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Introduction
[bookmark: _GoBack]In the RAN2 meeting #107bis, the discussion on the PCI Range for NPN was held with the following highlighted agreements: 
	Agreements in RAN2 meeting #107bis:

· 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).
· the UE can optionally implement an autonomous search function of CAG cells. FFS on the relationship with dedicated priorities. 
· reserving a PCI range for CAG cells is purely a deployment issue (does not need to be reflected in the spec)
· the PCI list of CAG cells can optionally be signalled to UEs. FFS on details of the list
· FFS whether proximity indication in CONNECTED mode is needed
· no preliminary access check for CAG cells in CONNECTED mode. The Allowed CAG list is provided to the gNB by the AMF. 
· 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 no autonomous search function of SNPN cells.
· reserving a PCI range for SNPN cells is purely a deployment issue (does not need to be reflected in the spec)
· FFS whether PCI range of SNPN cells can optionally be signalled to UEs. 
· No proximity indication in CONNECTED mode is needed for SNPN.
· no preliminary access check for SNPN cells in CONNECTED mode.



According to above agreements, it can observed that there is no final conclusion on the PCI list of CAG cells and SNPN cells. In the running CR for 38.304, it is still noted in section 5.2.4.6	Intra-frequency and equal priority inter-frequency Cell Reselection criteria that:
 Editor’s note: The above text may need to be updated to reflect any agreed details of PCI list of CAG cells.
Therefore, in this contribution, we would like to discuss the remaining issues on the PCI list of CAG cells and SNPN cells.
Discussion 
In previous RAN2 meetings, considering there will bring more UE measurement actions and increase more power consumption for supporting autonomous search function for CAG UEs than that of regular UE cell selection and measurement, PCI range reservation for CAG cells is agreed as optional information to be signalled to the UEs to reduce the work load of autonomous search and relevant measurement and FFS on details of the list. And it is still FFS whether PCI range of SNPN cells can optionally be signalled to UEs.
There is still no consensus on whether autonomous search function was not supported in SNPN or not, since autonomous search function was not supported in SNPN. However, another benefit of the PCI range list is to achieve the measurement-related efficiency for non-RPN capable UE. Hence, it is benefit to apply the PCI range list to SNPN cells as well. And some companies argued that the white/black list defined in NR cell selection/re-selection and measurement control information for public and NR-U cells selection/re-selection and measurement can be reused for RPN cells. However, as listed in the following Table 1, the types of NPN cell is more than one, which is different from CSG cell, this will increase the design complexity of the white/black list signalling for RPN cells. On the other hand, in LTE and UMTS, it is specified that  the received PCI/PSC split information applies if less than 24 hours has elapsed since it was received and the UE is camped on a cell of the same primary PLMN where this field was received. The 3 hour validity restriction on black cell list does not apply to this field. Firstly it seems reasonable to reuse such kind of valid time information. Secondly, considering the different validity duration between the PCI range list for CAG/SNPN cells and the white/black cell list, it is preferred to use a separate PCI range list for CAG/SNPN cells to reduce the impact on current signalling.
Proposal 1: It is proposed that the PCI range of SNPN cells should optionally be signalled to UEs as well. 
Proposal 2: it is reasonable to the validity duration information of received PCI/PSC split information in LTE/UMTS to the CAG/SNPN in NR.
Proposal 3: it is preferred to use a separate PCI range list for CAG/SNPN cells, rather than black/white cell list to reduce the impact on current signalling.
Then if proposal 1 is adopted, as specified in TS 23.501, although some PLMN IDs reserved for use by private networks is used for non-public networks, e.g. based on mobile country code (MCC) 999 as assigned by ITU, a PLMN operator can still use its own PLMN IDs for SNPN(s) along with NID(s). This means it is possible that SNPN cells, CAG cells and public cells is mixed deployed in a frequency of a PLMN. Without doubt, this depends on the CAG cells and SNPN cells deployment strategy of operators, e.g. it is possible only one type of SNPN cell deployed per PLMN. However, from specification point of view, the design of signalling is expected to be flexible to support all allowed use cases. Hence, for the RPN, there would be the following different alternatives:
	Frequency a
	List of PCI range of RPN: 
PCI m, PCI m+1, …PCI m+k1;
PCI m+k2, PCI m+k2+1, …PCI m+k3;



