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1
Introduction
In RAN3#80 a discussion was carried out on the terminology to be used to indicate the restrictions applied by the Handover Restriction List (HRL). When referring to the type of restrictions indicated by the HRL, the discussion focussed on two types of terminologies:

1) Roaming, Area and Access restrictions

2) Roaming and Access restrictions

In order to understand what these terms mean one should consider that the semantics description of the HLR IE is as follows (extracted from 36.413):

9.2.1.22
Handover Restriction List
This IE defines area roaming or access restrictions for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO. If the eNB receives the Handover Restriction List, it shall overwrite previously received restriction information.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Serving PLMN
	M
	
	9.2.3.8
	

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

This list corresponds to the list of “equivalent PLMNs” as defined in TS 24.301 [24].

	>PLMN Identity
	M
	
	9.2.3.8
	

	Forbidden TAs
	
	0..<maxnoofEPLMNsPlusOne>
	
	Intra LTE roaming restrictions.

	>PLMN Identity
	M
	
	9.2.3.8
	The PLMN of forbidden TACs.

	>Forbidden TACs
	
	1..<maxnoofForbTACs>
	
	

	>>TAC
	M
	
	9.2.3.7

	The TAC of the forbidden TAI.

	Forbidden LAs
	
	0..<maxnoofEPLMNsPlusOne>
	
	Inter-3GPP RAT roaming restrictions.

	>PLMN Identity
	M
	
	9.2.3.8
	

	>Forbidden LACs
	
	1..<maxnoofForbLACs>
	
	

	>>LAC
	M
	
	OCTET STRING(2)
	

	Forbidden inter RATs
	O
	
	ENUMERATED(ALL, GERAN, UTRAN, CDMA2000, …,

GERAN and UTRAN, CDMA2000 and UTRAN)
	Inter-3GPP and 3GPP2 RAT access restrictions.


As it can be seen, the semantics descriptions refer to roaming restrictions and access restrictions. Hence, the questions to ask are: What is an “Area Restriction” or a “Roaming Area Restriction? Is “Roaming Area Restriction” a valid term?
What needs to be corrected in relevant specifications in order to align the terminology to a clear and unequivocal one?

In order to propose a consistent terminology for Stage 2 and Stage 3 an analysis of the existing terminology across different specifications is made and proposals on how to specify a new dedicated terminology are made.

2
Discussion

In this section a collection of references across different specifications, all referring to the restrictions implied by the HRL IE, are listed.
2.1
Stage 2 Findings in TSs 23.401 and 36.300
23.401 §4.3.5.7 Mobility Restrictions
Mobility Restrictions comprises the functions for restrictions to mobility handling of a UE in E-UTRAN access. The Mobility Restriction functionality is provided by the UE, the radio access network and the core network.

Mobility Restriction functionality in state ECM-IDLE is executed in UE based on information received from the core network. Mobility Restriction functionality in state ECM-CONNECTED is executed in the radio network and the core network.

In state ECM-CONNECTED, the core network provides the radio network with a Handover Restriction List. The Handover Restriction List specifies roaming, area and access restrictions. If roaming restriction to GERAN or UTRAN access needs to be enforced, a MME that is connected to eNBs that may handover or invoke release with redirection to UTRAN or GERAN is configured with a list of HPLMN IDs that are permitted to access GERAN or UTRAN unless restricted by the UE individual access restriction information received from HSS.
Comment:
In the section above a definition of the generic restrictions provided by the HRL is presented. The HRL is defined as being part of the Mobility Restrictions for UEs in ECM-CONNECTED. It would be useful to reference to this definition in high level Stage 2 text (TS 36.300).

23.401 §4.3.12.1 IMS Emergency Session Support – Introduction

… The network supporting emergency services for UEs in limited service state provides emergency bearer services to these UE, regardless whether the UE can be authenticated, has roaming or mobility restrictions or a valid subscription, depending on local regulation. …

…

Comment:
The highlighted text could be confusing, as in §4.3.5.7 “roaming restrictions” are part of “mobility restrictions” for UEs in ECM-CONNECTED.

