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Introduction
RAN2 has received an LS from SA2 [1] describing new solutions for Non-Public Networks and requesting RAN2 to address these features and standardize related functionality.
The TR from SA2 is 23.734, also appended to the LS.
SA2 states: 
SA2 has been studying support of Vertical and LAN Services (FS_Vertical_LAN) for Release 16. One objective of this study is to identify 5GS enhancements to support non-public networks (NPN). SA2 has concluded to select solutions #1 and #2 from TR 23.734 to enable non-public networks. 

SA2 would like to inform RAN working groups that SA2 has agreed a work item to specify the functionality of solution #1 and #2 that have impact to RAN2 and RAN3 specifications. SA2 would therefore like to request RAN working groups to take this into account and specify the related RAN functionality.

This contribution addresses the LS. We also note that since the LS was sent, there has been further development (two endorsed CR’s from SA2 #130 [2], [3]) and there is now a later version of the TR available [4]. We try to incorporate this recent development and propose questions / feedback to SA2. An associated LS is also submitted [5].
[bookmark: _Ref178064866]Discussion
As stated in the LS, SA2 propose to progress two solutions for enabling non-public networks. In the TR referred to as solution #1 and solution #2. In the following, we indicate them as:
Solution #1 – Stand-Alone solution – or SNPN for short
Solution #2 – Closed Access Group – or CAG for short
SNPN
Our understanding of the SNPN solution is that it targets networks that are not relying on any network functions of a public network, a public PLMN. 
From the TR, we learn that it is expected from NG-RAN that it provides additional system information, as listed in the table below:

	[bookmark: _Toc966809]Additional SI to support SNPN (according to 23.734)

	PLMN ID
	consisting of MCC 999 (assigned by ITU for private networks [14]) and an MNC defined by 3GPP to identify the cell as part of a non-public network

	cellReservedForOtherUse
	(to prevent non supporting UEs from accessing the cell; see also TS 38.304 [8]). UEs that support non-public networks consider a cell that broadcasts both the cellReservedForOtherUse and the non-public network indication as not barred.


	NPN-ID
	List of NPN-IDs identifying the non-public networks the cell provides access to

	HRN
	(Optional) Human-readable network name (per NPN-ID)




In a note in the TR, it is stated: 
NOTE 2:	Which MNC to use for non-public networks is up to Stage 3 to define. Whether the full PLMN ID identifying non-public networks needs to be broadcasted or whether this can be further optimized in SIB is up to RAN2 and CT1 to decide.
On this statement and from a broadcast perspective, RAN 2 would need further information on uniqueness of MNC to be able to judge if the MCC also needs to be broadcast.
[bookmark: _Toc966810][bookmark: _Toc966860][bookmark: _Toc966905][bookmark: _Toc967420][bookmark: _Toc967446][bookmark: _Toc967468][bookmark: _Toc974692][bookmark: _Toc1058342][bookmark: _Toc1071243]Include in an LS response to SA2 (CT1, RAN3), that RAN2 expect further information on selection of MNC and uniqueness thereof, to judge whether further SIB optimization would be possible.
One of the endorsed SA2 contributions in SA2 #130 include the following text proposal to 23.501: 
“The NID shall support two assignment models:
-	Locally managed NIDs are assumed to be chosen individually by SNPNs at deployment time (and may therefore not be unique in all scenarios)
-	Universally managed NIDs are managed by a central entity per region and are assumed to be globally unique.
NOTE 2:	It is assumed that the number space for universally managed NIDs supports indepedent NID assignment for different region, i.e. the locally managed NID number space is assumed to be split into regions.
NOTE 3:	Which legal entity manages the number space is beyond the scope of this specification.
An optional human-readable network name helps to identify an SNPN during manual network selection. 
”
[bookmark: _Hlk1070471]From this, it is our understanding that two aggregate SNPN IDs (combination of MCC, MNC, NID) can be identical but still not refer to the same non-public network. If this is the correct understanding, it seems difficult to guarantee that selection of SNPN will always work. There seems to be cases when the UE has a combination of MCC, MNC and NID in the list of allowed NIDs, but still may not be allowed in the network. Even though this may not be an issue from a RAN2-perspective, this relates to Non-Public Network Selection, it is worth pointing out that neither the automatic nor the manual PLMN selection would necessarily work without, e.g., trial-error situations. The manual selection may sometimes be helped by a broadcast HRN (when it reveals networks that are not allowed) but not always. A cheaper way to provide HRN information to the user in a manual selection scenario is to code it with the list of allowed NIDs in the UE. While this is not completely avoiding trial-error situations either, it is saving broadcast information resources. We propose that coding HRN information in the UE is preferable. RAN2 should request SA2 to discuss the alternative solution to store mapping in UE to get HRN information instead of broadcast.

