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1
Introduction
During the previous meetings some papers discussed the need and feasibility of supporting inter-frequency measurements with eICIC in Rel.11. A similar discussion took place in the release 10 time frame, however, since no immediate need was identified, the discussion was postponed. In this paper we provide our view on this topic and list many of the challenges that these measurements present.
2
Discussion
In RAN4#62 some papers discussing the support of inter-frequency measurements with eICIC were presented [1],[2]. In [1] it was argued that inter-frequency measurements is one of the issues that was not finished in Rel.10 and because the possible mismatches in RSRQ measurements it should be supported in Rel.11. In [2] it was argued that inter-frequency should be postponed until the core requirements for Rel.11 are defined and these should also be supported. In this paper we present our input on this issue and discuss the necessity and the problems associated with supporting these inter-frequency measurements. 
RAN2 discussed the need/feasibility for inter-frequency eICIC measurements and reached the following conclusions that are capture in the meeting minutes [3].
-     We will not define inter-frequency measurement subframe restrictions for macro-pico offloading or macro-femto scenarios. 

-     If RAN4 identifies a problem regarding RSRQ accuracy for inter-frequency cases, we will attempt to find a solution.  

These agreements were reached mainly because no clear scenario where these measurements would be absolutely necessary could be identified. 
In [1] some issues with RSRQ measurements were shown and possible mismatches generated by different interference values on ABS and non-ABS were evaluated. The maximum difference in received signal strength (RSSI) on OFDM symbols that contain CRS between ABS and non-ABS in the worst case is 7.8 dB if we consider a development scenario where all macro cells use the same ABS pattern and 1Tx antenna. This leads to a about a 7dB RSRQ difference in the worst case, however this big mismatch would be experienced by very few UEs. 

As was shown in[1] this RSSI difference could lead to some errors in RSRQ measurements depending on which subframes are measured(ABS or non-ABS) and their relative density. However, this case would be very similar to the case of partial loading when RSSI is different on different subframes. In this scenario the RSRQ could also be very different from subframe to subframe and lead to inconsistent measurements. Hence, the RSRQ measurement errors do not seem to be a compelling reason to support inter-frequency measurements. It should be noted that the reported RSRQ measurement result is likely an averaged value between the lowest (observed on non-ABS) and highest (on ABS) levels. Note that an inter-frequency measurement gap captures 5 ms, which is likely to consist of a mix of ABS and non-ABS subframes. This would still provide fairly accurate information about the conditions on the inter-frequency layer.

To support inter-frequency measurements with eICIC support for inter-frequency measurement restriction patterns would have to be standardized. This means that the UE would have to know the timing and ABS pattern for each cell on each frequency layer. This inter-frequency ABS patterns would have to be made available by the serving eNB on the serving frequency, hence, the exchange of these messages would also have to be standardized. To see whether this is feasible or not in Rel-11, inputs from RAN2 and RAN3 would  be critical.
Furthermore, sine the measurement patterns are configured for 40 subframes, the UEs would have to acquire the SFN of the cells to be measured, which is currently not required for power saving and latency reduction purpose. This would be an unnecessary increase in complexity with very limited benefits.

Another problem that would have to be analyzed is how the measurement patterns would synchronize with the measurement gaps. Since the number of available subframes for inter-frequency measurements is limited and these are available only at certain times it may not be possible for the UE to measure certain cells. To take these limitations into account the measurement period might have to be extended leading to very complicated measurement patterns.

Also, as stated above, RAN2 agreed that there is no need to support direct inter-frequency hand-in to the pico. It should be further noted that the mechanism of using 2 hand offs can always be used. In this case, the UE is first handed off to the macro on the inter-frequency layer and from there it is further handed-off for offloading purposes if needed. While this is not the ideal solution it is very simple and only has the drawback of an additional delay that is likely to be small.
Considering the above we believe that supporting inter-frequency measurements with eICIC does not offer an attractive trade-off between increased complexity and performance gain. The increase complexity reaches all system levels (UE measurements, UE-eNB signaling, inter-frequency network synchronization, and eNB-eNB signaling) while the performance gains would only be some marginal improvement of RSRQ measurement accuracy in limited deployment scenarios. 
3 
Conclusions

In this paper we presented a brief analysis of the additional complexity needed to support inter-frequency measurements with eICIC. We believe that the gains are too small to justify supporting this feature with additional complexity on UE measurements, RRC signalling, network deployments, inter-eNB signalling, etc.
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