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1 
Introduction
Interference measurement has received some attention in the last few RAN1 meetings – both in the context of new Rel-11 scenarios (CoMP JT and support of scenario 4) as well as Rel-10 scenarios.
In this contribution, we first focus on the properties of CRS based interference measurement as in Rel-10. We then discuss our views on some of the proposed enhancements to interference measurement based on CSI-RS.
2 
CRS based interference measurement
Reference resources for interference measurement by an UE are not specified in R10 and previous releases. It is, however, assumed that CRS locations are used for interference measurement by an UE for all transmission modes - even when CSI-RS is configured. A key advantage in using CRS is the large density of CRS REs that are available both in time and frequency. This enables high quality channel estimation (in turn interference estimation) as well as enables significant time-averaging of interference.
Note that CRS based interference measurement does not have any additional overhead.

Further, note that beamformed interference changes dynamically from one subframe to another (and also in frequency) and CQI is heavily quantized, thereby limiting the accuracy of CQI. In addition, certain long-term bias in interference measurements can be compensated by a link-adaptation outer loop. Keeping this inherent limitation of CQI prediction in mind, the optimization of interference measurement for specific cases in a R10 deployment (for example PDSCH in MBSFN, PDSCH in subframes with ABS configured by neighbor cell) seems questionable.

In the context of Rel-11 deployments, aside from specific cases of scenario 4 deployments, the majority of deployment scenarios (scenario 1, 2, 3) can benefit from CRS based interference estimation. In these deployments CoMP techniques such as coordinated beamforming and dynamic cell selection can be supported without any changes to existing CRS based interference estimation. 
It has been pointed out that deployment scenario 4 and joint transmission CoMP require enhancements to interference measurement. While additional studies are needed to support these specific cases in Rel-11, it is important that Rel-11 transmission modes are able to take advantage of CRS based interference estimation for efficient non-JT CoMP transmissions.    
Observation: High density of CRS enables accurate interference measurement and sufficient samples for time averaging
Observation: CRS based interference measurement is efficient and incurs no additional overhead
Proposal: Keep the baseline assumption of CRS based interference estimation for all TM4/TM9 based transmission in Rel-11 not specifically requiring CSI-RS based estimation
3 
Enhancements to interference measurement
In this section we discuss our views on some of the proposed enhancements to interference measurement in RAN1 especially in the context of supporting scenario 4 and JT CoMP. 
There have been proposals of using CSI-RS (non-muted) as the basis of interference measurement. One important distinction of measuring interference from measuring the channel is that accurate interference variance estimate needs to be obtained from multiple observations so a stable CQI can be derived, which can be achieved through time-averaging and/or frequency-averagingThe need for time-averaging/frequency average can increase the overhead for CSI-RS. In addition, as noted in our earlier contribution [4] the channel estimation accuracy for CSI-RS can be significantly lower than that for CRS leading to inaccurate interference estimation. 
Muting of CSI-RS resources for transmission points belonging to a CoMP cooperating set can also be considered. This can improve the channel estimation quality of CSI-RS. This will also enable proper interference estimation under JT-CoMP hypothesis. It should be noted, however, that as a result of muting this set of CSI-RS resources will lead to inaccurate interference estimation under non-JT-CoMP hypothesis (includes single cell transmission, DPS-CoMP etc.). A possible resolution is to allocate more CSI-RS resources leading to an increase in overhead.

Observation: Usage of CSI-RS resources, zero-power or otherwise, for interference measurement needs to be studied further in terms of interference measurement accuracy and increase in overhead 
Lastly, it may be noted that in Rel-10, interference measurement is not explicitly specified in RAN1 but RAN4 testing ensures the accuracy of CQI feedback. This leaves the details of interference averaging to implementation. We believe this principle should also be followed in Rel-11 and interference measurement specification in RAN1 should be limited.   
3 
Conclusion
In this contribution we discussed some interference measurement enhancements envisioned for Rel-11. This contribution may be summarized in the following proposals and observations:

Observation1 High density of CRS enables accurate interference measurement and sufficient samples for time averaging

Observation2 CRS based interference measurement is efficient and incurs no additional overhead
Proposal1 Keep the baseline assumption of CRS based interference estimation for all TM4/TM9 based transmission in Rel-11 not specifically requiring CSI-RS based estimation
Observation3 Usage of CSI-RS resources, zero-power or otherwise, for interference measurement needs to be studied further in terms of interference measurement accuracy and increase in overhead
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