23.401 §4.3.12.3 Mobility and Access Restrictions for Emergency Services
When Emergency Services are supported and local regulation requires Emergency Sessions to be provided regardless of mobility or access restrictions, the Mobility Restrictions in clause 4.3.5.7, should not be applied to UEs receiving emergency services. …
…
During Tracking Area Update procedures, including a TAU as part of a handover, the target MME ignores any mobility or access restrictions for UE with emergency bearer services where required by local regulation. …
Comment:
The highlighted text could be confusing, as in §4.3.5.7 “access restrictions” are part of “mobility restrictions” for UEs in ECM-CONNECTED.

36.300 §10.1.2 Mobility Management in ECM-CONNECTED
The Intra-E-UTRAN-Access Mobility Support for UEs in ECM-CONNECTED handles all necessary steps for handover procedures, like processes that precede the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific area restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.
…
Comment:
Confusing if “area restrictions” are interpreted in light of definitions in 23.401 and the tabular definitions of the HRL IE in 36.413/423. The section should refer to roaming, area and access restrictions, as defined in the tabular definitions of the HRL IE.

36.300 §10.1.2.1.1 C-Plane handling
Below is a more detailed description of the intra-MME/Serving Gateway HO procedure:

0
The UE context within the source eNB contains information regarding roaming restrictions which were provided either at connection establishment or at the last TA update.

1
The source eNB configures the UE measurement procedures according to the area restriction information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

Comment:
Same as for §10.1.2.

36.300 §10.1.7 Radio Access Network Sharing

…

Handling of area restrictions for UE in ECM-CONNECTED shall follow the principles specified in sub-clause 10.4.
Comment:
If “area restriction” is meant to be all the PLMN IDs not indicated in the HRL IE, then the usage of the term “area restrictions” is actually correct.
36.300 §10.1.8
Handling of Roaming and Area Restrictions for UEs in ECM-CONNECTED
Handling of roaming/area restrictions and handling of subscription specific preferences in ECM-CONNECTED is performed in the eNB based on information provided by the EPC over the S1 interface.

Comment:
It is assumed that “subscription specific preferences” are equal with “access restrictions”, i.e. restrictions related to iRAT HO, as defined in the HRL IE.
The Chapter Title is lacking “access restrictions”
36.300 §10.4
Area Restrictions

The area restriction information for a UE includes the Serving PLMN, and may include a list of equivalent PLMNs, and information on which area restrictions are to be applied during ECM-CONNECTED state. It may be provided by the MME at context setup over the S1 interface, and may be updated by the MME during S1 Handover, and when sending NAS Downlink messages.
…
Comment:
A first try in stage 2 to actually define “area restriction”, but it ends up in a circular definition:
area restrictions ::= Serving and E-PLMNs + area restrictions
which doesn’t seem to be correct.
The Chapter Title does not refer to “roaming and access restrictions”.
NOTE:
In case of GWCN network sharing scenario, the area restriction information should always be provided by the MME to the eNBs.

Upon receiving the UE area restriction information, the eNB shall store it and thereafter it should use it to determine whether to apply restriction handling for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO, if applicable [17] [23]. If the area restriction information is not available at the eNB, the eNB shall consider that there is no restriction for subsequent mobility actions.

Only if received via S1 signalling or X2 signalling, the UE area restriction information shall be propagated by the source eNB over X2 at intra E-UTRAN handover.  For the case when the X2 handover results in a change of serving PLMN (to an equivalent PLMN), the source eNB shall replace the Serving PLMN with the identity of the target PLMN and move the Serving PLMN to the equivalent PLMN list, before propagating the UE area restriction information.
Comment:
“area restriction information” in the paragraphs above is for sure related to the information contained in the HRL.
36.300 §19.2.1 S1 Interface functions

…

· Roaming and Area Restriction Support Function

…
Comment:
Lacking the access restrictions contained in the HRL.

