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1	Introduction
This contribution discusses the support of emergency calls in NPN-only cells and in particular the handling of the cellReservedForOtherUse flag by Rel-16 UEs.
[bookmark: _Ref178064866]2	Discussion
In RAN2#107 it was agreed that emergency call is supported for Rel-16 UEs in CAG-only cells even if the UE does not support the CAG feature. The idea at the time was that the CAG-only cell would broadcast cellReservedForOtherUse=true which would bar the Rel-15 UEs while the Rel-16 UEs would realize that it is CAG-only cell and would be allowed to access the cell in limited service state. The Rel-16 would then register on one of the PLMNs in the NPN list when it places the emergency call.
Later on, in RAN2#108, it was agreed that emergency call is also supported for Rel-15 UEs in CAG-only cells. This is achieved by broadcasting cellReservedForOtherUse=false and including a dummy PLMN ID in the legacy PLMN list. The Rel-15 UE would then register on the dummy PLMN when it places the emergency call.
Given that the second solution of using a dummy PLMN ID works also for Rel-16 UEs it can be questioned whether the first solution of overriding the cellReservedForOtherUse flag is needed. The alternative would be to use the dummy PLMN ID solution to support emergency calls for both Rel-15 and Rel-16 UEs and only allow the CAG capable Rel-16 UEs to override the cellReservedForOtherUse flag.
[bookmark: _Toc32532145]There are currently two ways of supporting emergency calls for Rel-16 UEs in a CAG-only cell:
(1) [bookmark: _Toc32532146]by setting cellReservedForOtherUse=true and allowing the Rel-16 UEs to override this flag and access the PLMNs in the NPN list in limited service state; or 
(2) [bookmark: _Toc32532147]by setting cellReservedForOtherUse=false and broadcasting a dummy PLMN in the legacy PLMN list. 
The benefit of the dummy PLMN ID solution is that it works for all NR UEs independent of release and independent of whether the CAG feature is supported or not. It has a few drawbacks though:
· The UE may not realize that the PLMN ID is a dummy PLMN ID and may therefore try to access the PLMN for normal services. This can for example occur if the PLMN ID gets selected during automatic or manual PLMN selection. The issue can be addressed by adding the PLMN ID to the list of “forbidden PLMNs” in the UE but it is difficult/impossible to prevent the initial access attempt.

· If the UE accesses the cell in limited service state using the dummy PLMN ID, the VPLMN the UE gets routed to may not be able to authenticate the UE since this requires knowledge of the UE’s HPLMN and connectivity between the VPLMN and HPLMN. To increase the chances that the UE can be authenticated it may therefore be preferred if the UE prioritizes the HPLMN (or one of its EPLMNs) when accessing the cell rather than always selecting the dummy PLMN ID.


[bookmark: _Toc32532148]With the dummy PLMN ID solution there is a risk that the UE tries to access the cell for normal services and it is also more difficult to support authenticated emergency calls.
From a specification point of view, it is preferred if only a single solution for emergency calls in CAG-only cells is supported. However, given that the dummy PLMN ID solution has a few drawbacks we think this should be discussed in RAN2.
[bookmark: _Toc32532169]RAN2 to discuss if the dummy PLMN ID solution is sufficient to support emergency calls in CAG-only cells for both Rel-15 and Rel-16 UEs. If the answer is yes, Rel-16 UEs not supporting the CAG feature should treat the CAG-only cell as barred if cellReservedForOtherUse=true.
3	Text proposal for TS 38.304
The text proposal below shows the required changes to TS 38.304 if only CAG capable UEs and UEs operating in SNPN Access Mode should be allowed to override the cellReservedForOtherUse flag. The text proposal is written on top of the running CR for TS 38.304 discussed in [1] using the author name “Ericsson”.

