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1 Introduction

In the last RAN4 meeting (RAN4#43bis) RAN4 agreed that there is a need for additional or complementary time domain filtering of the neighbour cell measurements (e.g. RSRP, RSSI) beyond the fundamental L1 filtering, which is UE implementation dependent. The agreement was captured in LS sent to RAN2 and RAN1 [1]. However, there has not yet been any consensus on how this additional filtering is to be performed. The goal of this paper is to suggest a way forward on higher layer filtering of the neighbour cell measurements. 
2 Analysis of Higher Layer Filtering
The neighbour cell measurements are primarily used for mobility related decisions i.e. handover and cell reselection. In order to ensure robust mobility related decisions the relevant UE reported neighbour cell measurement(s) should properly filter out the effect of fading. Secondly the reported quantity should be as accurate as possible. 
It has been shown in earlier studies that higher layer filtering reduces the measurement errors in E-UTRAN measurement (RSRP and RSSI) [2-4]. These analyses have used the same higher layer filter (or L3 filter), which is specified for UE and Node B measurements in UTRAN. One additional advantage 

RAN4 has agreed and acknowledges the need for an additional time domain filter for LTE UE measurements. The question remaining is how this filtering is to be performed. So far RAN4 has not yet analysed or suggested any additional filtering option other than the L3 filter used in WCDMA [5-6]. At least based on the current status and analysis we believe there are following advantages of using the UTRAN L3 filter also for LTE measurements: 
· Based on the current analysis the L3 filter provides good performance, i.e. reduces measurement errors.

· The network controlled filtering co-efficient provides a great deal of flexibility of using different time constants, which may be adjusted according radio network scenario and propagation conditions. 
· The current L3 filter is also simple in a sense that it requires only one network controlled parameter.
· In UTRAN L3 filtering (by appropriate setting of filtering co-efficient) has already been proved to be good enough in the field. 

3 Proposal on Complementary Filtering
Based on our analysis in section 2 we suggest that ‘complementary’ time domain filtering of the neighbour cell measurements is done according to the L3 filter already used in UTRAN [5-6]. This means the network is able to configure and control the filter like in UTRAN. From WCDMA experience very long time constant has not been used in practice. It is also suggested to limit the time constant of L3 filter up to a practical value, e.g. 5 seconds. This will prevent unnecessary complexity in the UE.
Although our strong preference is to reuse the WCDMA L3 filter, however, we would also welcome and consider other alternative proposals in this regard.

4 Summary
RAN4 acknowledges the need for complementary time domain filtering of the neighbour cell measurements in addition to the basic UE implementation dependent L1 filtering. Based on earlier studies and analysis in this contribution we suggest that UTRAN L3 filter is also used for the filtering of LTE neighbour cell measurements. 
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Annex A: L3 Filter Description 

L3 filtering is performed according to the following formula [5-6]:
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Fn is the updated filtered measurement result

Fn-1 is the old filtered measurement result

Mn is the latest received measurement result from physical layer measurements, i.e. L1 

a = 1/2(k/2), where k is the network controlled parameter.
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