[bookmark: _Toc966811][bookmark: _Toc966861][bookmark: _Toc966906][bookmark: _Toc967421][bookmark: _Toc967447][bookmark: _Toc967469][bookmark: _Toc974693][bookmark: _Toc1058343][bookmark: _Toc1071244]Include in an LS response to SA2 (CT1, RAN3), a request for clarification on if the locally managed NIDs can result in that the combination of MCC, MNC and NID is not necessarily uniquely identifying a specific Non-Public Network. Further ask SA2 to consider alternatives to broadcast HRN. One alternative is to store HRN-information together with allowed NID information in the UE. This does not guarantee that trial-error situations don’t occur, but it avoids broadcast.

One aspect that is not clear from the TR (or the SA2 #130 contributions referenced) is whether it would be allowed to use NPN ID together with a public PLMN ID and in that case, how the UE should understand such an indication NPN ID? In addition, it is not clear if, in a cell, there can be two or more PLMN ID’s that are associated with different or the same NPN ID? This is, again from a broadcast perspective, interesting to understand to RAN2.
It is proposed to request further information from SA2 on this topic, as it may affect how coding of NPN lists may be done, i.e., whether it needs to be connected to specific PLMN’s or not.
[bookmark: _Toc966812][bookmark: _Toc966862][bookmark: _Toc966907][bookmark: _Toc967422][bookmark: _Toc967448][bookmark: _Toc967470][bookmark: _Toc974694][bookmark: _Toc1058344][bookmark: _Toc1071245]Include in an LS response to SA2 (CT1, RAN3), that RAN2 need further information on:
[bookmark: _Toc966813][bookmark: _Toc966863][bookmark: _Toc966908][bookmark: _Toc967423][bookmark: _Toc967449][bookmark: _Toc967471][bookmark: _Toc974695][bookmark: _Toc1058345][bookmark: _Toc1071246]A) If an NPN ID can be associated with a public PLMN ID
[bookmark: _Toc966814][bookmark: _Toc966864][bookmark: _Toc966909][bookmark: _Toc967424][bookmark: _Toc967450][bookmark: _Toc967472][bookmark: _Toc974696][bookmark: _Toc1058346][bookmark: _Toc1071247]B) If, in the same cell, there can be an NPN ID that is associated with several PLMN ID.
[bookmark: _Toc966815][bookmark: _Toc966865][bookmark: _Toc966910][bookmark: _Toc967425][bookmark: _Toc967451][bookmark: _Toc967473][bookmark: _Toc974697][bookmark: _Toc1058347][bookmark: _Toc1071248]C) If, in the same cell, there can be several NPN ID’s, each associated with different PLMN ID’s.
It is further described by SA2 that the UE performs network selection between gNBs broadcasting different NPN-IDs. Our understanding is then that the selection of a specific SNPN is a non-AS procedure and that, in a similar way as for PLMN selection, from UE AS perspective, it is only requested that UE report detected NPN-IDs to UE NAS and then UE-NAS selects an NPN-ID.
If this is correct understanding, this would suggest that changes to TS 38.304 would only be needed to describe the additional information NPN-ID in relation to PLMN selection procedure. The procedures for cell selection and re-selection from Release 15 and public networks should work also for SNPN.
[bookmark: _Toc966793][bookmark: _Toc967418][bookmark: _Toc1058336][bookmark: _Toc1071240]Changes to 38.304 related to SNPN can be made such that PLMN selection instead becomes PLMN/NPN-ID selection. Then, cell selection/reselection procedures does not need to change.