36.300 §19.2.1.3 Initial Context Setup Function

…
The Initial Context Setup function supports the establishment of the necessary overall initial UE Context including E-RAB context, Security context, roaming restriction, UE capability information, Subscriber Profile ID for RAT/Frequency Priority, UE S1 signalling connection ID, etc. in the eNB to enable fast Idle-to-Active transition. 
…
Comment:
Lacking the area and access restrictions contained in the HRL.

36.300 §19.2.2.3 Initial Context Setup procedure

… This message may include general UE Context (e.g. … , roaming restrictions, …) …

Comment:
Lacking the area and access restrictions contained in the HRL.

36.401 §7.2.12 Radio access network sharing

… An eNB is allowed to handover a UE to a target cell with multiple PLMN identities if at least one of the target cell PLMN identities is listed as allowed in the area restriction information for the UE, i.e. listed as Serving PLMN or an equivalent PLMN.
Comment: In 36.300 §10.4 and 36.401 §7.2.12 it appears clear that the term “area restriction refers to the list PLMN IDs not included in the Serving and ePLMN list of the HRL IE.

Again, for network sharing and if “area restriction” is meant to be equal to all the PLMN IDs not indicated in the HRL IE, then the usage of the term “area restrictions” is actually correct.

36.410 §5.2 S1 UE context management function 
… The S1 UE context management function supports the establishment of the necessary overall initial UE context including E-RAB context, security context, roaming restriction, UE S1 signalling connection ID(s), etc. in the eNB to enable fast idle-to-active transition. …
Comment:
Lacking the area and access restrictions contained in the HRL.

36.410 §5.7 Area restriction support functions 

The S1 interface supports the transfer of area restriction information from the EPC to the eNB for the UE in the network.
Comment:
The title is lacking the roaming and access restrictions contained in the HRL.
2.2
Stage 3 Findings in TSs 36.413 and 36.423

36.413 §8.3.1.2 Initial Context Setup – Successful Operation
… 
-
the Handover Restriction List IE, which may contain roaming, area or access restrictions.

… 

… If the Handover Restriction List IE is not contained in the INITIAL CONTEXT SETUP REQUEST message, the eNB shall consider that no roaming area nor access restriction applies to the UE. The eNB shall also consider that no roaming area nor access restriction applies to the UE when:

Comment:
There is now the first occurrence of the term “roaming area”, which does not exist in stage 2.
36.413 §8.3.4.2 UE Context Modification – Successful Operation

… If the CS Fallback Indicator IE is set to “CS Fallback High Priority”, the eNB shall consider that no roaming area nor access restriction applies to the UE and process according to TS 23.272 [17].
36.413 §8.4.2.2 UE Handover Resource Allocation – Successful Operation

… The HANDOVER REQUEST message may contain the Handover Restriction List IE, which contains the serving PLMN and may contain equivalent PLMNs, and roaming area or access restrictions.

… If the Handover Restriction List IE is not contained in the HANDOVER REQUEST message, the target eNB shall consider that no access restriction applies to the UE.

Comment:
The 2nd citation seems to be erroneous as it should refer to roaming and area restrictions as well.
36.413 §8.6.2.2 DOWNLINK NAS TRANSPORT

… The DOWNLINK NAS TRANSPORT message may contain the Handover Restriction List IE, which may contain roaming area or access restrictions.
… If the Handover Restriction List IE is not contained in the DOWNLINK NAS TRANSPORT message and there is no previously stored Handover restriction information, the eNB shall consider that no access restriction applies to the UE.
Comment:
The 2nd citation seems to be erroneous as it should refer to roaming and area restrictions as well.
36.413 §9.2.1.22 Handover Restriction List

This IE defines area roaming or access restrictions for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO. If the eNB receives the Handover Restriction List, it shall overwrite previously received restriction information.
Comment:
This is now the introduction of the new term “area roaming”.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Serving PLMN
	M
	
	9.2.3.8
	

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

This list corresponds to the list of “equivalent PLMNs” as defined in TS 24.301 [24].

