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1. Introduction
RAN4 has been discussing RSRQ measurement bandwidth issue for 5 meeting cycles after the issue were first raised in RAN4#60 [1], and has performed system simulations to investigate the issue further [1
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[7]. A way forward [8], and a timeline for the work [9] were agreed in RAN4#62bis. The intention was that the work would ideally be completed in RAN4#63, although this was dependent on the needed simulations to agree a CR.
Since RAN4 has been discussing and simulating the issue for some time, we think it would be important to move the discussion to consideration of solutions, although further simulation campaigns may also be performed by RAN4 in the future. It was difficult to narrow down the scope of solutions under consideration during discussion of the way forward in RAN4#62bis [8], so we think that to conclude the work, it would be beneficial to focus on the originally reported issues [1]. In this contribution, we provide some consideration of how the work may be concluded in RAN4.

2. Discussion
Since one of the conclusions in the discussion on the system simulations presented in RAN4 was that “Benefit of wider BW RSRQ measurements to ensure better consistency of measurement is seen in simulations. Severity of issues seen with 6RB measurements depends on parameterisation, network loading etc”, we think that some wider BW RSRQ measurement should be specified by RAN4.
2.1. Serving cell RSRQ measurement bandwidth
Measurement of the serving cell RSRQ with wider BW is straightforward to specify, as the system bandwidth of the serving cell is known. Moreover, wider BW RSRQ measurements for the serving cell would mostly address the issues reported in [1], although there is still some uncertainty over the degree to which this would cause ping pong or increased number of handovers – the previous way forward says “Inbound handover was not modelled by all companies. Some results indicated increased number of handovers or ping pongs if serving cell is measured with system BW, and neighbour cells are measured with 6RB.”
The measurement of neighbour cells with wider bandwidth is more complicated to specify. The UE needs a means to determine what BW to use, and also making interfrequency measurements with greater than needed bandwidth may cause increased power consumption, eg in DRX cases.

For these reasons, we propose a two phase approach to completing the work on wider RSRQ measurement bandwidth. It seems that companies have mostly agreed on the benefits of wider serving cell measurements, and these could be specified already, following the timeline in [9]. According to [8], the applicable release for any changes also needs to be considered, and our recommendation is that for serving cell RSRQ measurement bandwidth, this could be specified in Release 10 RAN4 specifications and should be early implementable since it has been seen to provide benefit.
Proposal 1: In Release 10 specifications, RSRQ of the serving cell shall be measured with system bandwidth, and early implementation shall be possible.
2.2. Neighbour cell RSRQ measurement bandwidth
If proposal 1 is acceptable, the remaining outstanding issue is then what RAN4 should do about measurements of neighbor cells regards to increased measurement bandwidth. A limited number of simulations in RAN4#62bis showed an increased number of handovers/ping pong if changes are made only to the serving cell measurement BW. On the other hand, the background and areas for further study in [8] indicate some of the considerations which may arise when neighbour cells are considered:
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In the end, the degree to which ping-pong handovers are a problem with wider BW RSRQ measurements will depend quite significantly on network topology, network parameterization and network loading. Our expectation is that it will be difficult to come to a definite answer to the question “Whether to increase serving cell measurement BW only, or both serving and neighbour measurement” based only on simulations. Indeed, for similar reasons the need to modify serving cell measurements depends on the mobility procedures and thresholds chosen, as well as the topology: As pointed out earlier, even the issue under studies is arising from a single (real) network deployment. 

