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1
Introduction
In this contribution we discuss aspects that need to be considered when developing further details for UE inter-frequency cell reselection requirements in TS36.133. Equal and different priority frequency layers are considered separately. Additionally, it is noted that inter-RAT requirements are also highly related to inter-frequency requirements especially for multi-RAT environments. 
2
Cell Reselection Requirements between equal priority frequency layers

In the Sevilla RAN2 meeting it was decided that cell reselections between equal priority E-UTRA frequency layers are done based on ranking criteria. This means that the RSRP levels of the serving cell and inter-frequency neighbour cell (with some additional parameters) are compared with each other for making cell reselection decisions. Thereby, the UE should basically be in the best cell in the terms of ranking criteria. In addition to cell reselection evaluation between different frequency layers the UE continuously needs to perform intra-frequency cell reselection evaluation, which we see as the most important one for ensuring good mobility performance. 

RAN2 has also agreed search/measurement thresholds against the serving cell RSRP level for defining when inter-frequency measurements are required from the UE. 
The latest TS36.304 CR proposal provided on the RAN2 reflector:

-
For an E-UTRAN inter-frequency with a equal or lower reselection priority than the reselection priority of the current E-UTRA frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current E-UTRA frequency:
-
If SServingCell > Snonintrasearch UE may choose not to perform measurements of inter-RAT frequencies or inter-frequencies of equal or lower priority. 

-
If SServingCell <= Snonintrasearch the UE shall perform measurements of inter-RAT frequencies or inter-frequencies cells of equal or lower priority according to [RAN4 performance requirements]

As typically these measurement threshold values are not varied from cell to cell but instead common thresholds (e.g. common inter-frequency threshold) are used, we believe that it is difficult to avoid the UE initiating inter-frequency cell identification and measurements when reaching the coverage edge of the serving cell even if the coverage of the serving frequency layer continued. However, in most cases the UE should perform intra-frequency cell reselection rather than inter-frequency cell reselection when reaching the coverage edge of the serving cell, especially when no higher priority frequency layer or RAT is indicated. 
We see that it is important that the RAN4 inter-frequency cell reselection related cell identification and measurement requirements allow the UE to have less frequent equal priority inter-frequency cell identifications and measurements than intra-frequency cell identifications and measurements especially if the coverage of the serving frequency layer is not ending. 
Although frequent inter-frequency cell reselections between equal priority frequency layers are not against network planning principles, we see that it would be desirable to avoid unnecessary inter-frequency cell reselections between equal priority layers when intra-frequency cell reselections could be done instead. Inter-frequency cell identifications and measurements typically cause additional power consumption in the UE. Additionally intra-frequency cell reselections are likely to be more accurate especially in frequency reuse = 1 networks as the cells on the same frequency affect each other and when a new neighbour cell becomes detectable. 
Based on the following observations we propose that the inter-frequency cell reselections between equal priority frequency layers are defined so that the UE is allowed to perform inter-frequency cell identifications and measurements less frequently than intra-frequency cell identifications and cell reselections especially when there are intra-frequency neighbour cells as cell reselection candidate. In this way we can avoid the UE changing frequency layer all the time when more than one equal priority frequency layer is present in given geographical area and LTE UE power consumption can be optimised. The actual details how to implement this to the UE requirements in TS36.133 v1.0.0 need to be considered further. 
3
Cell Reselection Requirements between frequency layers with different priorities

RAN2 has now clarified cell reselection related measurement procedures and cell reselection criteria in the combined CR proposal to TS36.304 in [1]. In this section we discuss how to develop detailed cell reselection related cell identification and measurement requirements based on TS36.304 We especially focus on cases when several different frequency layers and RAT are indicated to the UE as neighbours. [2] discusses inter-RAT open item related aspects further. 
The proposed CR to 36.304 defines the measurement rules between frequency layers with different priority layers in Section 5.2.4.2 as follows. 

-
The UE shall apply the following rules for E-UTRAN inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority as defined in 5.2.4.1:
-
For an E-UTRAN inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current E-UTRA frequency the UE shall perform measurements of higher priority E-UTRAN inter-frequencor inter-RAT frequencies according to [RAN4 performance requirements]. 
-
For an E-UTRAN inter-frequency with a equal or lower reselection priority than the reselection priority of the current E-UTRA frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current E-UTRA frequency:
-
If SServingCell > Snonintrasearch UE may choose not to perform measurements of inter-RAT frequencies or inter-frequencies of equal or lower priority. 