Alternative 1.  The PCI list contain one or a list of PCI range of RPN (mixed the CAG Cells and SNPN Cells )for a PLMN;

Alternative 2. The PCI list contain one or a list of PCI range of CAG Cells and SNPN Cells for a PLMN respectively.
	Frequency a
	List of PCI range of CAG Cells: PCI m, PCI m+1, …PCI m+k1;

	
	List of PCI range of SNPN Cells: PCI m, PCI m+1, …PCI m+k1;



Alternative 3. The PCI list contain one or a list of PCI range of CAG Cells combined with CAG ID and SNPN Cells with SNPN ID for a PLMN;
	Frequency a
	List of PCI range of CAG Cell 1: PCI m, PCI m+1;

	
	List of PCI range of CAG Cell 2: PCI m+2, PCI m+1, …PCI m+k1;

	
	List of PCI range of CAG Cell 3: PCI m+k1;

	
	…….

	
	List of PCI range of SNPN Cell 1: PCI m+k2;

	
	List of PCI range of SNPN Cell 2: PCI m+k2+1, PCI m+k2+2;

	
	…….











How to choose a suitable alternative, the benefits and motivation of supporting PCI list information needs to be clarified firstly. Actually, there are two benefits of signalling the information PCI range reservation for PRN to the UEs:
Benefit 1. Measurement-related efficiency for non-RPN capable UE
a. Unnecessary measurement/evaluation of RPN cells for reselection can be avoided
b. Unnecessary attempt to camp on RPN cell is avoided
Benefit 2. Quick identification of RPN cell
a. PCI of a cell can be rapidly identified
Generally, aiming for the benefit 1, a relative simple PCI list is enough. If the benefit 1 is only for non-RPN capable UE to avoid measurement/evaluation of RPN cells, then alternative 1 is enough. But if the benefit 1 is for CAG-only UE/SNPN-only UE to ignore both public cell and SNPN cells/CAG cells, then a relative complex PCI list is needed, i.e. alternative 2. Then aiming for the benefit 2, more information in the PCI list more benefit will be achieved, e.g. alternative 3 in which the PCI list contains one or a list of PCI range of CAG Cells combined with CAG ID and SNPN Cells with SNPN ID for a PLMN. However, as listed in the following table, if the signalling is aimed to enabling the different types of the UE is quickly identify required types of the cells, the alternative 3 will bring far more signalling overhead and complex structure than other two alternatives. 
As defined in the TS 23.501, TS 38.300, TS 38.331, TS 38.304, there are the following types of cell and UE:
[bookmark: _Ref32298422]Table 1: List of Different Types of Cell and UE when RPN is deployed
	
	UE
	Cell

	SNPN
	An SNPN-enabled UE is configured with subscriber identifier (SUPI) and credentials for each subscribed SNPN identified by the combination of PLMN ID and NID.

	SNPN-only cell 

	
	UE in SNPN Access Mode: mode of operation whereby a UE only accesses SNPNs.
	SNPN Member Cell: for a UE, a cell broadcasting a PLMN and NID for which the UE has Subscription Permanent Identifier credentials (see TS 23.501 [3]).


	
	Non-SNPN UE
	

	
	Unauthorized SNPN UE to a SNPN-only cell
	

	CAG
	the CAG UE may be pre-configured or (re)configured with the following CAG information for every PLMN, included in the subscription as part of the Mobility Restrictions:
· an Allowed CAG list i.e. a list of CAG Identifiers the UE is allowed to access; and
· optionally, a CAG-only indication whether the UE is only allowed to access 5GS via CAG;
	CAG Cell: a cell broadcasting at least one Closed Access Group identity.

	
	non-CAG UE 
	CAG Member Cell: for a UE, a cell broadcasting the identity of the selected PLMN, registered PLMN or equivalent PLMN, and the cell broadcasts a CAG identifier belonging to the Allowed CAG list of the UE for that PLMN.

	
	unauthorized CAG UE to a CAG-only cell
	CAG-only cell: a cell providing access only to CAGs.



