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1 Introduction

In previous contributions [1]

 REF _Ref162108278 \r \h 
[2], we have shown two methods where each cell transmits cell-specific information which the UE receives and combines to form an neighbour cell list.
One possibility is to transmit the geographical coordinates of the coverage of each cell. This method is quite straightforward but requires slightly more signalling compared to the other method which is using Logical Cell Values (LCV) and a pre-defined pattern.

In the LCV method the mobile reads off the serving cell an explicitly signalled neighbour cell list (given by a list of expected LCV values to be found in neighbours). The mobile then reads the P-BCH of detectable cells and extracts the LCV and sees if this value is contained in the list. If a match is found then this cell is deemed to be a neighbour.
In last RAN2 meeting, we have received some questions regarding the LCV method. This paper explains how the LCV method works in a realistic radio plan.

The following subsection illustrates solutions for a few important questions, namely: 

· How to assign a LCV to a cell plan
· How to add a cells to the cell plan
· How to use multiple patterns in a cell plan
2 Discussion
The idea of the LCV method is to use a predefined pattern to describe the relationships between cells. One example pattern is the hexagonal pattern, which identifies six neighbours to each cell – see ref [1]. 
The cells in real-life deployments may seem unstructured however, there means that can be deployed to normalise these patters in to a structured format and make them neat. The method involved shall be not be standardise and in this document we give an example of how this could be easily achieved and mapped onto a real world example. We understand that there are many other strategies that can be employed. We also show how easy we can either add a cell or remove a cell.

3 Example of applying the pattern to a real cell plan 
The following diagram is based on a real network scenario and real neighbour cell list in this network. We show how the real neighbour cells list can be numbered with LCV and how it can be signalled in a compressed way.

In figure 1 there are three example serving cells are identified (in red). The neighbour cells of each serving cell is then marked (in green).


[image: image1]
Figure 1. Three example cells (1, 2 and 3)
Note that the two areas marked with blue circles are the same cell.
In the following example, the goal is to assign LCV to all cells within this geographical area. Note that this is just one simple example, only intended for illustration. Therefore, we have deliberately chosen a very simple methodology. Considerations about how to implement this in a system is discussed in section 4.

The simple methodology used in this example can be described as follows:

1. Position a circle in the centre of each cell

2. Draw horizontal and vertical lines connecting the circles. Each intersection is an LCV value. Try to keep a fairly regular pattern while still trying to reduce the intersections without a circle. 

3. Define the neighbours of each cell to be the cells with LCV surrounding the serving cell (white circles)

The second step is to analyse the difference between the defined neighbour cell list and the desired neighbour cells from Figure 1 REF _Ref162110262 \h 
.

1. Among the defined neighbours from the previous step (white circles), define which cells should really be neighbours (green) and which should be removed (yellow) REF _Ref162110262 \h 
.

2. Among the cells that are not yet defined as neighbours, add cells (light blue) that should be added according to the desired neighbour cell list.
The result is shown in Figure 2. As can be seen in this figure, to create the exact same neighbour cell list as in Figure 1, one cell shall be explicitly removed and 5 explicitly added. In Figure 3 the actual LCV values and the repetition of these are illustrated.

[image: image2]
Figure 2. Example of using the LCV method. White circles indicate cell defined as neighbours. Light blue cells are added and yellow cells are removed.

[image: image3]
Figure 3. Illustration of LCV numbering for one of the example cells. The leftmost figure shows an enlarged view of one of the example cells and the rightmost picture shows the same area but where the cells are translated into the LCV pattern. Note that some LCV values, for example 2 and 4 are not used by any cell.
Table 1 REF _Ref162068302 \h 
 compares the total number of bits required for the three example cells above when using both the UMTS/GSM like method and when using the LCV method.
Table 1. Signalling requirements when using different methods for transmitting the neighbour cell list

	
	Cell
	LCV on P-BCH
	Explicitly added on S-BCH 
	Explicitly removed on S-BCH
	Total
	Average

