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1. Introduction
In RAN4#60 and RAN4#60bis, RSRQ measurement bandwidth has been discussed. In this contribution we provide our analysis of the issue, as well as discussing possible next steps to address the topic.
2. Analysis
To analyse the issue, we have studied scenario (2) from [2], the details of which are reproduced below in Figure 1. 
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Figure 1: 10 MHz LTE vs. 5 + 5 MHz UTRAN Scenario studied in this contribution.

The analysis was performed with a semi-analytical approach, whereby the UTRA cells were modelled assuming an ideal root raised cosine filter response in the downlink transmitter, and evaluating RSRQ for different measurement bandwidths, also changing the nominal power of the UTRA and E-UTRA cells. In practice a real node B transmitter will not be able to provide an ideal root raised cosine response so this approach gives a slightly pessimistic analysis, i.e. the interference seen by 6 PRB RSRQ would be somewhat higher.
Other assumptions are similar to the measurements made in [2] with the exception that when UTRA CPICH RSCP is increased, the LTE RSRP is reduced. This emulates the situation where the user is moving away from LTE coverage and towards UTRA coverage, i.e. when pathloss to the UTRA cells is reduced, the pathloss to the LTE cell is increased,. The other difference is that 15RB and 25RB measurement bandwidths were evaluated in addition to the 6 RB and 50 RB measurement bandwidths. The assumptions used in the analysis are listed below. Note that since the analysis was semi-analytic, no fading has been assumed assumed.
· E-UTRAN (serving cell)

· Serving cell bandwidth: 10 MHz 

· E-UTRAN serving cell RSRP: -80… -100 dBm in 1dB steps (decreasing)
· RSRQ is measured on the serving cell by 6 RB, 15 RB, 25RB and 50 RB measurement BWs.
· UTRAN (neighbour cells)
· UTRAN

· UTRAN neighbour cell CPICH_RSCP: -85 … -65 dBm in 1 dB steps (increasing)
· Thermal noise floor : -123 dBm/15kHz (Note: This has only a negligible impact on the results with the signal levels assumed here)
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Figure 2 : Calculated results for scenario (2)
Comparing these to the results in [2], we note that it seems that these semi-analytical results are reasonably well aligned to the measured AWGN results: The difference between 6 RB RSRQ and 50 RB RSRQ is clearly visible. We also make the following observations:

· The RSRQ differences between 6RB and 50RB RSRQ measurements seem comparable to those observed in [2]. 
· The difference between the results of 25RB RSRQ and the 50RB RSRQ measurements is very small. 
Based on these results and the previous measurements in [2], we propose that RAN4 does not further discuss whether or not the RSRQ measurement outcome is different in these scenarios. Instead, RAN4 should concentrate on further studying the impact of the issue, and what kind of solutions might be applicable if the issue is seen to cause significant problems at system level. 
Finally, it should be noted that for other scenarios involving 5MHz LTE cells, there is more interference power in the central 6RB of the serving cell, compared to the WCDMA+WCDMA neighbour scenario.
3. Discussion
In [2] and [3], a number of different solutions are proposed to ensure more consistent UE measurement BW and RSRQ outcome. While it is clearly beneficial to start to think of ways in which UE behaviour and implementation could be made more consistent, we also think it is necessary to better understand the scope and severity of the issue to the LTE system. 
RSRQ measurements do not directly indicate the actual SINR or throughput performance that is experienced by the UEs in the LTE system. For the considered scenario, it is rather clear from figure 2 that if RSRQ is used as a handover or reselection triggering quantity, then devices with different measurement BW implementation will trigger measurement reports (which we assume leads to eNB ordering the UE to perform handover to UMTS, or at least to trigger UMTS measurements) at somewhat different points. However, for this kind of an inter-frequency/inter-RAT scenario, with partly overlapping spectrum, it is not completely clear what would be the ideal handover point. Our view is that a better understanding of the severity of the issue is needed so that RAN4 could better determine the best course of action to take.
Although we think that further analysis on the severity of the issue would be highly beneficial, we have made some initial consideration of the different approaches that could be considered.

· Measurement of the serving cell with the system bandwidth in both RRC_IDLE and RRC_Connected modes (proposed in [2])
One aspect which we think needs further attention with this approach is that we see a need for an individual device to perform serving and neighbour measurement in a reasonably consistent manner.The measurement for a given cell should be such that the RSRQ measured by the physical layer is comparable when evaluated before and after the handover/reselection. 
For example, if we consider reselection in RRC_IDLE under absolute priority rules, whereRSRQ triggers an outbound reselection from LTE system to e.g. (lower priority) UTRAN system due to bad serving cell RSRQ quality, then it seems important that the RSRQ measurement of the LTE cell does not immediately recover due to different measurement BW applied while the UE is camping in the UTRAN cell, otherwise the UE might reselect immediately back to the higher priority (LTE 10MHz) cell, which might result in banck-and-forth or ping pong reselections. 

