identity 3

#4, #5 #4, #5 PLMN 2 NID 1, NID 2 Cell Identity 4

#6 #6 PLMN 4 NID 3 Cell Identity 5

#3 #3 PLMN 5 CAG 1, CAG 2Cell Identity 6

#7 #7 PLMN 3 CAG 3 Cell Identity 7

PLMN List

NPN List


However, if this solution is adopted, another indication is needed in MSG5 to tell the gNB whether the UE is accessing through PLMN or CAG. The reason is as follows:

As agreed in R3-197776 [9], the gNB transmits the supported CAG List of the selected PLMN of the selected cell via the Initial UE Message to AMF for further admission control. However, there is no need for the gNB to transmit the supported CAG List to AMF when the UE (e.g., PLMN UE) is not requesting to access via CAG cell. 
Based on the above analysis, we would like to give the following proposal:
Proposal 1: RAN2 to discuss the following network indexing mechanism:
· Option 1: CAG is considered as a separate network when indexing. When including the selected network in MSG5, UE only considers the PLMN part.

· Option 2: CAG is not considered as a separate network when indexing. The public list (legacy list) index values are reused if same PLMN occur together with CAG IDs in the NPN list. An indication is added to MSG5 to inform the gNB whether UE is accessing via PLMN or CAG.
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 1: 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 1, 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 2: 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:
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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 3: 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 2: 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 3: 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 3: 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.
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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.
To let NG-RAN know the UE capability on Proximity Indication in order to configures the UE with proximity indication control, new UE capability elements on NPN can be introduced, e.g., CAG intraFreq proximity indication, and CAG interFreq proximity indication.
Proposal 4: UE reports Proximity Indication capability on PNI-NPN in UECapabilityInformation message.
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: 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 2: The NG-RAN cannot always know the up-to-date information (e.g. the location and frequencies) of the neighbour CAG cells.
Observation 3: Proximity Indication is beneficial in terms of ANR and reducing unnecessary measurement.

Proposal 1: RAN2 to discuss the following network indexing mechanism:
· Option 1: CAG is considered as a separate network when indexing. When including the selected network in MSG5, UE only considers the PLMN part.

· Option 2: CAG is not considered as a separate network when indexing. The public list (legacy list) index values are reused if same PLMN occur together with CAG IDs in the NPN list. An indication is added to MSG5 to inform the gNB whether UE is accessing via PLMN or CAG.
Proposal 2: 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 3: The current measurement configuration and reporting procedures of ANR can be extended to include NPN information.
Proposal 3: The UE provides Proximity Indication to the NG-RAN to notify that it is approaching or leaving one or more CAG cells.
Proposal 4: UE reports Proximity Indication capability on PNI-NPN in UECapabilityInformation message.
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