-
If SServingCell <= Snonintrasearch the UE shall perform measurements of inter-RAT frequencies or inter-frequencies cells of equal or lower priority according to [RAN4 performance requirements]

Where SServingCell is the S-value of the serving cell.

It is already indicated in TS36.304 that the final details of cell reselection related measurements are defined by RAN4. The RAN2 search and measurement rules indicate that the UE should put more effort in identifying new detectable neighbour cells on higher priority frequency layer than neighbour cells on equal or lower priority frequency layers. Especially the radio conditions of the serving cell or serving frequency layer should not limit the search of new cells on higher priority frequency layers. The same approach should also be used when setting the RAN4 cell reselection related cell identification and measurement requirements. 
In addition to the measurement rules the Section 5.2.4.5 of TS36.304 defines the following cell reselection criteria.

Cell reselection to a cell on a higher priority RAT or frequency shall be performed if:

-
the SnonServingCell,x of a cell of a higher priority RAT or frequency is greater than Threshx, high during a time interval TreselectionRAT; and
· more than 1 second has elapsed since the UE camped on the current serving cell.
Cell reselection to a cell on a lower priority RAT or frequency shall be performed if:
-
No cell of a higher priority RAT or frequency fulfills the criteria above; and
-
SServingCell < Threshserving, low and the SnonServingCell,x of a cell of a lower priority frequency RAT or frequency is greater than Threshx, low  during a time interval TreselectionRAT; and

-  more than 1 second has elapsed since the UE camped on the current serving cell.
Cell reselection to a cell on an equal priority frequency shall be based on ranking for Intra-frequency Cell Reselection as defined in sub-clause 5.2.4.6. 

SnonServingCell,x is the S-value of a non-serving inter-RAT or inter-frequency cell. In all the above criteria the value of TreselectionRAT is scaled when the UE is in the medium or high mobility state as defined in subclause 5.2.4.6. If more than one cell meets the above criteria, the UE shall reselect a cell ranked as the best cell on the highest priority RAT among the cells meeting the criteria.
Through the cell reselection criteria it is possible to ensure that the UE is camped on the highest priority layer available even if UE measurements are not performed in priority order. While the UE should be allowed to somewhat prioritise its measurements between different priority frequency layers and RATs it should not be required to explicitly follow any priority order in its measurements. We believe that in this way it is possible to better guarantee that the UE does not even momentarily get totally out of coverage of all frequency layers and RATs due to prioritised neighbour cell searches and measurements.
Although higher priority E-UTRA frequency layer is indicated as neighbour, it does not mean that any cell on that frequency layer is detectable throughout the cell area of the current serving cell. Thus, some reasonable interval for trying to find a higher priority inter-frequency cell should be assumed in order to allow sufficient UE power consumptions. We feel that in most cases the periodicity of regular higher priority search should be a lot longer than one DRX cycle. 
When a new higher priority cell is identified but the cell does not meet the minimum selection criteria for that given frequency layer yet, the UE should update RSRP measurements for the given identified cell rather regularly, e.g. every DRX cycle at least for longer DRX cycles. In this way it is possible to ensure reliable cell reselection to the higher priority frequency layer when a cell on that layer becomes strong enough.
Typically Snonintrasearch based search and measurement thresholds should limit the search and measurements of equal and lower priority inter-frequency neighbour cells so that reasonable UE power consumptions can be obtained. However, in some specific cases like if Snonintrasearch is not signalled to the UE, it could be considered whether the UE would be allowed to perform somewhat less frequent inter-frequency neighbour cell searches and measurements for equal and lower priority non-serving frequency layers especially if the UE has already detected at least one new candidate cell either on the serving frequency layer or higher priority frequency layer. 
Additionally, it is important that the UE cell identification and measurement requirements are defined so that UE measurement activity does not become excessive if several E-UTRA frequency layers and RATs are indicated to the UE. Power saving may especially become an issue if DRX cycle is a bit shorter and several frequency layers and RAT are indicated as neighbours.  
3
Conclusions
In this contribution we have identified aspects that need to be discussed and decided for finalising UE inter-frequency cell reselection requirements in TS36.133. We see that it is important to carefully consider UE power consumptions aspects in environment with multiple frequency layers and RATs indicated as neighbours. While it is naturally attractive to get the UE to the highest priority frequency layer or RAT quite soon after it becomes available we see that it is even more important to ensure that UE remains within coverage area of one of the frequency layers or RATs. In the end the absolute priorities should anyway ensure that the UE will end up to the right frequency layer or RAT. 

In case of more than equal priority frequency layer it would be good to ensure that the UE does not need to make unnecessary inter-frequency cell reselections when the serving frequency layer has sufficiently good coverage. 
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