Comment: Maybe a possible way to clarify the meaning of area restriction would be to add here that the list of PLMNs not included in the ePLMN list and the serving PLMN represents the “area restriction”.

	>PLMN Identity
	M
	
	9.2.3.8
	

	Forbidden TAs
	
	0..<maxnoofEPLMNsPlusOne>
	
	Intra LTE roaming restrictions.

	>PLMN Identity
	M
	
	9.2.3.8
	The PLMN of forbidden TACs.

	>Forbidden TACs
	
	1..<maxnoofForbTACs>
	
	

	>>TAC
	M
	
	9.2.3.7

	The TAC of the forbidden TAI.

	Forbidden LAs
	
	0..<maxnoofEPLMNsPlusOne>
	
	Inter-3GPP RAT roaming restrictions.

	>PLMN Identity
	M
	
	9.2.3.8
	

	>Forbidden LACs
	
	1..<maxnoofForbLACs>
	
	

	>>LAC
	M
	
	OCTET STRING(2)
	

	Forbidden inter RATs
	O
	
	ENUMERATED(ALL, GERAN, UTRAN, CDMA2000, …,

GERAN and UTRAN, CDMA2000 and UTRAN)
	Inter-3GPP and 3GPP2 RAT access restrictions.


36.423 §8.2.1.2 Handover Preparation – Successful Operation

… If the Handover Restriction List IE is … not contained in the HANDOVER REQUEST message, the target eNB shall consider that no roaming, no area and no access restriction applies to the UE.
Comment:
Very nice and consistent.
36.423 §9.2.3 Handover Restriction List

This IE defines area roaming or access restrictions for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO.

[Tabular Description is equivalent to the one in TS 36.413]
Comment:
The same comment applies as for TS 36.413 §9.2.1.2.22.
Overall Comment: It can be noticed that the terminology in stage 2 and stage 3 is very inconsistent and shall be aligned throughout the specifications.

2.3
Comparison

Stage 2 does not use terms like “roaming area restriction” or “area roaming restrictions”.
Stage 2 gives only indirect hints on what the terms “roaming”, “area” or “access” could mean in conjunctions with the term “restriction”:
-
“area restriction” in 36.300 is defined as collective term for all kind of restrictions

-
“mobility restriction” is the equivalent collective term in 23.401

Strangely, it is only in Stage 3 that a detailed definition of “access restriction” and “roaming restriction” is given in the specification of the Handover Restriction List IE, which is equivalent in S1AP and X2AP:

-
“access restriction” is synonymous with the indication to which RAT(s) HO shall not be performed

-
“roaming restriction” is not related to the indication of equivalent PLMN IDs, but to the indication for forbidden Tracking/Location-Areas. 

-
Indication of forbidden TA/LA’s could have been expected to be subsumed under “area restrictions” but is only indirectly mentioned in the general Handover Restriction List IE description by referring to the collective term “area roaming or access restrictions”. 
-
The term “area restriction” seems to refer to the list of forbidden PLMN IDs, i.e. PLMN IDs not present in the serving or equivalent PLMN ID list. However, the currentHRL IE tabular description does not include the term “area restriction” at all.
3
Proposal
Proposal 1:
Use the term “mobility restrictions” as collective term within stage 2.

Proposal 2:
Use the term “roaming, area and access restrictions” as collective term within stage 3.

4
References
[ref]
Reference

5
Proposed changes

5.1 stage 2

Add a definition of Mobility Restriction in stage 2 specs, referring to 23.401.

