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1. Introduction

This paper presents a model in which the neighbouring cell information includes sets of parameters that are applicable to several neighbouring cells. According to this model, the UE determines which parameter set applies for a particular neighbouring cell. The selection of the parameter set may be based on the ‘Cell class’ of the target cell as well as a ‘UE call’. This model and the corresponding organisation of the neighbouring cell information can reduce the size of the cell reselection parameters while maintaining a similar level of control as available in UTRA.
2. Discussion

2.1 Introduction

Initial estimates have shown that the required neighbouring cell information, if provided, would be in the order of 5000 bits [1]. This information concerns a significant signalling overhead especially for cells with limited bandwith.

A UTRA cell indicates the primary scrambling code of the neighbouring cells. It has been proposed not to broadcast this type of information in E-UTRA [2]. However, it is presently unclear what the impact will be on the cell re-selection performance (especially re. cell search).

RAN2 has recently agreed several drivers for LTE mobility control. A.o. these include camping & traffic load balancing and Subscription based and Service dependant control. 
This paper discusses an organisation of the cell reselection parameters that aims to meet the identified LTE mobility drivers while keeping the signalling overhead low. This organisation may be used regardless of whether information (e.g. a scrambling code) is provided for each neighbouring cell. 
2.2 Protential model on the use of cell reselection parameters
Our main starting points is that there is no need to specify the cell reselection parameters for each neighbouring cell, because for many neighbours the same parameters apply. E.g. one set of cell reselection parameters may apply for all intra-frequency neighbours, while another set of re-selection parameters applies for all inter-frequency neighbours on frequency f2. Some cells may require a specific set of cell reselection parameters. However, this is considered to be an infrequent case.
In other words, there is one set of cell reselection parameters for each set of neighbouring cells with similar characteristics. The ‘same re-selection characteristics’ could be modelled by means of a ‘Cell class’. In case the neighbouring cell info includes an entry for each individual neighbouring cell, the ‘Cell class’ could be included in the neighbouring cell information. Otherwise, the UE has to acquire the ‘Cell class’ information from the target cell.
As mentioned before, RAN2 has agreed UE-specific controls as LTE mobility drivers i.e. Subscription based and Service dependant control. E.g. an operator may prefer to handle roamers on 2G. Likewise, an operator may wish to handle a ‘speech only UE’ perferrably on 2G. One way to model this is by means of a ‘UE class’. This UE class would be assigned by the network upon initial transition from detach to active and possibly updated when the UE moves i.e. upon TA update.
In accordance with this model, the set of cell reselection parameters that applies for a given UE now depend on the ‘Cell class’ of the concerned neighbour and the UE’s ‘UE class i.e.
Cell reselection parameter set= Applicability function (Neighbouring cell class, UE class)
The following figure illustrates the model described in the previous, focusing on the inputs of the UE function ‘Select Cell Reselection Parameter (CRP) set’ and from which network nodes the UE may obtain these inputs.
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Fig. 1: Selection of Cell Reselection Parameter (CRP) set by the UE
The ‘Cell class’ and the ‘UE class’ may just be regarded as numbers i.e. the details of how they are assigned are entirely up to eUTRAN implementation. This way the mechanism is both simple and flexible i.e. the network operator can decide the exact usage. The eUTRAN wil indicate the details of the ‘Application function’ i.e. the rules to be used by the UE.

2.3 Cell re-selection parameter flexibility

Operators seem to be in agreement that for some neighbouring cells it should be possible to configure specific cell re-selection parameters. So far, only the use of specific Qoffset parameters seems to have been considered. To identify if use of specific values is desirable for other parameters also, an overview of the cell re-selection parameters currently provided for neighbouring cells in UTRA:

UTRA SIB 11, 12 parameters
· Qoffset (1s,n, 2s,n)
· Qqualmin(Ec/No), Qrxlevmin (RSCP)

· Maximum allowed UL TX power

· HCS neighbouring cell information (HCS_PRIO, Qhcs, HCS Cell Re-selection Information i.e. Penalty_time, Temporary_offsets)
In our understanding, it seems difficult to provide all functionality corresponding with the above parameters by means of a single configurable parameter. Our assumption is that e.g. parameters related to suitability are generally independent from whether a cell re-selection bias applies.

2.4 Possible use cases

The use of Cell and UE classes is illustrated by means of a relatively simple example, concerning an operator that has 2 E-UTRA frequencies as well as a GSM frequency. In our example, the UE is camped on frequency 2, cell 2b. Default re-selection parameters are defined for intra-frequency neighbours, for the inter-frequency neighbours and for the GSM neighbours. In addition, specific re-selection parameters are defined for one inter-frequency neighbour (cell 1d). Finally the example includes a bias for high class UEs to the regular cells on frequency 1, while speech only UEs are directed towards GSM.
Figure 1 illustrates the above described example. In the figure, the cell class is shown for each cell (in blue). Furthermore, for the cases where a UE specific class re-selection bias applies, the corresponding class value is shown (in red).
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Fig. 1: Simple example of Cell and UE class
The following table illustrates the re-selection parameter set applicable for each of the class value combinations.

	Parameter set
	TgtCellClass
	UEclass
	

	1
	3
	any
	Default parameter set for intra-frequency neighbours

	2
	1
	2
	Parameter set for inter-frequency neighbours preferred by UEs supporting high data rates

	3
	1
	any
	Default parameter set for inter-frequency neighbours applicable for other UEs

	4
	2
	any
	Parameter set for intra-frequency neighbours with some special handling e.g. a different offset or hysteresis

	5
	4
	1
	Parameter set for inter-RAT neighbours preferred by speech only UEs

	6
	4
	any
	Default parameter set for inter-RAT neighbours applicable for other UEs


Tab. 1: Example of ‘Applicability information’
The use case provided in the above is merely used to illustrate the mechanism. It is envisaged that many other scenarios can be supported.

2.4 Evaluation

Our analysis shows that UE class and a cell class allows is a flexible and efficient mechanism for providing specific cell re-selection parameter values. According to our analysis, it seems insufficient to support a single configurable parameter e.g. Qoffset. The proposed mechanism supports multiple parameter values and, as a result, is able to address a wide varienty of scenarios. Furthermore, the cell class mechanism does can work irrespective of the presence of a neighbouring cell list.
It has been suggested to use dedicated signalling for providing UE- specific values. The drawback of such an approach is that the UE will have to be brought to connected mode whenever entering and leaving an area in which different values are applicable. This basically implies that a change of values has to coincide with a TA boundary, which seems an unacceptable limitation.

3. Conclusion & recommendation

RAN2 is requested to discuss the model on how to specify the cell reselection parameters, as presented in this paper. If agreeable, Samsung will be happy to provide a text proposal to capture the proposal in TS 36.300.
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