[bookmark: _Toc974698][bookmark: _Toc1058348][bookmark: _Toc1071249][bookmark: _Toc966816][bookmark: _Toc966866][bookmark: _Toc966911][bookmark: _Toc967426][bookmark: _Toc967452][bookmark: _Toc967474]Include in an LS response to SA2 (CT1, RAN3), that it is RAN2 view that AS actions related to cell selection/reselection are not impacted. 

It is stated in an endorsed CR in SA2 #130 that: 
[bookmark: _Hlk536026089]When a UE performs Initial Registration to an SNPN, the UE shall indicate the selected NID and the corresponding PLMN ID to NG-RAN. NG-RAN shall inform the AMF of the selected PLMN ID and NID.5.X.2.5
It is our understanding that, from an NG-RAN perspective, also in this case it is the PLMN ID + NID (NPN ID) that replaces the PLMN ID. Thus, the UE should forward the selected PLMN ID and the NID in msg5. 
[bookmark: _Toc966795][bookmark: _Toc967419][bookmark: _Toc1058337][bookmark: _Toc1071241]UE’s should include PLMN ID and NID in msg5 in an initial registration procedure.

In NR Release 15, it is possible to assign different TACs and different cell Identities per PLMN. This has been introduced to avoid the necessity to coordinate identifiers among operators of different PLMNs sharing use of an NG-RAN node. Similarly, it is assumed that for the non-public network, SNPN, it should also support sharing scenarios and the possibility to assign specific TACs and Cell ID’s for each SNPN ID (MCC, MNC, NID)
[bookmark: _Toc966817][bookmark: _Toc966867][bookmark: _Toc966912][bookmark: _Toc967427][bookmark: _Toc967453][bookmark: _Toc967475][bookmark: _Toc974699][bookmark: _Toc1058349][bookmark: _Toc1071250][bookmark: _Toc966818][bookmark: _Toc966868][bookmark: _Toc966913][bookmark: _Toc967428][bookmark: _Toc967454][bookmark: _Toc967476][bookmark: _Toc974700][bookmark: _Toc1058350][bookmark: _Toc1071251]RAN2 should support separate Cell IDs and TAC’s per MCC, MNC, NID combinations (corresponding to PLMN ID)

To conclude, in our view, the SNPN-solution seem to have generally limited impact on NG-RAN node and RAN2 specifications and can be handled without definition and approval of a new SI/WI in RAN2. We propose this should be forwarded to RAN. 
[bookmark: _Toc967429][bookmark: _Toc967455][bookmark: _Toc967477][bookmark: _Toc974701][bookmark: _Toc1058351][bookmark: _Toc1071252][bookmark: _Toc966819][bookmark: _Toc966869][bookmark: _Toc966914][bookmark: _Toc967430][bookmark: _Toc967456][bookmark: _Toc967478][bookmark: _Toc974702][bookmark: _Toc1058352][bookmark: _Toc1071253]Include in an LS to RAN (SA2, CT1, RAN3) that RAN2 expect to handle necessary standardization to support SNPN without the need of an SI or WI.
CAG
Our understanding of the CAG solution is that it targets non-public networks that are part of or relying on public PLMN’s, i.e., a non-stand-alone non-public network.
The identity proposed is a CAG ID, i.e., a Closed Access Group ID. This ID uniquely identifies a closed access group in a PLMN. A human readable ID is also proposed. 
The TR describes additional broadcast information that is expected: 

	[bookmark: _Toc966820]Additional SI to support CAG (according to 23.734)

	CAG indication
	Identifying a cell as a Closed Access Group cell

	cellReservedForOtherUse
	(to prevent non-supporting UEs from accessing the cell; see also TS 38.304 [8]). UEs that support non-public networks consider a cell that broadcasts both the cellReservedForOtherUse and the CAG indication as not barred.