START OF CHANGES
5.3.1	Cell status and cell reservations
Cell status and cell reservations are indicated in the MIB or SIB1 message as specified in TS 38.331 [3] by means of three fields:
-	cellBarred (IE type: "barred" or "not barred") 
Indicated in MIB message. In case of multiple PLMNs or NPNs indicated in SIB1, this field is common for all PLMNs and NPNs
-	cellReservedForOperatorUse (IE type: "reserved" or "not reserved") 
Indicated in SIB1 message. In case of multiple PLMNs or NPNs indicated in SIB1, this field is specified per PLMN or per SNPN.
[bookmark: _Hlk506409868]-	cellReservedForOtherUse (IE type: "true") 
Indicated in SIB1 message. In case of multiple PLMNs indicated in SIB1, this field is common for all PLMNs.
-	cellReservedForFutureUse (IE type: "true") 
Indicated in SIB1 message. In case of multiple PLMNs or NPNs indicated in SIB1, this field is common for all PLMNs and NPNs.
Editor’s note: The above text is based on working assumption that the cellReservedForFutureUse is cell specific. This editor’s note can be updated/removed as the working assumption evolves.
When cell status is indicated as "not barred" and "not reserved" for operator use and not "true" for other use and not true for future usecellReservedForFutureUse IE is not indicated as “true”,
-	All UEs shall treat this cell as candidate during the cell selection and cell reselection procedures.
When cell broadcasts any CAG IDs or NIDs and the cell status is indicated as "not barred" and "not reserved" for operator use and "true" for other use, and cellReservedForFutureUse IE is not indicated as “true”:
-	All UEs shall treat this cell as candidate during the cell selection and cell reselection procedures.
When cell status is indicated as "true" for other use and cell does not broadcast any CAG-IDs or NIDs,:
-	if the UE is operating in SNPN Access mode:
-	if the cell is not broadcasting any NIDs:
-	the UE shall treat this cell as if cell status is "barred".
-	else:
-	if the UE does not support CAG or the cell is not broadcasting any CAG IDs:
-	the UE shall treat this cell as if cell status is "barred".

-	The UE shall treat this cell as if cell status is "barred".
When cell status is indicated as “true” for future use cellReservedForFutureUse IE is indicated as “true”,
-	The UE shall treat this cell as if cell status is "barred".
When cell status is indicated as "true" for other use and cell does not broadcast any CAG-IDs and the UE is not operating in SNPN Access Mode,
-	The UE shall treat this cell as if cell status is "barred".
When cell status is indicated as "not barred" and "reserved" for operator use for any PLMN and not "true" for other use and cellReservedForFutureUse IE is not indicated as “true”,
[bookmark: _Hlk27488227]-	UEs assigned to Access Identity 11 or 15 operating in their HPLMN/EHPLMN shall treat this cell as candidate during the cell selection and reselection procedures if the field cellReservedForOperatorUse for that PLMN set to "reserved".
-	UEs assigned to Access Identity 11 or 15 shall treat this cell as candidate during the cell selection and reselection procedures if the field cellReservedForOperatorUse for selected/registered SNPN is set to "reserved".
-	UEs assigned to an Access Identity 0, 1, 2 and 12 to 14 shall behave as if the cell status is "barred" in case the cell is "reserved for operator use" for the registered PLMN/SNPN or the selected PLMN/SNPN.
NOTE 1:	Access Identities 11, 15 are only valid for use in the HPLMN/ EHPLMN; Access Identities 12, 13, 14 are only valid for use in the home country as specified in TS 22.261 [12].
When cell status "barred" is indicated or to be treated as if the cell status is "barred",
-	The UE is not permitted to select/reselect this cell, not even for emergency calls.
-	The UE shall select another cell according to the following rule:
-	If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the MIB:
-	the UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds.
-	the UE may select another cell on the same frequency if the selection criteria are fulfilled.
-	else:
-	If the cell is to be treated as if the cell status is "barred" due to being unable to acquire the SIB1 or due to trackingAreaCode being absent in SIB1 as specified in TS 38.331 [3]:
-	The UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds.
-	If the field intraFreqReselection in MIB message is set to "allowed", the UE may select another cell on the same frequency if re-selection criteria are fulfilled;
-	The UE shall exclude the barred cell as a candidate for cell selection/reselection for 300 seconds.
-	If the field intraFreqReselection in MIB message is set to "not allowed" the UE shall not re-select a cell on the same frequency as the barred cell;
-	The UE shall exclude the barred cell and the cells on the same frequency as a candidate for cell selection/reselection for 300 seconds.
The cell selection of another cell may also include a change of RAT.

END OF CHANGES

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	There are currently two ways of supporting emergency calls for Rel-16 UEs in a CAG-only cell:
(1)	by setting cellReservedForOtherUse=true and allowing the Rel-16 UEs to override this flag and access the PLMNs in the NPN list in limited service state; or
(2)	by setting cellReservedForOtherUse=false and broadcasting a dummy PLMN in the legacy PLMN list.
Observation 2	With the dummy PLMN ID solution there is a risk that the UE tries to access the cell for normal services and it is also more difficult to support authenticated emergency calls.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss if the dummy PLMN ID solution is sufficient to support emergency calls in CAG-only cells for both Rel-15 and Rel-16 UEs. If the answer is yes, Rel-16 UEs not supporting the CAG feature should treat the CAG-only cell as barred if cellReservedForOtherUse=true.
[bookmark: _In-sequence_SDU_delivery]
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A	Annex
Agreements from previous meetings which are related to emergency call support are highlighted in the sections below.
A.1	Agreements from RAN2#108 (Nov 2019)
Agreements:
1. Access attempts by Rel-15 UEs for emergency services on CAG cell could be allowed based on operator's preference
2. cellReservedForOtherUse is used to prevent Rel-15 UEs to access the cell.
3. 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)
Working assumption:
1. The new Rel-16 IE with a role similar to role of cellReservedForOtherUse for Rel-15 UEs is cell specific.


