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1. Introduction
Interference estimation is an important of CSI feedback. This is however left completely unspecified in current specifications although the common understanding is that UEs in practice use CRS REs for obtaining interference estimates. As LTE evolves such an approach becomes increasingly problematic and this contribution therefore discusses how to solve the issue.
2. UE Interference Measurements

Interference estimation on the UE side for CSI feedback is a topic that has been discussed previously [1]. It is commonly assumed that UEs measure interference on the REs used for CRS transmissions. As mentioned in earlier discussions, this leads to erroneous interference estimates since the interference level on CRS REs is typically not at all similar to the interference level on data REs. CRS REs see substantial interference coming from other CRS transmissions; if CRS is not frequency shifted, all interference comes from CRS while with frequency shifts every third interference source corresponds to CRS. 

Observation

· Interference level on CRS REs does not scale with data load since CRS is always on and hence does not reflect interference level on data REs
Although the problems with interference estimation have been brought up on several occasions in discussions concerning previous releases [1] 
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[2] , many of the scenarios discussed in Rel-11 put extra burden on the interference estimation capabilities of the UE. In particular, we note that there are several additional reasons why relying on CRS REs for interference estimation becomes even more difficult than before:

· The growing use of MBSFN subframes for PDSCH, particularly for CoMP. There is no CRS present in the data region of MBSFN subframes and hence CRS based interference estimation would be further degraded.

· The introduction of measurement restricted subframes in Rel-10 for eICIC. This was motivated by the need for accurate interference estimation in heterogeneous deployments reflecting the true interference situation; with CRS REs this is clearly not fulfilled.

· The use of non-frequency shifted CRS is proposed as a means for avoiding the detrimental problems with CRS and PDSCH collisions for joint transmission CoMP and certain forms of heterogeneous deployments [3]. Note that in case of non-frequency shifted CRS, the interference estimate would correspond to an unstable system with 100% resource utilization and thus be completely wrong. 

· Deployments concepts such as geographically distributed antenna ports and shared cell where the same CRS is used over multiple points and where CoMP CSI feedback is not configured.

· The use of CoMP where there is a need for flexibility when it comes to what parts of intra and inter CoMP cluster interference to include in the CSI feedback

· New carrier types potentially not carrying any CRS are starting to be discussed as part of the carrier aggregation work item.

Observation

· Present use of CRS REs for interference estimation is becoming even more erroneous as new functionality such as CoMP and data in MBSFN subframes is introduced
· Correct measurements are a prerequisite for efficient CSI feedback
· More important to first secure correct measurements before introducing new CSI feedback content
Proposal

· UE interference measurements need to be prioritized
A natural starting point would be to let the UE measure interference on CSI-RS REs. Investigations during Rel-10 standardization however indicate that accurate interference measurements might be difficult to achieve due to the small processing gain of CSI-RS based channel estimation leading to problems with distinguishing the interference contribution from the channel estimation error. A more robust approach appears to be to measure the interference on zero-power CSI-RS. This would be a straightforward solution where the UE would even be relieved from computing residuals in order to estimate the interference. 
It would also be important to clearly specify the interference measurements resources so that the network can be sure of what the UE is actually measuring on. This is in direct contrast to the current situation where interference measurements are left completely unspecified with inconsistent and potentially surprising UE behavior as a result. A single interference measurement mechanism that handles a broad range of scenarios is desirable.
Proposal

· UE measures interference on zero-power CSI-RS resources

· Explicitly specify interference measurement resources to ensure consistent UE behavior that the network can rely on

· The UE should not be free to autonomously measure also on CRS REs or other REs
3. Conclusions
In this contribution we discussed UE interference measurements for CSI feedback. We observed that the current interference measurement approach based on CRS REs is insufficient as summarized by
· Interference level on CRS REs does not scale with data load since CRS is always on and hence does not reflect interference level on data REs
· Present use of CRS REs for interference estimation is becoming even more erroneous as new functionality such as CoMP and data in MBSFN subframes is introduced
· Correct measurements are a prerequisite for efficient CSI feedback
· More important to first secure correct measurements before introducing new CSI feedback content
and therefore propose the following

· UE interference measurements need to be prioritized
· UE measures interference on zero-power CSI-RS resources

· Explicitly specify interference measurement resources to ensure consistent UE behavior that the network can rely on

· The UE should not be free to autonomously measure also on CRS REs or other REs
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