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Introduction

RAN WG3 discussed extensively the Automatic Neighbour Relation function in the meeting #59bis in March/April in Shenzhen, China, and sent an LS [1] with an attachment [2] to SA5 and kindly asked SA5 to take the new proposed approach into account.
SA5 meeting #60 in June in Sophia Antipolis discussed further the RAN3 LS and responded back to RAN3 in [3], with an attachment [4].

This document further discusses the confusions identified in SA5 from the RAN3 approach and the SA5 LS and proposes further details to the overall approach described in [2].
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Discussion

2.1

Definition of a Neighbour Relation
It appears that there are different understandings of what a neighbour relation actually means or should mean. The initial discussion of NR was related to handover between two cells, however the signaling relation exists between two eNBs, not between two cells. Furthermore it may be foreseeable to use the neighbour relationship even if handovers are not allowed.
In the context of ANR we would propose the following definition:

An existing neighbour relation from a cell 1 to a cell 2 means that eNB controlling the cell 1:
a) Knows the CGI and PCI of the cell 2
b) Knows how to contact the eNB controlling the cell 2 (IP address, X2 or S1 to be used); or alternatively knows that the cell is not accessible at all.
c) Has an entry in the Neighbour Relation Table for the cell 1 identifying the cell 2

d) Has the attributes in this Neighbour Relation Table entry defined, either by O&M or set to default values. 
I.e. having an entry in the Neighbour Relation Table does not say anything about whether or not the cells are actually geocraphical neighbours, or whether or not handovers are possible or allowed from the cell 1 to the cell 2. This also means that removing a neighbour relation from the cell 1 to the cell 2 removes the knowledge of the cell 2 in the eNB controlling the cell 1 for that given cell*, and if a UE under cell 1 detects PCI of cell 2 this will trigger the ANR procedure (reading of CGI etc…).
All that means that adding a Neighbour Relation does not yet tell anything of the actual usage of this NR. The attributes assigned to the NR are the ones defining the usage. It can be even foreseen that when standardisation progresses further we might see additional attributes related to e.g. Inter-Cell Interference Coordination or Load Balancing included to Neighbour Relations. This all simply means that each and every Neighbour Relation needs to qualified for before the eNB knows what it can or should do with a particular neighbour relation. Obviously default attribute sets can be used.Furthermore it means that in principle there can be by default a neighbour relation between each and every cell of one eNB as all the relevant information is known in the eNB and the ‘No X2’ flag bears no meaning in this case. Still this is not a requirement as such and depends on the eNB whether having all the cells related to each other is actually beneficial; however this is beyond standardisation.

*it is possible to have the same PCI appearing for two different CGIs in the NRT of one eNB as long as the entries are not under the same cell of that eNB.
2.2

Neighbour Relation Table (NRT), cell and eNB

The RAN3 document [2] talks of neighbour relations between cells and discusses introducing neighour relation between cells. Further it introduces a “No X2” attribute to the NRT.

Firstly, after the eNB is powered up and Physical Cell IDs have been assigned to the cells the eNB can internally create NRT entries for all cell pair combinations under the eNB. The attribute “No X2” is obviously meaningless in this case. 
I.e. all neighbour relation pair combinations can be assumed to exist within the cells under one eNB and these relationships could be considered to be non-removable as the eNB always knows the information of all of its cells. Logically it would still be possible to completely remove a NR between two cells of the same eNB.
Secondly, when X2 (or S1) connection is set up, it is not set up between two cells, but between two eNBs. Furthermore the X2AP:X2 SETUP REQUEST provides information of all the cells under the requesting eNB and the X2AP:X2 SETUP RESPONSE provides information of all the cells under the requested eNB, i.e. when the X2 is set up it automatically is available for all possible cell pair combinations under the two eNBs. That is, after the X2 setup the two eNBs could create NRT entries between all the cell pair combinations where one cell is under one eNB and the other cell is under the other eNB. Whether this is actually done or not is not subject to standardisation.
Thirdly, when X2 is set up from eNB1 to the eNB2 it must also be set up from eNB2 to eNB1 due to the bidirectional nature of the Class 1 X2AP procedures whereas a neighbour relation is from cell1 to cell2, but not necessarily from cell2 to cell1.