Agreements:
1.	At least one of the following conditions must be satisfied for a cell to be considered as suitable by a Rel-16 UE not in SNPN AM:
	a.	Cell is part of either the selected PLMN or the registered PLMN or PLMN of the Equivalent PLMN list of the UE for which the PLMN-ID is broadcast by the cell with no associated CAG-IDs and for which CAG-only indication is absent or false;
	b.	Cell is part of either the selected PLMN or the registered PLMN or PLMN of the Equivalent PLMN list of the UE for which Allowed CAG list includes a CAG-ID broadcast by the cell.
2.	Each SNPN-only cell is treated by Rel-16 UEs not in SNPN AM as if cell status is barred.
3.	A CAG cell which is not considered as suitable can be an acceptable cell for a Rel-16 UE not in SNPN AM.
4.	A PLMN-only cell or an SNPN+PLMN cell be an acceptable cell for a Rel-16 UE not in SNPN AM for which CAG-only indication is true for any PLMN-ID broadcast by the cell.
5.	The following are necessary conditions for an SNPN cell to be considered as a suitable cell by a Rel-16 UE in SNPN AM:
	a.	the cell is part of either the selected SNPN or the registered SNPN of the UE;
	b.	the cell is part of at least one TA that is not part of the list of "Forbidden Tracking Areas" which belongs to either the selected SNPN or the registered SNPN of the UE
	c.	the cell is not barred,
	d.	the cell selection criteria in clause 5.2.3.2 are fulfilled.


Agreements:
1. Add the following note in TS 38.304 :
NOTE:	UE is not required to support manual search and selection of PLMN or CAG or SNPN while in RRC CONNECTED state. The UE may use local release of RRC connection to perform manual search if it is not possible to perform the search while RRC connected.
2.	In the UE on request of NAS, the AS shall scan all RF channels in the NR bands according to its capabilities to find available CAGs. On each carrier, the UE shall at least search for the strongest cell, read its system information and report available CAG ID(s) together with their HRNN (if broadcast) and PLMN(s) to the NAS. The search for available CAGs may be stopped on request of the NAS. 
	If NAS has selected a CAG and provided this selection to AS, the UE shall search for an acceptable or suitable cell belonging to the selected CAG to camp on.
3.	In the UE on request of NAS, the AS shall scan all RF channels in the NR bands according to its capabilities to find available SNPNs. On each carrier, the UE shall at least search for the strongest cell, read its system information and report available SNPN identifiers together with their HRNN (if broadcast) to the NAS. The search for available SNPNs may be stopped on request of the NAS.”
4. All the R16 UEs will treat the cell as barred when the legacy IE cellReservedForOtherUse is set to “True” and this cell does not broadcast any CAG-IDs or NIDs. 


Agreements:
1. Allow autonomous cell search even in situations when frequency priorities are broadcast in system information.
2. UE follows dedicated frequency priorities as in legacy behaviour. If UE run autonomous cell search and at the same time have dedicated frequency priorities, the result from autonomous cell search should not go against that indicated by dedicated frequency priorities (when they are valid).


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.
A.2	Agreements from RAN2#107bis (Oct 2019)

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.


Agreements:
1. SIB1 of NPN-only cell prevents access attempts by Rel-15 UEs for normal services.
2. SIB1/MIB supports prevention of access attempts by Rel-15 UEs on a SNPN-only cell for emergency services.
3. SIB1/MIB supports prevention of access attempts by Rel-15 UEs on a CAG-only cell for emergency services (this does not mean that access attempts by Rel-15 UEs for emergency services on CAG-only cell are always not allowed. This is still FFS.The feasibility of allowing emergency services on CAG-only for Rel-15 UEs will be discussed in the email discussion on RRC aspects/SIB1 design)
4. Access attempts by Rel-15 UEs for emergency services on SNPN-only cell are not allowed.
5. In a NPN-only cell, access attempts for normal services by Rel-16 UEs without support for NPN is not allowed.
6. In a SNPN-only cell, access attempts for emergency services by Rel-16 UEs without support for SNPNs is not allowed.
7. For a PLMN+NPN cell, Rel-15 UEs should be able to access PLMNs associated with the cell for normal and/or limited service.
8. A new Rel-16 IE is needed with a role similar to role of cellReservedForOtherUse for Rel-15 UEs (FFS whether this will be PLMN specific)
1. SIB1 allows indication of TAC, RANAC, cellIdentity per SNPN (per PLMN ID + NID). FFS on other IEs. FFS whether Rel-15 IEs or Rel-16 IEs are used for the indication.
2. SIB1 allows indication of TAC, RANAC, cellIdentity for each CAG. FFS on other IEs. The fields are indicated per PLMN-ID. FFS whether Rel-15 IEs or Rel-16 IEs are used for the indication.

