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Introduction

This contribution discusses cell re-selection in a hierarchical cell structure, and proposes modifications to [1].

Considerations are made on the cell re-selection mechanisms presented in [2].

Discussion

General

After having analysed the cell re-selection mechanisms exiting in GPRS, and presented in [2], we have come to the following results:

Use of S>0 as HCS criteria

In [1], the cell selection value, S, is defined as follows:


[image: image1.wmf]S = Q – 

Qmin - 

Pcompensation


S 
Cell Selection value, (dB)

Q
Quality value. The quality of the received signal, (dB or dBm) [Note: Exact unit is FFS]

Qmin
Minimum required quality level in the cell (read in system information and dependent on the quantity to measure), (dB or dBm).

Pcompensation
max(UE_TXPWR_MAX_RACH – P_MAX, 0), (dB)

UE_TXPWR_MAX_RACH
Maximum TX power level an UE may use when accessing the cell on RACH (read in system information), (dBm)

P_MAX
Maximum RF output power of the UE, (dBm)

In [2] the S criteria is used as a measure both to move to a higher layer cell and to a lower layer cell. This is because using the S criteria makes a fixed relation between the controlling of the coverage of a cell and the control of the thresholds between two HCS cell layers. This will not cause problems within one cell layer, however, at border regions this is unsatisfactory.

If, for example, one wants to create a micro cell layer that covers a given geographical area, such as the interior of a building, the following must be valid: 
The Qmin parameter of such a micro-cell must be set so that S is less than zero outside the building (to avoid UEs outside the building to camp on a micro-cell) and larger than zero inside the building to get a proper behaviour. However, this will also imply that S for cells belonging to the micro cell layer will fall below zero within the building in shadowed areas, making UEs to assume lost coverage. This will lead to a search for a new cell to camp on, eventually leading to initial cell search. 

So there is no means to be able to have good coverage in e.g. elevator shafts and still be able to limit the access to the micro cells from UEs far outside the building.

A specific HCS threshold level, above which UE may enter the cell, would avoid this problem. 

Fast-moving UEs

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

1. In [2], 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.

2. We propose that a timer-based method, as used in GPRS, be introduced. 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 fact, this is an extension of the existing Treselection method, as currently described in [1].

Conclusion

Attached is a proposed CR for [1], listing the proposed cell-reselection criteria.
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5.2.2.4
Cell Reselection Procedure

5.2.2.4.1
Description

The purpose of the cell reselection is to look for a better cell for the UE to camp on. The serving cell is changed when a better cell is found. The criteria for a better cell are different for intra/inter-frequency and inter-radio access system cell reselections (see below).

The cell reselection procedure shall be triggered in the following cases.

1.
Better cell is found

2.
S ( 0 

3.
Downlink signalling failure [details are FFS]

4.
Cell has become barred or forbidden [details are FFS]

In case 2), 3) and 4) the Qhyst and TEMP_OFFSET parameters shall not be considered in the criteria.

The following steps are carried out when evaluating cells for cell reselection.

1)
The candidate list of potential cells to camp on consists of the cells for intra- and inter-frequency measurements and inter-radio access technology measurements in system information of the serving cell. 

2)
Intra- and inter frequency cells: Calculate the Q value and the S value for each cell on the candidate list.
Inter-radio access technology cells: When Qs ( Qsearch, calculate the Q value of each cell on the candidate list.

3)
Depending on which type of cells is on the candidate list (intra-frequency, inter-frequency and inter-radio access technology), select the cell that fulfils the corresponding criteria best.

Better cells are prioritised in the following order when several cells fulfil their corresponding criteria:

1)
Intra-and inter-frequency neighbouring cells, see 5.2.2.4.2.


2)
Inter-radio access technology neighbouring cells, see 5.2.2.4.3.

5.2.2.4.2
Intra-and Inter-Frequency Cell Reselection Criteria

The following cell re-selection criteria are used for intra- and inter-frequency cells:

The quality level threshold criterion H for hierarchical cell structures is used to determine whether prioritised hierarchical cell re-selection shall apply, and is defined by:
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The cell ranking criterion R is used to select cells among those with the same priority HCS_PRIO, and is defined by
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where
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TEMP_OFFSETn applies an offset to H and R criteria for the duration of PENALTY_TIMEn after the timer Tn has started for that cell. 

