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Discussion
1 Introduction

At RAN3#76, a document was presented which raised the issue of the interpretation and handling of the the Handover Restriction List IE [1] (HLR), and particularly the equivalente PLMN (ePLMN) list it contains. After offline discussion, the conclusion captured was as follows:

- Different interpretations exist on the handling of inter-PLMN HO, ePLMN and HRL, when HRL does not exist;
- During the offline discussion it was clarified that the common understanding is: if the serving eNB does not have the HRL, then it considers that all possible targets are allowed (depending on O&M configuration);
- Some clarification to the specificaton may be discussed in the next meeting.
This paper discusses further this issue.
2 Review of options, scenario impacts, and possible specification changes
As discussed at RAN3#76 [1], the basic question relates to the interpretation of the absence of the HRL at the eNB, in relation to inter-PLMN mobility. There are two options:

Option 1. “no HRL” = no PLMN restrictions (noted as common understanding at end of RAN3#76);
Option 2. “no HRL” = no ePLMN and hence no inter-PLMN HO.
2.1 Scenario impacts

Below we consider several scenarios and compare the operation of the system under the two options above. The intention is to make clear the implications of affirming Option 1, and consequently, potential specification enhancements to make such impacts clearer.

It is assumed that the CN configures ePLMNs in the UE (via NAS) according to the general requirements for inter-PLMN mobility in the network, and that a pre-requisite for inter-PLMN connected mode mobility to a given PLMN is that such PLMN must be an ePLMN in the UE’s NAS layer.

2.1.1 Inter-PLMN HO Control 
2.1.1.1
Single PLMN network (no RAN sharing)
This is a very common scenario where the same PLMN is used in different RATs for a given operator, and no inter-PLMN HO is required under normal circumstances (e.g., either to a national competitor or at country borders). 
The serving PLMN can be derived from the GUMMEI in this scenario (either in X2 HO, or S1 HO, or Initial Context Setup).

Under option 1, either (A) the MME will need to provide the eNB with the HRL containing the serving PLMN, but without a list of EPLMNs, or (B) alternatively, if the HRL is not provided, some form of O&M control would be needed. In the second case (B), O&M specifically needs to ensure that any neighbours of another PLMN (found e.g., by ANR functions) are deleted, or “no HO” flags are enforced. Note that the eNB is required to keep the UE served by the same PLMN as far as possible, but in some cases of poor coverage, this might not be possible.
Under Option 2, the HRL would not need to be sent, except in cases where e.g., TA restrictions were applicable, and no special O&M effort would be needed.
2.1.1.2
Single PLMN network (including MOCN shared networks)
In this scenario, the same PLMN is used in all RATs for a given operator, but some of the areas are provided in a Multi Operator Core Network (MOCN) configuration (e.g., shared between different operators, with multiple PLMNs broadcast) and no inter-PLMN HO is required under normal circumstances (e.g., either to a national competitor or at country borders).
Also, each MME has a single PLMN ID in its GUMMEI(s).

Under option 1, operation is similar to the previous case. In MOCN areas, an eNB may derive the serving PLMN (after HO) based on the GUMMEI (either received in X2 HO, or sent at the S1 Setup for S1 HO). Assuming the serving PLMN is always known, and the HRL is not available, O&M will also need to ensure no handovers to other broadcast PLMNs. This aspect becomes more complex in this case since when the serving PLMN is not available as a target, then the valid target PLMNs may be different (for different serving PLMNs). It does not seem practical to rely on O&M.
Under Option 2, similarly to the previous case, the HRL would not need to be sent, except in cases where e.g., TA restrictions were applicable, and no special O&M effort would be needed. 
2.1.1.3
Single PLMN network (including GWCN shared networks)
In this scenario, the same PLMN is used in all RATs for a given operator, but some of the areas are provided in a Gateway Core Network (GWCN) configuration (e.g., shared between different operators, with multiple PLMNs broadcast, and where the MMEs seen by the RAN are themselves shared) and no inter-PLMN HO is required under normal circumstances (e.g., either to a national competitor or at country borders).

The serving PLMN can no longer be derived from the GUMMEI, hence the HRL must always be sent specifically to provide the serving PLMN. This applies to both options 1 and 2.
2.1.1.4
Multiple PLMN network
This scenario may occur for example where different RATs and/or different regions operate with different PLMNs, yet the operator requires normal mobility across these (either because the different PLMNs belong to the operator, or because agreements are in place to allow in-country roaming between those networks).

The serving PLMN can be derived from the GUMMEI in this scenario (either in X2 HO, or S1 HO, or Initial Context Setup).

Under option 1, two options are possible for this scenario: (A) do not send HRL, and rely on O&M to stop ANR and/or handovers towards unwanted PLMNs; (B) send HRL, including all the PLMNs towards which mobility is desired.

