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1 Introduction
This document continues discussions started with R3-181992/R3-182319 and provides an TP for NGAP. This topic was left open for further checking back home after the 99bis meeting.
2 Discussion
TS 23.501 specifies mobility restrictions as follows:

<<<<<<<<<<<<<<<<<<<< Quoting TS 23.501v15.1.0 >>>>>>>>>>>>>>>>>>>>

5.3.4.1
Mobility Restrictions

5.3.4.1.1
General

Mobility Restrictions restrict mobility handling or service access of a UE in the 5G System. The Mobility Restriction functionality is provided by the UE, the radio access network and the core network.

Mobility Restrictions only apply to 3GPP access, they do not apply to non-3GPP access.

Mobility Restrictions for CM-IDLE state and, for CM-CONNECTED state when in RRC Inactive state are executed by the UE based on information received from the core network. Mobility Restrictions for CM-CONNECTED state when in RRC-Connected state are executed by the radio access network and the core network.

In CM-CONNECTED state, the core network provides Mobility Restrictions to the radio access network within Handover Restriction List.

Mobility Restrictions consists of RAT restriction, Forbidden Area, Service Area Restrictions and Core Network type restriction as follows:

-
RAT restriction:


Defines the 3GPP Radio Access Technology(ies), a UE is not allowed to access in a PLMN. In a restricted RAT a UE is based on subscription not permitted to initiate any communication for this PLMN. For CM-CONNECTED state, when radio access network determines target RAT and target PLMN during Handover procedure, it should take per PLMN RAT restriction into consideration.

Observation 1 This information defines, per PLMN, whether the UE’s subscription allows access to a certain RAT. That information does not talk about inter-RAT mobility, as indicated in the TP of R3-181992.

Observation 2 HRL is not only used for HO, but for all kind of mobility performed in CM-CONNECTED state, i.e. for DC and RRC_INACTIVE. We could consider clarifying this or renaming the HRL to something else.

Observation 3 The TP foresees to specify the “all bits equal to 0” case, this is a bit misleading, as it does not specify whether “all RATs” are allowed or restricted, we should rather remove this part. (Such codepoint is not needed with the BIT STRING approach as for the ENUMERATED approach in 4G).
Observation 4 The TP could foresee named bits in the type definition like BIT STRING {e-utra (0), nr (1)} SIZE(8,...)).
-
Forbidden Area:


In a Forbidden Area under a given RAT, the UE is based on subscription not permitted to initiate any communication with the network for this PLMN. The UE behaviour in terms of cell selection, RAT selection and PLMN selection depends on the network response that informs the UE of Forbidden Area.

NOTE 1:
The UE reactions to specific network responses are described in TS 24.501 [47].

Observation 5 The TS specifies the forbidden area related information to be provided “under a given RAT”, which seems a bit unusual, but this is how it is written. We believe that this is a bit of a contradiction with the common understanding that TACs can be configured to contain E-UTRA and NR access cells. In addition, RAT restrictions can be provided separately. We should liaise to remove “under a given RAT” from the quoted statement in TS 23.501.
Proposal 1 Liaise to SA2 asking to remove the RAT dependency of Forbidden Areas indicated for TAIs configured for an NG-RAN.

-
Service Area Restriction:


Defines areas in which the UE may or may not initiate communication with the network as follows:

-
Allowed Area:


In an Allowed Area under a given RAT, the UE is permitted to initiate communication with the network as allowed by the subscription.
Observation 6 The HLR should contain such “allowed area” in terms of TAI lists.
-
Non-Allowed Area:


In a Non-Allowed Area under a given RAT a UE is service area restricted based on subscription. The UE and the network are not allowed to initiate Service Request or SM signalling to obtain user services (both in CM-IDLE and in CM-CONNECTED states). The UE shall not use the entering of a Non-Allowed Area as a criterion for Cell Reselection or a trigger for PLMN Selection. The RRC procedures while the UE is in CM-CONNECTED with RRC Inactive state are unchanged compared to when the UE is in an Allowed Area. The RM procedures are unchanged compared to when the UE is in an Allowed Area. The UE in a Non-Allowed Area shall respond to core network paging with Service Request and RAN paging.

-
Core Network type restriction:


Defines whether UE is allowed to connect to 5GC for this PLMN.

NOTE 2:
The Core Network type restriction can be used e.g. in network deployments where the E-UTRAN connects to both EPC and 5GC as described in clause 5.17.

