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1. Introduction
In RAN4 #63 meeting, a way forward on RSRQ measurement bandwidth was agreed in [1]. The agreed WF is reproduced as following:

	· 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.


After several meeting cycles, various solutions for wide RSRQ measurement are provided by many interested parties, and no agreement was reached. This contribution analyzes the possible solutions and tries to converge to one concrete solution.
2. Discussion
· Frequency offset measurement 
[1][2][3] proposed the solutions that defining new IE(s) as the trigger to inform UE to perform measurements on the outside the central 6 resource blocks. The new IE(s) could be a single bit indicator which indicates UE to carry out measurement outside the central 6 resource blocks and a list of [E]ARFCN, or the new IE(s) could be the exact frequency offset and the narrowband/wideband measurements bandwidth. 

The basic idea of these solutions is based on the frequency offset in measurement bandwidth. In our understanding, the complexity of the finalized solution would be low and with limited UE impact. In that sense we do not see a need for introducing new measurements methods. Investigation of such methods if needed are likely not possible within Rel-11 timeframe.
Furthermore the signaling load of these methods is relatively high. Either the list of [E]ARFCN or the frequency offset to the central frequency will introduce un-negligible signaling load to the network.
From UE point of view, the frequency offset solution would impact the legacy UE implementation significantly and possibly increase the measurement complexity.
· Wider measurement bandwidth
The main concern of the wider measurement bandwidth is the power consumption as discussed before. However in our understanding the power consumption is not closely related with the measurement bandwidth.

(1)When UE is in RRC_CONNECTED, when the RF chain is on, most of the power (about 80%) has been already consumed. The power consumption for arithmetic processing unit is rather small.  Thus the impact of the size of the measurement bandwidth on the power consumption is not significant.

(2)When UE is in RRC_IDLE or when DRX is used, the power consumption depends on the active time of RF chain. When narrow bandwidth is applied, the samples in time domain would be more than the wider measurement bandwidth. Thus the power consumption would increase when the narrow bandwidth is applied compared with the wider measurement bandwidth. Therefore it may increase the power consumption when UE in IDLE or DRX mode compared with narrow measurement bandwidth.
Thus the power consumption of wider bandwidth is not a significant disadvantage compared to narrow one. 
There are several solutions related to wider measurement bandwidth for RSRQ, we summarize and analyze them as following:

Solution1: Mandate AllowedMeasBandwidth as default RSRQ measurement bandwidth [4]

[4] proposed one solution that UE is mandated to utilize allowedMeasBandwidth as the measurement bandwidth for the serving cell and neighbor cell in both RRC_IDLE and RRC_CONNECTED. The solution could mitigate the problems introduced by the center 6RB measurement bandwidth. However the meaning of the IE“allowedMeasBandwidth”will be changed to the measurement bandwidth and UE is mandated to use it as measurement bandwidth. Under the change, all UEs would perform wider bandwidth measurement regardless of the realistic network deployment. It would be not expected in the network.
Solution 2: Use network notify to inform UE of measuring RSRQ by wider bandwidth in SIB [R4-63AH-0159]
The solution is that 1bit is added in the cell’s system information block. With this bit, UE will know when to turn on/off the wider bandwidth for RSRQ measurement without the need of dedicated massage. In our understanding, when the additional IE is added to system information, UE would take wider bandwidth measurement no matter where UE is in the cell center or in the cell edge. It seems not flexible enough since it is no need to perform wider measurement when UE is in the cell center.
Solution 3: Use network trigger to inform UE of measuring RSRQ by wider bandwidth

- Solution3-1: Define a new Boolean IE as the trigger and measure by a certain fixed bandwidth (eg. 15RB)[5].
- Solution3-2: Define a new Boolean IE as the trigger and measure by allowedMeasBandwidth
When UE is in cell centre, there is no big difference of the wideband RSRQ and center 6 RBs RSRQ measurement results as indicated in [6]. When UE is moving to the cell edge, the RSRQ difference is rather significant. Thus it is beneficial to enable UE wideband measurement in cell edge area. The wider bandwidth measurement is triggered by the network (eg., solution 3-1 and solution 3-2).
Both solutions are simple and the impact that they introduced to UE implementation is low. However the issue is that the solutions introduce less flexibility. For example, 15RB in solution 3-1 is based on the simulation results for LTE 10 MHz LTE /5+5MHz UMTS scenario. It should be evaluated whether the 15RB is appropriate for other network deployments, e.g the scenario proposed by [3]. Using allowedMeasBandwidth as the measurement bandwidth still has less flexibility.
Based on the discussion above, we prefer one more flexible solution that network could signal the wider measurement bandwidth (e.g.,15 RB, 25 RB etc. ) to UE when the wider measurement bandwidth is needed. The wider bandwidth measurement is triggered by the network. The solution can be summarized as:

- Solution3-3: Define a new IE as the trigger to inform UE exact value of RSRQ measurement bandwidth.

The solution has relatively flexible compared with solution 3-1/3-2. Furthermore the solution we proposed will not  bring big change to the legacy UE implementation. It is with most probability that typical LTE UE has implemented wider bandwidth measurement to support 50PRB measurement requirements. From the UE implementation perspective, it will be easier for UE to further support this functionality.
For the solution 3-3, some changes in RAN2 specification would be needed, for example, define a new “MeasurementBW” for the neighbor cell measurements which is set to optional. When UE moves to the cell edge, the network can signal RRCconnectionReconfiguration including “MeasurementBW” to UE, and UE can measure cells with the signaled measurement bandwidth.
Proposal1: The wider measurement bandwidth could be signaled by the network for intra-frequency, inter-frequency or inter-RAT neighboring cells. One outgoing LS to RAN2 to update TS 36.331 is needed.

3. Conclusions
In this contribution, several solutions for the RSRQ measurement are analyzed and we propose the following proposals:
Proposal1: The wider measurement bandwidth could be signaled by the network for intra-frequency, inter-frequency or inter-RAT cells. One outgoing LS to RAN2 to update TS 36.331 is needed.
We also provide one outgoing LS in R4-124096.
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