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Identification of the Problem

No conclusion could be made so far on cell selection / reselection principles in HCS networks. 

Status of the Standard and of the Work in WGs

During 3GPP RAN WG2#10 meeting, it was decided to have an email discussion on this topic before the RRM Ad Hoc   meeting. R2-000266 / RPA000009 serves as starting point for this discussion. 

Proposal

This contribution proposes a solution for cell selection / reselection in HCS considering both UMTS and GSM. The proposal is aligned to existing strategies in GSM and (for cell reselection) especially in GPRS.

List of Affected Groups/Specifications

TSG RAN WG2: 25.304, 25.331

TSG RAN WG4: 25.123

1 Introduction

This document describes a strategy for cell selection and reselection in networks with hierarchical cell structures which is  based on the principles applied in GSM / GPRS networks. It focuses on a common approach for UTRA FDD / TDD and GSM in order to offer a high degree of freedom in network planning and to support a flexible network evolution. 

2 Hierarchical Cell Structures in UMTS or GSM / UMTS Networks

Hierarchical cell structures (HCS) are an important issue for optimised network planning and evolution. Both UMTS and GSM / UMTS networks should make use of the benefits of HCS. Basically, the principles that exist in GSM can easily be extended to UMTS and GSM/UMTS networks. Introducing UMTS cells within existing GSM networks should be possible with equivalent strategies based on layers and priorities that would be applied when integrating new GSM cells into the network. Furthermore, UTRA FDD and TDD cells can also be organised within this multi-layer approach.

Within GSM 900 networks or GSM 900/1800 dual band networks, hierarchical cell structures are achieved by creating multiple layers within the network and assigning different priorities to the layers.

Figure 1 illustrates an example for this concept.
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Figure 1     GSM Dual Band Multiple Layer Network 

A GSM 900 cell serves as umbrella cell. Further layers of GSM 900 and 1800 macro and micro cells and GSM 1800 pico cells are arranged below. Different layers are characterised by different priority values, where the cells on the lowest layer are characterised by a small priority value, being equivalent to a high priority.

These priorities can be used to control the traffic towards cells of high priority. Generally speaking, cells with large coverage area are suffering from congestion, whereas cells with small coverage like micro and pico cells are able to handle high traffic load per square kilometre. Therefore the traffic has to be directed to radio coverage layers with the capability to handle high traffic load. Traffic of dual band UEs should primarily be handled in GSM 1800 layers.

Cell selection/reselection and – of course - handover procedures are used to prepare and control these processes efficiently and should be designed accordingly.

While coverage aspects are main criteria in the first phase of network planning, capacity aspects will gain in importance in later stages of the network evolution process. Thus, in order to optimise both capacity and coverage aspects, all procedures supporting HCS in UMTS should be seen from this viewpoint. They should enable a flexible integration of additional cells based on different frequencies and different radio access modes and technologies and a comfortable re-structuring of the network due to varying traffic conditions.

3 UMTS Cell Selection and Reselection Criteria considering HCS

Idle mode procedures like cell selection and reselection (and cell reselection in connected mode) should already be designed to support the idea of HCS efficiently and to allow a high degree of freedom for the operator to control the distribution of the UEs within the network.

In the cell selection procedure described in [1], the cell selection value S and the quality value Q are determined for each cell on the candidate list of intra-frequency and inter-frequency neighbour cells.

The cell with the highest Q value is chosen among those cells with S>0 (unless the remaining criteria for a suitable cell are not fulfilled). Here, the measurements that are used to determine the quality value Q in UTRA FDD and TDD mode are different. In section 4, a possible solution is outlined and a suitable mapping scheme is described.

A further feature in the cell selection process is the assignment of priorities to cells. Similar to GSM cell selection, cells should have two levels of priority. Cells of low priority are only camped on if there are no other suitable cells of normal priority. This principle makes it possible to direct UEs in the cell selection process to an umbrella cell or – generally speaking - to a network layer providing good coverage. 

