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1
Introduction
In previous RAN4 meetings some problems with the current RRM measurement model that only uses the center 6 RBs were raised. In [1],[2] the scenario where the problem was seen was presented in detail and it was proposed to mandate wide  measurements for the serving cell. A simulation campaign to assess the severity of the problem was conducted and a summary of the findings was captured in [3]. However, a solution to the problem is yet to be identified. 
In this contribution we present a possible way to address the problem that was raised and propose a more flexible way to conduct RRM measurements. We also show that the proposed method can be used in several other scenarios. 
2
Discussion
In [1] a deployment scenario with an LTE wideband(10MHz) cell that overlaps 2 neighbor cells with narrower bandwidths(WCDMA or LTE 5MHz) is presented(also depicted in Fig. 1). In this case, a UE that uses the center 6 RBs to perform measurements(black arrow) on the wideband LTE channel will measure the gap between the narrower channels and overestimate the actual quality of the channel. If the UE were to measure in another part of the channel(e.g. green arrow) it would obtain a different result that would be the actual signal quality in most of the bandwidth. 
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Figure 1. Deployment scenario with a wideband LTE channel overlappin 2 narrower channels
To solve this problem of inaccurate channel quality measurement, it was proposed in [2] to mandate wideband measurements for the serving cell. The simulation campaign conducted in RAN4 showed that while wideband measurements could help mitigate the problem they could also negatively affect the system performance by increasing the number of ping-pongs. Even if this problem could be mitigated on the network side, it is not clear how feasible that is.

Considering the simulation results a more robust measurement method would be desirable. Another proposal was to measure all cells wideband as opposed to the center 6RBs used at present. Wideband measurements on all cells would improve the measurement accuracy and would lead to fair comparisons between the cells, however, the implementation complexity and power consumption would be greatly increased. 
In [4], a proposal to define only accuracy requirements for wideband measurements and leave the details up to UE implementation was made. The UE could still use only 6RBs for measurements but would sample different subbands at different times and obtain an average of the signal quality over the entire bandwidth. The way these measurements would work is shown in Fig. 2 for a more intuitive understanding. The measurements could also apply to neighbor cells, not only the serving cell. If the baseline use of only 6RBs for measurements is kept, the power consumption impact would be minimal. The caveats of this proposal are that the measurement implementation will depend very much on the way the test is defined and it lacks flexibility. It should also be noted that if this method would be used for neighbor cells or inter-frequency measurements signaling of the bandwidth to be measured would be needed to ensure that the UE samples the correct bandwidth.
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Figure 2. Wideband measurements with multiple narrow band samples
In order to solve the mesurement problem, we believe a more flexible way of performing measurements would be very useful. The principles of this proposal were already presented in [5]. The measurements would still be performed on a 6RB bandwidth, however, the network could signal the UE where inside the channel bandwidth to perform the measurements. This is depicted as frequency offset in Fig. 2. This mechanism would allow for flexible measurements and the eNB could obtain the exact information it needs. The measurements could function in a wideband or narrow band fashion. If the network requires a wideband measurement it could signal the UE to average over multiple samples taken with different frequency offsets. If the network requires a narrow band measurement then it would signal the UE to take all the samples at a certain offset.

For the deployment case of Fig. 1, it might be more useful if the UE measures around the center of the WCDMA channels than if it measures wideband. Since the network is very likely to have some information about adjacent cells/systems, it could obtain information more accurately. 

The proposed measurement method could also be very useful in other deployment scenarios, especially TDD systems where adjacent carriers are not fully synchronous or use different UL/DL configurations. In this scenario, the interference would be a slope decreasing in intensity from one edge of the channel to the other as shown in Fig. 3. The measurements on channel 1 would yield very different results depending on where the measurements are taken. 
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Figure 3. Asymmetric interference inside the channel bandwidth

In this type of scenarios with asymmetric interference it is very important for the network to be able to obtain accurate information about the channel conditions to ensure good system performance. Without accurate information wrong HO decisions could be made and some UEs could end up camping or being handed over to channels where they see very strong interference. 

Scenarios like the one depicted in Figure 3 is very likely to occur in TDD bands if the systems on channels 1 and 2 are used by different operators or in the case when one channel is used for macro deployments and the other for smaller cells(pico/femto).  The latter type of scenario is part of an ongoing RAN1/4 study. Furthermore, this type of complicated interference scenarios is likely to appear more often in the future in the context of different adjacent systems or FDD/TDD adjacent deployments, etc

It should also be pointed out that the proposed method could also be used for inter-frequency measurements. For the scenario depicted in Fig.1 the eNB would signal the UE to perform measurements in the green subband and an accurate measurement of the interference level would be obtained. This would help minimize useless hand off or ping-pongs caused by inacurate channel measurements.  
The signaling of frequency offsets and narrowband/wideband measurements would have to be provided by the network. If the proposal is found acceptable an LS has to be send to RAN2. 

The proposed measurement mechanism overcomes problems caused by uneven interference present inside the channel bandwidth, offers network control over the measurements with little or no impact on power consumption.
3 
Conclusions

In this paper we briefly analyzed the issue of narrow band measurements and the proposal of mandating wideband measurements for the serving cell. We propose a measurement mechanism in which a frequency offset is signalled to the UE informing the UE where it should sample the measurements. This solves the problem raised in [1], enables measurement flexibility and lets the network control how the measurements are performed by the UE. Furthermore, the proposed method can be used for both intra-frequency and inter-frequency measurements and is robust enough to support even more challenging deployment scenarios.
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