Under Option 2, the HRL needs to be sent, also including the possible target PLMNs as ePLMNs (same as B for option 1). 
2.1.2
Use of HRL/ePLMN by non-mobility applications
A recent example is the discussion on control of MDT, where the MDT user consent may apply to multiple PLMNs, and it has been agreed by RAN2 that this list of PLMNs must be either the ePLMN list, or a subset. It is possible that in the future other applications may be dependent on some relationship to the ePLMN list.
Under option 1, it is not always possible to assume that the eNB has access to the ePLMN list (which is available to the UE, as per TS23.401). For example, an operator might require mobility across two PLMNs, but rely on O&M to stop inter-PLMN to other PLMNs (so the eNB is not aware of the ePLMNs). This means that it is not possible to design any functionality that relies on this knowledge at the eNB.
Under Option 2, the ePLMNs should normally be provided to the eNB in synch with the ePLMN information provided to the UE. Therefore, it is possible to design new functionality that relies on this knowledge at the eNB.
2.2 Discussion

The above analysis can be summarized in the table below, where Yes/No corresponds to whether HRL needs to be sent to the eNB:

Table 1: Does the Handover Restriction List need to be sent?
	
	Single PLMN
	MOCN
	GWCN
	Multi-PLMN

	Option 1: 

“no HRL” = no PLMN restrictions
	No 
(O&M required when source PLMN not available as target)
	Yes
(When source PLMN not available as target)
	Yes
	No 
(O&M required at PLMN borders to select correct target )

	Option 2: 

“no HRL” = no ePLMN and hence no inter-PLMN HO
	No
	No
	Yes
	Yes


It can be seen that both options have similar numbers of scenarios when the HLR needs to be provided, the difference being that Option 1 requires O&M effort to avoid sending the HLR, particularly in the most common scenario of single PLMN. This is less than ideal: in this scenario, either the HLR must be sent even though it contains no useful information (serving PLMN is known and there are no ePLMNs), or alternatively, O&M restrictions must be carefully set. 
Option 1 has also some drawbacks in terms of network evolution. For example, assume a network is initially deployed in a single PLMN configuration, relying wholly on O&M for PLMN control (no use of HRL). If, after a sharing agreement, a part of this network becomes shared with another operator, the HRL may be used, and the O&M control may be removed in the shared area, or potentially everywhere else (for consistency).
Option 1 also causes ambiguous implementation: when an eNB has no equivalent PLMN information, it must “remember” whether this is because it never received the HRL (at context setup, or HO), or because it did receive the HRL, but it contained no ePLMNs, since the two situations are interpreted differently. This means that the equivalent PLMN information must always be interpreted in relation to the HRL presence itself, and not as a standalone item.

Additionally, Option 1 does not allow other (non-mobility) applications to make use of the ePLMN list, because the application cannot know whether an empty PLMN list (without HRL received) really means that the UE’s ePLMN list (in CN) is empty. 
It should be noted that none of these issues occur if the HRL is sent, so it may be advisable for the MME to do so even if not mandated by the standard.
In any case, assuming that RAN3 reaffirms Option 1 as the interpretation to be followed, some additional clarifications may be useful, which are presented next. For completeness, possible changes to clarify in the other direction are also provided.
2.3  Possible Option 1 changes

In 36.300, a clarification could be provided in section 10.4 as follows:

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.

The eNB shall store the UE area restriction information and use it to determine whether the UE has access to radio resources in the E-UTRAN and/or other RANs. The source eNB should 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 will consider that no restrictions apply to selection of the target of the mobility action. In particular, the eNB may treat all PLMNs as equivalent PLMNs.
The available 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) and the area restriction information is available, 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.
In addition to area restrictions applicable to a UE, the eNB may also be configured to restrict mobility through O&M (e.g., through control of the ANR function as described in section 22.3). 
In 36.413 and 36.423, there are various inconsistencies (sometimes “roaming area nor access restrictions” is used, sometimes “access restrictions” only, sometimes “roaming, area or access restrictions”. This could be corrected, written from the receiver’s point of view and simplified by referring to stage 2. For example, in the following paragraph:
If the the Handover Restriction List IE is contained in the INITIAL CONTEXT SETUP REQUEST message, the eNB shall use the information in this IE to determine a target for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE, as defined in TS 36.300 [x]. The eNB shall ignore the information contained in the Handover Restriction List IE and behave as defined in TS 36.300 [x] when:

-
one of the setup E-RABs has some particular ARP values (TS 23.401 [11])

-
the CS Fallback Indicator IE is set to “CS Fallback High Priority” in which case it shall process according to TS 23.272 [17].
2.4 Possible Option 2 changes

In 36.300, a clarification could be provided in section 10.4 as follows:

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.

The eNB shall store the UE area restriction information and use it to determine whether the UE has access to radio resources in the E-UTRAN and/or other RANs. The source eNB should 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 the UE’s equivalent PLMN list is empty.
The available 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.
In addition to area restrictions applicable to a UE, the eNB may also be configured to restrict mobility through O&M (e.g., through control of the ANR function as described in section 22.3).
In 36.413 and 36.423, the same change may be applied as for Option 1.
3 Conclusions
This contribution has discussed the two options for the use and interpretation of the Handover Restriction List IE, particularly in respect of its absence at the eNB:
Option 1. “no HRL” = no PLMN restrictions (noted as common understanding at end of RAN3#76)
Option 2. “no HRL” = no ePLMN and hence no inter-PLMN HO
It has been argued that Option 1 (which is the “common understanding” from RAN3#76) has drawbacks, which could be avoided if Option 2 was adopted instead.
Regardless of the option, it seems that some specification work is needed, since it was clearly shown at the last meeting that different companies had/have different interpretations in this respect. With this in mind, proposals have been made for both options, and RAN3 is requested to consider the issue and possible specification impacts.
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