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1. Introduction
In this contribution, we provide further analysis on the options for increasing RSRQ measurement bandwidth. The starting point for the analysis is the way forward agreed in RAN4#63[10], which contains the following agreements:
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2. Discussion
Before discussing some of the details of possible signalling solutions, we consider some of the aspects which would be desirable for a solution for measuring wider bandwidth
1. The solution should not excessively constrain UE implementations, especially in idle mode or where long DRX is used in RRC connected state to avoid power consumption penalties. It should be kept in mind that the most typical LTE deployments would use the same bandwidth throughout the coverage of a frequency layer, and significantly increased power consumption for always using wideband RSRQ measurement can be seen to be very undesirable for these deployments.

2. When UE measures with wider than 6RB measurement, it should be unambiguous what is the minimum measurement bandwidth that the UE is expected to use. The bandwidth of the RSRQ measurement is related to the definition of RSRQ, so if there are ambiguities in the minimum measurement bandwidth, it is possible  that a similar issue with RSRQ measurement bandwidth could be raised again in future for a slightly different deployment options such as 20MHz/(10+10MHz) rather than 10MHz/(5+5MHz). 
3. Minimum changes to signalling are clearly preferable, especially as there may be impact in UTRA and GERAN signalling and interest has been expressed in introducing wider measurement BW for closed releases. Any additional signalling for earlier releases than Rel-11 would require work in RAN2
The solution which will ultimately be selected should and must be a trade-off between these and other factors. 
2.1 
Semi-Analytical Case Study
To investigate the necessary measurement bandwidth (while not overly constraining UE implementations), we have repeated the previous semi-analytical studies. 
We modelled the serving cell and 2 neighbour interfering cells explicitly, and when the pathloss to the serving cell was increased by 1dB, the pathloss to the neighbour cell was reduced by 1dB, emulating UE movement from serving towards the neighbour cell. We then plot the ideal RSRQ (based on the serving and neighbour pathlosses) for different measurement bandwidths in Figure 1, to illustrate how the measurement bandwidth changes the observed RSRQ. In this analysis, to evaluate the worst case which can be anticipated for interference gap, we modelled a 20MHz/(10+10)MHz scenario with 1MHz gap instead of the 10MHz/(5+5)MHz scenario with 0.5Mhz gap considered previously.
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Figure 1: Comparision of RSRQ with different measurement BW for 20MHz/10+10MHz scenario
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Figure 2: Comparision of RSRQ with different measurement BW for 20MHz/10+10MHz scenario (zoomed view)
From these results, we conclude that there is only a small difference between 50RB and 100RB RSRQ measurement results (at most around 0.25dB). Even when 15RB measurements are compared with 100RB measurements, there is at most about 1.6dB of difference. Hence, when the 20MHz cell is measured as a neighbour cell (and hence the UE is assumed to be camped on one of the 10MHz cells as a serving cell), the difference of measuring the neighbour cell according to the serving cell bandwidth would not be significant.Therefore,, it seems perfectly adequate to measure the 20MHz neighbour cell with lower bandwidth than its system bandwidth, and there is no need to require 100RB measurements. 
Our view is that for the cases when the RSRQ measurement bandwidth has some relevance, it would be undesirable from a power consumption perspective (for example in idle mode) to create a requirement where the receiver BW needs to be increased for inter-frequency measurements., The results shown here also confirm that there would be no real benefit to requiring 100RB measurements for the studied case either – avoiding 6RB measurements is the most important aspect. If realistic power leakage to the interference region was modelled:The reason guard bands are included between carriers is because there will be leakage and this will further reduce the differences between the RSRQ measurement results from different measurement bandwidths.
2.2 
Potential solutions

In this section, we consider some of the solutions which could solve the RSRQ measurement bandwidth issue for serving and neighbour cell measurements. Note that some of the solutions below have been presented previously in RAN4.

Serving cell measurement BW

Since the UE is fully aware of the system BW of the serving cell (in both RRC_IDLE and RRC_CONNECTED), and also receives full system BW from the serving cell, it seems reasonably straightforward to make use of the full BW in measurements. This was proposed by us previously in [6] and [7]. Different implementation approaches to the measurements should naturally still be allowed provided that they meet the measurement accuracy requirements, and, for example [5] provides link level results from a scheme where multiple samples each having 6RB bandwidth but different centre frequencies are combined to provide effective wider BW measurements. 
Neighbour cell measurement BW

Typically, a UE is not aware of its neighbour cells’ exact bandwidth, although in most typical scenarios all of the cells in the same frequency layers would utilize the same bandwidth. Nevertheless, because of this limitation the UE would need some signalling assistance to know when it is expected to do wideband RSRQ measurements. We briefly list and discuss the main proposals handling the issue below.

1) Several proposals have focused on a re-definition of the allowedMeasBandwidth IE such that it effectively becomes the required measurement bandwidth. See for example [2] or solution 1 in [8]. 
· While these options allow very precise control over the BW used for RSRQ measurements,  their principal disadvantage is increased UE power consumption due to wider bandwidth reception, especially in many typical deployments where there is no need for wider measurement BW and the operator just wishes to indicate the maximum allowed measurement bandwidth for the UE benefit. Indeed, even for deployments where wider BW RSRQ would be beneficial, it appears to offer insufficient flexibility for the UE to choose a suitable measurement BW, considering the results in Figure 1 and Figure 2.
· Operators that do not have deployments requiringwideband RSRQ measurements would have the option to re-parameterise allowedMeasBandwidth to 6RB (default value) to minimize power consumption impacts, but this will prevent legacy UEs from exploiting the available CRS bandwidth in different ways (such as the optional shorter measurement period for interfrequency measurements defined in Release-8).

