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1	Introduction
3GPP Rel-16 includes IMS voice and emergency services support for Public network integrated Non-Public Networks, while for SNPNs the following was captured in TS 23.501 [1]:
"Emergency services are not supported in SNPN access mode.
NOTE 1:	Voice support with emergency services in SNPN access mode is not specified in this release".
In Rel-17, the service requirements for support of emergency services for SNPN are documented in TS 22.101 [2], TS 22.228 [3], and TS 22.261 [4]. SA2 has discussed Key Issue #3 “support of IMS voice and emergency services for SNPN” in TR 23.700 [5]. And the WI [6] was agreed by RAN plenary in September 2020 to specify the related RAN functionality for enhancement of private network support for NG-RAN.
· Support of IMS voice and emergency services for SNPN [RAN2]
· Broadcasting of relevant parameters [RAN2]
In this contribution we discuss the enhancements required in RAN to support IMS voice and emergency services for SNPN. 
2	Discussion
2.1 Progress in SA2 (Key Issue #3 from TR 23.700)
In clause 8.3 of TR 23.700 [5], there are some conclusions for supporting of IMS voice and emergency services for SNPN.
	The following principle is proposed to be part of interim conclusion for further study and normative work:
-	The use of IMC shall be possible when USIM or ISIM is not available in UEs accessing IMS via an SNPN according to Solution #21.
-	The reuse of USIM credentials for IMS AKA shall be possible when USIM is available in UEs accessing IMS via an SNPN.
-	It is recommended for normative work to support voice services with SNPN based on existing mechanisms as defined in TS 23.501 [4] clause 5.16.3. EPS fallback and T-ADS are not supported.
-	Solution #23 is recommended for normative work to support emergency services with SNPN.
-	Solution #56 is recommended for normative work to support SNPN selection for "voice centric" UEs as the result of voice domain selection.



2.2 System Information Broadcast
Based on solution #23, the impacts on NG-RAN are listed in clause 6.23.4 of TR 23.700 [5].  
To support SA2 requirements, RAN2 needs to broadcast an indicator that the cell supports Emergency Services over NG-RAN for UEs in limited service state. And if the NG-RAN is shared by more than one networks, and not all the networks can support Emergency Services.
Considering the indicator should be known to the UE timely, it is reasonable that to indicate it in MIB/SIB1. Moreover, since the space of MIB is limited and precious, it is better to broadcast this indicator in SIB1, as the existing mechanism. 
In addition, considering that different SNPNs may have different support for emergency services in RAN sharing scenario, the granularity of indicator should be in SNPN level and be broadcasted per SNPN.
Observation 1: In Rel-17, for support of IMS voice and emergency services for SNPN, SIB will be enhanced with an indication that “the cell supports Emergency Services over NG-RAN for UEs in limited service state” in SNPN granularity.
In TS 38.331 [7], the IE ims-EmergencySupport in SIB1 indicates whether the cell supports IMS emergency bearer services for UEs in limited service mode. And this indication is for PLMN.
ims-EmergencySupport                ENUMERATED {true}                      OPTIONAL,   -- Need R

A possible SIB structure that can realize observation 1 is shown in Figure 1, it allows to include enhanced SNPN information inside Rel-16 IE NPN-IdentityInfoList-r16 of SIB1. Since the new additional IE is in SNPN granularity, it is proposed to add the new IE inside NPN-IdentityInfo-r16 as below. It requires introduction of Rel-17 IE which is shown in red.
[image: ]
Figure 1. The structure of SIB1 for supporting emergency services for SNPN
Based on the above discussion, we have the following proposals to support of emergency services for SNPN in RAN2 specifications:
Proposal 1: It is proposed to add a new IE inside NPN-IdentityList-r16 of SIB1, which indicates that the cell supports Emergency Services over NG-RAN for UEs in limited service state.
2.3 Cell selection/reselection
On the other hand, we should discuss which kind of UEs can be considered as UEs in limited service state. There are two cases that need to be considered in SNPN cell：
a) UE supports the SNPN feature, but is not authorized for the SNPNs supported in current cell;
b) UEs not supporting the SNPN feature;
To acquire emergency services the following procedures apply to the UE:
- A UE camped normally on a cell initiates the normal initial Registration procedure if not already Registered. An Registered UE will initiate the establishment of the PDU Session(s) used for the emergency services to receive emergency bearer services.
- A UE in limited service state initiates the Registration procedure indicating that the Registration is being performed to receive emergency services.
If the network supports emergency services for a UE in limited service, then the network will provide emergency bearer services to the UE independently of whether the UE can be authenticated, has roaming or mobility restrictions or a valid subscription depending on local regulation. Depending on local regulation and an operator's policy, the AMF may allow or reject the emergency Registration request. Hence, whether the emergency service is supported in a cell is mainly depends on whether the hosting SNPN itself supports emergency services.
Observation 2: Whether the emergency service is supported in a cell is mainly depends on whether the hosting SNPN supports emergency services from technical perspective.
In Rel-16, there are agreements on support of emergency services for PNI-NPN as follows:
	· Access attempts by Rel-15 UEs for emergency services on CAG-only cell could be allowed based on operator's preference.
· For CAG-capable Rel-16 UE, emergency calls in a CAG-only cell can be supported by setting cellReservedForOtherUse=true and allowing the Rel-16 UEs to ignore this flag and access the PLMNs in the NPN list in limited service state.



