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1
Introduction
Since RAN4 #60 in Athens, the issue of RSRQ measurement due to narrow measurement BW has been discussed over several meetings. The analysis and possible solutions for the issue were extensively discussed following the way forward [1] approved in RAN4 #61. In the last RAN4 meeting #62bis, system simulation results to reveal the impact on mobility performance from system point of view were presented by the interested parties [2-7]. As a result, a way forward was approved [8], in which some findings from the system simulation results and remaining areas to be further discussed are summarized. In this contribution, we present our view on each remaining point to be discussed in the latest way forward and propose a comprehensive solution for this issue.
2
Discussion
2.1
Necessity of a solution of the RSRQ measurement issue
As shown in the system simulation results from several companies and mentioned in the approved way forward, the outcome of RSRQ measurements on the center narrow bandwidth, i.e. over 6 RBs would cause the delay of handovers and increase the possibility of RLFs for outbound from E-UTRAN 10MHz zone to 5 + 5MHz zone in the co-channel scenario. It should be noted that the results are mainly for one of the development scenarios agreed for study, i.e. 10MHz and 5MHz + 5MHz case where the issue can be seen less than the other one and in case of 20MHz and 10MHz + 10MHz the signal gap is larger and the difference of RSRQ measurement results between with narrow and wide BWs would be large. In addition to that, as we described in [10], there is larger signal gap in multiple RAT scenarios such as E-UTRAN and UTRAN cells in the same frequency band than in the E-UTRAN 10MHz and 5MHz scenario.

In the agreed assumption [9] for this study, the signal gap is assumed to be zero and the results might be pessimistic compared with those in real network environments where the signal gap would be non-zero and a certain level of interference in the gap zone might exist. And it would be true that if there are some neighbour cells which have the same system BW as the measured cell, then the issue would not be the matter. On the other hand, it can not be neglected that there is the case of hot-spot E-UTRAN area surrounded by UTRAN cells in the process of E-UTRAN deployment over UTRAN areas.

Therefore a solution to reflect the actual interference in RSRQ measurements is needed in order to achieve sufficient mobility and good system performance even in such co-channel scenarios and the corresponding UE measurement requirements, which are currently left to UE implementation completely in terms of measurement bandwidth and frequency-position, should be defined in specifications.
2.2
Views on each remaining point to be further discussed
In this section, we present our view on each point raised in the last meeting and captured as areas for further study in the way forward [1].
Whether to increase serving cell measurement BW only, or both serving and neighbour measurement
We have continuously proposed that UEs should utilize system BW at least for the serving cell measurements since it is most important that the UEs are aware of the actual quality of the current serving cell to take some actions to maintain the connectivity. However, it is also true that if the measurement BWs are different between the serving and neighbour cells, i.e. wider measurement BW for the serving cell only, ping pongs may tend to be occurred and in fact the results from some companies show the increase of the number of handovers in that case. In that sense, it would be felt that anyway the consistency between the serving cell and neighbour cells is needed in terms of measurement BWs. As has been discussed so far, the nominal and/or accuracy of the measurements would be different and also cause ping pong behaviours if the measurement BWs are not the same.
If wider neighbour BW is needed, how does the UE determine the bandwidth to measure the neighbour cell?
As discussed in the previous section, neighbour cell measurement BWs are also needed to be widened if the way to solve the RSRQ measurement BW issue is simply to have wider measurement BW than 6 RBs. It should be noted that there have been a signalling specified since Release 8 to inform the UE of the allowed measurement BW called “allowedMeasBandwidth”, which would be a maximum common BW among the cells on the frequency carrier [11]. Therefore, the specifications have already supported the tool to tell the UE how large measurement bandwidth for neighbour cells can be used on the frequency.
Is it necessary to measure cells with full system BW, or can some flexibility still to use other measurement BW>6RB be kept?
According to the analysis in such as [2], it would not be necessary that the measurement BW is the full system BW for reflecting the interference from other cells than the measured target cell at least currently studied co-channel scenarios. However, sufficient measurement bandwidth depends on a scenario where a part of frequency ranges has less interference due to different system BW cells in co-channel. There would be ambiguity how large measurement BW the UE should utilize for each frequency carrier. Therefore, it is necessary that the exact measurement BW utilized by the UE should be informed and specified to be kept as consistent UE behaviours.
Is it necessary to mandate UE to measure cells with wider BW all the time?
It might be sufficient enough that the UE makes the measurement BW wide only when it is approaching cell reselection or handover points where the quality of the current serving cell and target cell would be reversed. However, there are still some questions; When the UE changes the measurement BW? What is the trigger for it? Whether a new signaling or a new event is needed to be introduced for triggering? If such a conditional approach is taken, some specification impacts would be easily predicted and it is not desirable. Moreover, frequent changes of the measurement BW depending on a certain condition would increase UE complexity so that it should be avoided unless it is really necessary. As a conclusion, it is believed that such scalable measurement BW mechanism would not be needed at least from specification point of view.
Applicable release for any changes
As has been studied since Rel.10, in such as HetNet and Carrier Aggregation (CA) scenarios, it would be likely to be partial co-channel deployments where macro, pico and femto cells have different channel BWs so that if a solution is agreed and changes are needed, it would be better to apply to Rel.10 for future proof and even seem to be fundamental. In fact Rel.10 specifications have just been completed recently so that it would be believed that there is still room to introduce modifications for the solution if approved. However, it would be also true that some of Rel.10 UEs are already under development and it would be too late to modify the implementation so that it is proposed that the sentence below can be mentioned in the coversheet of the Rel.10 CR since this change is for UE requirements and would not cause IOT issues, thus UE vendors can choose the timing to implement the feature whenever possible.
- Terminals vendors are not expected to implement this CR in Rel-10 terminals that have already been produced, nor in current production. It is expected that terminal vendors do implement this CR at the earliest pragmatic opportunity.
2.3
Comprehensive solution
First of all, the work plan and time line for this issue was approved in the WF [1] as follows:
· RAN4 #62 (February, 2012)
· Identify additional scenarios (if any) and discuss the solution options for them

