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1. Introduction

This contribution discusses cell reselection procedures in case of the network with hierarchical cell structure. Some new cell reselection rules are also proposed to be included into TS25.304 v.3.1.0.

2. Discussion

The specification should define flexible cell reselection rules, which also take into account hierarchical cell structures in the network. Currently TS25.304 v.3.1.0 sets priorities for intra-frequency neighbouring cells, inter-frequency neighbouring cells and inter-radio access technology neighbouring cells in the cell reselection procedure. However, these priorities are not optimal in the network with hierarchical cell structure, since intra-frequency cells always have the first priority regardless of the cell structure in the network. Because of these priorities together with the cell reselection criteria the specification does not clearly specify which cell should be selected when there are several cells both on the same frequency and different frequencies fulfilling corresponding cell reselection criteria. This contribution proposes modifications to the cell reselection rules in order to allow flexible cell reselection procedure in the network with hierarchical cell structure. These new rules also take into account that inter-frequency measurements for cell reselection are performed such a way that it can be ensured that the UE still receives paging messages correctly and UE standby time is not compromised too much.

3. Cell Reselection Rules with Hierarchical Cell Structure
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There is an illustrative picture of hierarchical cell structure shown below. Numbers in the picture describe different layers in the hierarchy. The highest hierarchical layer i.e. typically smallest cell size has number 1 in the picture. Different layers can be created using different frequencies. However, different frequencies can also be used on the same hierarchical layer e.g. in order to cope with high load in the system. Network can contain even more layers than presented in the picture. All the rules, which are presented in the proposal, can also be applied to the case with increased number of hierarchical layers.

From the network point of view it is often desirable to move UEs to smaller cells i.e. from lower layer to higher layer if possible (e.g. from macro to micro cell) which means that smaller cells are available without having too much load and the speed of the UE is not too high. Cell reselection to highly loaded cell can be prevented by setting suitable value to the reselection offset parameter Qoffsets,n. In order to optimize cell reselection procedure in the network with several frequencies in use, it is useful to add into the measurement control information of the serving cell to which hierarchical layer each neighbor cell belongs to. This way we can make some rules for efficient neighbour cell measurements and cell reselections between different layers and frequencies without compromising UE standby time etc. too much.

4. Cell reselection rules

First we discuss a case where the speed of UE is not very high. These rules, however, do not require any speed estimation in the UE but high mobility UEs are taken care of by other means, which are introduced later in the contribution.

If the speed of UE is not too high, the set of rules defined next could be used.

· When ever in the measurement control information of the serving cell there is any neighbor cells belonging to higher layer in hierarchy, the UE detects and measures those cells. When the cell reselection criteria Sn>0 and Qn>Qs+Qoffsets,n+Qhyst are true during timer Treselection the UE makes cell reselection. Cells on the same hierarchical layer 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 belong to lower hierarchical layer than the current serving cell, are not measured/detected unless the condition given below is fulfilled.

· When the current serving cell has neighbors belonging to lower layer in hierarchy, they are not measured until the parameter S of the current serving cell is lower than threshold Ssearch (S<Ssearch). Ssearch is a new parameter, which should be added into the specification. The parameter S defines which cells the UE can access to and thefore it is better indicator than Q for this purpose. The measurement of cells on lower hierarchical layer than the current serving cell can be stopped when the S parameter of the serving cell is larger than Ssearch+Shyst. Shyst is also a new parameter, which can be set by the network.

· When ever the S of the serving cell gets to equal to or less than zero (S =< 0) and cell reselection to a better cell with Sn>0 and Qn>Qs+Qoffsets,n+Qhyst is not in process, immediate inter-frequency cell evaluation for all neighbors on all possible hierarchical layers (according to the measurement control information) is started. This means that the UE tries to detect and measure all neighbors in the measurement control information regardless of which hierarchical layer they belong to. If more than one neighbouring cell fulfils the corresponding cell reselection criteria, the UE shall choose the cell where the difference between Qn and (Qs + Qoffset) is highest.

In order to cope with UEs travelling fast through smaller cells (e.g. through micro or pico cells), two other new parameters could be added to the cell reselection procedure. This way the fast moving UEs can be moved to bigger cells on lower layers e.g. to macro cells and unnecessary cell reselections can be avoided.

· If the UE has made cell reselection to N different cells on the same hierarchical layer within time Tmax, the UE initiates the measurement procedure of neighbor cells on the lower level of hierarchy. If a cell on lower hierarchical layer fulfilling the cell reselection criteria Sn>0 and Qn>Qs+Qoffsets,n+Qhyst during time Treselection is found, cell reselection to that cell is made. When cell reselection to lower layer cell has occurred due to too many cell reselections within time Tmax, the UE does not try to get back to a higher layer cells before time Tmobility unless immediate inter-frequency cell evaluation is triggered. The time Tmobility can be given by the network. In case the UE does not find any cell on lower hierarchical layer fulfilling the cell reselection criteria, it keeps trying as long as cell reselections are made too often i.e. at least N cell reselections to different cells within time Tmax. Thysteresis can also be added to this concept so that the search of bigger cells is not stopped right after N and Tmax criteria is no longer valid. Thysteresis parameter can help e.g. when the car is stopped to traffic lights. The use of Thysteresis would mean that when this type of measurement of cells on lower hierarchical layers has been initiated, it is not stopped unless cell reselection rate is less than N different cells within time Tmax+Thysteresis.

Different cells given in the measurement control information are measured based on the rules defined above. If more than one neighbouring cell fulfill the criteria, the UE shall choose the cell where the difference between Qn and Qs+Qoffsets,n+Qhyst is highest expect in the immediate cell evaluation where the cell with the highest difference between Qn and Qs+Qoffset is chosen.  

5. Conclusions

This contribution proposes new cell reselection rules to be included into TS25.304 v.3.1.0 both for cell reselection in idle mode and in connected mode.
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