Statement 1:
After eNB power up there can always be an NRT entry from each cell under one eNB to all other cells under the same eNB; for these case the ‘No X2’ flag is considered as carrying no meaning.
Statement 2:
After X2 is set up between two eNBs, an NRT table entry can be created in both eNBs for every cell pair combination where one cell is in one eNB and the other cell in the other eNB.
Statement 3:
X2 setup between two eNBs is always bidirectional due to the bidirectional nature of the Class 1 X2AP procedures.
The above two statements are not requirements as such and could be seen as subject to implementation decisions, but rather more as highlighting the fact that;

· X2 is set up bidirectionally between two eNBs, X2AP does not work unless both eNBs can send messages towards the other.
· A Neighbour Relation is unidirectional and it is set up between two cells, A Neighbour Relation can logically exist from cell1 to cell2 even if there is no NR from Cell2 to cell1.
It should be noted that creating or removing a neighbour relation is not the same thing as allowing or not allowing a handover! If a neighbour relation is removed it means that the eNB has no knowledge of the existence of the other cell any longer and if the PCI of that cell is found by a UE, ANR procedure may be triggered. If there is a desire to block handovers then the ‘No HO’ flag should be set.

2.3

‘No X2’ flag

Given the discussion in section 2.2 the presence of the ‘No X2’ flag in the Neighbour Relation (cell) level can be questioned. Further interesting implications would occur if state of the ‘No X2’ flag is set or changed for one cell pair of an eNB pair to a different value than for the other cell pair(s). 
We assume that the ‘No X2’ flag indicates the physical availability of the X2 interface between two eNBs and would thus be set to the same value for all cell pairs of the same eNB pair. Discussion on SA5 exploder of No X2 use cases showed that they are all on eNB level, i.e. an No X2 flag is not needed per cell-cell combination. 

Additionally, a behaviour for the change of ‘No X2’ flag needs to be specified. Examples: If e.g. a S1 path has been set up between two eNBs, will the change of ‘No X2’ flag to ‘not checked’ lead to setting up the X2 interface and ditching the S1 path? Furthermore, will it affect all NRs between the two eNBs? We propose that the detailed behaviour when flags are modified is to be defined by SA5, but it is noted that withing one eNB the ‘No X2’ flag should be set the same way for all Neighbour Relations where the same eNB pair is controlling the cell pair.
It is finally noted, given the discussion in the section 2.2, that the ‘No X2’ flag should be set the same way for both eNBs. Enabling X2 in eNB1 towards eNB2, but not allowing it from eNB2 towards eNB1 can be considered an erroneous parametrisation.
Statement 4:
Within one eNB the ‘No X2’ flag should be set the same way for all Neighbour Relations where the same eNB pair is controlling the cell pair.
2.4

‘No HO’ flag
As implied by the discussion in the sections above, a handover relation is rather an implied property of a Neighbour Relation stating whether or not the eNB handover algorithm is allowed to hand over a UE from one cell to the other.

Statement 5: 
The ‘No HO’ flag should be understood as indicating those cells that cannot be considered as candidates for handover from this cell (e.g. other operators’ cells), but when not set, it should not be understood indicating whether handover to a cell is actually possible.

2.5

‘No Remove’ flag
The ‘No Remove’ flag was added to the NR attributes to allow the network operator to either trust O&M system or the radio network ANR for removing unnecessary Neighbour Relations. Together with the ‘No HO’ flag the O&M system can also use the ‘No Remove’ flag as whitelisting/blacklisting handover relations.

HO Whitelisted:
‘No Remove’: checked; 
‘No HO’: not checked

HO Blacklisted:
‘No Remove’: checked; 
‘No HO’: checked

X2 Whitelisted:
‘No Remove’: checked;

‘No X2’: not checked
X2 Blacklisted:
‘No Remove’: checked;

‘No X2’: checked
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Conclusions and Proposals
This document discussed further the neighbour relations and the attributes related to NRs as discussed in [1] and liaised to SA5 in [2]. A proposal for definition of a NR of a cell is outlined, and statements made of the bidirectional eNB related quality of an X2 connection and the unidirectional cell related quality of a Neighbour Relation.
It is further proposed that the actual attribute set and actions upon setting/changing an attribute are to be defined in SA5 specifications and RAN3 requirements can be seen as satisfied if the attribute set introduced in [2] is specified. The attribute set can be extended if a need for such is seen in the future.

Finally, it is proposed that if RAN3 agrees to the points made in this document that it would be made known to SA5 in the RAN3 response to [3].
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