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1
Introduction

In our contributions [4] and [5] we have presented some ideas how cell reselections and cell reselection criteria (in addition to handovers) could be simplified in heterogeneous networks compared to the UTRA while still providing means to tailor mobility rules differently for different kind of users. In this contribution we present more in practical radio level how these ideas could be utilised in E-UTRA cell reselection criteria and basic improvements that can be inherited from legacy procedures.
2
Background
As late as 2004 RAN2 changed UTRA cell reselection criteria since Qoffset planning was considered too demanding in practical UTRA networks. In CRs [1] and [2] optional UTRA measurement rules, which were originally intended for improving UE power saving, were changed to be mandatory cell reselection criteria in order to avoid offset planning in the networks. 
Although in UTRA Qoffset parameter is defined per neighbour cell, it would have been possible in the UTRA networks to use the same offset value for all neighbour cells within a certain carrier frequency or frequency band. However, even one Qoffset parameter per carrier frequency or RAT& frequency band (e.g. Qoffset value A for GSM900 neighbour cells and Qoffset value B for GSM1800 neighbour cells etc) was considered too demanding from the network planning perspective. 

Since today in E-UTRA development there seems to be even stronger desire to move towards self-configured and self-optimised networks, we would like to understand whether it is logically correct to assume that the UTRA R criterion based on Qoffset parameters can be reused as basis for developing E-UTRA cell reselection criteria. 
The document [3] discussed some challenges, which were caused by the fact that optional measurement rules were changed to cell reselection criteria. This discussion generated some further work in RAN2 in order to ensure good cell reselection performance after this change. Now that we are defining a new system it might be beneficial to rethink these cell reselection criteria and related parameters in order to avoid complex network planning and unnecessary overhead in the parameter setting and cell reselection procedures
3
E-UTRA Cell Reselection Considerations
In [4] we described high level mobility control that is operator controllable and could limit the UE access to certain frequency bands or RATs. This way operator can provide different kind of subscription classes (gold, silver …) and even limit roaming users to use intended RATs. When signalling those limitations to the UE it is also possible to provide a priority order in which UE is supposed to look for different access technologies/bands alternatively these priorities can be provided also in the system information signalling.   And by utilizing these priorities we can provide a mechanism for controlling UE behaviour in a way that operator is intending it to happen and also optimize the way UE is performing measurements to other frequency layers/RATs. 
3.1 Intra-Frequency

For the intra-frequency these operator controllable priorities are not really affecting the reselection mechanisms and we see that primarily reselection should happen according to radio conditions i.e. selecting the cell with the best measurement quantity level. Naturally in order to avoid ping-pongs and make cell reselections more reliable some measurement averaging (defined by RAN4 requirements), some dB-domain and time domain hysteresis parameters are also needed.  However, in deployments where similar cells e.g. macro cells are deployed on a given frequency layer Qoffset type of parameters are not needed (dB hysteresis would be enough) or even desirable as the usage of additional offset to the actual measurement quantity would degrade radio performance. In addition, Qoffset applied to the inaccuracies of  L1 measurement in EUTRAN may not be suitable for E-UTRAN R-criteria due to the unpredicted results it may generate. 

Special scenarios like macro and private pico cells (like home eNBs) on the same frequency layer are expected to require special cell reselection criteria in order to favour camping on the private cells. This target could be achieved partially via Qoffset planning  but only partially because different terminals located at different places inside the same serving cell will have different interference levels and therefore a planned Qoffset will not be optimum for all of them. Rather than favouring camping via Qoffset, it would be ideal that each terminal could apply prioritization rules to camp to higher priority cells as soon as possible.  For this type of Home eNB deployments it is also important that RAN4 completes its Home NB scenarios studies in order to better understand what kind of scenarios should be supported in the specifications. Furthermore, it should also be noted that although Home eNBs and macro cells would be deployed on the same carrier frequency, it does not mean that deployment would occur exactly in the same geographical area and thus, it is not clear whether it is really a need to support any efficient intra-frequency cell reselection e.g. between marco cells and Home eNB cell on the same frequency. Instead cell reselection between Home eNB and macro cells could be done through inter-frequency cell reselections, which is likely to less problematic from the interference scenario perspective. 

