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Discussion 

1. Introduction
This contribution provides some very preliminary results for the 10MHz/(LTE 5+5MHz) scenario described in [1] as well as presenting laboratory measurements of RSRQ of different bandwidths in an LTE chipset and analytic evaluation of the nominal RSRQ with different measurement bandwidths for the considered scenario. Results for 10MHz LTE/(WCDMA 5+5Mhz) were provided in RAN4#61 in [2].
2. Discussion
To study the occurrence of the detected RSRQ mismatch issue, three different approaches for evaluating the issue were carried out: First some semi-analytical calculations, then simple system simulations, and finally laboratory measurements with a real modem.
a. Semi-analytic results

In this section, we evaluate RSRQ for a case with LTE 5+5 MHz neighbour cells, using a similar approach as was done in [2] for WCDMA. In the semi-analytic calculations, the serving cell pathloss is increased in 1dB steps, and at the same time the neighbour cells’ pathloss is reduced by 1dB. The serving cell RSRQ is evaluated for both 6RB and 50RB measurements assuming that there is no neighbour interference present between fc-0.25MHz and fc+0.25MHz for both cases, corresponding to the baseline interference modelling for the central bandwidth part.

First, we note that an asymptotic limit for the RSRQ mismatch can be derived analytically by considering the impact of the 0.5MHz gap on both the 6RB bandwidth RSSI (1.08MHz) and on the 50 RB bandwidth RSSI (9MHz) as follows:
RSSI_6/RSSI_50 = 10.0*log10((1.08-0.5)/(1.08))/((9.0-0.5) / (9.0))=-2.45dB

Since the RSSI term is dominated by neighbour cell interference at low RSRQ levels, the implication is that the 6RB measurement will be 2.45dB greater (since RSSI is 2.45dB smaller).

The semi-analytic results are shown in figure 1 below.
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Figure 1: Semi-analytic comparison of RSRQ with different measurement BW

From the results, we observe that the difference between the two reported measurements tends asymptotically towards ~2.45dB at very low RSRQ. This is well aligned with the 1-2dB observed in system simulations and laboratory measurements (see next sections). 

b. System simulation studies

The system simulations were done with a dynamic system simulator with a detailed modelling of UE mobility and measurements. The network topology is shown in figure 2. A central site shown in green operates at 10MHz or 20MHz system BW, and the surrounding sites are operating at 5MHz or 10MHz system BW, respectively. The UEs created in the simulation are free to move within the green and white cell areas in the 1st and 2nd tiers (i.e. the areas colored with green and white); the 3rd tier (colored with light blue) is provided for interference generation only. Other simulation assumptions are also aligned with [1] and annex A.
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Figure 2: Topology of network for study
In the simulations, a single UE was created next to the center of the 1st tier cell and moved away in a direct path from the cell with 30 km/h speed towards the 2nd tier, as indicated by the red arrow in Figure 2. RSRQ for different bandwidths and RLF status were traced for the UE, but other metrics specified in the assumptions in [1] were not yet collected.
For this preliminary study, handover was set not to trigger to collect the UE measurement trace. This means that UE would eventually experience RLF as it moved away from the serving cell. Hence, we studied how the RLF point varies and how the RSRQ measurement traces differ for different measurement BW options.
In line with the simplest baseline option from the simulation assumptions, the UE experienced no interference power from neighbour cells in the central 0.5MHz band relative to 10MHz eNB. 

To obtain a reference results comparable to the previous case, we also performed the same evaluations with the neighbour cells were configured as 10MHz cells, i.e. with 10MHz system bandwidth is used throughout all the cells in the network.
These preliminary simulation results are shown in figure 3.The figure shows 4 traces of RSRQ: Measurement over both 6RB and 50RB measurement BW for both 10MHz and (5+5)MHz neighbour cell cases. Traces end when radio link failure occurs.
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Figure 3: Preliminary system simulation results for (5+5) MHz and 10 MHz cell configurations
Based on the results in Figure 3, we make the following tentative observations:
· For deployments with 10MHz neighbour cells, RSRQ measurement BW makes little difference, since there is full interference in the central 6RBs. This also depicts an ideal case where all the interference from the neighbour cells is reflected in the RSRQ measurements
· For the 5+5 MHz neighbour cell deployment case there is consistent 1-2dB difference between the 6RB and 50RB RSRQ measurements. This seems reasonably well aligned with previous results shown in RAN4 and also the semi-analytic evaluation in section 2.2

· The utilized RSRQ Measurement bandwidth doesn’t affect the RLF evaluation because RLF measurements are done over the entire bandwidth of the serving cell. Therefore, RLF triggers at the same point in both 6RB and 50 RB measurement bandwidth simulations.

· Compared to the 10 MHz reference case, RLF triggers later for the 5+5 MHz case , being postponed by approximately 6 seconds, which is roughly 50 metres for a UE moving at 30 km/h speed. This is caused by the reduced interference in the central part of BW.
· Further simulation studies and also results from other companies are clearly needed, using more metrics in the simulation assumptions needed before we can conclude on the appropriate solutions. However, the consistent difference observed in RSRQ in these results, in line with earlier observations, alread indicates that some clarification to specifications could be beneficial, considering the need for different implantations to provide consistent measurement reports.
c. Laboratory measurements

The results in this section are based on laboratory measurements of an LTE device with the RSRQ measurement bandwidth configured to 6RB. The setup is shown in figures 4 and 5; power of an interfering neighbour eNB is varied using 0-30dB attenuator, and the neighbour is configured either to provide 2x5MHz cells (test 1) or a single 10MHz cell (test 3). 
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Figure 4: Basic laboratory setup
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Figure 5: Neighbour cell configurations for laboratory test (aligned with the system simulation results in section 2a)
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Figure 6: Comparison of the RSRQ measurements in the two tests

The RSRQ measurement Results are shown in figure 6. The difference between RSRQ measurements at low RSRQ is well aligned with what is seen in the simulation results in section 2.a and the semi-analytic results in section 2.b: There is a consistent difference between the measurements from the different cases.
3. Conclusions
In this contribution, we have provided semi-analytic evaluations, preliminary system simulation results and laboratory measurements relating to the RSRQ measurement BW discussion. Further work is still needed to conclude on an appropriate solution, however the following preliminary observations are provided for the 10MHz/5+5MHz scenario.
RSRQ differences in the order of 1-2dB for different measurement BW and neighbour scenarios have been observed in both simulations and practical measurement results. Semi-analytic and analytic considerations have shown the RSRQ difference tends asymptotically to approximately ~2.45dB difference between 6 RB and 50 RB measurements at very low RSRQ. In addition, system simulation results have shown that radio link failure was delayed by approximately 6 seconds (~50 metres for a 30 km/h speed UE) for a UE moving from a 10MHz serving cell to 5+5MHz interference scenario compared to the reference case with UE (with a 10MHz serving cell and 10 MHz neighbour cells).

It is anticipated that these preliminary results may be useful in evaluating appropriate solutions, for example whether ping-pong handovers would be a severe problem when serving cell was measured with 50RB RSRQ and neighbours were measured with 6dB BW. This could be tentatively evaluated already according to the presented results, considering the 2.45dB asymptotic limit in RSRQ difference and typical hysteresis used for handover. However, the more detailed metrics described in [1] should also be considered before reaching a final conclusion.
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