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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 [1],[2]. In RAN4#63 there was a tentative agreement that some enhancements for RSRQ measurement are needed and will be introduced in Rel.11, however, the details of these enhancements are not yet decided.   

In this contribution we further elaborate on the flexible way to conduct RRM measurements proposed in [3], [4]. 
2
Discussion
In RAN4#63 a tentative agreement to enhance the RSRQ measurement for Rel.11 was reached [5]. For convenience we list the agreements below:

· 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.
As can be seen the agreements reached so far are very general and the details of the solution are still under discussion. In this contribution we further discuss the proposal introduced in [3],[4] and point out that this proposal offers multiple benefits in several scenarios, not only those considered in [1],[2].

In order to solve the mesurement problem, a more flexible way of performing measurements was proposed in [3], [4]. The measurements would still be performed on a narrow band (e.g. 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. 1. 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.
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Fig. 1 Wideband measurements with multiple narrow band samples
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Fig.2 Time domain sampling
The UE would be signaled whether to perform wideband or narrow band measurements, the center frequency (fc) of the carrier to be measured and the frequency offset of the subband to be measured. If wideband measurements are configured then multiple offsets could be signaled. For the case depicted in Fig. 1, if wideband measurements are configured then the UE would average the values for Samle#1,#2 and #3. If a narrow band measurement is configured then the UE would report the value of either Sample#1, #2 or #3. Also, the measurements would be spread in time such that the UE would not have to take 2 measurements at different frequency offsets at the same time as shown in Fig.2. Any measurement sample would still be narrow band such that the impact on UE implementation complexity would be minimal.  

Compared to the method introduced in [6] in which multiple narrow band measurements are used(similar to wideband measurements in the previous paragraph) the proposed method offers significantly more flexibility and the signaling overhead would be very small since the channel bandwidth would be replaced by the frequency offset. It should be noted that both methods would require some signaling and are inline with the network triggering mechanism that is tentatively agreed in the way forward. 
The proposed method would offer great benefits in certain kind of deployments. For the cases that triggered this entire debate and presented in [1] (Fig.3) the eNB could configure the UE to perform measurements in the center of the WCDMA channel (12RB offset from channel center) to obtain an accurate measurement of the channel condition. The proposed method could also be useful in a similar scenario in which an LTE system is overlapping multiple narrower carriers such as cdma 1x or TD-SCDMA as shown in Fig. 3. This scenario could be more challenging as the cdma systems are narrower and only certain parts of the channel may overlap. 
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Fig.3 Deployment scenario with a wideband LTE channel overlapping 2 narrower channels
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Fig.4 Deployment scenario with a wideband LTE channel overlapping narrower channels
The system overlap presented in Fig.3 and Fig.4 are likely to continue for a relatively long period of time during spectrum refarming. 
The flexible measurement method could also present advantages in TDD systems where adjacent carriers are not fully synchronous or use different UL/DL configurations. In this scenario, the interference is likely to be a slope decreasing in intensity from one edge of the channel to the other as shown in Fig. 5. The figure also includes the general spectrum emission mask that offers some insight into the possible differences in measurements. In the figure 2x20MHz TDD systems with a 2.5MHz guard band are assumed. Some challenges regarding UE-UE to coexistence for this kind of scenario were presented in [7]. 
In [8] the scenario presented in Fig.5 is described as the most common deployment scenario and interference between systems is presented as one of the big deployment challenges. The added measurement flexibility that is proposed could be very useful in assisting different interference mitigation techniques.
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Fig.5 Asymmetric interference inside the channel bandwidth
Depending on where the measurements are taken (A,B,C) the difference could be up to 15dB. A simple measurement in the center of the channel(Rel.8) would not show the exact channel conditions and may lead to wrong handover decisions. Allowing the eNB to configure measurements around point C would enable the network to obtain more accurate information about the worst channel conditions and make the best handover decision. 
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 actual measurement bandwidth does not necessarily have to be constraint to 6RBs even though this is the bandwidth that is most likely to be used. Depending on how the accuracy requirements are defined implementation flexibility could be kept.
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. 

Depending on which measurement method is adopted there will most likely be a need to define new accuracy requirements. It should be further discussed what would be the best way to define these requirements. 
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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