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1
Introduction

This contribution discusses E-UTRA inter-frequency and inter-RAT cell reselections proposals presented in RAN2 and aspects that we see important in the decision of E-UTRA cell reselection criteria and UE measurement rules. 
2
Summary of two proposals

2.1
Priority based scheme

Detailed description of this method can be found in [2], which can shortly be summarized as:

1. Each layer (frequency/RAT) has a defined priority

2. UE camps on highest priority layer, which fulfils some basic requirement e.g. minimum threshold. Different prioritization may be applied to different UEs in the same area or cell.

3. UE does measurements/searches of different layers in priority order i.e. tries to first find highest priority layer and continues searching in priority order. UE does not do measurements of other layers if camped layer (and it is of highest priority) fulfils some defined criteria (minimum threshold)
4. In case UE is not camped on highest priority layer – UE will periodically search for higher priority layer(s)

5. Priorities are signalled to the UE by the network e.g. during tracking area update procedure 

2.2
Qoffset based scheme
More detailed description of Offset based scheme can be found in [3,4,5], which can shortly be summarized as:

1. Cell reselection between layers (frequencies & RATs) is based on a ranking of cells which can be adjusted with additional offsets for specific UEs/subscribers   

2. Reselection is based on ranking i.e. comparison of measurements of different cells (as today for GERAN to UTRAN cell reselection and UMTS inter-frequency )
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E-UTRA Inter-frequency cell reselections

2.1
Cell reselections between frequency layers
In order to avoid problems that the R-criterion based cell reselections could cause in inter-frequency cell reselections it is important to ensure that the UE does not need to continuously perform inter-frequency cell identifications and level measurements for cell reselection evaluation. Thus, careful design of neighbour list is important in this concept. The amount of inter-frequency measurements could also be reduced with search thresholds but it is practically impossible to avoid unnecessary inter-frequency measurements due to radio fluctuations. Furthermore, when inter-frequency neighbour cells are indicated these inter-frequency cell searches and measurements are likely to occur in the cell edge areas where also intra-frequency cell reselection are critical. Therefore, we see that unnecessary inter-frequency cell reselection evaluations cannot be avoided with the search thresholds alone.

On the other hand we see that absolute priorities, which do not require level comparison between cells on different frequency layers, would provide rather simple E-UTRA cell reselection concept for this scenario. These absolute priorities would provide unambiguous cell reselection priority order between the frequency layers for a given UE. In order to minimise UE battery consumptions and avoid unnecessary interruptions in data reception it would also be desirable to define suitable measurement rules for the UE. 

These priorities could be user specific signalled by the network to a given UE or layer specific which could be broadcast in the system information. Each UE would need to use its own frequency layer priorities although the actual cell reselection criteria and measurement rules can be universal. The actual UE behaviour would be defined based on the priorities of that given UE. 

Below we present an example how cell reselections in an E-UTRA network with different priority frequency layers could work

· UE continuously perform intra-frequency measurements and makes intra-frequency cell reselections when the R-criterion (ranking) define so

· If the UE is camped on the highest priority frequency layer, 

· the UE needs to start searching/measuring cells on lower priority layers if the following measurement criterion indicate so: If no intra-frequency cell (typically the serving cell) is above a given threshold and/or the UE has not identified any (new) intra-frequency neighbour cell, the UE shall start to measure cells on indicated inter-frequency/RAT cell

· The UE may search for cells in lower priority layers in priority order. 

· The following rules could be used in the priority order measurements:  If firstly measured layer does not contain any cells above a given minimum required RSRP level, then UE continues to next priority layer etc… If none found then UE continues periodically searching for cells on the higher priority layer cells as long as the abovementioned measurement rules indicate so.

· The UE will reselect a new cell on lower priority layer, if no cell on the current higher priority serving frequency layer meet a given minimum level for a given time (like Treselection) and the new cell has met the minimum service threshold (for that frequency layer) for a given time.

· If UE is not camped on the highest priority layer, 

· the UE needs to periodically search for higher priority layer(s) and if found, measures them. 

· The minimum periodicity for the UE to search new neighbour cells on lower priority frequency layer may be indicated by the NW (T_priority). Additionally minimum UE performance requirements need to be developed in RAN4. 

· Priority order can also be utilised in the neighbour cell searches and level measurements of lower priority frequency layers
· If the UE finds a cell on higher priority cell that fulfils a given minimum RSRP based threshold for a given time, the UE shall select that cell. 

If desired, some of the cell reselection parameters or priorities could be adjusted based on e.g. stationary vs non stationary (or low vs. high mobility) triggering. However, in order to ensure robust cell reselection rules simple mobility triggering scheme should be defined. 

