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1. Introduction

This contribution discusses several items, which should be considered when deciding cell reselection rules in a network with hierarchical cell structure (HCS). The aspect when and how to measure neighbour cells in HCS is one important item. Idle mode measurement rules can provide a tool to an operator to control UE idle mode activity. When these measurement rules are designed correctly the UE can concentrate on relevant measurements to obtain accurate cell evaluation with reasonable idle mode activity time. Well optimised paging channel structure alone does not guarantee that UE idle mode activity time is kept low, if neighbour cell measurements in HCS require a lot longer activity time than paging reception. On the other hand if neighbour cell evaluation does not perform well, even very smart cell reselection criteria cannot ensure that the best cell is selected. Other issue discussed here is whether cell reselection between different hierarchical layers should be made based on fixed threshold Qn >Qhcs and Sn >0 or relative comparison Sn>0 and Qn>Qs+Qoffsets,n+Qhyst. 

2.  Discussion
Idle Mode Measurement and Mobility Handling

The Section 7 Idle Mode Measurements in TS25.304 [3] gives thresholds, which can be utilized to control UE idle mode activities.  The idle mode measurements rules, however, do not ensure the accessibility of the serving cell. Since these rules were also added into the specification before high UE mobilities were taken into account, current idle mode measurement rules are not well suited with cell reselection scheme where high moving UEs are handled with timers.

Below some examples of idle mode measurement rules in Section 7 are presented. 

Intra-frequency measurements:

Qs > Qintrasearch
UE need not perform Intra-frequency measurements

Qs ≤ Qintrasearch
UE shall perform Intra-frequency measurements

Inter-frequency measurements:

Qs > Qintersearch
UE need not perform Inter-frequency measurements

Qs ≤ Qintersearch
UE shall perform Inter-frequency measurements

In these measurement rules the measured quality of the serving cell Qs  is compared to a given threshold to find out whether certain neighbour cell measurements should be performed. Even if Qs is above given threshold, this comparison does not ensure the accessibility of the serving cell (S>0). In order to guarantee that the quality of the serving cell is good enough still when neighbour cell measurements are started, the S of the serving cell should be compared to a threshold. Certain type of neighbour cell measurements would be triggered when the S of the serving cell falls below Ssearch. 

The current way of setting neighbour cell measurement rules in Section 7 of TS25.304 [3] may have some problems when combining the scheme with the timer based mobility handling as in GPRS. For example if macro neighbour cells are not measured since Qs > Qintersearch, timers are not calculated for those neighbours either. This could even mean that the S of serving cell falls very close to zero before macro cell measurements are triggered, since the thresholding is not made using S > Ssearch.  This problem could be overcome by using the measurement rules and mobility handling introduced in [Nokia]. The drawback of the mobility handling in [1] is that the UE stays e.g. on micro layer a bit too long time. On the other hand following problem could occur with the timer based mobility handling even without combining it with idle mode measurement rules. The example is based on the contribution [2]. 

· The UE is camped on a micro cell, which has higher HCS priority level than macro cell. The mobility of the UE increases significantly and therefore cell reselection from micro cell to macro cell should happen as soon as possible. However, change may not be possible before PENALTY_TIMEn is passed or the S of the serving cell falls to or below zero, since TEMP_OFFSETn delays re-selection. (The timer Tn is started from zero when the macro cell quality Qn  becomes higher than Qs  + Qoffsets,n since  HCS_PRIOn is not equal to HCS_PRIOs. Now if  Qoffsets,n is set so that it typically favours micro cell to be chosen in low mobility case, it may take some time before the macro cell Qn is higher than Qs  + Qoffsets,n  and the timer is started)

The previous example would also mean that transition from micro layer to macro layer is too slow when mobility increases. So if basis for handling high mobility UEs with timers is adopted from the GPRS cell reselection procedure to UTMS as such, problems addressed above should be studied carefully. 

If the measurement thresholds are linked with the hierarchical layers of neighbour cells and the serving cell and mobility is handled as in [1], it would be possible to set following measurement rules. If the current serving cell e.g. micro cell has pico, micro and macro cell neighbours, macro cell neighbours are not measured until the parameter S of the current serving cell is lower than threshold Ssearch (S<Ssearch). However, cells on the same hierarchical layer or even smaller cells are measured continuously. These rules would allow efficient way of control UE idle mode activity and making for efficient neighbour cell measurements and cell reselections between different layers and frequencies without compromising UE idle mode activities too much. This kind of measurement rules would also make UE measurements more accurate and efficient, since the UE can concentrate on measurements, which are important in the current cell and with current UE mobility.  If the mobility of the UE suddenly increases, the measurements of macro cells (or other bigger cells) would be initiated even if the S of serving cell is higher than Ssearch. And then if any macro cell fulling cell reselection criteria is found, it is chosen.
Cell reselection criteria

There has been discussion whether cell reselection criteria supporting HCS should be based on fixed Qhcs threshold or relative comparison of cells. The fixed Qhcs threshold does not provide a method to take the quality of cells with lower HCS priority into account when any higher HCS priority cell has H≥0. When the relative cell reselection criteria (Sn>0 and Qn>Qs+Qoffsets,n+Qhyst) is used, it is simple to avoid a situation where micro cell is selected even if the quality of macro cell is significantly better than the quality of the micro cell. Still the Qoffsets,n can be set so that high HCS priority cells are preffered in most of the cases. The Qoffsets,n is allocated for each neighbour cell relation (serving cell, neighbour cell) and since these Qoffsets,n parameters are given in the serving cell, a cell B  may see its neighbour cell A with another offset than cell C having A as a neighbour cell too.  Inter-RAS reselection could be added into relative cell reselection criteria with suitable mapping function and measurement threshold.

3. Conclusions

This contribution discusses problems, which could occur if cell reselection and neighbour cell measurement rules are taken from one system to another system without checking all consequences. Before deciding the whole cell reselection concept following issues should be considered.

· The specification should provide suitable neighbour cell measurement rules to control UE idle mode activity time while still maintaining good system performance. The measurement rules should also be fitted to a chosen cell reselection criteria and scheme to handle high mobility UEs. 

· Neighbour cell measurement rules should be such that the accessibility of the serving cell is guaranteed all time.

· The chosen cell reselection criteria should also easily be extendable with inter-RAS reselection.

· Is the fixed Qhcs thresholding desired over the relative comparison also when the quality of macro cell is a lot higher than the quality of the micro cell?

Based on answers to the issues addresssed above, cell reselection criteria supporting HCS could be designed e.g. using contributions [1] and [2] as basis for the work.
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