2) As mentioned in [8], the  limitations imposed by the solutions redefining the allowedMeasBandwidth could be overcome by a different solution: Defining a new IE such as increasedMeasurementBW that is used to indicate to the UE that it should utilize wideband RSRQ measurements. 

· In [8] it was suggested that when the value of increasedMeasurementBW is set to TRUE, UE should measure RSRQ with the same BW as the serving cell. 
· In addition, we believe that such increased measurement BW should not override the release 8 meaning of allowedMeasBandwidth. in practice this means that when increasedMeasurementBW is set to TRUE, the measurement BW used would be between min(serving cell system BW, allowedMeasBandwidth) and allowedMeasBandwidth. Accounting for allowedMeasBandwidth in this way addresses the problem mentioned in [8], since allowedMeasBandwidth should already be correctly set for legacy UE (and it cannot be set to some low value such as 6RB if the operator wants UE to perform wideband RSRQ measurements).

· Alternatively, setting increasedMeasurementBW could simply mean that 6RB measurements are disallowed, with nothing mandated about what measurement BW shall be used for neighbours other than that it shall also not exceed allowedMeasBandwidth
3) Yet another approach to solve the RSRQ measurement bandwidth issue would be to define a new IE such as neighMeasurementBW that would explicitly control the UE measurement BW. 
· However, as previously mentioned we do not believe it is appropriate to mandate a specific measurement BW, especially if it is larger than the serving cell BW, since it precludes different UE implementations with respect to power consumption and accuracy of measurements.

4) Finally, an approach has been presented where a frequency offset is signalled to the UE informing the UE where it should sample the measurements [9]. 
· While such an approach is very flexible, it seems somewhat overkill considering the scope of the deployments that were originally reported as having issues in RAN4 and well-known limitations of RSRQ as a quality metric. 
· For serving cell measurements, sub-band CQI can provide more accurate information related to the SINR in different sub-bands, and our view is that for neighbour measurements the RSRQ quality metric should be kept relatively simple and generally applying to the overall average quality of a carrier rather than a configurable measurement.
Solution proposal for the RSRQ measurement bandwidth
All of the approaches suggested in RAN4 can be considered as having different trade-offs between flexible control of UE measurement BW versus allowing implementation freedom to allow different and competitive implementations of measurements, especially considering the idle mode scope of the changes. Because of this, our preferred solution is to define a new boolean IE controlling the use of wideband RSRQ measurements for each E-UTRA measurement object. This could be e.g. the increasedMeasurementBW which corresponds to solution 2 in [8], with the additional proviso that the UE is never supposed to measure with greater BW for the carrier than allowedMeasBandwidth
. 
Based on our analysis it would be sufficient to measure with 15RB
 when increasedMeasurementBW=TRUE. The principal benefits of this solution are that networks which have no need for wider BW measurements can set increasedMeasurementBW=FALSE, and even for the networks which use the TRUE setting, there is still scope for UE to measure using different BW.

Proposal 1: A new boolean IE increasedMeasurementBW is defined for the E-UTRA measurement object

Proposal 2: When the increasedMeasurementBW=TRUE, minimum measurement BW for that layer is 15RB
Proposal 3: Setting increasedMeasurementBW=TRUE and allowedMeasBandwidth=6RB is considered to be a network error case.
Proposal 4: Indicating increasedMeasurementBW = TRUE should not be used when serving cell system BW=6RB. Doing so is considered to be a network error case.
One final proposal which we address is when to measure with wider BW. In [1] there was a proposal to measure with wider BW only when necessary (closer to the cell edge). While the principle is understandable, it raises the question of how the UE autonomously detects that wider BW measurements are needed and how to ensure by design and test that the BW selection is robust. To avoid such complications we propose that dynamic changing of UE measurement BW is not considered by RAN4. If such a behaviour is desired, the network could anyway use the existing s-Measure functionality that allows the UE to not measure neighbour cells as long as the serving cell is deemed good enough.
3. Conclusions

We have provided analysis and discussion related to the way forward for wider BW RSRQ measurements, and evaluated previous contributions in RAN4. Based on these considerations, we provide 4 proposals to address the issue

Proposal 1: A new boolean IE increasedMeasurementBW is defined for the E-UTRA measurement object

Proposal 2: When the increasedMeasurementBW=TRUE, minimum measurement BW for that layer is 15RB
Proposal 3: Setting increasedMeasurementBW=TRUE and allowedMeasBandwidth=6RB is considered to be a network error case.

Proposal 4: Indicating increasedMeasurementBW = TRUE should not be used when serving cell system BW=6RB. Doing so is considered to be a network error case.
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A solution to resolve the issue of RSRQ measurement BW should be introduced.


The exact solution is FFS.


Applicable release depends on the solution.


The solution shall be applied to:


both serving and neighbour cells.


both IDLE and CONNECTED modes. Some difference between idle and connected is not excluded


Intra-frequency, Inter-frequency, Inter-RAT targeting E-UTRA


Somehow, it seems to need NW trigger for the solution.


The solution would be wide band measurements which take into account wide signal conditions. Different implementations can be considered in the work eg


to have wider measurement bandwidth


to use narrow bandwidth to measure over wide bandwidth in TDM manner and average the frequency domain narrow bandwidth measurement snapshots


Etc.


Existing accuracy requirements are to be met in connected mode; no additional accuracy requirements will be defined.


Interested parties are encouraged to propose the solution in the next meeting.








� This also means that it would be a network error case to set increasedMeasurementBW=TRUE and allowedMeasBandwidth=6RB, i.e. using the increasedMeasurementBW would only be allowed in case the serving cell system bandwidth is greater than 1.4 MHz





�And my plan for compromise eventually is to allow 15RB to be relaced by “serving cell system BW”






