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Discussion
1 Introduction

During recent discussions, it has emerged that there could be different interpretations of the handling of the Handover Restriction List IE in the case of connected mode mobility. This paper considers existing stage 2 and stage 3 text in various specifications, and points out some potential ambiguities. The intention is to open up some discussion on the topic, and hence decide if any action is appropriate.
2 Review of specification text
In this section, we list and review relevant specification text, starting with stage 3.

2.1 S1AP specification (36.413)

This specification defines the Handover Restriction List IE and its handling (the HRL is the stage 3 implementation of the stage 2 Area Restriction Information concept). The tabular description of this IE is shown below.

It can be seen that the IE is made up of two apparently distinct components: the PLMN list (serving + equivalent), and the actual restrictions (e.g. forbidden tracking areas, forbidden location areas, and forbidden RATs). However in reality the PLMN list is to be interpreted as “allowed PLMNs”, and consequently, any PLMNs not listed in the HRL are “forbidden PLMNs”. As a historical note, it is our understanding that there was initially a suggestion to list “forbidden PLMNs” instead, and only later it was decided to include ePLMN and the serving PLMN. This explains why the HRL was born as a pure “restriction list”, but later was extended to other uses (see further below)

Therefore, when the HRL has been provided to the RAN, its use is fairly clear:

· In choosing a target cell for HO, the eNB will avoid cells that would violate the explicit restriction (TA/LA/RAT)

· And at the same time, it will avoid PLMNs not listed (either serving or equivalent)

We also note that the tabular text is very clear in stating that the ePLMN list is the same as that in 23.401. One should therefore assume that the NAS level and S1AP level ePLMN lists carry the same information (excepting possible transients).

	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


2.1.1 Use and presence of the HRL in S1AP

A possible ambiguity arises when considering what happens when the HRL is not provided. This is particularly important because as noted above, the HRL information has a wider application than restrictions. 

For example, the HRL is the only way to provide the identity of the serving PLMN in GWCN networks. In fact already there is an abnormal condition which functions as a warning that under certain circumstances, the HRL has to be provided, e.g. in cases where the MME itself supports multiple PLMNs (GWCN RAN sharing case), and hence the eNB itself does not know what is the intended serving PLMN unless the HRL is received from the Core Network.

Another potential example under discussion is the use of the ePLMN list to define or check the MDT PLMN scope (i.e. the area where MDT actions can be performed). It is required that the MDT PLMN list be identical or a subset of the ePLMN list (+ serving PLMN), hence any eNB action may be dependent on the provision of the HRL.

But what happens if the HRL is not provided in a general case? Normally the eNB will know the (unshared) serving MME, and hence can deduce that the serving PLMN is that of the GUMMEI. Lack of the HRL however means that there are no explicit area restrictions (TA/LA/RAT), and equally, there are no equivalent PLMNs. In fact the text below is found in 36.413 in several paragraphs: 


[image: image1]
The second sentence above can be read in two ways:
· That there are no restrictions at all – hence the eNB does not “filter” HO candidates

· That there are no restrictions (TA/LA/RAT); however there are also no equivalent PLMNs known to the eNB, and hence the eNB would generally not trigger inter-PLMN HO

In principle, both interpretations seem valid, and possibly the second appears more logical if mobility is driven off the equivalent PLMN list (which is absent). However the use of “roaming” seems to imply an intention to cover the inter-PLMN case, which tends to favour the first interpretation. On the other hand, we can recall for example the discussion in release 10 on MDT, when requirements from SA3 excluded “roaming” operation; later it was clarified that “roaming” really meant inter-country roaming (i.e. different MCC), but that operation across multiple PLMNs (particularly ePLMNs) was in fact desirable. So the ambiguity remains.
We next consider two stage 2 specifications to check if any clarification is provided therein.  
2.2 LTE RAN Stage 2 (36.300)

Section 10.4 states


[image: image2]
This statement is essentially covering the functionality implemented in stage 3, and does not offer any further clarification.
The same specification also defines “suitable cells” for idle mode mobility: 


[image: image3]
Where the “equivalent PLMNs” are available from the UE’s NAS layer, and would in principle be expected to be in line with the equivalent PLMNs provided to the eNB as part of the “Area Restriction Information”. It is interesting to note that in the case where the cell PLMN is not the selected or equivalent PLMN, then in idle mode reselection procedures, this cell is treated somewhat differently. Also, if no ePLMN list is available in the NAS layer, then by definition all cells outside the selected PLMN are not “suitable cells”.
2.3 Network Sharing Architecture Stage 2 (23.251)

Finally we consider relevant text in 23.251, shown below: 

[image: image4]
Focussing particularly on the sentence in bold, we can see that selection of a target PLMN may be based on configuration, or use of the HRL/ePLMN list. This could be read to imply that, if inter-PLMN is to be supported, then one of the two methods should be supported (and it is up to the specific deployment how consistenty is ensured). Hence if we assume that approach (ii) is used, this statement implies that inter-PLMN operation requires the availability of the HRL in the RAN. It is however difficult to make any firm conclusions as to how the absence of the HRL should be interpreted.

