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1 Introduction

In the response LS from RAN4 to RAN1 it has been agreed to investigate the impact of adjustable time domain filtering to combat measurement errors that could arise due to the shorter measurement bandwidth [1]. 
The effect of adjustable time domain filtering in PA1/3 and TU50 radio environments were studies in a separate paper [2]. The time domain filtering was shown to considerably reduce the measurement errors in PA1/3 and especially in TU50 environments. However, as mentioned in [2] that in case of sudden change in path loss the time domain filtering is likely to provide any benefit in terms of reducing measurement uncertainly. By rapidly changing path loss we mean when UE moves from line of site (LOS) to non line of site (NLOS) coverage or vice versa. This could typically occur in city centers at the crossroads when turning around the corner. A large shift in the propagation condition would require handover or cell reselection. This in this scenario a reported measurement quantity incorporating large errors would lead to call dropping.
This contribution provides results obtained from a field test to observe the trade off between measurement bandwidth and time domain filtering in a radio environment where path loss can change abruptly. 
2 Field Test Scenario
The filed test is carried out in Stockholm city using a channel sounder, which is a dedicated device to perform radio measurements. The transmitter is installed at the same height and the location as used for deploying a normal cellular base station. The measurement device is placed in a vehicle that moves from the outskirts to the city center with a speed ranging between 30 km/hr to 100 km/hr. 
The transmitted signal is a sequence of known symbols, which could be either PN sequence or sub-carriers, which are transmitted over a 5 MHz bandwidth. The measurements are performed at 1.9 GHz. The propagation environment of the city can be regarded as ‘typical urban’. But rapid changes in path loss corresponding to LOS-to-NLOS transitions occur depending upon the trajectory of the vehicle.
The measurement samples of the received reference sequences are collected once every 10 ms and averaged over the measurement period, which could be 200 ms or 1 second as explained further in section 3. The noise level is negligible as there is no co-channel interference. Each measurement sample is an instantaneous measure therefore the overall averaging is tantamount to non-coherent averaging. 
3 Field Results
Figure 1 provides the field results obtained from the scenario described in section 2. The performance criterion is the estimated average received power measured over 1.25 MHz and 5 MHz bandwidth versus time. In case of 1.25 MHz measurement bandwidth the measurement period is 1 second, whereas in case of 5 MHz it is 200 ms long. The measurement quantities in both cases are normalized with a common reference level due to which the average levels are expressed in dB. 
There are two instances (time = 2, 9 seconds) in the beginning of the trace where NLOS to LOS transition occurs. As shown in figure 1 that at both these instances the 1 second average (blue curve) fails to follow the power peaks that occur when passing street crossings. This means 1 second average underestimates the received power by about 5 dB when propagation condition changes abruptly. On the other hand larger measurement bandwidth (5 MHz in this case) estimates the received signal more accurately.
In this field test the vehicle speed was considerably higher. However, for very slow moving mobiles we believe time averaging will not be useful at all. So in case of low speed and rapidly changing environment larger bandwidth would be even more important.
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Figure 1: Effect of measurement bandwidth on the reliability of average received power levels in rapidly changing radio conditions (at Time =2, 9 seconds)
4 Conclusions
In this contribution we have shown some results obtained from the live test performed using a channel sounder in Stockholm city. The objective of the test is to observe the effect of time domain filtering and measurement bandwidths in radio environment where path loss can change rapidly when the user moves between LOS to NLOS coverage. The results show that during these transitions the larger measurement bandwidth (5 MHz) ensures significantly more accurate measurement compared to that performed over shorter measurement bandwidth with longer time averaging. These results were obtained at a vehicular speed. We believe in such propagation scenario at much lower speeds, the time domain filtering used with a shorter measurement bandwidth would lead to even larger measurement uncertainty. Therefore, we recommend that there is a possibility to use larger measurement bandwidth to ensure more reliable results, which would eventually prevent call dropping or call blocking due to inaccurate cell reselection. 
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