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1
Introduction

This contribution looks into the issue of handover and cell reselection measurements in combination with inter-cell interference coordination. 
2
Discussion of HO measurements with Interference Coordination
In the 3GPP RAN WG1 meeting#46bis the support of inter-cell-interference coordination/avoidance was decided [1]:

“The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the downlink resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager or restrictions on the transmit power that can be applied to certain time/frequency resources.”

For the common reference symbols it is still open if the power shall be equal across the full cell system bandwidth, or whether the power of the reference symbols shall/can follow the power level of physical resource blocks (PRB’s) of the non-common channels, i.e. shared data channel. For the shared data-channel it has e.g. been proposed to use soft frequency reuse, where certain frequency resources are transmitted with reduced power, in order to reduce interference to adjacent cells, or even use hard frequency reuse, where there is no transmission on certain frequency resources.
Reference symbol transmit power is likely to affect several type of UE measurements, such as: CQI, handover, and cell reselection measurements, as well as channel estimation. In this contribution we, however, focus our discussion on UE measurements strategies for handover and cell reselection evaluation in a network where inter-cell-interference co-ordination is in use.
1) In case the transmission power of the reference symbols is equal over the whole cell system bandwidth, then it could be possible to use the average reference symbol power over the whole cell system bandwidth for handover and cell reselection evaluation. The advantage of using the whole cell system bandwidth is maximum frequency diversity. On the other hand this solution might not be that attractive if flexible transmit power is assigned to reference symbols according to certain inter-cell-interference coordination scheme for the shared data channel. There could also be some special cases where measurements of a certain sub-band would be beneficial but before including any additional options to the system it is important to carefully analyse these cases and corresponding measurement needs.   Minimum UE reception BW capability of 15 MHz also limits the reception of reference symbols to 15MHz for the case where the cell system bandwidth is 20 MHz. However, the measurement uncertainty due to 15MHz versus 20MHz minimum UE BW reception capability is not expected to be significant when the transmission power of the reference symbols is equal over the whole cell system BW, and is hence not discussed further.      
2) In case the transmission power of the reference symbols are not equal over the whole cell system bandwidth several options exist.
2a) The transmission power of the reference symbols located within the centre 72 sub-carriers, corresponding to the transmission bandwidth of SCH and P-BCH, are transmitted with an equal power. The UE could only use the reference symbols within the centre 72 sub-carriers for handover and cell reselection evaluation. The advantage of this option is that it allows for a flexible transmission power level of reference symbols outside the centre 72 sub-carriers without impacting the handover and cell reselection measurements. On the other hand the frequency diversity is reduced to approx 1.1MHz for all cell system bandwidth.
2b) The transmission power of the reference symbols across the cell system bandwidth can vary according to the inter-cell-interference coordination scheme applied for the non-common channels, i.e., shared data channel. However due to demodulation of P-BCH we here presume the power level of the reference symbols to be equal within the centre 72 sub-carriers (this is however FFS). The UE could still use the average reference symbol power measurement over the whole cell system bandwidth for handover and cell reselection evaluation. The advantage of this option is larger frequency diversity than obtained for option 2a). However the potential drawback of this solution is that larger uncertainties are brought into the handover and cell resection evaluation depending on the applied inter-cell-interference coordination scheme. 
2c) The transmission power of the reference symbols across the cell system bandwidth can vary according to the inter-cell-interference coordination scheme applied for the shared data channel. In order to avoid potential measurement uncertainty discussed in the option 2b) the UE could perform measurements over certain sub-band for which measurements are guaranteed to be comparable. 

Depending on whether the transmit power for reference symbols is equal over the whole cell system BW or not, there exist different solutions to the UE handover and cell reselection measurements. For the latter case, in order to provide optimal handover and cell reselection measurement for different E-UTRAN networks using different inter-cell-interference control scheme for the non common channels, i.e., shared data-channel, it should be investigated whether some additional signalling (e.g. over the system informatio) is needed for indicating over which frequencies within the DL cell system BW, the UE needs to perform reference signal level measurements or whether one single measurement solution for systems with and without interference coordination would be sufficient. In order to ensure good mobility support within E-UTRA (within serving frequency layer and between frequency layers) and between E-UTRA and other RATs it is important to ensure accurate and comparable UE measurements.
4
Conclusions
In the document we have discussed how the reference symbol transmit power; whether equal power over the full cell system BW, or varying may affect UE mobility measurements. If the reference symbol transmit power may vary  over the full cell system BW due to interference coordination , it should be investigated and agreed on how the UE should perform reference signal level measurements so that unnecessary measurement uncertainties could be avoided and UE measurements for mobility support would allow comparable handover and cell reselection evaluation for different type of handovers and cell reselections (within the serving frequency layer, between frequency layers and RATs) . 
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