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1 Introduction

In [1] we introduced the concept of using geographical areas to define a cell shape and allow UEs to implicitly discover their neighbour cells by inspection of information on broadcast channels. This document goes one or two steps further and discusses various methods that can be employed and what signalling load can be expected by adopting such methods.
2 Discussion
2.1 Geographical position

One method would be to let each cell signal the logical geographical expect area of the cell. The coverage is not a consideration it is only important that the geographical area described can allow the mobile to see if there is an overlap of this logical area. The UE using such information, can decide whether the cell from which this information is read is a neighbour or not given the equivalent information of the cell in which it is camped. 
This is simply illustrated in Figure 1 where cell B can be determined to be a neighbour of cell A, but not cell C.

[image: image1]
Figure 1. Example of two cells that are neighbours (A and B) and one cell (C) which is not a neighbour to either A or B.
One possibility would be to transmit a set of positions outlining the area of the cell. However, this would require extensive signalling, so it would be advantageous to reduce the amount of geographic information transmitted by each cell. 
One way of doing this is to use a repeated coordinate system to reduce the value range of the coordinates. Therefore, it may also be to distinguish positions within a limited area, for example 200 km, and repeat the geographical coordinates to cover an entire PLMN. It may also be enough with a reasonable accuracy, for example 25 m.
To further reduce the information, the coverage of a cell could be described with one position, a size and a shape. One way of efficiently transmitting the size of the cell could be by referencing a table with typical cell sizes. One example table is shown in Table 1. It would probably be beneficial to be able to distinguish between for example omni cells, sectorised cells and cells covering roads. One example list of cell shapes could therefore be: Hexagon, Triangle, and Rectangle.
Table 1. Example of cell sizes.

	10 m

	50 m

	250 m

	500 m

	750 m 

	…


By using some assumptions on the required accuracy, the required number of bits required to transmit the coverage of one cell is listed in Table 2.
Table 2. Number of bits required to describe the coverage of one cell.

	
	Comments
	Nbr of bits

	Position
	Resolution of ~25 m inside a 200 km area, X+Y
	13 + 13

	Size
	16 different cell sizes
	4

	Shape
	8 different shapes
	3

	Orientation
	32 different orientations (~11º accuracy in a range of 0-360 º) 
	5

	HCS layer 
	0..7
	3

	
	Total
	41


This could be compared with the number of bits required for a neighbour cell list. To identify suitable cells, the list should at least contain values identifying a cell. Assuming that 512 identities are defined, this means that each neighbour cell in the list adds 9 bits to the transmission of the neighbour cell list. For scenarios with a large number of neighbours, for example fempto cells, listing all neighbour cells will require transmitting a large amount of information.
2.2 Using a Logical cell identity
Another possibility is to predefine and pre configure a number of standard cellular configurations and then allocate to each cell in a configuration a specific identity. Because the neighbour cells are numbered using a specific pattern the UE is able to read the logical cell identity of the serving cell and deduce implicitly the numbers allocated to each real neighbouring cell. This is illustrated in the example shown in Figure 2. In this example, the UE is served by cell 5. Cells 0, 1, 4, 6, 9, and 10 are immediate neighbours to cell 5.

[image: image2]
Figure 2. Example of cell pattern.
Note that this pattern will have to be repeated to cover the whole PLMN. This is illustrated in Figure 3. It will be impossible for a UE to distinguish the location between cells using the same, repeated logical cell identity. Since the purpose of the pattern is to allow the UE to exclude as many of the false neighbours as possible, it is important that the pattern is big enough to include the cells that may be detected but are in fact not neighbour cells. 

[image: image3]
Figure 3. Repeated pattern.
The requirement on the size and shape of the pattern would therefore be dependant on the planning and the irregularity of the radio environment. If the requirements are different on different frequencies or locations, different patterns could be used. The usage of patterns must then be signalled on the BCCH. Assuming that 16 patterns are pre-defined, this would add 4 bits to the BCCH.

In the example illustrated above, a pattern of 16 cells were used. Signalling the logical cell value in each cell would require only 4 bits. A more realistic scenario may however require a larger pattern, for example containing 64 cells. For this size, it would require 6 bits to transmit the logical cell value. 