Observation 7 Indicating a per PLMN restriction that a UE is not allowed to access 5GC via E-UTRA is not necessary on NG-C, as the 5GC would not allow attach/mobility to 5GS, this information is rather needed on S1-MME. A respective CR to S1AP should be drafted. It is assumed that CN type restriction is not necessary to be indicated on NG-C (once the UE has a 5G subscription it should be allowed to access EPS).
For a given UE, the core network determines the Mobility restrictions based on UE subscription information, UE location and local policy. The Mobility Restriction may change due to e.g. UE's subscription, location change and local policy. Optionally the Service Area Restrictions or the Non-Allowed Area may in addition be fine-tuned by the PCF e.g. based on UE location, PEI and network policies. Service Area Restrictions may be updated during a Registration procedure or UE Configuration Update procedure.

If the network sends Service Area Restrictions to the UE, the network sends only either an Allowed Area, or a Non-Allowed Area, but not both at the same time, to the UE. If the UE has received an Allowed Area from the network, any TA not part of the Allowed Area is considered by the UE as non-allowed. If the UE has received a Non-Allowed Area from the network, any TA not part of the Non-Allowed Area is considered by the UE as allowed. If the UE has not received any Service Area Restrictions, any TA in the PLMN is considered as allowed.

If the UE has overlapping areas between RAT restrictions, Forbidden Areas, Service Area Restrictions, or any combination of them, the UE shall proceed in the following precedence order:

-
The evaluation of RAT restrictions shall take precedence over the evaluation of any other Mobility Restrictions; and

-
The evaluation of Forbidden Areas shall take precedence over the evaluation of Service Area Restrictions.

A UE shall override any RAT restrictions, Forbidden Area and Non-Allowed area restrictions whenever access to the network for regulatory prioritized services like Emergency services and MPS. Also the network shall override any Non-Allowed Area restrictions and RAT restrictions for regulatory prioritized services like Emergency services and MPS.
Observation 8 We need a structure in the HRL including “Service Area Restrictions”, which is list of allowed and not allowed areas.

Observation 9 Precedence between RAT restrictions, Forbidden Areas, Service Area Restrictions, is specified in 23.501 and does not need to be repeated in RAN3 TSs.
5.3.4.1.2
Management of Service Area Restrictions

A Service Area Restriction may contain one or more (e.g. up to 16) entire tracking areas. 
Observation 10 Service Area Restrictions can have up to 16 TAIs included.
The UE's subscription data in the UDM includes a Service Area Restriction which may contain either Allowed or Non-Allowed Areas–specified by using explicit tracking area identities and/or other geographical information (e.g., longitude/latitude, zip code, etc). The geographical information used to specify allowed or non-allowed area is only managed in the network, and the network will map it to a list of TAs before sending Service Area Restriction information to the UE. 
The Allowed Area may also be limited by a maximum allowed number of tracking areas, or the allowed area may alternatively be configured as unlimited i.e. it may contain all tracking areas of the PLMN. The registration area of a UE in the non-allowed area should consist of a set of TAs which belongs to a non-allowed area of the UE. The registration area of a UE in the allowed area should consist of a set of TAs which belongs to an allowed area of the UE. The AMF provides the Service Area Restriction in the form of TA(s), which may be a subset of full list stored in UE's subscription data, to the UE during the Registration procedure.
NOTE:
As the finest granularity for Service Area Restrictions are at TA level, subscriptions with limited geographical extent, like subscriptions for Fixed Wireless Access, will be allocated one or a few TAs and will consequently be allowed to access services in a larger area than in e.g. a FWA system.

Observation 11 It is assumed that also for the HRL, the geographical information is mapped to TAIs.

3 Conclusion 
We observed:
Observation 1
This information defines, per PLMN, whether the UE’s subscription allows access to a certain RAT. That information does not talk about inter-RAT mobility, as indicated in the TP of R3-181992.
Observation 2
HRL is not only used for HO, but for all kind of mobility performed in CM-CONNECTED state, i.e. for DC and RRC_INACTIVE. We could consider clarifying this or renaming the HRL to something else.
Observation 3
The TP foresees to specify the “all bits equal to 0” case, this is a bit misleading, as it does not specify whether “all RATs” are allowed or restricted, we should rather remove this part. (Such codepoint is not needed with the BIT STRING approach as for the ENUMERATED approach in 4G).
Observation 4
The TP could foresee named bits in the type definition like BIT STRING {e-utra (0), nr (1)} SIZE(8,...)).
Observation 5
The TS specifies the forbidden area related information to be provided “under a given RAT”, which seems a bit unusual, but this is how it is written. We believe that this is a bit of a contradiction with the common understanding that TACs can be configured to contain E-UTRA and NR access cells. In addition, RAT restrictions can be provided separately. We should liaise to remove “under a given RAT” from the quoted statement in TS 23.501.
Observation 6
The HLR should contain such “allowed area” in terms of TAI lists.
Observation 7
Indicating a per PLMN restriction that a UE is not allowed to access 5GC via E-UTRA is not necessary on NG-C, as the 5GC would not allow attach/mobility to 5GS, this information is rather needed on S1-MME. A respective CR to S1AP should be drafted. It is assumed that CN type restriction is not necessary to be indicated on NG-C (once the UE has a 5G subscription it should be allowed to access EPS).
Observation 8
We need a structure in the HRL including “Service Area Restrictions”, which is list of allowed and not allowed areas.
Observation 9
Precedence between RAT restrictions, Forbidden Areas, Service Area Restrictions, is specified in 23.501 and does not need to be repeated in RAN3 TSs.
Observation 10
Service Area Restrictions can have up to 16 TAIs included.
Observation 11
It is assumed that also for the HRL, the geographical information is mapped to TAIs.