Void wrong titles and provide new titles where changes are needed

36.300 §3.1 Definitions

Mobility Restriction: indicates restrictions to UE mobility as specified in TS 23.401. 
36.300 §10.1.2 Mobility Management in ECM-CONNECTED

The Intra-E-UTRAN-Access Mobility Support for UEs in ECM-CONNECTED handles all necessary steps for handover procedures, like processes that precede the final HO decision on the source network side (control and evaluation of UE and eNB measurements taking into account certain UE specific mobility restrictions), preparation of resources on the target network side, commanding the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C-plane and U-plane.
…
36.300 §10.1.2.1.1 C-Plane handling
Below is a more detailed description of the intra-MME/Serving Gateway HO procedure:

0
The UE context within the source eNB contains information regarding mobility restriction which were provided either at connection establishment or at the last TA update.
1
The source eNB configures the UE measurement procedures according to the mobility restriction information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

36.300 
§10.1.7 Radio Access Network Sharing

…

Handling of mobility restrictions for UE in ECM-CONNECTED shall follow the principles specified in sub-clause 10.4.
36.300 §10.1.8
Void
36.300 §10.1.8a
Handling of Mobility Restrictions for UEs in ECM-CONNECTED
Handling of mobility restrictions and handling of subscription specific preferences in ECM-CONNECTED is performed in the eNB based on information provided by the EPC over the S1 interface.

36.300 §10.4
Void
36.300 §10.4a
Mobility Restrictions
The mobility restriction information for a UE includes the Serving PLMN, and may include a list of equivalent PLMNs, and information on which roaming and access restrictions are to be applied during ECM-CONNECTED state. It may be provided by the MME at context setup over the S1 interface, and may be updated by the MME during S1 Handover, and when sending NAS Downlink messages.

NOTE:
In case of GWCN network sharing scenario, the mobility restriction information should always be provided by the MME to the eNBs.

Upon receiving the mobility restriction information for a UE, the eNB shall store it and thereafter it should use it to determine whether to apply restriction handling for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO, if applicable [17] [23]. If the mobility restriction information is not available at the eNB, the eNB shall consider that there is no restriction for subsequent mobility actions.

The available mobility restriction information for a UE shall be propagated by the source eNB over X2 at intra E-UTRAN handover.  For the case when the X2 handover results in a change of serving PLMN (to an equivalent PLMN), the source eNB shall replace the Serving PLMN with the identity of the target PLMN and move the Serving PLMN to the equivalent PLMN list, before propagating the UE mobility restriction information.
36.300 §19.2.1 S1 Interface functions

…

· Mobility Restriction Support Function

…

36.300 §19.2.1.3 Initial Context Setup Function

…
The Initial Context Setup function supports the establishment of the necessary overall initial UE Context including E-RAB context, Security context, mobility restrictions, UE capability information, Subscriber Profile ID for RAT/Frequency Priority, UE S1 signalling connection ID, etc. in the eNB to enable fast Idle-to-Active transition. 
…
36.300 §19.2.2.3 Initial Context Setup procedure

… This message may include general UE Context (e.g. … , mobility restrictions, …) …

36.401 §7.2.12 Radio access network sharing

… An eNB is allowed to handover a UE to a target cell with multiple PLMN identities if at least one of the target cell PLMN identities is listed as allowed in the mobility restriction information for the UE [reference to 23.401], i.e. listed as Serving PLMN or an equivalent PLMN.
36.410 §5.2 S1 UE context management function 

… The S1 UE context management function supports the establishment of the necessary overall initial UE context including E-RAB context, security context, mobility restrictions [reference to 23.401], UE S1 signalling connection ID(s), etc. in the eNB to enable fast idle-to-active transition. …

36.410 §5.7 Void
36.410 §5.7a Mobility restriction support functions 
The S1 interface supports the transfer of mobility restriction information [reference to 23.401] from the EPC to the eNB for the UE in the network.
5.2 stage 3

36.413 §8.3.1.2 Initial Context Setup – Successful Operation

… 

-
the Handover Restriction List IE, which may contain roaming, area or access restrictions.

