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1 Introduction

In the last RAN1 meeting (RAN1#48) two UE measurements related to mobility, namely RSRP and E-UTRA carrier RSSI were agreed. The frequency bandwidth over which the UE shall perform these measurements was left for further investigation. Two possibilities for evaluation were suggested in an LS sent to RAN4 [1]: measurement bandwidth equal to the center 72 sub-carriers for all cell bandwidths and measurement bandwidth larger than 72 sub-carriers and could be signaled by the network to the UE.. 

In this paper we provide some simulation results showing the impact of different measurement bandwidths and also provide some more arguments, which leads to the conclusion that indeed measurement bandwidth larger than 72 sub-carriers has some benefit in terms of system performance. In that case the measurement bandwidth has to be signalled by the serving eNode B. 
2 Impact of Measurement Bandwidth on Coverage
A neighbour cell measurement should reveal the long term radio channel behaviour. Thus one important characteristic of the neighbour cell measurement is its ability to properly average out the impact of fading. The fading impact can be minimized by trading the measurement bandwidth with time averaging. Choosing considerably long physical layer measurement period (or time averaging) on the one hand can effectively average out fading but it may also lead to unnecessary longer delay in handover decisions. 
In this investigation we have considered 200 ms physical layer measurement period, which has also been used and suggested in earlier studies [2-3]. Furthermore, the same measurement period is used in WCDMA neighbour cell measurement [4] and is found to provide reliable results. The measurement sampling rate, i.e. how often the UE collects the measurement samples during 200 ms period, is up to the UE implementation. But the measurement samples (or snap shots) in the order of at least once every 50-70 ms are needed to obtain reliable RSRP estimates, and that has been assumed in this simulation.. 
In order to investigate the impact of measurement bandwidth on coverage, RSRP measurement results on a 10 MHz carrier based on link level simulations are compared at two different measurement bandwidth figures: 1.25 MHz and 10 MHz in the following radio environments: 

· Low Doppler and smaller time dispersion (PA3 and PA1 at 2.6 GHz)

· Higher Doppler and larger time dispersion (TU50 at 2.6 GHz - Doppler ( 130 Hz)
Low Doppler and smaller time dispersion:
Figure 1 shows delta RSRP distribution at 3 dB geometry (i.e. Ior/Ioc = 3 dB) for measurement bandwidth = 1.25 MHz and 10 MHz. The delta RSRP is defined as the difference between the estimated RSRP and the ideal RSRP over 200 ms averaging interval. The interference from other cells (Ioc = -70 dBm) is modelled as AWGN. The figure clearly shows that RSRP measured over a larger bandwidth (i.e. 10 MHz in this case) provides more accurate estimation of RSRP compared to the case when 1.25 MHz is used. The performance gain, measured as reduction in deviation from mean at 5th percentile, of larger measurement bandwidth in case of PA1 is larger than 3 dB. In case of PA3 (figure 2) the gain of using larger measurement bandwidth is larger than 2 dB.  
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Figure 1: Impact of measurement bandwidth in PA1 environment
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Figure 2: Impact of measurement bandwidth in PA3 environment

Higher Doppler and larger time dispersion:

Figure 3 shows delta RSRP distribution at 3 dB geometry (i.e. Ior/Ioc = 3 dB) for measurement bandwidth = 1.25 MHz and 10 MHz in TU50 radio environment. The results in this case show that with a larger measurement bandwidth (10 MHz) there is an improvement of slightly more than 1 dB.
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Figure 3: Impact of measurement bandwidth in TU50 environment
Overall Summary of Results: 
The RSRP results show that in radio environment characterized by low Doppler and smaller delay spread there is an advantage of using larger measurement bandwidth since reported measurements would be more accurate. This would lead to correct handover evaluation and thereby would minimize call dropping. However, in an environment with high or moderate Doppler and larger delay spread, larger measurement bandwidth does not provide ample performance edge over a shorter measurement bandwidth (i.e. 1.25 MHz). In order to cater for all different types of valid scenarios and environment, it’s recommended that measurement bandwidth larger than 1.25 MHz is used for all mobility related measurements.
3 Impact of Measurement Bandwidth on Load 
As discussed in an earlier contribution [2], the E-UTRA carrier RSSI, which is the total received power from all sources, is used to depict the load on a specific carrier frequency. The measurement is used to trigger various types of load balancing methods, e.g. inter-frequency handovers, IRAT handovers etc. Better estimation of the system load is critical to ensure proper load balancing or load distribution across different carriers or technologies. Larger carrier RSSI measurement bandwidth would depict clearer picture of the load situation on the carrier for which the UE has been requested to measure RSSI. For this reason carrier RSSI measurement bandwidth larger than 72 sub-carriers is desirable. As different neighbour cells may have different carrier bandwidths, therefore it would be sufficient to have the measurement bandwidth, which is the minimum of the serving cell and target cell bandwidths. 

The network may also compare the absolute levels of different measurements e.g. RSRP with carrier RSSI) to trigger handovers in some scenarios. Thus from network perspective it’s also advantageous to have the same measurement bandwidth for all mobility related measurements.
4 Summary

In this contribution we have analyzed the impact of measurement bandwidth on mobility related measurements. We have provided simulation results showing the impact of measurement bandwidth on RSRP. It has been shown that measurement bandwidth larger than 72 sub-carriers improves coverage especially in propagation environment characterized by slow speed (low Doppler) and small time dispersion. This is expected to be one typical LTE scenario, which would be associated for example with indoor usage of data services. We have also argued that larger measurement bandwidth is needed for E-UTRA carrier RSSI so as to accurately depict the system load on an intended carrier. It is also preferred to perform all different kinds of neighbour cell measurements over the same measurement bandwidth. It is thus proposed to use a single measurement bandwidth, controlled by the serving eNode B, which is the minimum of the serving cell and target cell bandwidths, for all neighbour cell measurements. 
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