3.2 Inter-frequency and inter-RAT
When considering Priorities and non-intra-frequency cell reselections they could be nicely utilized to provide simple method for controlling mobility between different frequency layers/RATs 

Based on the UTRA cell reselection criteria changes discussed in Section 2 we know that coverage based inter-frequency or inter-RAT cell reselections do not rely on Qoffsets in UTRA. Thus, we could assume that it should be possible to assume the same in E-UTRA as well. However, it is probably worth noting that since the UTRA cell reselection criteria development did not happen in the most logical and optimum order, it might be beneficial to avoid UTRA legacy burden when starting to develope E-UTRA cell reselection criteria. When evaluating need for coverage based cell reselection to another frequency layer or RAT it would seem important to identify whether the serving cell level indicate need for cell reselection. In addition before considering inter-frequency or inter-RAT cell reselection it would be important to know whether there is any intra-frequency neighbour cell available for cell reselection in order to avoid inter-frequency and inter-RAT cell reselection when no priorities or access pipe rules indicate need for higher priority inter-frequency or inter-RAT cell reselection (i.e. only radio based cell reselection is needed).  If no suitable intra-frequency neighbour cell is available, cell reselection to a inter-frequency or inter-RAT cell could be considered. Before inter-frequency and inter-RAT cell reselection the UE may be requested to verify if the conditions to access the new target meets certain predefined criteria. These predefined criteria can be based on a certain minimum reference signal strength e.g., minimum power level to access a cell. 

From network planning experience in UTRAN-GERAN cell reselection procedures, it has been very difficult to configure the R-criteria based on comparison of UTRAN cell levels and GSM cell levels. As a principle in cellular network is to force a terminal to reselect to an old access network due to poor coverage, Qoffset for inter-RAT cell reselection procedures has been simply set to the lowest possible value in order to avoid terminals to get trapped in UTRA. For GERAN to UTRAN, the similar network planning practices has been applied to Qoffset (FDD_Qoffset=-infinite) to avoid terminals to get trapped in GERAN when UTRAN coverage is recovered.  As already discussed in Section 2 we believe potential improvements in EUTRAN are needed in this area to avoid unnecessary parameters which are at the end not used. 

Therefore, we do not see that any Qoffset parameter is needed for coverage based inter-frequency and inter-RAT cell reselections (i.e. inter-frequency or inter-RAT cell reselection is performed when the coverage of the serving frequency layer ends). It is of course beneficial to utilise our knowledge and experience from UTRA but this does not mean that we necessarily need to copy any of the UTRA cell reselection criteria. 

Different frequency and RATs can also be prioritized differently either explicitly through access pipe rules (e.g. different for different users) or special common radio level priorities (e.g. broadcast in the system information and applied to all terminals with the same UE capabilities). Common radio level priorities can also be used on the top of the access pipe rules. During the cell reselection procedure the UE would first attempt cell reselection to the highest priority frequency layer or access techonolgy 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 techonology, etc

As a procedural example measurements and reselections could work as follows;

1. UE measures other frequency layers/RATS every now and then if they are higher on the priority list set by operator or UE starts measuring other frequency layer/RAT whenever own frequency layer reception level gets bad enough (Measurement event). In order to minimise needed measurements UE could measure inter-frequency/RAT cells according to their priority orders. 

2. Based on the measurements UE checks in priority order whether cell reselection is possible – Cell reselection is considered to frequency/RAT, which satifies a given predefined reception level.  Of course some sort of Treselection time domain hysteresis and/or  dB domain hysteresis should also be defined to avoid constant ping-pong between different RAT/frequencies.
4
Conclusions

In this contribution we have discussed how the UTRA cell reselection criteria were changed in a rather late phase due to unrealistic parameter assumptions for network planning. Since the UTRA cell reselection criteria were not defined in an optimal manner and order, we believe that it is better not to use them directly as the basis for E-UTRA cell reselection criteria definition. Naturally, we should learn from the UTRA experience and utilise these experiences when developing E-UTRA cell reselection criteria. 

In the contribution we have also presented ideas how E-UTRA cell reselections could be defined in rather straightforward manner without putting big burden to cell reselection parameter planning when E-UTRA networks are deployed on the field. We also discussed how prioritization can be utilized in a easy manner and with minimum network planning effort for influencing the camping to certain cells or layers.  In summary, we propose the following points to be taken into account in E-UTRAN cell reselection procedures:

· Access pipe rules introduced in [4] and [5] are utilised in tailoring cell reselection limitations and criteria

· Access pipe rules can be tailored for a given user
· Possibility to favour the camping on specific layers or cell types (e.g. private cell) should be supported

· Additionally common radio level priorities (e.g. broadcast in the system information and applied to all terminals with the same UE capabilities) may be defined for the E-UTRA cell reselection purposes

· Inter-working between E-UTRAN and legacy networks primarily relies on absolute thresholds (no comparison between E-UTRAN and GERAN/UTRAN cell level measurements should be supported).Hysteresis parameters in time and dB domain are defined for cell reselections 
· Minimum reference signal strength is utilised when verifying whether a certain E-UTRA frequency layer should be considered for cell reselection. This parameter could be included in addition to the  real minimum power level needed to access a cell. Similar minimum level criteria should also be considered for legacy RAT (e.g. using CPICH measurements for UTRA and GSM Carrier RSSI measurements for GERAN)
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