Tn is a timer implemented for each neighbouring cell. Tn shall be started from zero at the time 
Qn > Qhcss 



if  HCS_PRIOn = HCS_PRIOs
Qn > Qs  + Qoffsets,n 

if  HCS_PRIOn <> HCS_PRIOs
Tn shall be stopped as soon as this expression is no longer fulfilled.



Sn
Cell Selection value of the neighbouring cell, (dB)

Cell_selection_and_reselection_quality_measure
Choice of measurement (CPICH Rx Ec/N0 or CPICH Rx SIR) to use as quality measures Qn and Qs, (read in system information).

See NOTE 1.

Qn
Quality of the neighbouring cell, CPICH Rx Ec/N0 or CPICH Rx SIR, (dB). The measurement to use for the quality value is set by the Cell_selection_and_reselection_quality_measure information element.

Qs
Quality of the serving cell, CPICH Rx Ec/N0 or CPICH Rx SIR, (dB). The measurement to use for the quality value is set by the Cell_selection_and_reselection_quality_measure information element.

Qoffsets,n
Offset between the two cells considered in the evaluation (read in system information), (dB)

Qhysts
Hysteresis value of the serving cell, (dB)

HCS_PRIOs, HCS_PRIOn
HCS priority level (0-15) for serving cell and neighbouring cells

PENALTY_TIMEn
Duration for applying TEMP_OFFSETn to H and R criteria (s)

Qhcss, Qhcsn
Quality threshold level for applying prioritised hierarchical cell re-selection (dB)

TEMP_OFFSETn
Offset to H and R criteria for the duration of PENALTY_TIMEn  (dB)





NOTE 1:
The work in order to support the CPICH Rx SIR measurement is in progress in RAN WG4 and may impact the use of that measurement in this document

The UE shall make a cell re-selection if a non-serving cell is evaluated to be better than the serving cell. The best cell is the cell with the highest R value and S>0 among

· those cells that have the highest HCS_PRIO among those cells that that fulfil the criterion H >= 0 
· all cells, not considering HCS priority levels, if no cell fulfil the criterion H >= 0.



. 
:

:

5.2.2.4.5
Cell reselection parameters in system information broadcasts

The selection of values for network controlled parameters can be optimised by means of different methods. Examples of methods are described in [6]. Cell reselection parameters are broadcast in system information as follows:

Qoffsets,n 

The offset between the two cells considered in the evaluation (Qoffsets,n (dB)) can be conveyed in two different ways:

Alternative 1. Offsets can be included for each neighbouring cell in the intra-frequency neighbouring cell list, which is read in system information of the serving cell. 

Alternative 2. The offset can be broadcast in each cell, and the UE decodes it from system information broadcasts in the neighbouring cell. In the case, this offset is applied for all cell relations towards that neighbouring cell (i.e. for each value on the subscript s). Decoding is done only when the cell measurement exceeds the neighbour cell decoding range. The offset is broadcast together with an offset expiration timer, which indicates how long the offset value is valid. 

NOTE:
Whether both 1 and 2 could be used or if only one of these alternatives is used is FFS
Qhysts
The hysteresis value (Qhyst) is read in system information of the serving cell. 
HCS_PRIOs, HCS_PRIOn
HCS priority level (0-15) for serving cell and neighbouring cells

Qhcss, Qhcsn
Quality threshold level for applying prioritised hierarchical cell re-selection (dB) 
PENALTY_TIMEn
Time duration for which the TEMPORARY_OFFSETn is applied.

TEMPORARY_OFFSETn
Applies an offset to the H and R criteria for the duration of PENALTY_TIMEn.


Decoding range

The decoding range is read in system information of the serving cell.

NOTE:
This parameter is only applicable for Alternative 2, see above.

OffsetExp

The offset expiration timer is read in system information of the neighbouring cell. 

NOTE:
This parameter is only applicable for Alternative 2, see above.

Qaccepts,n
Minimum quality required for selecting a cell in other radio access technology. The value is read in system information of the serving cell.

Qsearchs
Below this limit in the serving UTRA cell, the UE shall take measurements of inter-radio access technology cells. The value is read in system information of the serving cell.
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Sn > 0



Qn > Qs + Qoffsets,n+ Qhyst












