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1
Introduction

In the Orlando meeting RAN2 has discussed E-UTRA cell reselection principles. It was felt that in order to have solid basis for the E-UTRA cell reselection principles and criteria it would be useful to consider radio and performance aspects as well. This contribution intends to address the E-UTRA cell reselection aspects that have been discussed and considered in RAN2. This will hopefully help RAN4 to get involved in the discussion and provide its expertise on the area to RAN2. 

In the document we separately cover E-UTRA intra-frequency, inter-frequency and inter-RAT cell reselection aspects. 
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Discussion
In this section we discuss cell selection and intra-frequency, inter-frequency and inter-RAT cell reselection aspects for E-UTRA. The intention is to identify what kind of cell selection and cell reselection principles and criteria are needed for E-UTRA. 
It should be noted that RAN1 and RAN4 are still discussing the details of UE mobility measurements and this has some implications on the details of cell selection and cell reselection criteria as well. 
2.1 Intra-frequency cell reselections

Especially in the frequency reuse = 1 network similarly to UTRA it is important that in normal deployment scenarios the UE is camped on the best cell in terms on radio conditions in order to avoid unwanted additional interference and ensure sufficient DL and UL demodulation performance. To achieve this similar R-criterion comparison based on measured Reference Signal Received Power levels as used in UTRA could be considered for intra-frequency cell reselections.
TS25.304 v6.9.0 defines the cell ranking R criterion as follows
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In addition to just R-criterion some time domain hysteresis should be applied to avoid constant ping-pongs between cells. For example a parameter similar to Treselection should be applied i.e. minimum time for which reselection criteria needs to be fulfilled before actual cell change is done. And a minimum time interval between cell reselection back to previous cell would be useful e.g. similar to UTRA a fixed 1 second timer.
In addition to the cell ranking R criterion used in intra-frequency cell reselection some criterion to be used for cell selection e.g. during initial access needs to be defined. When the UTRA cell selection and cell reselection criteria were developed the basic principle was that during the cell selection phase it is sufficient for the UE to camp on a cell that meets the minimum access criteria. Additionally it was decided that it is enough that the cell reselection procedure then moves to the UE to the best cell in terms of radio conditions. The performance of cell selection was left open for competition in UTRA while requirements for cell reselections were developed. We feel that the same principle would be suitable for E-UTRA as well.
 TS25.304 v6.9.0 defines cell selection S criterion as follows


[image: image2.wmf]for FDD cells:
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for TDD cells:

Srxlev > 0
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We feel that similar S criterion would be useful for E-UTRA cell selection as well. However, based on measurement quantity definitions and requirement assumptions it should still be studied whether any other measurement quantity but RSRP is needed for the S and R criteria. 
2.2 Inter-frequency cell reselections

For the inter-frequency cell reselection purposes RAN2 has agreed that Hierarchical Cell Structure type of cell reselections will not be developed for E-UTRA. However, it is also agreed in RAN2 that it is important to be able to prioritise different frequency layers on UE basis e.g. to distribute terminals between frequency layers or direct terminals to certain frequency layers based on different rules. In RAN2 basically two different approaches has been considered:

1. Q-offset based R-criterion with UE or frequency layer specific Qoffset [2]
In this conept the UE would utilise UTRA type of R criterion for making cell reselection. Two different Qoffset types have been considered for the R criterion based cell ranking:
A. Frequency layer based Qoffset, where the same Qoffset is at least typically applied to all the same on the same carrier frequency, is used.
B. Each UE would be given specific offsets e.g. one offset per UE per access layer (frequency/RAT), which would then be applied to R-criterion to distribute UEs between different access layers

2. Prioritisation  [1]
In this concept UE would be provided information on the order in which UE should prioritize reselections (and measurements) and whether some frequency layers should totally be excluded from cell reselections based on access pipe type of information. After applying these priorities (either user specific and/or common priorities) and user specific access limitation for given frequency layers  the UEs would simply reselect a cell on the highest or higher priority frequency layer, to which access is allowed by access pipe information, if the cell is successfully identified (e.g. cell search successfully performed or BSIC identified) and the signal strength of the cell is above a certain minimum threshold for a minimum amount of time (e.g. either S criterion or separate criterion with own parameter setting). As long as this higher priority cell meets the minimum threshold setting, the UE would not need to consider cell reselections to lower priority frequency layers.
Below we have listed some properties of proposed reselection handling mechanisms:
1. Qoffset based method by utilising the R criterion
A. Frequency layer based Qoffset: Different Qoffset values could be defined for different frequency layers e.g. simply based on pathloss differences. 
This method would work as normal radio based cell reselection. If radio based cell reselections without priorities are seen necessary for E-UTRA systems, this method seem one viable solution. However, it should be noted that the sole cell ranking comparison based on the R criterion between frequency layers is likely to cause significant amount  of inter-frequency cell reselections when E-UTRA cells are present on these different frequency layers within the same area as the UE is constantly performing true radio based cell reselection cell ranking comparison between frequency layers. The number of inter-frequency measurements can be reduced by optional measurement rules but this does not necessarily reduce the number of cell reselections.
As  inter-frequency cell reselections on the other hand is likely mean some interruptions in paging reception e.g. due to system information reception, it would be good to understand how much radio based inter-frequency cell reselections are are needed in practical E-UTRA; 1) typically on at the edge of the serving frequency layer coverage or 2) rather regularly even if both frequency layers would have good coverage. 