	CAG ID
	An ID or possibly a list of ID’s per PLMN broadcast (see below)

	HRN
	(Optional) Human-readable network name 




From the TR it is unlcear if a cell should be allowed to be configured to belong to several CAGs. In SA2 #130 endorsed CR [3], the aspect of identifiers was expanded upon: 
“A CAG is identified by a CAG Identifier which is unique within the scope of a PLMN ID;
-	A CAG cell broadcasts a CAG Identifier per PLMN;
Editor's Note:	It is FFS whether it shall be possible to broadcast a list of CAG Identifiers per PLMN.
-	A CAG cell may in addition broadcast a human-readable network name per CAG Identifier:
NOTE:	The human-readable network name per CAG Identifier is only used for manual selection.”
This addition makes the complexity of the broadcast increase. This seems to be an FFS where further information is interesting to RAN2.
[bookmark: _Toc966821][bookmark: _Toc966870][bookmark: _Toc966915][bookmark: _Toc967431][bookmark: _Toc967457][bookmark: _Toc967479][bookmark: _Toc974703][bookmark: _Toc1058353][bookmark: _Toc1071254]Include in an LS response to SA2 (CT1, RAN3), that RAN2 is interested in conclusions on if it shall be possible to broadcast a list of CAG identifiers per PLMN
In connection to the SNPN, and in particular for manual selection an explanation to including a HRN in broadcast was related to that there may not be uniqueness among the SNPN codes globally and sometimes a HRN would be the necessary support to manually select an intended network. This is, e.g., to compare with a Wi-Fi style of selecting a network based on a name that becomes visible on the screen. However for a CAG solution, which seems to take place after network selection, it seems that if there is a unique identity then, this information should be possible to have in the UE and then it would not be necessary to broadcast. There is no manual cell selection and we suppose this is not being proposed by SA2 either. The interpretation of CAG ID here is a bit mixed in that in one sense seem to relate to cell re/selection, but in the sense of allowing manual selection, takes on more of the traditional network /PLMN view. Clarification on this topic is needed, and, in particular why a HRN is needed for the CAG solution.  
[bookmark: _Toc966822][bookmark: _Toc966871][bookmark: _Toc966916][bookmark: _Toc967432][bookmark: _Toc967458][bookmark: _Toc967480][bookmark: _Toc974704][bookmark: _Toc1058354][bookmark: _Toc1071255]Include in an LS response to SA2 (CT1, RAN3) a request for clarification on if a CAG can be used to identify more than one NPN within a PLMN? If the answer to that is no, then RAN2 propose to remove HRN broadcast for CAG solutions and keep the mapping between a CAG ID for a PLMN to a HRN in the UE.
It is stated in the endorsed CR [3] that there is an FFS whether to assume or require combined usage of network slicing with CAG as to identify the NPN. 
“Editor's Note:	 Whether to assume or require combined usage of network slicing with CAG as to identify the NPN is FFS.”
If there are further impacts on RAN from this FFS, these needs to be clarified by SA2. The FFS is unclear.
[bookmark: _Toc966823][bookmark: _Toc966872][bookmark: _Toc966917][bookmark: _Toc967433][bookmark: _Toc967459][bookmark: _Toc967481][bookmark: _Toc974705][bookmark: _Toc1058355][bookmark: _Toc1071256][bookmark: _Toc967434][bookmark: _Toc967460][bookmark: _Toc967482][bookmark: _Toc974706][bookmark: _Toc1058356][bookmark: _Toc1071257]Include in an LS response to SA2 (CT1, RAN3), a request for clarification on FFS of combining CAG and network slice.
It seems unclear from the description in the TR if the CAG ID at any point in time, after it has been selected and the UE NAS has, assumedly signalled to UE AS what ID is selected, if there is any other need to signal, from UE AS to UE NAS, any CAG information. If there is no need to signal the CAG to UE NAS from UE AS, then, the conclusion would be that the CAG ID is basically a cell re-selection matter. 
CAG ID may be a factor to consider for example in relation to PLMN selection. If there is one allowed PLMN that support the non-public network a user would be interested in, whereas there is another allowed PLMN that doesn’t support the NPN the user is interested in, it sounds as if any CAG ID information would be interesting also from a PLMN selection perspective.
[bookmark: _Toc966824][bookmark: _Toc966873][bookmark: _Toc966918][bookmark: _Toc967435][bookmark: _Toc967461][bookmark: _Toc967483][bookmark: _Toc974707][bookmark: _Toc1058357][bookmark: _Toc1071258][bookmark: _Toc966825][bookmark: _Toc966874][bookmark: _Toc966919][bookmark: _Toc967436][bookmark: _Toc967462][bookmark: _Toc967484][bookmark: _Toc974708][bookmark: _Toc1058358][bookmark: _Toc1071259]Include in an LS response to SA2 (CT1, RAN3), a request for clarification on if the CAG ID should, at any point in time be forwarded from UE AS to UE NAS, after a PLMN selection procedure or in connection to a PLMN selection procedure.
[bookmark: _Toc966826][bookmark: _Toc966875][bookmark: _Toc966920]In our understanding, there may be situations when a UE belonging to a CAG, in situations when it is to stay within the CAG and moving out of coverage of CAG-cells, cannot access through the non-CAG cells. In addition, there will be situations when a UE not belonging to a CAG is moving out of coverage of non-CAG cells, will not be able to access through a CAG cell. RAN2 should point out to SA2 to be aware of that these types of solutions risk, if not considered to create significant interference. The typical solution is to put the two different cell types on different frequency layers. Add that RAN2 does not expect to work on optimizations to avoid interference if on the same frequency. 
[bookmark: _Toc966827][bookmark: _Toc966876][bookmark: _Toc966921][bookmark: _Toc967437][bookmark: _Toc967463][bookmark: _Toc967485][bookmark: _Toc974709][bookmark: _Toc1058359][bookmark: _Toc1071260][bookmark: _Toc966828][bookmark: _Toc966877][bookmark: _Toc966922][bookmark: _Toc967438][bookmark: _Toc967464][bookmark: _Toc967486][bookmark: _Toc974710][bookmark: _Toc1058360][bookmark: _Toc1071261][bookmark: _Toc966829][bookmark: _Toc966878][bookmark: _Toc966923][bookmark: _Toc967439][bookmark: _Toc967465][bookmark: _Toc967487][bookmark: _Toc974711][bookmark: _Toc1058361][bookmark: _Toc1071262]Feedback to SA2 that if CAG and non-CAG cells are put on the same frequency, traffic to respective cells may cause additional interference. RAN2 does not expect to work on optimizations for such situations. 