Inter-system cells are not considered in the cell selection process as the selection of radio access technology has  been done before [1]. If GSM was chosen as radio access technology, the respective procedures for cell selection would be applied, see [2].

In cell reselection, there should be the possibility for the operator to gradually direct UEs towards cell layers with higher priority, e.g. micro cell layers. All cells on the intra-frequency, inter-frequency and inter-system neighbour cell list can be considered during cell reselection process. 

Similar to the PRIORITY_CLASS value in GPRS [3], a HCS priority value has to be assigned to each cell which is broadcast in system information.  This parameter can be used to assign higher priority to certain radio coverage layers like micro cell layer and a lower priority to coverage layers containing macro or umbrella cells. 

In this approach, both UTRA FDD / TDD and GSM cells within the network should be considered by choosing appropriate values for their HCS priority value.

For each cell on the candidate list for cell reselection, a cell selection value S and a quality value Q are determined. There should first be a HCS threshold criterion (similar to C31 in GPRS, [3]) to decide whether prioritised cell reselection shall apply, depending on if the quality value Q of a cell exceeds a certain threshold value. A cell ranking value (similar to C32  in GPRS, [3]) should be applied to select cells among the cells with same HCS priority value. This criterion should contain a temporary offset and another offset/hysteresis value that is applied to each cell. These values can be used to optimise the relation of the cells to each other and the probability that a certain cell is selected. 

Thus, a cell ranking list can be created for cell reselection:

· All cells with cell selection value S>0

· Cells that fulfil HCS threshold criterion

· Increasing order of HCS priority value (equivalent to decreasing priority, see above)

· Decreasing order of cell ranking value within one priority level

>> The cell with highest cell ranking value among those cells with lowest HCS priority value is chosen.

If no cell fulfils the HCS threshold criterion, the cell with the highest ranking value among all cells is chosen.

The mobile speed in the cell reselection process should be considered by applying temporary offsets to certain cells that reduce the ranking position of the cell during the run time of the delay timer. These cells are therefore not likely to be selected during this time. This scheme should be aligned with GPRS cell reselection principles.

All relevant parameters for cell (re)selection, e.g. the HCS priority values and the offset values, can be flexibly adjusted by the operator to optimise the individual needs for network planning.

4 Measurements for Determination of Quality Value Q

In order to ease the integration of different radio access technologies and modes within one network, a common approach for the determination of quality values should be pursued. Different measurements are used in each technology to calculate the quality value Q of a cell:

Radio Access Technology / Mode
Measurement for Quality Value Q

GSM
RXLEV

UTRA FDD
CPICH RX Ec/N0, CPICH RX SIR

UTRA TDD
P-CCPCH RSCP

Table 1
Measurements Used for Determination of Cell Quality Value Q 

In order to avoid the comparison of different measurement types and to pursue a consistent approach for all radio access technologies and modes, all measurements should be mapped to quality values that represent a certain range of measured values. This can preferably be done via a mapping function, where only the parameters of the function have to be signalled within system information. Alternatively, a mapping table could be applied that indicates which quality values represent a certain range of measurement values (here, it would be possible to broadcast additional weighting factors for further optimisation).

The mapping process is needed for the selection and reselection of cells that use different measurement types to calculate the Q value and the cell reselection criteria (HCS threshold criterion and cell ranking value). The parameters (offset values, etc.) needed for the calculation of the cell reselection criteria have to be defined accordingly. By appropriately choosing these parameters, it is possible to influence the (re)selection of cells in a desired way.

For the calculation of the cell selection value S, the mapping is not required (and would not be possible, as only dB/dBm values are to be used in the equation).

5 Conclusion

In this document, the advantages and the potential of hierarchical cell structures within dual  band GSM networks have been pointed out and it was proposed to extend this approach to UMTS and mixed GSM/UMTS networks.

Cell selection and reselection criteria should be aligned with the criteria defined for GSM and for HCS in GPRS. 

Mapping functions or tables will be needed to perform cell selection and reselection between cells that base the deter-mination of their quality values on different measurement types, depending on the radio access technology and mode.
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