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1. Introduction

In the last RAN4 meeting, the issue on RSRQ measurement bandwidth has been discussed. In the agreed WF [1], the companies are encouraged to propose the solutions in RAN4 UE performance AH. In this contribution, we would like to provide our consideration on the solutions of wider bandwidth RSRQ measurement. 
2. Discussion
In order to address the inaccurate RSRQ measurement issues caused by the special deployment scenario, the following questions should be answered: 
Question 1: whether to have wider measurement bandwidth or to use narrow bandwidth in TDM manner? 

In certain deployment scenario, measurement over central 6RB will result in inaccurate measurement results due to the uneven interference level in central 6RB and other location in frequency domain. According to current discussion, there are two solutions to address this uneven interference [1]:  

Solution A): To have wider measurement bandwidth
Solution B): To use narrow bandwidth over wide bandwidth in TDM manner and average the frequency domain narrow bandwidth measurement snapshots 
For both solution A) and B), we recognised from performance point of view, both A) and B) could improve measurement performance. However, for solution B), in order to obtain the accurate measurement and meet the existing performance requirement, measurement period of averaging the measurement snapshots should be carefully considered especially for gap assistant inter-freq measurement. Also, from implementation complexity point of view, for solution B), network should indicate frequency offset where UE would be expected to perform narrow bandwidth measurement. At UE side, in every configured gap period, UE has to adjust receiver’s RF chain to certain frequency offset to perform measurement accordingly. The impact of frequency error to measurement performance has to be addressed in solution B). Taking above considerations into account, in our understanding, solution A) would be preferred considering keeping existing measurement period requirement and less implementation complexity.  
Proposal 1: To adapt the wider measurement bandwidth as the solution of RSRQ measurement issues

Question 2: How UE acknowledge the measurement bandwidth information for both serving cell and neighbour cells? 
For serving cell, first of all, the downlink transmission bandwidth information has been acknowledged by UE, i.e. dl-Bandwidth. For neighbour cell, the maximum allowed measurement bandwidth is signalled as in AllowedMeasBandwidth in both IDLE and CONNECTED mode. If IE AllowedMeasBandwidth is absent, the value in dl-Bandwidth will be interrupted as allowed maximum measurement bandwidth. Also, in RAN4 minimum requirement for inter-freq measurement in connected mode, central 6RBs measurement is assumed. 

Following the above existing specification, nowadays, UE will perform the RSRQ measurement within the range [6RB, AllowedMeasBandwidth/dl-Bandwidth] as long as UE could meet the RSRQ accuracy requirement. In certain deployment scenario, measurement over central 6RB will result in inaccurate measurement results due to the different interference level in central 6RB and other location in frequency domain. As answer in question 1, wider than 6RB measurement bandwidth is expected. As well discussed in previous RAN4 discussion, the uneven interference in different location in frequency domain is deployment scenario specified. Therefore, the exact the minimum measurement bandwidth should be indicated by network. Taking above consideration into account, introduction of the minimum measurement bandwidth is proposed, e.g., MiniMeasBandwidth. Following the similar approach and principle of current measurement behaviour, UE are correspondingly proposed to measure both the serving cell and neighbour cells within the range [MiniMeasBandwidth, AllowedMeasBandwidth/dl-Bandwidth]. The exact measurement bandwidth within above range is up to UE’s implementation as long as UE could meet the existing performance requirements. To be noted, MiniMeasBandwidth are not supposed to be larger than dl-Bandwidth. An example below is given for how to configure the minimum measurement bandwidth according to deployment scenario: 
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In above example, the minimum measurement bandwidth for layer 1 could be configured as 25 RB which is larger than 6RBdue to uneven interference caused by layer 2 and 3. Meanwhile, if the current serving cell is in layer 2/3, the minimum measurement bandwidth could not be larger than system bandwidth of cell in layer 2/3. For layer 2/3, 6RB minimum measurement bandwidth could be signalled. 
Proposal 2: To introduce the minimum measurement bandwidth signalling and UE is required to measure RSRQ within the range [MiniMeasBandwidth, AllowedMeasBandwidth/dl-Bandwidth]

Question 3: How to trigger UE to perform wide bandwidth RSRQ measurement?
Signalling based solution: as answer in question 2, by signalled via MiniMeasBandwidth in measurement configuration message, UE could aware the deployment scenario where and when the wide bandwidth RSRQ measurement is needed. Therefore, from network triggering point of view, signalling of minimum measurement bandwidth could be further interrupted as the triggering condition of wider RSRQ measurement for certain frequency layer. 
Threshold or entry condition based solution: alternatively, as well discussed and simulated, 6RB RSRQ measurement could result in the inappropriate handover command if handover is based on the RSRQ reported.  In above signalling based solution, the measurement configuration will be signalled much earlier than handover could happened. In order to further optimized UE measurement behaviour by taking the UE power consuming into account, he solution of triggering should be defined as serving cell threshold or even entry condition based solution, i.e.,

· If the serving cell’s signal strength or signal quality meets certain pre-defined threshold, UE could trigger the wide bandwidth RSRQ measurement 

· If the certain event entry condition is met, e.g., A3 event, UE could trigger the wider bandwidth RSRQ measurement. 
Combined solution: in order to take both above triggering solutions into account, network could signal the minimum measurement bandwidth to aware UE about the certain deployment scenario. Meanwhile, UE could further optimize the measurement behaviour to trigger the wider bandwidth RSRQ measurement once threshold or entry condition is met. 
For above solutions, the measurement bandwidth should be in the range of [MiniMeasBandwidth, AllowedMeasBandwidth/dl-Bandwidth] as described above. 

As summary, from our perspective, signalling based solution is one of simplest triggering solution and combined solution is most optimized solution. In our understanding, specification should not preclude optimized implementation as long as UE could meet the performance requirement. Therefore, we would like to propose:
Proposal 3: No functionality test for wide bandwidth RSRQ measurement regardless which triggering solution is defined. 

Question 4: Whether the wider RSRQ measurement bandwidth should be defined in IDLE mode?

In IDLE mode, due to lack of performance requirement, there is no minimum measurement bandwidth requirement defined in 36.133 specifications. Also, it is not clear so far the benefit of wider RSRQ measurement bandwidth in IDLE mode. Therefore, we would like to suggest:

Proposal 4: Wider RSRQ measurement will not be applied in IDLE mode. 

3. Conclusions
In this contribution, we provide our consideration on the detailed solution of wider BW RSRQ measurement. As conclusion, the below proposal are suggested: 
Proposal 1: To adapt the wider measurement bandwidth as the solution of RSRQ measurement issues

Proposal 2: To introduce the minimum measurement bandwidth signalling and UE is required to measure RSRQ within the range [MiniMeasBandwidth, AllowedMeasBandwidth/dl-Bandwidth]

Proposal 3: No functionality test for wide bandwidth RSRQ measurement regardless which triggering solution is defined. 

Proposal 4: Wider RSRQ measurement will not be applied in IDLE mode. 

To be noted, if proposal 2 is agreeable to the group, LS to RAN2 is needed by indicating the signalling introduction is necessary from RAN4 point of view.  
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