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1 Introduction
In 3GPP RAN1#86 [1], following conclusions on interference measurement enhancement were made as follows: 

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.
This contribution discusses enhanced interference measurement based on aperiodic CSI-IM for Rel-14 eFD-MIMO.
2 Discussions on enhanced interference measurement based on NZP CSI-RS
A possible enhancement for interference measurement is to allow interference measurement by NZP CSI-RS. In this scheme, eNB allocates multiple CSI-RS resources in the identical NZP CSI-RS configuration with different scrambling identity. In the configured resource, eNB transmits multiple signals and UE can measure inter- and intra-cell interference by extracting its own signal. Due to the extraction, the resource can be shared to multiple UEs to measure the inter- and intra-cell interference. In addition to sharing resources, it may provide more accurate performance compared to legacy CSI-IM since it allows port level interference channel measurements (e.g. 8, 12 or 16 CSI-RS ports). 

However, NZP CSI-RS based interference measurement has several drawbacks. First drawback is UE complexity. In order to measure interference, UE should measure impulse response of interference channel as well as desired channel. For example, UE which is configured with 16 CSI-RS ports may measure another 16 CSI-RS ports for interference. Additionally, in impulse response level measurement, PMI selection cannot be considered. In class A and class B with K>1, UE selects and reports its preferred precoding which optimizes spatial multiplexing with channel quality information. Based on the reported precoding, eNB decides direction of data transmission and therefore beam direction can be changed compared to transmitted signal in NZP CSI-RS. For class B with K=1, eNB will transmits multiple UE-specific beams to NZP CSI-RS resource and therefore such difference will not occur. However, in such case, the performance benefits are doubted since it provides similar interference measurement method to legacy IMR. 

In addition to increment of UE’s implementation complexity, support of advanced CSI also needs to be considered. In RAN1#86 [1], specification support on advanced CSI reporting is agreed. In the advanced CSI reporting, reduced space of channel or enhanced W1 can be reported to eNB. Based on such enhanced information, prediction on inter-user interference can be estimated without limitation on precoding. However, advanced CSI has drawbacks on UE complecity. Since capability of advanced CSI reporting requires high degree of UE hardware complexity and reporting overhead, enhanced interference measurement scheme with relatively low UE complexity can be considered. However, NZP CSI-RS based scheme requires similar UE complexity due to impulse response measurement and self-signal reduction, but provides worse performance due to limited precoding assumptions.

One more aspects on NZP CSI-RS based interference measurement is measurement of inter-cell interference. In order to measure interference via NZP CSI-RS, resource overlapping of NZP CSI-RS between inter-cell is needed. However, such coordination of information is not provided in the current specification and it may reduce possible implementations for NZP CSI-RS based inter-cell interference measurement. 

Observations: 
· NZP CSI-RS based interference measurement may provide more accurate interference information to eNB considering increased number of CSI-RS ports and channel impulse response measurement of interference channel.

· NZP CSI-RS based interference measurement requires high UE complexity due to large number of CSI-RS ports and self-signal reduction.

· Advanced CSI reporting with reduced space of channel can provide higher performance than NZP CSI-RS based interference measurement with competitive UE complexity.

· For inter-cell interference measurement, possible implementation can be limited since coordinated information exchange between cells is not supported.
Proposals: 
· Evaluate the benefits of NZP CSI-RS based interference measurement compared to advanced CSI reporting and interference measurement enhancement schemes which requires relatively low UE complexity.
3 Conclusion
This contribution has discussed on NZP CSI-RS based interference measurement enhancement in Rel-14. In this contribution, the following observations and proposals are drawn:
Observations: 
· NZP CSI-RS based interference measurement may provide more accurate interference information to eNB considering increased number of CSI-RS ports and channel impulse response measurement of interference channel.

· NZP CSI-RS based interference measurement requires high UE complexity due to large number of CSI-RS ports and self-signal reduction.

· Advanced CSI reporting with reduced space of channel can provide higher performance than NZP CSI-RS based interference measurement with competitive UE complexity.

· For inter-cell interference measurement, possible implementation can be limited since coordinated information exchange between cells is not supported.

Proposal: 
· Evaluate the benefits of NZP CSI-RS based interference measurement compared to advanced CSI reporting and interference measurement enhancement schemes which requires relatively low UE complexity.
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