B. UE specific Qoffset: Additionally it has been suggested that UE specific offset values could be defined e.g. for prioritising camping on some frequency layers 
UE specific offsets is expected to reduce the number of inter-frequency cell reselections at least somewhat compared to the true radio based inter-frequency cell reselections described in 1A. 
From NW planning point of view it would be simple to use extreme values like –infinite or +infinite. This would basically mean that no cell ranking comparison is performed in practice. Instead inter-frequency cell reselection is either performed as soon as an inter-frequency cell fulfilling the minimum “S criterion” is found ( +infinite) or no inter-frequency cell reselections are performed or even considered by the terminals that use –infinite offsets for neighbour cells on a given inter-frequency carrier.
However, if a UE is requested to use some other Qoffset values but the extreme values for given inter-frequency layer, the UE needs to regularly perform inter-frequency measurements and consider possible cell reselections in order to verify that some frequency layer has not become better than current one due to applied Qoffset in R-criterion. The situation in terms of UE power consumption can be improved at least somewhat by allowing the UE to avoid inter-frequency neighbour cell searches and level measurements in certain serving cell signal conditions (optional UE measurement rules)
During the RAN2 Orlando discussions it has also been suggested that also for inter-frequency cell reselections cell specific offset should be defined to cope with special cells like tunnel cells. In case of user specific offsets e.g. used for distributing users between frequency layers, it should be understood how cell specific offsets and user specific offsets can work simultaneously and still provide the desired end result as these different offsets can somewhat work against each other unless very careful parameter planning in the network planning phase is done. 
Even without considering simultaneous usage of user and cell specific offsets in inter-frequency cell reselections the definition of priorities for different frequency layers through different Qoffset values may not be totally trivial in practical network deployments. In a case where operators have multiple frequency layers (and RATs)  using soft values could be tricky from NW planning point of view e.g. operator wants UE to prioritize camping to frequency 1, then he would set Qoffset towards that layer to rather high value (or +infinite) – after coverage of frequency 1 ends UE has multiple options to consider reselection e.g. frequency 2/GERAN/UTRAN and operators needs to provide some soft Qoffset values in a manner that UE camping is even between different frequencies/RATs. As of now we do not have good understanding how one could set UE specific soft Qoffset values in such a manner that camping is even.  

When performing cell ranking comparisons between cells on different frequency layers it is necessary to consider RSRP levels of cells on each carrier frequency when defining Qoffset values for prioritisation purposes, thus requiring UE to measure all possible frequencies/RATs in order to make fair R-criterion comparison between different layers. The usage of non-extreme Qoffset values for prioritising different frequency layers is also likely to mean that inter-frequency cell reselections occur in certain locations within the cell area unless the timing when Qoffset value is provided or changed to a given UE is varying and thus, randomises locations where inter-frequency cell reselections occur. The fact that inter-frequency cell reselections occur in certain areas within the cell and cell ranking comparison is done constantly may not be that attractive when the intention to distribute users between frequency layers as the distribution within the cell area may not be equal and unnecessary inter-frequency cell reselections are done. Unnecessary inter-frequency cell reselection especially when radio conditions do not require cell reselection just cause additional interruptions in paging reception and increased UE power consumption due to additional SI reading. 
2. Access pipe method combined with priorities (e.g. UE specific)

As already discussed in this concept UE would be provided information on the order in which UE should prioritize reselections (and measurements) and whether some frequency layers should totally be excluded from cell reselections based on access pipe type of information. 

After applying these priorities, which are either user specific or common priorities, and user specific access limitation for given frequency layers  the UEs can simply reselect a cell on the highest or higher priority frequency layer, to which access is allowed by access pipe information, if the cell is successfully identified (e.g. cell search successfully performed or BSIC identified) and the signal strength of the cell is above a certain minimum threshold for a minimum amount of time (e.g. either S criterion or separate criterion with own parameter setting). As long as this higher priority cell meets the minimum threshold setting, the UE would not need to consider cell reselections to lower priority frequency layers.
This means that in practice the UE does not need to consider inter-frequency cell reselections to lower priority frequency layers as long as there is a cell on the highest priority frequency layer that meets the minimum threshold. 

