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Introduction
In RAN1#86, the following conclusions were made on interference measurement enhancement in Rel-14 [1]:
Conclusions:
· Whether the need of interference measurement enhancement in Rel-14 shall be decided in next meeting. 
· If needed, one or more schemes shall be supported in Rel 14.  Possible schemes are:
· Definition and configuration of a new type interference measurement 
· Interference measurement is based on cancellation of intended signals
· Both inter-cell and intra-cell interference should be captured
· FFS NZP CSI-RS or DMRS as CSI-IM or PDSCH
· Definition and configuration of a new type interference measurement
· Only intra-cell interference to be measured using NZP
· Aperiodic CSI-IM, based on 
· The existing CSI-IM
· The new CSI-IM type (see above, if specified).
· New UE measurement behavior for CQI reporting based on DMRS ports when corresponding PDSCH is transmitting.
· If needed, L1/RRC signaling to assist UE interference measurement
· Other schemes are not excluded.

In this contribution, we discuss the needs and the challenges with interference measurement enhancements in Rel-14.
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In [2], we have shown that with ideal interference measurement and zero CSI feedback delay, about 10% of UE throughput gain with legacy codebook based feedback and about 20% gain with advanced CSI feedback.  These results represent the upper bound performance with interference measurement enhancements under ideal conditions.
One challenge of measuring intra-cell interference resulting from co-scheduled users in MU-MIMO is that the interference is generally not present at the time of measurement and thus some kind of assumptions about the interference must be made. Generally, a UE does not know which UE(s) it is going to be co-scheduled with during the time of interference measurement.  Hence, multiple hypotheses of the interference are needed.  

A TM10 UE could be configured with multiple CSI-IMs, each for a particular intra-cell interference hypothesis. This could be done by configuring multiple CSI processes with the same CSI-RS but different CSI-IMs. Depending on the UE capability, up to 4 CSI processes can be configured for the purpose and thus up to 4 interference hypotheses can be supported. Unlike in the inter-cell interference measurement case where CSI-IM could be shared by multiple UEs, the CSI-IM here needs to be UE specific as the MU-MIMO interference would be different for different UEs. 
When a large number of UEs are present in a cell, that’s generally the case where MU-MIMO is beneficial.  However, the CSI-IM overhead will also be high in this case. Another problem with this approach is that only a very small numbers of co-scheduling hypotheses are possible since each UE is limited to at most 4 interference hypotheses.

Observation 1:  There are some potential performance gains with ideal interference measurements and ideal link adaptation. However, how to practically achieve some of the gains remains a challenge.


Aperiodic CSI-IM has been discussed by some companies (e.g. [3] [4]) as a mean for overhead reduction by dynamically sharing a pool of CSI-IM resources.  However, it is unclear how this will solve the problem.  In addition, we know that even for aperiodic CSI-RS, there are still many unresolved issues such as PDSCH rate matching. Introducing aperiodic CSI-IM would further complicate the Rel-14 design with the benefits yet to be proven.
Another proposal was to use colliding NZP CSI-RS [5] in which the contribution of the serving cell is subtracted from the total measured signals and the remaining signals are treated as interference. However, for Class A non-precoded CSI-RS, even if the desired signal could be perfectly removed, the remaining signals do not necessarily reflect the real PDSCH interference. This is because the interfering PDSCH is precoded while NZP CSI-RS may not be precoded.  For Class B with precoded CSI-RS, the interference captured would include interference contributions from all other beams and cells. It is unclear how the actual interference can be accurately measured if only a subset of the beams are taken into account in MU-MIMO transmission to a UE. In addition, it is shown in [6] that channel estimation errors can degrade the accuracy of interference measurement in the frequency selective channels significantly.
Measuring interference over DMRS was also discussed by some companies (e.g. [7] ) in which interference could be emulated on the other DMRS ports and measured by a UE. However, DMRS is only transmitted on the bandwidth over which a PDSCH is scheduled, which means the interference measurement can be done over only a subset of RBs and subframes where a PDSCH is scheduled. Only 3% mean and 9% cell edge gain were observed in the results presented in [7].
Interference measurement is a complex topic and needs to be carefully studied.  So far there is a lack of simulation evaluation with non-ideal assumptions in general to understand and justify some of the proposals. 
Observation 2: There is a lack of simulation studies on the various proposals for interference measurement enhancements.  Aside from the complexity of standardization, it is unclear what practical performance gains can be achieved.

Given the potential performance gain with interference measurement enhancements, the complex nature of the topic and the lack of simulation results so far, we have the following proposal:
Proposals:
· Interference measurement enhancement is not supported in Rel-14 
· Further study practical interference measurement enhancement in a later release
Conclusion
In this contribution, we have discussed the challenges and the various proposals for interference measurement enhancements. Based on the discussion, we have the following observations and proposals:
Observation 1:  There are some potential performance gains with ideal interference measurements and ideal link adaptation. However, how to practically achieve some of the gains remains a challenge.
Observation 2: There is a lack of simulation studies on the various proposals for interference measurement enhancements.  Aside from the complexity of standardization, it is unclear what practical performance gains can be achieved.
Proposals:
· Interference measurement enhancement is not supported in Rel-14 
· [bookmark: _GoBack]Further study practical interference measurement enhancement in a later release
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