3 Discussion

The above review showed that there is no overwhelming stage 2 requirement that enforces the presence of the HRL in the case of scenarios with multiple PLMNs – except for the fact that in such scenarios, ePLMNs may be defined precisely to ensure straightforward idle and connected mode mobility. Also we know that there are (will be) scenarios where information in the HRL is actually needed by the eNB for functions other than mobility target selection.
From a stage 3 perspective, the scenarios covered (and signalling interpretation) depend crucially on the interpretation of the “no HRL” case.

If “no HRL” = no PLMN restrictions:

· Then to signal “no ePLMNs” (i.e. always stay on serving PLMN), it is necessary for the CN to send the HRL with only the serving PLMN in it. This is possible but seems counter-intuitive.

If “no HRL” = no ePLMN and hence no inter-PLMN HO:

· Then there is no simple way to provide restriction-less inter-PLMN mobility, apart from having a large list of ePLMNs (but to our understanding this is somewhat similar to NAS)

Based on the review, we see several open issues:

1. Are there scenarios where ePLMNs are not defined (HRL is not provided, nor is there an ePLMN list in NAS) and yet connected mode inter-PLMN mobility is required? 
It seems that in such scenarios, it would make sense to define ePLMNs as needed precisely for mobility purposes. We note that the semantic text in 36.413 states that the ePLMN list in NAS, and the S1AP list, should be equivalent.

2. Is there a clear requirement that ePLMN lists in the eNB and NAS should be synchronized?

We believe that this is an underlying assumption, but it does not seem to be clearly stated..

3. How should an operator prevent any inter-PLMN HOs using the HRL ?

From above, there are two ways to do this depending on the interpretation of the text; the first requires sending of the HRL with an empty PLMN list. The second interpretation simply requires to not send the HRL (i.e. no equivalent PLMNs) or alternatively to send an HRL (if needed for other reasons) with an empty ePLMN list.
4. How should the eNB handle applications which rely on the HRL/ePLMN ?
An example is the MDT PLMN control which relies on a PLMN list which is either the ePLMN list or a subset. If we take the interpretation that no HRL = all PLMNs are valid target, then we have the paradox that an eNB can move through any PLMN, yet it has no ePLMNs, and hence MDT actions stop at PLMN boundaries. In the future, we could foresee other such paradoxes appearing.
5. How in practice can O&M and HRL approaches coexist as stated in 23.251?

If the text refers to eNB O&M, then we have a potential flaw where the eNB may receive an HRL whilst also being configured with certain rules for inter-PLMN HO. It is understood that this is a stage 2 generic text, but perhaps it should be discussed how consistenty will be achieved by the operator.
4 Conclusion

Most of the questions raised in this document relate to the operation when no HLR is received by the eNB. A feasible argument is that receiving no HRL implies that no ePLMNs exist (it clearly cannot imply that all PLMNs are ePLMNs as this is not true). In this case, no change of serving PLMN would be allowed by the eNB, and some of the questions posed above are resolved.
As pointed out earlier, part of the problem stems from the fact that the HLR started out as a pure list of restrictions, but its use evolved (and may evolve further). In particular, the alignment of the ePLMN list with NAS suggests that the absence of the HLR should result in a more (rather than less) constrained target selection at the PLMN level.

In any case, even if the opposite interpretation is agreed, it is noted that the current text (and particularly the use of “roaming”) may require some consideration and possible revision. Additionally, the above issue #5 should be addressed, which may require discussion with SA2.







































































































In case of handover to a shared network:


-	the source eNodeB determines a core network operator to be used in the target network based on current PLMN in use, or other information present in the eNodeB, the source eNodeB shall at handover indicate that selected core network operator to the MME as part of the TAI/RAI sent in the HO required message. The selected target core network operator should be the same as the one in use. This is accomplished by not changing the serving PLMN if the PLMN in use is supported in the target cell. If the PLMN in use is not supported in the target cell the eNB selects the target PLMN based on either (i) pre-configured information in the eNB, or (ii) the Equivalent PLMNs list (see TS 36.413 [14]) provided by the MME.





The eNB shall use the information in the Handover Restriction List IE if present in the INITIAL CONTEXT SETUP REQUEST message to determine a target for subsequent mobility action for which the eNB provides information about the target of the mobility action towards the UE. 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.





























A suitable cell is one for which the measured cell attributes satisfy the cell selection criteria; the cell PLMN is the selected PLMN, registered or an equivalent PLMN; the cell is not barred or reserved and the cell is not part of a tracking area which is in the list of “forbidden tracking areas for roaming”;











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].


















