It has also been proposed that priority based cell reselections would be done varying Qoffset values in the R criterion meaning that depending on priority scheme used in the network Qoffset values would be defined per UE or frequency layer/RAT. These Qoffset values would then be used e.g. to distribute UEs between different frequency layers. Although this scheme is attractive as it can rely on the same R criterion as the intra-frequency cell reselections, it may mean some challenges in Qoffset parameter planning in practical network deployments, especially if any other but –infinity and + infinity values are used.

UE implementation for the R criterion based cell reselection ranking is naturally straightforward as the same implementation is already needed for other cases like intra-frequency case (already agreed by RAN2). However, in order to cover different Qoffset values carefully and equally in cell reselection evaluation between different frequency layers the UE needs to rather constantly identify new neighbour cells and measured identified neighbours on all indicated frequency layers. This puts extra burden to UE battery consumptions and may also cause unnecessary interruptions in data reception.  For defining some “true” Qoffset values (different from –infinity and + infinity) it is important to understand how RSRP levels vary in the cells of each frequency layer. Then the UE needs continuously to perform level measurements on this target inter-frequency and inter-RAT cells in order to know when and whether the given target cell is prioritised over the given serving cell. Absolute priorities between different frequency layers and RAT would not require any inter-frequency and inter-RAT measurements for identifying what priority level the target cell has compared to the serving frequency cell and layer.

With an example illustrated in Figure 1 we try to demonstrate challenges in Qoffset parameter planning when used for prioritisation of each on different frequency layers.
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Figure 1 Example of Possible User Profile based Qoffset  Prioritisation
In this example prioritisation is done for load balancing purposes. This operator would need to optimise Qoffset parameters per user profile and the RSRP levels of the target cell and the current serving cell. In this example there are three target cells for balancing the load; E-UTRA cell A (f2),  E-UTRA cell B (f2) and E-UTRA cell C (f2). The current serving cell is E-UTRA Cell 1 (f1).The Qoffset value tuned for each subscription profile should guarantee that the specific subscribers reselects to the planned target network in an expected location. Assuming UE1,UE2 and UE3 belong to the same subscription level used for camp load balancing without careful case by case Qoffset definition the same users may or may not reselect because the reselection does not depend only on the Qoffset value but on the location of the terminals, which affect RSRP levels used in the R-criterion evaluation. In a special case of figure 1, we can see the same limitations when cell A, cell B and cell C correspond to home cells (CSG cells) for subscribers 1, 2 and 3 respectively. A given Qoffset value allocated for cell 1 may not be able to satisfy the R criteria needed for the reselection of users UE1,UE2 and UE3 to their home cells (e.g UE1 may not be able to join its home cell from the bedroom but only from the living room).
If only –infinity and + infinity Qoffset values are defined, this scheme is expected to be a subset of the earlier described cell reselection criteria with the limitation that in practice only two priority levels; either prioritised or not prioritized can be used. This limitation may not be sufficient for the future E-UTRA networks, which may have multiple RATs and E-UTRA frequency layers as neighbours and these different frequency layers and RAT may also provide rather different types of services and bit rates. 
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Inter-RAT cell reselections

Like inter-frequency also too frequent inter-RAT cell reselections and related neighbour cell searches and level measurements should be avoided. Since different RATs are expected to have at least somewhat different properties and thus provide somewhat different services and bit rates than E-UTRA, some prioritisation is most likely needed for E-UTRA inter-RAT cell reselections between these RATs. In these cases rather similar measurement rules and cell reselections as for inter-frequency cell reselections with priorities could be utilised for E-UTRA to inter-RAT (e.g. GERAN) cell reselections. 

For inter-RAT cell reselections from legacy RATs like UTRAN and GERAN to E-UTRA could continue utilising the existing cell reselection procedures where Qoffset values are set to –inf and + inf, which practically means limited absolute priorities. This would minimise changes in the legacy system cell reselection criteria but still allowing similar and corresponding absolute priorities to be used in cell reselections from the legacy RATs towards E-UTRA. This would be achieved at the expense of the number of priority levels and frequency layers that can be indicated as neighbours in the legacy system.  Cell reselection criteria for UTRAN to E-UTRAN and GERAN to E-UTRAN should naturally still be discussed and evaluated by the corresponding experts in order to ensure suitable balance between cell reselection flexibility and system complexity.
4
Conclusions

This contribution had discussed E-UTRA inter-frequency and inter-RAT cell reselections and aspects should be considered when making the decision of E-UTRA cell reselection criteria and UE measurement rules. It also shortly discussed reselections from UTRAN and GERAN to E-UTRA and possible implications to legacy procedures and it was shown that priority based method can be utilized in E-UTRAN without too extended effect to UTRAN or GERAN reselection algorithms.
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