It is our view that there are generally many more open questions for the CAG solution that relates to RAN2, in that it seems closer connected to the cell selection rather than the PLMN selection for example. It is also not clear how many CAG’s per PLMN/cell that is intended and this in turn, impact the view on CAG uniqueness and HRN need etc. The SNPN solution seems, from a RAN2-perspective to be mainly about broadcast information and supporting new “network formats”.
In this contribution we have obviously not brought up issues related to RAN3- aspects, e.g.,like communication with AMF, Mobility Restriction lists etc, these are for RAN3 to assess. We think however that RAN2 should discuss if it seems feasible to provide standardization support for a CAG solution without definition of an SI/WI from a RAN2 perspective.
[bookmark: _Toc966830][bookmark: _Toc966879][bookmark: _Toc966924][bookmark: _Toc967440][bookmark: _Toc967466][bookmark: _Toc967488][bookmark: _Toc974712][bookmark: _Toc1058362][bookmark: _Toc1071263]RAN2 should discuss whether it is feasible to provide standardization support of a CAG solution without a separate SI/WI
[bookmark: _Toc1058363][bookmark: _Toc1071264]Include in an LS to RAN (SA2, CT1, RAN3) the conclusion of RAN2 discussion on whether there is a need for a WI or SI to proceed with standardization of a CAG solution
See related draft LS proposal in [5]
Conclusion
In section 2 we made the following observations:
Observation 1	Changes to 38.304 related to SNPN can be made such that PLMN selection instead becomes PLMN/NPN-ID selection. Then, cell selection/reselection procedures does not need to change.
Observation 2	UE’s should include PLMN ID and NID in msg5 in an initial registration procedure.

