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1. Introduction

In this document, open items related to cell reselection are summarised. The document is meant as a start for discussion on the email reflector. 

2. Hierarchical Cell Structures

In a hierarchical cell structure (HCS), different HCS priorities are used to control the UE cell re-selection monitoring activity. The highest priority cells are typically the smallest in size. Cells on different frequencies are typically assigned different priorities. Different priorities are typically used on different frequencies. However, the same HCS priority can also be applied on several frequencies, e.g. in order to cope with high load in the system. The assignment of different HCS priorities for cells on the same frequency is usually not feasible due to interference problems. 

The HCS priority of the serving cell and neighbouring cells is conveyed in the cell lists of system information broadcasts. 

Neighbour cell priorities could be defined in two ways:

· Each cell has a cell priority. That means a cell A is seen by its neighbour cells with the same priority.

· For each neighbour cell relation (serving cell, neighbour cell) = (s,n) an individual priority is allocated. That means that a cell B sees its neighbour cell A possibly with another priority than cell C having A as a neighbour cell too.

Assigning priorities to neighbour cell relations provides more flexibility and improves network implementation taking different radio conditions into account, but increases the signalling load.

3. Initiation of Neighbour Cell Measurements in HCS

Whenever in the measurement control information of the serving cell there are any neighbour cells, which have the same or higher HCS priority, the UE detects and measures those cells.

When the current serving cell has neighbours, which has a lower HCS priority, they are not measured until the parameter S of the current serving cell is lower than threshold Ssearch (S<Ssearch). Alternatively: instead of using the S –value, the measurements on lower HCS priority cells are started when the Q -value of the current serving cell falls below a certain Q-threshold (related to QHCS, as defined for cell re-selection criteria option 2, see below).
There are already some search thresholds in chapter 7 in 25.304 to control the initiation of  intra- and inter-frequency measurements. HCS concepts have not been treated in this chapter, but they could be refined to meet this purpose.

4. Cell Re-selection Criteria for HCS

Mechanisms should be specified both for re-selecting cells with equal or higher priority, and for re-selecting cells with lower priority when the quality of service decrease.

Currently, two methods for this are being discussed:

Method 1:
In one approach, relative thresholds are used. When the cell reselection criteria Sn>0 and Qn>Qs+Qoffsets,n+Qhyst are true during timer Treselection the UE makes cell reselection. Cells with the same priority, which are either on the same frequency or on different frequency are also measured in order to guarantee that the UE does not get out of coverage. However cells, which have a lower priority than the current serving cell, are not measured/detected unless the condition given above is fulfilled.

Method 2:
Another approach is to use the following procedure with absolute thresholds:

1) Detect all cells (having S>0), which are above absolute threshold level QHCS  (Qn>QHCS)
2) Of all these cells, choose the best cell among the cells with the highest HCS priority.

3) If no cells (including serving cell) fulfil Qn>QHCS, UE shall choose the best cell (Qn>Qs+Qoffsets,n+Qhyst) among all neighbouring cells.
One of the benefits of this approach is that the borders of small, high prioritised cells, are easy to control.

5. Handling of UE Mobility in HCS

For the case when a mobile moves fast through a small cell, two different solutions have been discussed.

1. A counter-based method, counting the number of cell changes to trigger that the UE should leave the micro-cell layer. This utilises the fact that the UE must experience a problem before actions are taken and then it can be too late in some cases. 

Alternative to 1.: 

In combination with the conditions to initiate neighbour cell measurement of lower priority (see above) a second S or Q threshold could be introduced that forces the reselection to the layers with cells of lower priority. These thresholds are equal or lower than Ssearch or QHCS.
2. A timer-based method, as used in GPRS, can be used. During a certain time when entering a small cell, UE is prevented from selecting that cell by applying a temporary quality offset. This has been said to give a small capacity degradation, but instead there is not a risk that the UE will loose contact with UTRAN. (In this case the UE camps in a macrocell and moves through microcells. The method describes how to enter microcells. Thus 1. and 2. cannot compared in this way.)


6. Cell Barring

In the cell selection/reselection procedure currently described in 25.304, the most suitable cell is chosen not taking into account the presence of barred cells. This means that if there is a barred cell with a higher Q value, it is ignored by the UE, that will camp on a cell requiring a higher transmitted power. If the barred cell is on the same frequency as the chosen cell, it may receive a high level of interference by the UE.

The following scheme has been proposed, based on these assumptions:

- the barred cells shall be monitored and the relative Q parameter calculated;

- if the barred cell is the most suitable one, normal access may require the camping on a different frequency
At cell selection, if the most suitable cell is barred, all the cells on that frequency shall be removed from the list, except the candidate cells that provide a suitable Q value, i.e. the difference from the barred and a “second choice” cell in terms of Q value does not exceed a threshold Qb. Then the process restarts with the next cell available in the list, until a suitable one is found.

When UE is searching for a better cell to camp on, also barred cells have to be considered.
Since the immediate cell evaluation procedure looks for suitable cells on the same frequency as the serving cell, if the most suitable one is barred, all the candidate cells shall be ignored, including the serving cell, and the UE moves to the Any cell state.

In cell reselection, cells have different priority:

· Intra-frequency cell: for each cell in the candidate list, if the best cell in terms of corresponding criteria is barred all other cells shall be removed from the list, except the candidate cells that provide a suitable Q value (see cell selection).

· Inter-frequency cell: for each cell in the candidate list, if the best cell found is barred all other cells on that frequency shall be removed from the list, except the candidate cells that provide a suitable Q value (see cell selection).

7. Access Classes 

The concept of Access Class in GSM was proposed to be used for a UTRAN cell access restriction scheme. The relationship between the access class, cell barring and cell re-selection should be explored. 
In GSM per user (i.e. SIM) a normal access class is assigned and possibly up to 5 additional access classes. Which access classes indicating access to the network is broadcast as system information. If an access class is indicated in a cell users with this access class has not the allowance to access network when they are camping on this cell. This prohibits cell reselection to another cell during the time the UE camps on this cell. The access classes are not taken into account for cell reselection and handover. (ref. GSM 03.22 and GSM 04.18)
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