	GSM/UMTS signalling load
	1
	-
	70
	-
	70
	80

	
	2
	-
	80
	-
	80
	

	
	3
	-
	90
	-
	90
	

	LCV method
	1
	6
	6
	6
	18
	18

	
	2
	6
	12
	6
	18
	

	
	3
	6
	12
	6
	18
	




4 Practical use of LCV in a system

As stated earlier, the cells are not structured in neat patterns in real-life deployments. This is however not so critical for this method. It is important to remember that the purpose of LCV is not to reflect the geographical coverage of each cell with high accuracy. 
The purpose is instead to generate the neighbour cell list. Therefore, it is the desired neighbour cell list that shall be used for this input, rather than a coverage map. A tool would then typically use this list as in input and optimise the assignment of LCV with one goal – to minimise the signalling. It would be possible to set different requirements in different cells.
In order that a whole PLMN does not need to be re-planed when adding cells or removing cells then the areas upon which the pattern is applied can be restricted by a software tool.

4.1 Adding a new cell

When adding a new cell, the best solution would be to directly find and use an appropriate LCV. This may however be difficult. Firstly, all LCV may be occupied, requiring a re-planning of the whole system. Secondly, it may be desirable not having to plan this value in detail when adding a cell to the system.

There are several possible solutions to this problem. One possibility is to assign the same LCV value to the new cell as an existing neighbouring cell. 

Another possibility is to use a restricted LCV value. This value could indicate that this cell is always to be considered as a valid neighbour. Therefore, the network would have the opportunity to collect and analyse the statistics related to mobility to this cell. After the initial phase, the LCV value can be changed to another LCV value based on the analysis. 

Yet another solution would be to assign an LCV value that is used in a distant area of the pattern or even have some LCV values that are reserved and do not exist in the pattern numbering (for example 4 values). This cell would then have to be explicitly added to the neighbour cell list. 

4.2 Usage of different patterns or repeated instances of the same pattern
When using different patterns, it is important that the UE can merge the information from cells belonging to multiple patterns.

Therefore, in the area where two patterns meet, the cells must broadcast an LCV for each pattern. It would actually be enough if the UE detects multiple LCV from only the serving cell, since this would enable the UE to understand which LCV in all patterns are to be considered as neighbours. 

Therefore, using multiple patterns require that in the area where two patterns meet, the cells broadcast one primary LCV and which pattern this LCV belongs. This primary LCV shall be possible to decode by UE searching for neighbouring cell. Each cell shall also transmit a set of secondary LCV and pattern identities. This is only required to be decoded by UEs currently served by this cell. 
The primary LCV (transmitted on the P-BCH) may therefore be extended with 2 bits which enables the usage of four different patterns. In addition to this, a secondary LCV (of the same length) is introduced (transmitted on the S-BCH) in all cells in the border area between two patterns.


[image: image4]
Figure 4. Example of using two different patterns.
This is illustrated in Figure 4. In this example, the borders between two different patterns are placed on the border of one of the previously used example cells. The LCV numbering in the two different patterns are different. 

The serving cell is transmitting its primary LCV (11) in pattern 1 on the P-BCH and its secondary LCV (8) for pattern 2 on the S-BCH. In pattern 1, LCV 3, 10, 18 and 19 are defined as neighbours. LCV 2, 4, 12, 20 is not assigned to any cell. In pattern 2, LCV 9 and 17 are considered as neighbours and LCV 57 and 26 need to be explicitly added. LCV 7, 0, 1, 15, 23, 16 is not assigned to any cell.
5 Conclusions

In this paper we provide some additional ideas of how to generate the explicit neighbour cell list in the UE by using logical cell values. We use one example to illustrate how this method may be used. 
We have shown that with a simple methodology, LCV can be assigned to a realistic cell plan. We have also shown that the previous UMTS/GSM neighbour cell list signalling can be compressed by using the properties of the LCV concept and in order to signal explicitly the neighbour cell list using LCV a signalling payload (in the order of 18 bits) which can be easily transported in P-BCH and S-BCH.
We suggest that the LCV method and the method using geographical coordinates shall be included in the stage 2 descriptions as one possible way to reduce the signalling of neighbour cell list.
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