Based on the discussion in section 2 we propose the following:
Proposal 1	Include in an LS response to SA2 (CT1, RAN3), that RAN2 expect further information on selection of MNC and uniqueness thereof, to judge whether further SIB optimization would be possible.
[bookmark: _GoBack]Proposal 2	Include in an LS response to SA2 (CT1, RAN3), a request for clarification on if the locally managed NIDs can result in that the combination of MCC, MNC and NID is not necessarily uniquely identifying a specific Non-Public Network. Further ask SA2 to consider alternatives to broadcast HRN. One alternative is to store HRN-information together with allowed NID information in the UE. This does not guarantee that trial-error situations don’t occur, but it avoids broadcast.
Proposal 3	Include in an LS response to SA2 (CT1, RAN3), that RAN2 need further information on:
A) If an NPN ID can be associated with a public PLMN ID
B) If, in the same cell, there can be an NPN ID that is associated with several PLMN ID.
C) If, in the same cell, there can be several NPN ID’s, each associated with different PLMN ID’s.
Proposal 4	Include in an LS response to SA2 (CT1, RAN3), that it is RAN2 view that AS actions related to cell selection/reselection are not impacted.
Proposal 5	RAN2 should support separate Cell IDs and TAC’s per MCC, MNC, NID combinations (corresponding to PLMN ID)
Proposal 6	Include in an LS to RAN (SA2, CT1, RAN3) that RAN2 expect to handle necessary standardization to support SNPN without the need of an SI.
Proposal 7	Include in an LS response to SA2 (CT1, RAN3), that RAN2 is interested in conclusions on if it shall be possible to broadcast a list of CAG identifiers per PLMN
Proposal 8	Include in an LS response to SA2 (CT1, RAN3) a request for clarification on if a CAG can be used to identify more than one NPN within a PLMN? If the answer to that is no, then RAN2 propose to remove HRN broadcast for CAG solutions and keep the mapping between a CAG ID for a PLMN to a HRN in the UE.

Proposal 9	Include in an LS response to SA2 (CT1, RAN3), a request for clarification on FFS of combining CAG and network slice.

Proposal 10	Include in an LS response to SA2 (CT1, RAN3), a request for clarification on if the CAG ID should, at any point in time be forwarded from UE AS to UE NAS, after a PLMN selection procedure or in connection to a PLMN selection procedure.
Proposal 11	Feedback to SA2 that if CAG and non-CAG cells are put on the same frequency, traffic to respective cells may cause additional interference. RAN2 does not expect to work on optimizations for such situations.
Proposal 12	RAN2 should discuss whether it is feasible to provide standardization support of a CAG solution without a separate SI/WI
Proposal 13	Include in an LS to RAN (SA2, CT1, RAN3) the conclusion of RAN2 discussion on whether there is a need for a WI or SI to proceed with standardization of a CAG solution
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