Similarly, it is assumed that the UEs of the above bullet a) and b) can be allowed to access the SNPN-only cells for emergency services based on SNPN owner’s preference.
This brings impacts on the definition of acceptable cell for SNPN-only cell as follows.
	Cell Type         
UE Type
	SNPN-only cell
	PLMN cell
	CAG-only cell

	Rel-17 UEs
	Suitable cell; or 
May be acceptable cell based on the SNPN owner’s preference; or 
barred cell
	Not suitable cell;
May be acceptable cell based on the operator’s policy; or barred cell
	Not suitable cell;
May be acceptable cell based on the operator’s policy; 
or barred cell

	Rel-16 UEs in SNPN AM
	Suitable cell if UE has the SNPN’s subscription;
Barred cell if the UE does not have the SNPN’s subscription;
	Barred cell
	Barred cell

	Rel-16 UEs not in SNPN AM
	Barred cell
	Suitable cell or acceptable cell or
barred cell
	Suitable cell or acceptable cell or 
barred cell



[bookmark: _Hlk61601360]Proposal 2: Rel-17 UEs can consider a SNPN-only cell which broadcasts the new IE (e.g. ims-EmergencySupport-r17) = true as an acceptable cell for emergency services.
2.4 SNPN selection
Based on conclusions from TR 23.700 [5], “Solution #56 is recommended for normative work to support SNPN selection for "voice centric" UEs as the result of voice domain selection”, some impacts on the UE can be identified.
	-	the "voice centric" UE should maintain a list of SNPNs where voice service was not possible in SNPN access mode;
-	the UE has the subscription for the other PLMN or SNPN, then the UE can register to the PLMN network or the SNPN.
-	The UE may retry the SNPNs that initially indicated no support for IMS voice services, to verify their voice service support, so as to avoid never retrying them again.



As described in solution #56, if the "voice centric" UE has received the "IMS voice over PS Session Supported Indication" set to FALSE or has not received the "IMS voice over PS Session Supported Indication", the UE considers that the SNPN does not support the IMS voice. If the "IMS voice over PS Session Supported Indication" set to TRUE, UE considers that the SNPN supports the IMS voice. i.e. the "voice centric" UE performs SNPN selection or PLMN selection based on the presence or absence of the "IMS voice over PS Session Supported Indication" provided by the AMF of the SNPN.
To avoid the stored SNPNs not supporting voice service never being retried again even when they support voice service later, the UE may retry these SNPNs to verify voice services support, e.g. when no directly available SNPN or by timer expiry.
Observation 3: The "voice centric" UE should maintain a list of SNPNs where voice service was not possible in SNPN access mode.
Observation 4: The "voice centric" UE performs SNPN selection or PLMN selection based on the presence or absence of the "IMS voice over PS Session Supported Indication" provided by the AMF of the SNPN.
Observation 5: The UE may retry the SNPNs that initially indicated no support for IMS voice services, to verify their voice service support, so as to avoid never retrying them again.
Based on the above analysis, the following proposals are provided on functional division between AS and NAS in TS 38.304 [8]:
Proposal 3: For a “voice centric” UE operating in SNPN access mode, UE NAS performs the following:
	- Maintain a list of SNPNs where voice service was not possible in SNPN access mode;
	- Perform SNPN selection or PLMN selection based on the presence or absence of the "IMS voice over PS Session Supported Indication" provided by the AMF of the SNPN;
- Request AS to retry the SNPNs that initially indicated no support for IMS voice services to verify their voice service support.
3	Conclusions
The observations and proposals for SNPNs made in this contribution are summarized below.
Observation 1: in Rel-17, for support of IMS voice and emergency services for SNPN, SIB will be enhanced with an indication that “the cell supports Emergency Services over NG-RAN for UEs in limited service state” in SNPN granularity.
Proposal 1: it is proposed to add a new IE inside NPN-IdentityList-r16 of SIB1, which indicates that the cell supports Emergency Services over NG-RAN for UEs in limited service state.
Observation 2: Whether the emergency service is supported in a cell is mainly depends on whether the hosting SNPN supports emergency services from technical perspective.
Proposal 2: Rel-17 UEs can consider a SNPN-only cell which broadcasts the new IE (e.g. ims-EmergencySupport-r17) = true as an acceptable cell for emergency services..
Observation 3: The "voice centric" UE should maintain a list of SNPNs where voice service was not possible in SNPN access mode.
Observation 4: The "voice centric" UE performs SNPN selection or PLMN selection based on the presence or absence of the "IMS voice over PS Session Supported Indication" provided by the AMF of the SNPN.
Observation 5: The UE may retry the SNPNs that initially indicated no support for IMS voice services, to verify their voice service support, so as to avoid never retrying them again.
Proposal 3: For a “voice centric” UE operating in SNPN access mode, UE NAS performs the following:
	- Maintain a list of SNPNs where voice service was not possible in SNPN access mode;
	- Perform SNPN selection or PLMN selection based on the presence or absence of the "IMS voice over PS Session Supported Indication" provided by the AMF of the SNPN;
- Request AS to retry the SNPNs that initially indicated no support for IMS voice services to verify their voice service support.
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