Since RSRQ was introduced in release 8 as an emergency handover mechanism for the UE in the face of interference and also varies according to serving cell load conditions, it is probably reasonable to assume that significant hysteresis would be needed if RSRQ comparison is used to trigger inter-frequency handover. Considering its origins, if RSRQ is used only to trigger measurement gaps, serving cell modifications to RSRQ bandwidth would clearly be sufficient as the triggering of gaps would typically be based on serving cell measurements.
It therefore appears to be less critical to specify changes to effect an increased measurement bandwidth for neighbour cells. In addition to the complexity of how to provide the necessary information, increased bandwidth inter-frequency measurements are likely to have a cost in terms of increased power consumption in DRX state. Figure 1 is reproduced from [10] and indicates that at least for a RSRQ measurement in the fact of a UTRA+UTRA interferer there is very little difference in RSRQ for different measurement bandwidths, so long as 6RB measurements are not performed.
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Figure 1: 10 MHz LTE vs. 5 + 5 MHz UTRAN Scenario
Since specifying increased measurement BW for neighbour cells risks increased UE power consumption (if  triggering the increased measurement bandwidth is not done in a careful way) and further signaling may be necessary to indicate the bandwidth over which the UE is expected to measure, we propose that measurement BW for neighbour cells is not changed. There is already sufficient flexibility in specifications such that if an increase in handover rate or ping pong is seen as problem in the field, UE implementations may be optimized to provide wider BW measurements provided that they are allowed by the setting of allowedMeasBandwidth information element.
Proposal 2: In Release 10 specifications, RSRQ of the neighbour cells shall be measured in the same way as done in Release 8.

Note that this does not preclude specific implementations from using wider bandwidth for measurements, but mandating such thing seems complex and even undesirable.
2.3. Way forward with RSRQ measurement bandwidth
Collecting the considerations in the above section together, the areas for further study from the way forward are addressed as follows:
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A CR to specify increased measurement BW for the serving cell is provided in [11]. It should be noted that the proposed change is already an allowed implementation option even in release 8 specifications, so it cannot cause interoperability problems.
3. Conclusions

In this contribution, we provide further consideration of the further handling of RSRQ measurement bandwidth by RAN4. Since there seems to be consensus emerging that it would be beneficial to specify increased measurement BW for the serving cell, we propose that this is agreed by RAN4.
Proposal 1: In Release 10 specifications, RSRQ of the serving cell shall be measured with system bandwidth, and early implementation shall be possible.

For other neighbour cells, we propose that flexibility is left for UE implementation in the same way as today. While some simulations have hinted that there could be increased number of handovers or ping-pong when 6RB neighbour RSRQ is used along with system bandwidth serving cell RSRQ, there is also a risk of RAN4 overspecifying the bandwidth needed for neighbour cells and causing undesirable side effects such as increased power consumption for measurements.
Proposal 2: In Release 10 specifications, RSRQ of the neighbour cells shall be measured in the same way as done in Release 8.
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Background


For serving cell, the system BW of the serving cell is known to UE


For neighbour cell, system BW is unknown. Currents signalling includes possibility to indicate allowedMeasBandwidth for neighbour cells


Areas for further study


Whether to increase serving cell measurement BW only, or both serving and neighbour measurement


If wider neighbour BW is needed, how does the UE determine the bandwidth to measure the neighbour cell?


Is it necessary to measure cells with full system BW, or can some flexibility still to use other measurement BW>6RB be kept?


Is it necessary to mandate UE to measure cells with wider BW all the time? 


Applicable release for any changes


Companies may also provide results where non-zero power is transmitted in the gap








Whether to increase serving cell measurement BW only, or both serving and neighbour measurement


Serving cell only is proposed to be specified. UE implementations may choose to perform measurements over wider BW for neighbour cells according to allowedMeasBandwidthIE in the same way as is already allowed today.


If wider neighbour BW is needed, how does the UE determine the bandwidth to measure the neighbour cell?


UE implementations may choose to perform measurements over wider BW for neighbour cells according to allowedMeasBandwidthIE in the same way as is already allowed today.


Is it necessary to measure cells with full system BW, or can some flexibility still to use other measurement BW>6RB be kept?


For neighbour cells the flexibility would be the same as today, according to what is signalled in allowedMeasBandwidth IE. This flexibility is important to ensure competitive power consumption in implementations. For serving cells�, it would be specified that the measurement BW is the same as the serving cell.


Is it necessary to mandate UE to measure cells with wider BW all the time? 


For serving cell, it seems difficult to standardise conditions in which it would be measured with different bandwidths, and the system BW already needs to be received, so there seems to be little advantage for power consumption. For neighbour cells, no changes to current spec are proposed.


Applicable release for any changes


Increased serving cell RSRQ measurement bandwidth could be specified in release 10 RAN4 specifications and should be early implementable since it has been seen to provide benefit


Companies may also provide results where non-zero power is transmitted in the gap