To sum up, it is proposed that:
Proposal 4:	The PCI list contain one or a list of PCI range of RPN (mixed the CAG Cells and SNPN Cells) for a PLMN. 
On the other hand, a non-CAG/non-SNPN UE may ignore or not perform measurements of CAG/SNPN cells identified by the PCI split/reservation information if no Member Cells are expected to be found in the neighbourhood. As specified in LTE, in order to indicate the PCI range reserved for CSG deployment on that frequency, PCI list was present in SIB4, which contains neighbouring cell related information relevant only for intra-frequency cell re-selection. And in UMTS, CSG PSC Split Information was present in either SIB 3 or SIB 11bis. This information is optional for non-CSG cells and mandatory for CSG cells (UMTS and LTE). Additionally, since it is in a high possibility that the operators will deploy the RPN for factory or campus on a dedicated frequency, it will bring above 2 benefits in a low cost of signalling if a dedicated RPN frequency list to specify the frequencies dedicated for RPN cells only, which was already defined in UMTS for CSG.
Proposal 5: this optional PCI list for CAG cells can be broadcasted by both public cell and privacy cell.
Proposal 6: it is proposed to reuse the dedicated CSG frequency list for specifying the frequencies dedicated for RPN cells only.
On the other hand, considering to the two types of RPN cells and to provide the flexibility for operator deploying the RPN cells, it is prefer to introduce multiple PCI list for RPN cells. Or else all the RPN cells need to be deployed in a consecutive PCI number, which brings strict limitation.
Proposal 7: it is proposed to introduce multiple PCI list.
In previous RAN3#105 meeting, the following agreements were reached:
	1. Indicate in the mobility restriction list the UE supported list of CAG IDs per plmn
2. Indicate in the mobility restriction list the CAG-only indication per plmn (i.e. allowance of CAG UE to access non-CAG cells)
3. At mobility, we assume that source NG-RAN node knows the list of CAG IDs supported by the candidate target cells
4. At mobility, target RAN shall fail the handover if UE allowed CAG list does not match any of target cell supported list of CAG IDs (assuming target cell is a CAG cell)



This means the source gNB has a full picture of the list of CAG IDs supported by the neighbour target cells. Since the information of MeasObject is carried via unicast RRC signalling, then PCI reservation list can only include the received UE authorized CAG cells and/or SNPN cells, rather than all RPN cells per frequency per PLMN, especially for UEs operating in SNPN access mode only select cells and networks broadcasting both PLMN ID and NID of the selected SNPN, i.e. SNPN doesn’t support the mobility between public cells and SNPN cells. Based on this, for connected UE, in addition to the measurement rules specified in TS 38.331 for triggering intra-frequency and inter-frequency measurements, if PCI reservation is applied, a UE may ignore or not perform measurements of RPN cells identified by the PCI split information indicated in MeasObject if no authorized RPN Cells are expected to be found in the neighbourhood. 
Proposal 8: if PCI reservation is applied, a UE may ignore or not perform measurements of CAG cells identified by the PCI split information indicated in MeasObject if no authorized CAG Cells are expected to be found in the neighbourhood. 
Conclusion
Proposal 1: It is proposed that the PCI range of SNPN cells should optionally be signalled to UEs as well. 
Proposal 2: it is reasonable to the validity duration information of received PCI/PSC split information in LTE/UMTS to the CAG/SNPN in NR.
Proposal 3: it is preferred to use a separate PCI range list for CAG/SNPN cells, rather than black/white cell list to reduce the impact on current signalling.
Proposal 4:	The PCI list contain one or a list of PCI range of RPN (mixed the CAG Cells and SNPN Cells) for a PLMN. 
Proposal 5: this optional PCI list for CAG cells can be broadcasted by both public cell and privacy cell.
Proposal 6: it is proposed to reuse the dedicated CSG frequency list for specifying the frequencies dedicated for RPN cells only.
Proposal 7: it is proposed to introduce multiple PCI list.
Proposal 8: if PCI reservation is applied, a UE may ignore or not perform measurements of CAG cells identified by the PCI split information indicated in MeasObject if no authorized CAG Cells are expected to be found in the neighbourhood. 
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