· RSRQ measurement bandwidth for a cell should be the same as the carrier bandwidth of the cell (proposed in [3])
There are a few potential problems to consider with this approach. 
· Explicit neighbour lists are not typically provided in E-UTRA, so the UE may have no knowledge of the system bandwidth of each cell. 
· Even if an explicit neighbour cell list is provided, a UE cannot apply it to measurements until the PCI of the target cell has already been detected. This means that cell detection performance might need to be somewhat revised since there would be an additional step in being able to report measurements from a neighbour cell. 
· Finally, we think that this approach might be overly restrictive considering the result in figure 2, where it is seen that 15RB and 25RB measurements are comparable to 50RB measurements. So, for example, if the 10Mhz cell is measured as a  neighbour cell with 25 RB measurement BW, or as a serving cell with 50RB measurement BW, quite similar RSRQ could be expected. The important point seems to be that 6RB measurements are somewhat different, so measuring the same cell with 6RB as a neighbour or 50RB as a serving cell would have the potential for ping pong or other effect due to the different measurement bandwidths.
· RSRQ measurement bandwidth for a cell should be the same as the allowedMeasBandwidth given by the eNB for the cell (proposed in [3])
The IE allowedMeasBandwidth is provided per frequency layer, and is also given in interRAT neighbour lists so in principle this approach could be considered. The main aspect which needs to be considered for this approach is power consumption especially for connected state DRX or idle mode. We provide some further considerations on this in this contribution.
· UE should use ‘Configuration 1’ of 50 RBs for RSRQ measurement for a cell when the carrier bandwidth is 10MHz or larger (proposed in [3])
This is quite similar to  “RSRQ measurement bandwidth for a cell should be the same as the carrier bandwidth of the cell” except that a limit of 50RBs is implied for 10MHz or larger cells. Hence the issues are quite similar for this approach, namely that UE is not aware of the bandwidth of neighbour cells, and it may be overly restrictive from a power consumption perspective. In addition, there might be no need to prevent the UE from making measurements of >50RBs in cases where allowedMeasBandwidth IE is set to 75 or 100RBs, since that kind of limitation doesn’t apply in rel8.

· eNB would use some other metric such as wideband CQI to trigger interfrequency/interRAT measurements
Especially for legacy UE, it could be beneficial to look at what other metrics are already available which could be used to trigger measurements and monitoring of the target cell and ultimately handover when the target cell quality is good enough. One disadvantage of wideband CQI is that it cannot be applied to idle reselection, but as release 8 specifications only support RSRP based reselection this may not be as significant a restriction
Considering power consumption implications, our view is that one important principle (which is partly aligned with the proposal in [2]) is that no measurement that has a measurement BW greater than the BW of the serving cell should be required. Considering the similarity of 25RB and 15RB measurements to 50RB in figure 2, it seems that if the UE was camped on a 5MHz cell, there would be no problem with the UE measuring the RSRQ of this 10MHz cell as a neighbour with 25RB rather than 50RB, and this would be beneficial from a power consumption point of view as the receiver RF BW and baseband sample rate do not need to be increased to make the measurement. 
Our view is that it is probably necessary to study further the impact of different UE measurement bandwidth in more detail before concluding on a solution; however one possibility would be to define a new Boolean IE, e.g. increasedMeasurementBW, for each frequency layer such that when the IE is set to TRUE, the corresponding frequency layer is measured with the same bandwidth as the serving cell. When the serving cell is a WCDMA cell, some default such as 15 or 25RB could be considered to apply. If such an IE were to be defined, allowedMeasBandwidth would retain its original meaning. So, considering the example scenario, setting increasedMeasurementBW=TRUE for the 10MHz LTE cell in the WCDMA neighbour lists would mean that it should be measured with at least 15 or 25RB BW, however since this is a 10MHz frequency layer it could be expected that allowedMeasBW is set to 50RB. 
As mentioned, redefining allowedMeasBandwidth to be a required measurement bandwidth may be overly restrictive and there may be many networks which do not have this type of deployment, for which there may be no need to change the measurement bandwidths from those used by implementations today.
4. Conclusions
In this contribution, we have provided some initial analysis of RSRQ with different measurement bandwidths for scenario (2). The analysis corresponds reasonably closely to the experimental results reported previously in [2]. Based on this, we think that it is reasonably clear that 6RB measurements give a somewhat different result to wider bandwidth measurements for these scenarios. To understand better how to proceed with the issue, we think the next steps would be to evaluate at system level the impact of different handover triggering based on the different RSRQ implementations.
We have also provided some preliminary analysis based on some different proposals which have already been made in RAN4 as possible approaches to the issue. However, we think it is more important initially to understand the impact of different handover triggers before agreeing a solution. It is essential that the scope any problem is well understood to avoid introducing a solution which may solve one issue but at the same time introduce further problems or limitations in the future. So it is important that if it is identified that some solution is needed, then the solution is also complete enough that there should be no need for RAN4 to revisit the issue again at a later date.
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