· Agree on the simulation assumptions for studying the identified scenarios

· Provide preliminary simulation results if possible

· RAN4 #62bis (March, 2012)

· Provide simulation results based on the agreed simulation assumptions

· Discuss and agree on the necessity and options of the solutions.

· Agree whether a solution is necessary. 

· Agree on the solution if seen necessary.

· Depending upon the solution the simulation may be needed before agreeing on the CR.

· RAN4 #63 (May, 2012)

· Provide CR for the chosen solution (if necessary) if no simulation is needed. If simulation is required then provide the CR after completing the simulation work.
For the time being, any other scenarios than those described in the simulation assumption [9] have not been identified taking into account the present and the future deployment scenarios and every interested party presented their simulation results based on the agreed assumptions and they seem to be enough to investigate the issue and discuss solutions. It implies that RAN4 is supposed to conclude the discussion for this issue in this meeting.
As we have been discussing the outcomes in the group so far until the last meeting, it is definitely believed that utilization of “allowedMeasBandwidth” that has been specified since Rel.8 is a comprehensive solution for this issue. The followings are advantages of “allowedMeasBandwidth” utilization:
· The UE can be aware of the bandwidth allowed for neighbour cell measurements and have wide measurement BWs for both the serving cell and neighbour cells.
· There would be almost no specification impact since that has already been in the specifications and some of current UEs would have been utilizing “allowedMeasBandwidth” for their measurements. We just need to modify the RRM specification [12] that generally defines UE measurement behaviours within RAN4.
· It would be flexible from network operation point of view because it can somehow control the UE measurement BW depending on the deployment scenarios.
Finally, we propose that UE shall do the measurements on the frequency carrier with the bandwidth “allowedMeasBandwidth” which is provided by the network.
Proposal: The UE shall measure the RSRQ level of the serving cell and neighbour cells with the bandwidth “allowedMeasBandwidth” indicated by the network in both RRC_IDLE and RRC_CONNECTED.

It should be noted that the corresponding CR for TS 36.133 [12] is proposed in [13].
3
Conclusions
This contribution discussed the issue of RSRQ measurements with narrow bandwidth in co-channel scenarios and presents our view on the remaining topics to be further discussed. Finally it is proposed that the UE shall utilize the indicated allowed maximum measurement bandwidth called “allowedMeasBandwidth” for both the serving and neighbour cells.
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