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1. Introduction
In CoMP WID[1], it was agreed that one of the objectives is to enhance interference measurements.

·  Enhancements and requirements on downlink reference signals 

· enhancements to improve interference measurements

It can be seen that interference measurement enhancements are quite important to both DL-MIMO and CoMP. In this contribution, we discuss several potential areas of interference measurement enhancements.
2. Interference measurement
CoMP transmission makes interference measurement more complicated. There are several different transmission schemes, including CS/CB, DPS and JT. Problems of interference measurement come from the fact that interference sources of a UE could be varied. With different schemes, UE will see different sources of interference.
· For JT, the PDSCH experiences interference from the points/cells outside of the joint transmission set. The transmission set in the actual joint transmission may or may not be known to the UE, which may lead to mismatch between the transmission set assumed by the UE in the CQI report and the actual transmission set in the scheduled joint transmission. 

· For DPS, the desired the signal is related to the dynamically selected transmission point, while signals from all other points/cells will be seemed as interference. Considering CQI measurement for each point in the CoMP measurement set, channel and interference should be measured correspondingly based on the assumption of the transmission point selection.
· For CS/CB, the point/cell that transmits the PDSCH is statically or semi-statically configured, which results in that all signals not originating from that point/cell should be considered as interference. In the case of CS/CB, the spatial characteristics of the precoder from each interference point should be considered.
In order to facilitate CoMP operation in Rel-11, the issues of interference measurements should be considered.

Interference measurements are based on CRS for R8/9 as well as R10. Most legacy implementations are well-optimized to use the interference estimate based on CRS, which has higher accuracy due to the higher density of CRS in time/frequency. However, it is well understood that the measured interference may not always represent the actual interference seen on PDSCH, for example, CRS collisions or flash light effect due to beamforming.
For CoMP scenario 4, interference estimation on CRS is particularly problematical. Since same CRS is transmitted from all points within a cell, then only the interference outside the cell can be obtained whatever transmission scheme and measurement set are configured, but in practice signals transmitted within the cell may also be interference.
CSI-RS can be considered for interference measurement since it provides a large pattern reuse. But the interference estimation accuracy will be greatly impacted, especially for CSI-RS density is very low.
However with evolution of LTE-A systems more flexible interference measurement mechanisms should be considered to support various use cases (e.g. CoMP, non CoMP transmission modes).

3. Interference measurement enhancements 
Currently, there are three basic options at least for providing the UE with improved interference measurement [2][3][4][5]:
Option 1: Increased CSI-RS density

Introducing higher CSI-RS density would be to utilize the existing CSI-RS RE. The relevant pattern could be simple extension of current Rel-10 CSI-RS patterns to 2 REs/PRB/antenna port, i.e. similar to the one studied during Rel-10 discussion that RE spacing of 6 in frequency instead of current 12 subcarriers.

Option 2: Defining new resources
Define new resources, aiming at the improvement of estimation accuracy, provides a better reference resources for interference measurement. Further, similar to decoupling CSI-RS from CRS, defining resource symbols for interference estimation to be configured independently from CSI-RS and CRS may be desirable.
Option3: Interference measurement based on RE muting
RE muting can be used for the inter-cell interference measurement to enhance the measurement accuracy. Since there is no serving cell signal in the muted REs, the inter-cell interference measurement with higher accuracy will be achieved. In order to avoid impacts on legacy UE, Rel-10 zero-power CSI-RS can be reused for interference measurement purpose. However, it should be ensured that the RE muting patterns do not collide with each other so that the UE can measure the target interference.
These three options have their pros and cons, we will analyze them as following:
· Improved estimation accuracy: Option1 and 2 by increasing the density of reference resources, improve estimation accuracy. Option 3 can also improve accuracy, since no signal is transmitted on muted REs, and the received signal is pure interference from outside of assumed transmission point(s) and noise. Simply averaging the received power on those REs could get accurate interference estimation.
· Specification effort: For any enhancements, specification effort is an important issue to be considered. With above-mentioned three options, the specification effort of option 3 seems lower since the patterns, duty cycle, subframe offset and relevant signaling could reuse CSI-RS and zero-power CSI-RS of Rel-10. The main aspects to be considered for these three options are therefore rather the interference estimation performance versus overhead.
· UE estimation complexity: With option 1, UE will first have to estimate the channel and then remove the contribution of the own channel from the received signal before measuring the interference covariance. With option 3, UE could directly measure the interference covariance from the configured REs. From this perspective, option 3 can simplify the UE implementation.
· Impact to legacy UEs: Option 1 and 3 can be performed by reusing the already existing CSI-RS and zero-power CSI-RS configurations, hence there is no impact to the performance of PDSCH of Rel-10 UEs. However in case of option 2, such impact seems unavoidable, which is not only for Rel-10 but also for Rel-8/9 UE.
Based on above analysis, we have slight preference of option 3.
4. Conclusion
In this contribution, we discussed the enhancement of interference measurements, and investigated some potential solutions. Considering the aspects of estimation accuracy, specification effort, UE complexity and impact to legacy UEs, we have slight preference of option 3, which is to perform interference measurement based on RE muting.
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