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1 Introduction

After discussions about hierarchical cell structures on the last WG2 meeting, we have tried to find a more general concept for cell reselection in idle mode. It should also be applicable for connected mode on common transport channels.

The new concept should incorporate hierarchical cell structures with multiple layers and different types of neighbouring cells, like intra- and inter-frequency. Additionally, it is advantageous if the concept allows an easy extension to cover also GSM cells and cells in other radio access technologies. Also, it should be easy to add the SOLSA concept to the new cell reselection concept.

If desired, the operator should be able to define cells in a hierarchical cell structure and with a number of different LSA Ids. The best cell to camp on for a UE depends on radio measurements and the priority given by which layer the cells belongs to and which LSA Ids are defined in the cells. 

The operator should be able to control the transitions between any two cells, regardless of whether the two cells have equal or different priority. The control is performed in terms of parameter settings in order to achieve hysteresis and cell border offset effects, both relative and absolute on the quality value range.

2 Discussion

2.1 Background

The inter-frequency cell reselection criteria are currently specified in 25.304 as follows. Subscript s denotes serving cell and subscript n denotes neighbouring cell. S is the cell selection value, which must be greater than zero for candidate cells. The quality value Q is based on radio measurements.
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This comparison between serving and one neighbouring cell can be illustrated as shown in the following figure. Here, the quality value Q has been normalized and we assume a 0 dB hysteresis and 0 dB offset. Consequently, the best cell of the two cells is the cell with the highest Q value.

[image: image2.wmf]
Figure 1. Comparison of serving and a neighbouring cell.

The expression above can be rewritten into the following equivalent expression. Here, each cell is represented by one ranking value, R. All cells are evaluated, including the serving cell and all neighbouring cells. 
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(Eq.  1)

The best cell is the cell with the highest ranking value. 
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(Eq.  2)

2.2 Introduction of hierarchical cell structures

When introducing hierarchical cells structures, the cells may have different priorities. For instance, a micro cell is chosen whenever the quality value is above a given threshold. This is achieved by setting a higher priority in the micro cell as compared to the macro cell. A case with a macro cell and a micro cell is illustrated in the following figure. 

[image: image5.wmf]
Figure 2. Comparison of two cells in a hierarchical cell structure.

Again, we assume a 0 dB hysteresis and 0 dB offset. In the figure, the micro cell is always chosen as the best cell when its quality value is above 0.5 (approx.).

As seen in the figure, the behaviour of the micro cell can be realised with two straight lines. The first line has a moderate slope and the second one has a very high slope. The expressions introduced in equation (Eq. 1) can be seen as lines. However, here we need two expressions for the micro cell to get the desired behaviour. Since the slope of the two lines must be different, we introduce a factor A, which is different in the two lines belonging to the micro cell.

Assuming that the macro cell is serving and the micro cell is neighbouring cell, we rewrite equation (Eq. 1) as follows.
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(Eq.  3)

Now, the expressions in (Eq. 3) gives the behaviour illustrated in figure 2.

2.3 New Cell Reselection Concept

The expression in (Eq. 3) can be rewritten in a more general way. Then, the new cell reselection concept can be summarised as in (Eq. 4 and 5). All cells are evaluated, including serving and neighbouring cells. All cells have a normalised quality value, Q, based on radio measurements. For each cell, one or more ranking values, R, are calculated based on the quality value and two constants A and B. Each cell i may have up to N different ranking values.
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(Eq.  4)

The best cell, i, is the cell fulfilling the following expression.
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(Eq.  5)

2.4 Parameters

The A parameter defines the priority used in, for instance, hierarchical cell structures. It turns out that the following expression of A gives a consistent behaviour between any two priorities. The priority factor, Prio, takes integer values between 0 and 60. Thus, the cells can be differentiated with 60 different levels of priority.
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(Eq.  6)

The quality value, Q, based on radio measurements has been normalised to take discrete values between 0 and 1 with step 0.01. An example of a mapping function can be found in Appendix.
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(Eq.  7)

The B  parameter controls the offset and hysteresis of cell borders. The B parameter is expressed using the parameters Qhyst, Qoffset and Qthr. 

