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1 Introduction

Several previous contributions in RAN1 and RAN4 have addressed UE measurements for mobility support in E-UTRAN [1-3]. Since several cell transmission bandwidths are possible in E-UTRAN, therefore one important aspect is the bandwidth over which the neighbour cell measurements are performed. 
The measurement bandwidth should be such that the neighbour cell measurement results are reliable as well as it should not require unnecessary measurement complexity in the UE. This paper discusses various factors and deployment aspects that could influence the bandwidth of these measurements. It is suggested that measurement bandwidth is signaled by the network to the UE. 
2 Neighbour Cell Measurements
The objective of this contribution is not to discuss in detail the particular neighbour cell measurements. As has been suggested in previous contributions, the working assumption in this paper is that neighbour cell measurements shall be carried out on downlink reference signals (RS). Instead the main focus of this paper is to discuss over which portion of the bandwidth the UE should measure the downlink measurements.  

3 Impact of Bandwidth on Measurements
The reference signals are spread over the entire bandwidth [4]. This allows the possibility of taking a measurement sample over all the reference signals. But a cell may operator with different transmission bandwidths. Therefore depending upon the actual cell bandwidth the measurement bandwidth will also vary. One possibility is to limit the measurement bandwidth to some well defined fixed value. One earlier suggestion has been to limit it to the same bandwidth that is occupied by P-SCH and S-SCH channels, i.e. the center 72 sub-carriers (SCH bandwidth is 1.25 MHz) irrespective of the cell bandwidth. This is the same used for P-SCH and S-SCH channels. Although this can speed up the measurement process in a sense that UE does not need to know the actual bandwidth of the cell. However, one major repercussion is that in cells with larger bandwidths (i.e. more than 1.25 MHz) the measurement results will not be representative over the entire bandwidth. This is illustrated in figures 1 and 2. Figure 1 shows the fast fading gain in Pedestrian A channel over a large range of frequency. Due to shorter bandwidth the measurement samples are more likely to overestimate or understand the channel. On the other hand if the measurement is done over a larger (e.g. 10 MHz) the averaging will filter out the peaks, thereby depicting the average channel behavior, which is appropriate for the neighbour cell measurements. Figure 2 clearly indicates the difference in the distribution of the fast fading gain samples averaged over 6 RBs (1.25 MHz) and over 50 RBs (10 MHz). 
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Figure 1: One realization of fast fading gain of Pedestrian A channel
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Figure 2: Impact of different measurement BW (1.25 MHz, 10 MHz) over fast fading gain in Pedestrian A channel.
For this reason we don’t prefer to limit the bandwidth of the measurement to 72 sub-carriers. Instead one possibility is that the network (e.g. serving cell) signals the bandwidth over which the neighbour cell measurement is to be performed. This can take care of the scenarios, where UE has to do measurement over cells with different bandwidths as described in detail below.
4 Cell Bandwidth and Deployment Scenarios
Several cell transmission bandwidths shall be possible in E-UTRAN. The bandwidth could range between 1.25 MHz up to 20 MHz. The exact bandwidth figures are being currently discussed in RAN4. 
Due to wide range of cell bandwidths we believe it is essential to figure out the common deployment scenarios with respect to cell transmission bandwidth. We believe there are three cases to be considered:
A. Homogeneous bandwidth deployment:

In practice the most likely case is that in one geographical location (comprising of several sites) or in one coverage area, all cells have the same bandwidth. 
B. Heterogeneous bandwidth deployment:

This scenario is likely to be less frequent but there might still be cases where heterogeneous cells in terms of different bandwidths are present in a geographical area. 
C. Border areas between different deployments:

Irrespective of the fact whether all cells have the same bandwidths (homogeneous cells) or different bandwidths (heterogeneous cells) in a geographical area, there will be border areas where cells of different bandwidths coincide. 
The major impact of scenarios B and C above is that measurement reports from different cells will be based on different bandwidths. 
5 Network Controlled Measurement Bandwidth
The network is aware of the deployment scenario i.e. cell bandwidth(s) used in the coverage area. One possibility is that network sets one single bandwidth over which the UE shall measure the neighbour cells. The measurement bandwidths could be limited to all possible bandwidths. As an example the network can signal the measurement bandwidth as the minimum of all cells’ bandwidths deployed in a coverage area. Hence by virtue of the network controlled bandwidth the UE shall perform the neighbour cell measurement over the same number of sub-carriers irrespective of the cell bandwidths. The measurement bandwidth can vary from one coverage area to another depending upon the cell transmission bandwidth used in an area.  
This means in scenarios B and C the UE is able to report measurements that would be consistent since same measurement bandwidth can be set by the network for all the cells. In addition the UE does not have to read the system information of the neighbour cells to acquire the cell bandwidth. Indeed, the measurement bandwidth can be signaled by the serving cell via system information when in idle mode or via shared channel when in connected mode. On the one hand this will reduce UE complexity in terms of acquiring bandwidth of each cell. On the other hand this gives more flexibility to the network in terms of making use of larger measurement bandwidth whenever possible according to the deployment scenario.    
5.1 Measurement Procedure
The first step in the measurement procedure is the cell identification, which is followed by the actual measurement and eventually reporting the measurement results to the network. 

The cell identification procedure is already specified in 36.213 [5]. According to which the UE will first acquire cell group ID, which is mapped on the SCH. The SCH occupies only the central 72 sub-carriers (i.e. SCH bandwidth is limited to 1.25 MHz). After acquiring the cell group ID the UE shall identify the cell ID, which is mapped on the reference signals. It is possible for the UE to find the cell ID by demodulating only the reference signals in the central 1.25 MHz for all bandwidths [4]. This means the network controlled bandwidth does not require the UE to know the actual bandwidth of the cell for the purpose of identifying a cell (i.e. cell ID acquisition). The UE can perform measurement on all the cells (serving and neighbours) over the network signalled bandwidth without reading system information of the neighbour cells.  
6 Summary

In this contribution we have discussed how to define the measurement bandwidth of the neighbour cell measurements. In order for the measurement to depict cell quality over the entire cell bandwidth, first of all we suggest not to limit the measurement bandwidth to 72 sub-carriers that corresponds to SCH channel bandwidth. Secondly it is suggested that the measurement bandwidth is signaled to the UE by the network. This will allow the UE to do measurement on all cells over the same bandwidth irrespective of the deployment scenario.
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