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1. Introduction
The chairman notes from the RAN 1 #66 identified the following as some of the real-life aspects deployments that have to be addressed with high priority as part of the DL-MIMO study item.

High priority areas for study in RAN1:

· Time misalignment / antenna calibration

· Downlink control signalling enhancement (including UE-specific RS-based)

· Further discussion required on prioritization

· Feedback and related enhancements, including: 

· Interference measurement enhancement

· Rank reporting

· Further discussion required on prioritization

· CSI accuracy (especially for MU-MIMO) for the high-priority scenarios and antenna configurations. 

In this contribution, we highlight enhancements required to configure interference measurements, considering flexible support for Release-11 enhancements. We also recommend considering this aspect a key priority for CSI enhancements for Release-11 as reported gains of CoMP/DL-MIMO schemes are highly dependent on the reference assumption for estimation of interference.
2. Interference Measurements

Significant discussion took place in RAN1 during Release-10 specification on the reference resource for interference measurements and the conclusion was to continue to use CRS for interference measurements. This is also the assumption for design of RAN4 demod/CSI tests for eDL-MIMO in Release-10 [4]. Below, we capture some observations comparing interference measurements based on CRS or potentially based on CSI-RS that may be enabled in Release-11 and beyond.

2.1. CRS based interference measurement

Interference measurements are based on CRS for Release-8 and also Release-10. 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, due to partial loading, CRS collisions or flash light effect due to beamforming. For release-8, some of these issues may be known to the network and it may use some compensation.
On the other hand, in some of the new scenarios this may be difficult to achieve in practice since CRS and CSI-RS ports may be differently configured. A clear example is the single-cell configuration of geographically separated antennas (Scenario 4), where CRS correspond to a single TP, while CSI-RS could be configured from all the TPs that are part of the cell. In this case, estimate based on CRS will consider signal from these TPs as interference, whereas for PDSCH purpose, one or more of these cells may be actively transmitting (or coordinating/silencing) to a UE. Similar scenarios can be envisioned, where CRS based measurement can severely constrain the flexibility available from CRS and CSI-RS independent configuration that is needed for many Release-11 enhancements.
Further, with other enhancements considered as part of carrier aggregation, it is very likely that CRS may be partly or wholly not be available in an extension carrier, in which case new measurements must be defined. ABS based measurements and MBSFN configurations also reduce density of CRS and some of the advantage of accurate interference estimates from time-averaging may be diminished.

The CRS based measurements could provide mismatched reference in some configurations and limit the flexibility going forward with Release-11 enhancements.
2.2. CSI-RS based interference measurements

Interference measurements can be enabled based on CSI-RS, similar to CRS and legacy receivers need to support new measurements, which may not be a big issue. CSI-RS are also sparse in frequency and time. The channel estimate is considerably less accurate than that obtained on CRS, but sufficient for CSI purposes (PMI/CQI feedback). However, interference estimated will be much worse, even if appropriately defined, since estimation accuracy is usually related to the accuracy of channel estimates and is expected to show large bias especially at low and high SNRs with poor channel estimates. This could be even more of a problem, if measurement is performed on individual sub-bands with no sufficient averaging of estimates, potentially leading to significant loss of performance with subband CQI modes.
Additionally, CSI-RS in one cell may be configured with corresponding zero-power CSI-RS in other cells to improve channel estimated at CoMP UEs, which could result in under-estimating the actual interference. 

CSI-RS based interference measurement can be highly inaccurate and potentially unusable for subband based interference measurements.
2.3. DMRS based interference measurements

One other alternative is to consider, DMRS based interference measurements, which reflect PDSCH performance well. Such measurements may be used along with a CQI that is defined for DMRS. However, an associated problem is that a UE has to wait for an allocation to derive measurements and also may not be able to estimate interference over the whole band or an arbitrary transmission scheme. In addition, though the estimates are accurate, the interference could very well change in future transmissions, unless specifically controlled by the scheduler. So in our view, these measurements can at best only supplement other measurements based on common RS.
3. Possible Solutions

Since CQI feedback is anyway limited by the accuracy of CSI-RS based channel estimates, we do not need to define resource for interference measurements that are sent more often or with more density than CSI-RS. One possibility is to define new resources, which target addressing the estimation accuracy issue, while providing a good reference for 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.
Study options for new reference for interference measurements and possibly configuring them independently from both CRS and CSI-RS configured for channel measurements
4. Conclusions

Based on the discussion, we summarize the following observations and proposal,

i) The current assumption on interference measurements based on CRS is sufficient for Rel-10 operation. However, the CRS based measurements could provide mismatched reference in some configurations and limit the flexibility going forward.

iii) CSI-RS based interference measurement can be highly inaccurate and potentially unusable for subband based interference measurements. 
iv) Study options for new reference for interference measurements and possibly configuring them independently from both CRS and CSI-RS configured for channel measurements
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