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


A.3	Agreements from RAN2#107 (Aug 2019)
Agreements
1	The SNPNs (identified by PLMN ID + NID) are broadcasted in SIB1, 
FFS whether this is achieved by extending the legacy network list or by introducing a new SNPN specific network list or both.
2	The size and format of the NID will not be discussed in RAN2 (we will be informed by other groups)
3	Up to 12 different SNPNs can be broadcasted in a cell.
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.
5	If HRNN are broadcast then the HRNN should a be broadcasted in a separate SIB (i.e. different from SIB1).
6	SNPN selection functions similar to normal PLMN selection: AS reports the found SNPNs (identified by PLMN ID + NID) to NAS which selects the network. In case of manual selection, the human readable network name (if broadcasted) may also be provided from AS to NAS.
7	Once the UE has selected an SNPN, cell selection/re-selection is only performed within the SNPN, i.e. a cell is only considered suitable if the broadcasted SNPN identifier matches the selected SNPN.


Agreements
1	The PNI-NPNs (identified by PLMN ID + CAG ID) are broadcasted in SIB1
FFS whether this is achieved by extending the legacy network list or by introducing a new PNI-NPN specific network list or both
2	The size and format of the CAG ID will not be discussed in RAN2 (we will be informed by other groups)
3	Up to 12 different PNI-NPNs can be broadcasted in a cell.
4	If HRNN are broadcast then the HRNN should a be broadcasted in a separate SIB (i.e. different from SIB1).
5	Network selection is triggered by NAS whereby AS reports the available PNI-NPNs (identified by PLMN ID + CAG ID) to NAS which selects the network to use. In case of manual network selection, the human readable network name (if broadcasted) may also be provided from AS to NAS.
6	The Allowed CAG list and “CAG only” indication received from upper layers are taken into account in the cell suitability check during cell selection/re-reselection.


Agreements
1	There is no issue identified to support E1 for Rel-16 UEs. 
2	(Regarding question E2) Rel-16 UEs not supporting the CAG feature can camp on a CAG cell as an acceptable cell to obtain limited service 
3	There is no issue identified to support RS1 for Rel-16 UEs
4	RS2 and RS3 can be supported from RAN2 point of view

Excerpt from SA2 LS S2-1906814 describing scenarios E1-E2 and RS1-RS3 mentioned in the above agreements are copied below:
	SA2 discussed support of the following features for Rel-16 UEs:

1.	Support for Emergency services in CAG cells.
2.	RAN sharing between PLMNs and Non-Public Networks, including both Standalone NPNs (SNPNs) and Public Network Integrated Non-Public Networks (PNI-NPNs).

Regarding Emergency service in CAG cells:

E1:	SA2 concluded that the UE should be allowed to camp for Emergency services for the case where UE supports the CAG feature, but is not authorized for any of the advertised CAG IDs.
E2:	SA2 could not conclude whether Rel-16 UEs not supporting the CAG feature should be allowed to camp in a CAG cell in limited service state. There is no SA2 consensus to support this scenario.

Regarding RAN sharing:

RS1:	SA2 concluded that the system architecture should support RAN sharing between a PLMN and an SNPN. This feature should be applicable to Rel-16 UEs that do not support the SNPN feature.
RS2:	SA2 discussed support for RAN sharing between a PNI-NPN (with CAG) and an SNPN. This feature would be applicable to Rel-16 UEs that support either PNI-NPN with CAG or SNPN or both. However, concerns were raised about the additional complexity in the access stratum to support this scenario. 
RS3:	SA2 could not conclude whether the system architecture should support RAN sharing between a PLMN and a PNI-NPN with CAG i.e. RAN sharing in a cell that acts as a CAG cell for PLMN1 and as a non-CAG cell for PLMN2. There is no SA2 consensus to support this scenario.
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