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1
Introduction
In previous RAN4 meetings some problems with the current RRM measurement model that only uses the center 6 RBs were raised. It was proposed to further study the issue through a system simulation campaign and the simulation assumptions were agreed in [1]. In this paper we present some preliminary simulation results based on the model in [1].

2
Discussion
2.1 Simulation Assumptions

The deployment layout and parameters used in the simulation are as described in [1]. Since only the inter-frequency hand-overs are of interest, the mobile UEs are dropped in the center cell and they move in straight line at a constant speed. Also, to simplify the simulation, the UEs bounce off a circle of radius 500m(equal to ISD) at a random angle. In the simulation only one of the frequency layers on the 1st ring is active for measurements and hand overs(f2 in Fig.1). The cells on f3 are active and serve at least 1 UE but are not measured and no hand-over to/from them is allowed. As such, only mobility between f1 and f2 is simlated for simplicity. Intra-frequency mobility f1-f1 and f2-f2 is also performed, but the results are not presented as they are out of the scope of this study.
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Figure 1. Cell Center Frequencies
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Figure 2. UE Trajectory Sample
RRC Reestablishment is performed by a UE after it goes into RLF. To simplify the simulation and to avoid the artifacts/problems introduced by the lack of interference on the center RBs of the center cell the UE reconnects to the cell that has the best RSRP. 
RSRQ was fixed at -12dB. Lower RSRQ values are expected to show worse performance because the inter-frequency measurements would be triggered at a later time leaving less time to perform the hand over before going into RLF.

The actual message exchange between the UE and the eNB is modeled in this simulation, the succesful delivery of the messages that are needed for hand over is judged based on Qin/Qout/RLF. If the UE is in Qout or RLF at the time it should send a measurement report, receive a HO command or send a RACH attempt then the message is discarded. RLM is performed by using a sliding window and the SINR is computed through a linear average of the received signal with the window. The thresholds for Qin and Qout are -6dB and -8dB respectively.  
 2.2 Simulation Results

In this contribution we present some preliminary simulation results based on the assumptions introduced in the previous section. The parameters varied were the speed of the UEs and the RSRP/RSRQ measurement bandwidth. The analyzed metrics are the number of RLFs(RLF/UE/s), the percentage of hand-over failures and the number of ping-pongs. The results are presented separately for out-bound hand overs(f1 to f2) and out-bound hand overs(f2 to f1). A hand-over attempt is counted from the moment that the UE sends a measurement report triggered by A3 until it succesfully connects to a target sector or it falls into RLFs. Hence, multiple A3s triggered in the same cell are counted as 1 attempt. An attempt is counted as a failure if the UE falls into RLF or is in Qout at the target sector at the moment it is supposed to send a RACH.
It should be noted that because of different modelling of message failures, L1 measurements, RLM, etc. it would be difficult to compare the absolute results between different companies. Hence, the comparison between the results obtained with different parameters is thought to provide a better insight of the results and trends observed. 
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Fig.3 Out-bound RLF Statistics
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Fig.4 In-bound RLF Statistics
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Fig.5 Out-bound Hand-over Statistics
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Fig.6 In-bound Hand-over Statistics
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Fig.7 Inter-frequency Ping-pongs
Based on the results in Fig.3-6 it can be seen that the out-bound performance is significantly improved when wide-band measurements are used. In this case the RSRQ of the serving cell is closer to its actual value as the weight of the empty RBs in the middle is much smaller compared to the narrow band measurement case. This leads to an earlier triggering of the inter-frequency measurements and also the neighbor cells RSRQ becomes better earlier than in the case of narrow band measurements. 
On the other hand, in the case of in-bound hand-over, the narrow band measurements show better performance. This is due to the fact that the RSRQ of the center cells is biased because of the empty RBs in the center of the system bandwidth. The RSRQ value measured by the UE is better than in the case of wideband measurements and becomes better than that of the serving cell earlier, hence, the inter-frequency measurements and the hand over procedure are triggered earlier. 
The case with wide band measurements used only for the serving cell shows some mixed results. In Fig. 7 it can be clearly seen that the number of ping-pongs increases significantly. The concern that this might happen has already been expressed in previous meeting if only the serving cell is measured over its entire bandwidth. Considering this high number of ping-pongs it is relatively hard to judge the efectiveness of this method and the number of in-bound and out-bound failures. Furthermore, there is a big increase in the number of RLFs in this case. One possible cause for this could be that the UE ends up in a RLF after many ping-pongs. We believe it should be further studied the impact of the number of ping-pongs and whether this could be mitigated through L3 filtering or any other means. 
3 
Conclusions

In this paper we presented  some preliminary simulation results for RSRQ measurement bandwidth study. Based on these  results a performance improvement can be obtained for out-bound handovers when all cells are measured over a wide bandwidth. However, the degradation seen for in-bound hand-over should be further studied. Also, it should be further studied what is the impact of the increase in number of ping-pongs when only the serving cell is measured over a wider bandwidth.
Based on all of the above observations we believe it is difficult to arrive to a conclusion on the RSRQ measurement bandwidth issue and more study is needed.
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