Proposal 1
Liaise to SA2 asking to remove the RAT dependency of Forbidden Areas indicated for TAIs configured for an NG-RAN.

We also propose to agree on the TP below for NGAP, on the TP in R3-182712 for XnAP (response to R3-181993 (1)) and on the draft CR in R3-182320 for S1AP (response to R3-181992 (2)) and on the draft CR in R3-182322 for X2AP (response to R3-181993 (2)).
Text Proposal for NGAP v080 

Note: 
The TS rapporteur should be tasked to update references and the IE name in the TS accordingly
<<<<<<<<<<<<<<<<<<<< First Change >>>>>>>>>>>>>>>>>>>>
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9.3.1.x
CM-CONNECTED Mobility Restriction List

This IE defines roaming or access restrictions for subsequent mobility action for which the NR-RAN provides information about the target of the mobility action towards the UE, e.g., handover, or for SCG selection during dual connectivity operation or for assigning proper RNAs. If the NG-RAN receives the CM-CONNECTED Mobility Restriction List IE, it shall overwrite previously received restriction information. NG-RAN behaviour upon receiving this IE is specified in TS 23.501 [9].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Serving PLMN
	M
	
	PLMN Identity

9.3.3.5
	

	Equivalent PLMNs
	
	0..<maxnoofEPLMNs>
	
	Allowed PLMNs in addition to Serving PLMN.

This list corresponds to the list of “equivalent PLMNs” as defined in TS 24.501 [xx].

This list is part of the roaming restriction information. Roaming restrictions apply to PLMNs other than the Serving PLMN and Equivalent PLMNs.

	>PLMN Identity
	M
	
	9.3.3.5
	

	RAT Restrictions
	O
	0..<maxnoofPLMNs>
	
	This IE contains RAT restriction related information as specified in TS 23.501 [9].

	>PLMN Identity
	O
	
	9.3.3.5
	

	>RAT Restriction Information
	O
	
	BIT STRING {

e-UTRA (0),

nR (1) }

(SIZE(8, …))
	Each position in the bitmap represents a RAT.

If a bit is set to "1", the respective RAT is restricted for the UE.

If a bit is set to "0", the respective RAT is not restricted for the UE.

This version of the specification does not use bits 2-7, the sending node shall set bits 2-7 to "0", the sender shall ignore bits 2-7. 

	Forbidden Area Information
	
	0..<maxnoofPLMNs>
	
	This IE contains Forbidden Area information as specified in TS 23.501 [9].

	>PLMN Identity
	M
	
	9.3.3.5
	

	>Forbidden TACs
	
	1..<maxnoofForbTACs>
	
	

	>>TAC
	M
	
	9.3.3.10
	The TAC of the forbidden TAI.

	Service Area Information
	
	0..<maxnoofPLMNs>
	
	This IE contains Service Area Restriction information as specified in TS 23.501 [9].

	>PLMN Identity
	M
	
	9.3.3.5
	

	>Allowed TACs
	
	0..<maxnooAllowedAreas>
	
	

	>>TAC
	M
	
	9.3.3.10
	The TAC of the allowed TAI.

	>Not Allowed TACs
	
	0..<maxnooAllowedAreas>
	
	

	>>TAC
	M
	
	9.3.3.10
	The TAC of the not-allowed TAI.


	Range bound
	Explanation

	maxnoofEPLMNs
	Maximum no. of equivalent PLMNs. Value is 15.

	maxnoofPLMNs
	Maximum no. of allowed PLMNs. Value is 16.

	maxnoofForbTACs
	Maximum no. of forbidden Tracking Area Codes. Value is 4096.

	maxnoofAllowedAreas
	Maximum no. of allowed or not allowed Tracking Areas. Value is 16.
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