The Qhyst parameter controls the hysteresis effect on a cell border. The intensity of cell changes is reduced when the Qhyst parameter is increased. The Qhyst parameter takes values between 0 and 1.

The Qoffset parameter controls the offset of a cell border between two given cells. The serving cell size is reduced in a given direction when the Qoffset towards that cell is positive. The Qoffset parameter takes values between -1 and 1.

The Qthr parameter is a threshold for a given behaviour of the ranking value of a cell. For instance, in a hierarchical cell structure, a micro cell is given high priority whenever the quality value of the micro cell exceeds the Qthr parameter. Thus, the Qthr parameter controls the cell radius towards all neighbouring cells. The Qthr parameter takes values between -1 and 1.

The definition of B depends on if B is part of the ranking value for the serving cell or a neighbouring cell. (Eq. 7) is used when calculating the ranking value for the serving cell and (Eq. 8) is used for all neighbouring cells.
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(Eq.  8)
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(Eq.  9)
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(Eq.  10)
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(Eq.  11)
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(Eq.  12)

In a system where all cells have equal priority, the standard behaviour expressed in (Eq. 1) can be acheived in the new concept by setting Prio = 0 in (Eq. 6) and Qthr = 0 (Eq. 8 and 9).

2.5 System Information

The new cell reselection concept is summarised in (Eq. 4 and 5). It is enough to send the A and B parameters for each ranking value of each cell in system information. However, by using (Eq. 6) as an expression for A, the value range is reduced and it is enough to send the prio parameter. In system information, the prio parameter is renamed cellprio.

The following information for each cell i, including serving and neighbouring cells, is sent in the serving cell.

Parameter
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Value range
0..60
-2..3

Step
1
0.01

Number of values
61
501

Binary representation
6 bits
9 bits

Table 1. Information sent in system information for each cell.

Proposal

We propose to introduce the new cell reselection concept disscussed in chapter 2 in 25.304. The concept applies to cell reselection in idle mode and connected mode on common transport channels. It can also be used as criteria for Immediate Cell Evaluation.

The new cell reselection concept gives the following benefits.

· Soft characteristics. Priority and radio measurements are used in the same expression.

· All cells are compared at once. There is always a best cell.

· 60 levels can differentiate the cells.

· Each cell can have more than one ranking value giving the possibility to combine different rules.

· Easy to incorporate hierarchical cell structures.

· Easy to incorporate cells in other radio access technologies.

· Easy to incorporate SOLSA.

· No predefined rules or steps on how the best cell is defined. 

· Traditional behaviour can be acheived by setting prio = 0 and Qthr = 0 (part of B).

3 Extensions 

3.1 Incorporation of GSM cells

Neighbouring cells in other radio access technologies, for instance GSM, can easily be incorporated in the new cell reselection concept by introducing a new mapping function for the specific radio access technology. An example of a mapping function for RXLEV is found in Appendix.

Cells in another radio access technology, for instance GSM, can be differentiated by setting the prio parameters differently for all GSM cells, as compared to UTRA cells.

3.2 Incorporation of SOLSA

In the SOLSA concept, a SOLSA user experience different priorities between cells depending on their LSA idenitities. This derived SOLSA priority can be used to calculate the priority for a given cell experienced by a SOLSA user. Now, the prio parameter in (Eq. 6) becomes a function of the SOLSA priority derived by the SOLSA user and the cell priority sent in system information.
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(Eq.  13 )
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Appendix

4.1 Mapping function

The mapping function is used to map, for instance Ec/N0 or RXLEV, on quality values Q between 0 and 1, with step 0.01. One mapping function is needed for each radio access technology.

As an example, the following function in (Eq 13) can be used as a mapping function. This function takes two parameters, a and b. The two parameters should have default values standardised. Additionally, it should be possible to send updated values in system information.
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(Eq.  15 )
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Figure 3. Example of a mapping function for Ec/N0.
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Figure 4. Example of a mapping function for RXLEV.
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