… 

… If the Handover Restriction List IE is not contained in the INITIAL CONTEXT SETUP REQUEST message, the eNB shall consider that no roaming, no area and no access restriction apply to the UE. The eNB shall also consider that no roaming, no area and no access restriction apply to the UE when:

36.413 §8.3.4.2 UE Context Modification – Successful Operation

… If the CS Fallback Indicator IE is set to “CS Fallback High Priority”, the eNB shall consider that no roaming, no area and no access restriction apply to the UE and process according to TS 23.272 [17].
36.413 §8.4.2.2 UE Handover Resource Allocation – Successful Operation

… The MME initiates the procedure by sending the HANDOVER REQUEST message to the target eNB. The HANDOVER REQUEST message may contain the Handover Restriction List IE, which contains the serving PLMN and may contain equivalent PLMNs, and/or roaming and/or access restrictions.

… The HANDOVER REQUEST message may contain the Handover Restriction List IE, which contains the serving PLMN and may contain equivalent PLMNs, and roaming, or area or access restrictions.

… If the Handover Restriction List IE is not contained in the HANDOVER REQUEST message, the target eNB shall consider that no roaming, no area and no access restriction apply to the UE.

36.413 §8.6.2.2 DOWNLINK NAS TRANSPORT

… The DOWNLINK NAS TRANSPORT message may contain the Handover Restriction List IE,  which contains the serving PLMN and may contain equivalent PLMNs, and/or roaming and/or access restrictions.
… If the Handover Restriction List IE is not contained in the DOWNLINK NAS TRANSPORT message and there is no previously stored Handover restriction information, the eNB shall consider that no roaming, no area and no access restriction apply to the UE.
36.413 §9.2.1.22 Handover Restriction List

This IE defines the allowed PLMNs and/or roaming and/or access restrictions for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO. If the eNB receives the Handover Restriction List, it shall overwrite previously received restriction information.

.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Serving PLMN
	M
	
	9.2.3.8
	

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

This list corresponds to the list of “equivalent PLMNs” as defined in TS 24.301 [24].
The area restriction information for a UE is defined by the PLMNs which are not included in the Serving PLMN and Equivalent PLMNs. If no Equivalent PLMNs list is included, all PLMN IDs are allowed.

	>PLMN Identity
	M
	
	9.2.3.8
	

	Forbidden TAs
	
	0..<maxnoofEPLMNsPlusOne>
	
	Intra LTE roaming restrictions.

	>PLMN Identity
	M
	
	9.2.3.8
	The PLMN of forbidden TACs.

	>Forbidden TACs
	
	1..<maxnoofForbTACs>
	
	

	>>TAC
	M
	
	9.2.3.7

	The TAC of the forbidden TAI.

	Forbidden LAs
	
	0..<maxnoofEPLMNsPlusOne>
	
	Inter-3GPP RAT roaming restrictions.

	>PLMN Identity
	M
	
	9.2.3.8
	

	>Forbidden LACs
	
	1..<maxnoofForbLACs>
	
	

	>>LAC
	M
	
	OCTET STRING(2)
	

	Forbidden inter RATs
	O
	
	ENUMERATED(ALL, GERAN, UTRAN, CDMA2000, …,

GERAN and UTRAN, CDMA2000 and UTRAN)
	Inter-3GPP and 3GPP2 RAT access restrictions.


36.423 §8.2.1.2 Handover Preparation – Successful Operation

… If the Handover Restriction List IE is … not contained in the HANDOVER REQUEST message, the target eNB shall consider that no roaming, no area and no access restriction apply to the UE.

36.423 §9.2.3 Handover Restriction List

This IE defines the allowed PLMNs and/or roaming and/or access restrictions for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, e.g., handover and CCO.

 [Tabular Description is equivalent to the one in TS 36.413, same changes to be applied]
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