Priority and access pipeline information can also be used for minimising inter-frequency measurements for reducing terminal power consumptions. During the cell reselection procedure the UE would first attempt cell reselection to the highest priority frequency layer  or access technology and if no cell on the layer meets the set predefined criteria, UE may search for another cell inside the next highest priority frequency layer or access technology, etc.  
So compared to Qoffset approach, this would not require UE to consider reselection to other frequency layers if the camped layer (assumed to have highest priority) satisfies set minimum requirements, thus avoiding unnecessary measurements. It is our understanding that it would also be rather straightforward network planning to setup minimum camping critieria (e.g. similar to S-criteria) for each frequency layer/RAT and then just provide priority order of different frequencies/RATs for the UEs e.g. provide different UE groups different priority lists and when applicable define also explicit access limitations to certain users e.g. based on their subscription (e.g. Gold, Silver and Bronze users). 
2.3 Inter-RAT cell reselections

For inter-RAT cell reselections more or less the same cell reselection criteria as for inter-frequency case have been considered. 

When considering camp load balancing inter-frequency camp load balancing compared to inter-RAT it may not be so different as camp load needs to balanced through all possible frequencies/RATs operator has. Thus, the analyses in Section 2.2. should be applicable for inter-RAT as well. 
However, some additional challenges may be faced especially in cell ranking between different RATs e.g. due to different measurement quantities and system parameters used in different RATs. Thus, when designing suitable Qoffset parameters either frequency layer or user specific it is important to understand these differences between measurement quantities and system parameters. Thus, it may be even harder to optimize and plan offset values for inter-RAT case than for inter-frequency case.  
Of course in E-UTRAN specification work there has been discussion of self organizing networks (SON) and it may be assumption that SON could handle optimization of Qoffset parameterization. However, so far it has not been discussed or analysed whether and how well these different offsets values could be determined by these self organizing networks  When the main cell reselection decisions between different RATs rely on cell ranking concept and related offset parameters, it is important that suitable parameter values can be defined in all practical deployments. It is also important that these SON functions work well when the first E-UTRA networks are deployed on the field as coverage based inter-RAT cell reselections are expected to be important in the early phase of E-UTRAN deployments similarly as  GERAN - UTRAN cell reselections during the early phased of UTRAN deployments.
3
Conclusions

In this contribution we have provided some initial analyses and comparisons for different intra-frequency, inter-frequency and inter-RAT cell reselections discussed in RAN2. 
It seems that there is a consensus in RAN2 that intra-frequency cell reselections should primarily be made radio conditions. This approach also seems the best choice from the performance and thus, RAN4 perspective. 

However, for the purposes of inter-frequency and inter-RAT cell reselections it would be good to understand remaining open items and implications discussed in this contribution. before selecting cell reselection scheme and criteria 
At least the following questions were identified in this contribution:

1. If Qoffset based approach is chosen as way forward how is offset planning supposed to be done?
· Frequency layer specific offset planning

· User specific offset planning

· User specific combined with cell specific inter-frequency / inter-RAT offset planning

· How is inter-RAT offset planning supposed to work with different kind of measurement quantities?

· Different combinations if any

2. What is acceptable amount of inter-frequency and inter-RAT cell reselections and measurements from the E-UTRA system and terminal power consumption perspective?

· Some differences were indicated between different concepts in this contribution. 

i. Prioritisation approach limits need for measurements of lower priority layers and corresponding cell reselections
ii. Qoffset approach requires UE to measure all layers in order to utilize R-criterion fairly with layer specific offsets. In some cases measurement limitations can be achieved through optional measurement rules. However, for obtaining desired cell reselection behaviour  the measurement limitations should be set carefully. Additionally limitations in terms of number of cell reselection may be more difficult to achieve when regular cell ranking comparsons are performed. 
3. How is ping pongs between different frequency layers/RATs solved with each solution?
· Offset based approach with combined multiple level of offsets may easily cause constant ping ponging between layers

· Prioritisation approach “forces” UE to stay on desired layer as long as it satisfies predefined minimum criteria
Additionally for finalising E-UTRA cell reselection criteria we should also pay attention to possible impacts on legacy system reselection criteria and procedures. When considering camp load balancing possibly introduced in E-UTRAN specification both of the approaches considered in RAN2 require some changes to legacy systems. 
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