With the pattern size of 64 cells, and the assumption of 16 predefined patterns, a UE would therefore need to decode the 6 bits indicating the logical cell value from all detected neighbour cells, and also read the 4 bits of pattern information from the serving cell. In addition to this, 3 bits are needed to indicate the HCS layer. In total only 13 bits need be signalled.
2.3 Inter frequency mobility with logical cell identiy
For inter frequency, a similar neighbour cell list as in UTRAN could be used. However, another possibility could be envisaged and that is to use the concept of logical cell identity. 
For example, for inter frequency scenario, this would require that each cell in the selected frequency broadcasts a logical cell identity value of the cell in the target frequency layer. This also requires that the cells in the target frequency are all broadcasting their logical cell identity value. 
The list may also contain an indication about which HCS layer this frequency belongs to. Cell sizes in different HCS layers are likely to be different. This is illustrated in Figure 4, where a scenario with macro cells (dashed lines) and micro cells (solid lines) are depicted. 


[image: image4]
Figure 4. Different cell sizes. Macro layer (dashed line) and Micro layer (solid line).
When moving from a frequency with larger cells to a frequency with smaller cells there is an uncertainty of the UEs position within the larger cells of the source frequency. Therefore, more than one cell may be considered to be neighbours in the target frequency. This could be solved in many ways. One way could be to instead of defining only one logical cell value use a set of logical cell values. 

Table 3 illustrates the required number of bits for each entry in this inter frequency list for the assumed value range. For each frequency indicated in this list, 27 bits have to be transmitted on the BCCH.
Table 3. Nbr of bits required for each entry in the inter frequency list.
	Information
	Range
	Nbr of bits

	UARFCN
	0..16383
	14

	Logical cell value
	0..63
	6

	Pattern
	0..15
	4

	HCS layer
	0..7
	3

	
	Total
	27


3 Transmission schemes 

As can be seen by the size of signalling the explicit geographical coordinates of the cell it would not be ideal to send this on a Layer 1 channel, but we could send this as BCCH information.
It is however interesting to observe that the size of the signalling of a cell distance value is quite small. We could take advantage of this and send this in a Layer 1 channel. This would have the advantage of reducing the power required by the mobile to read the BCCH information as we introduce a basic filter scheme.
If RAN1/4 decides that decoding of BCCH is simple then this data could be just sent on BCCH and read at the same time as the information needed for suitable cell identification.

Yet another possibility would be to map the cell distance value to the cell identity. In that case, no extra signalling is required. It would however require that the mapping of cell identity to cell value is predefined and the usage of cell identities would have to be planned. 
There may also be a need to signal cell specific information, such as handover or reselection parameters. When using the normal NCL, this can be appended to the NCL without the need of extra addressing. When using the method illustrated above, each cell specific parameter must be associated with an address. It would however be possible to use the cell distance value for this purpose to reduce to reduce the signalling.
There may be a need to explicitly forbid the access to some cells. This could be done by signalling the cell distance value of the forbidden cell. 

4 Conclusion
This paper illustrates two possible methods for letting each cell broadcast information about its coverage. The first possibility enables each cell to describe it’s coverage by transmitting approximately 38 bits. By using a predefined cell pattern we can further reduce the signalling to a few bits which could possibly be transmitted by layer 1 or implicitly transmitted by the cell identity.
Using the assumptions mentioned earlier in this document, the total signalling requirements for the two methods are summarised in Table 4. 

Table 4. Total number of bits required for signalling. It is assumed that for the geographical position solution, the UARFCN and the HCS layer is included in the inter frequency list.

	
	Intra Frequency
	Inter Frequency,  per layer

	
	L1
	BCCH
	L1
	BCCH

	Geographical position
	-
	41
	-
	17

	Logical cell values
	6
	7
	-
	27


This could be compared to each cell transmitting a list of neighbouring cell, where each neighbour cell on this list adds approximately 9 bits to be broadcasted for the intra frequency case. 
We would therefore like to suggest that the two methods mentioned in this paper are added as an option when discussing methods for compressing the neighbour cell list.
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