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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 Interference measurement in Rel-13 FD-MIMO
In Rel-8, 9, and 10, interference measurement has been to a large extent a UE implementation issue based on CRS. The inter-cell interference from neighbouring cells can be measured using different implementation methods such as assessing the interference level from excessive delay components of the serving cell’s CRS or directly measuring the CRS transmitted by the interfering cells. 
The CSI-IM introduced in Rel-11 is quite flexible in that the network can project any interference on the CSI-IM REs. For example, the network could project multi-user interference on the CSI-IM REs such that the UEs generate CSI while taking into account multi-user interference. However, in Rel-11, there is no restriction on the time interval over which interference measurement is taken on. Therefore, it is impossible for the eNB to know which interference projection was taken into account when a UE makes a CSI report. According to the such aspects, a Rel-11 CSI-IM resource allows to measure only one interference hypothesis. If we want to support beamformed CSI-RS, multiple interference hypothesis should be considered since adequate beam combination would be different for each transmission beam. As discussed above, Rel-11 CSI-IM supports only one interference hypothesis per CSI-IM resource and such multiple interference hypothesis may be burdensome in the sense of CSI-IM overhead. Considering such aspects, interference MR by using fixed one subframe window is introduced. 

In Rel-13, MR for interference measurement is introduced to efficiently utilize CSI-IM resource overhead. While its motivation is quite different, MR can also be used to estimate multi-user hypothesis in conjunction with CSI-IM. For example, the network could reflect multi-user interference into CSI-IM resource in the specific subframe and UE could measure/report MU-CQI in transparent manner. Considering its minimum transmission periodicity (5ms), interference measurement with an CSI-IM and MR allows consideration of only one multi-user hypothesis per 5ms. Thus, it is highly likely that there will be discrepancy in the measurement and the actual multi-user spatial multiplexing channel status. Such mismatch may be alleviated via multiple CSI processes, but it requires multiple times of uplink overhead and may limit possible performance benefits for application such as CoMP.

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. However, it should be noted that capability of advanced CSI reporting requires high degree of UE hardware complexity and reporting overhead. Considering such aspects, support of advanced CSI reporting may not be possible for some Rel-14 UEs and simple and effective enhancement to measure inter-user interference is needed.
Observations: 
· Periodic CSI-IM supports only one interference hypothesis per CSI-IM resource and such multiple interference hypothesis may be burdensome in the sense of CSI-IM overhead.

· MR can also be used to estimate multi-user hypothesis in conjunction with CSI-IM, however, it allows only one hypothesis per 5ms considering its minimum transmission periodicity.

· Advanced CSI reporting may help to estimate inter-user interference, however, supporting advanced CSI reporting may be limited due to hardware complexity and reporting overhead.

Proposal: 
· Support enhanced interference measurement to improve measurement efficiency and accuracy as well as increase the available resources.
3 Enhanced interference measurement based on aperiodic CSI-IM
A possible enhancement for interference measurement is to allow interference measurement by allocating CSI-IM in aperiodic manner. As discussed above, CSI-IM allows simple interference measurement and is already equipped in the legacy UEs. In contrast to other interference enhancements (e.g. NZP CSI-RS based solution), CSI-IM based solution can provide benefits on measuring MU hypothesis in conjunction with relatively low implementation efforts regarding legacy UE implementation with periodic CSI-IM. Considering such aspects, supporting aperiodic CSI-IM is preferred for interference measurement enhancement.

Observation: 
· Aperiodic CSI-IM can provide benefits on measuring MU hypothesis in conjunction with relatively low implementation efforts regarding legacy UE implementation with periodic CSI-IM.
Proposal: 
· Support aperiodic CSI-IM for interference measurement enhancement.
Figure 1 shows an exemplary operation of aperiodic CSI-IM transmission and corresponding CSI reporting. 
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Figure1 Exemplary operation of aperiodic CSI-IM and corresponding CSI reporting
In this example, aperiodic CSI-IM transmission is considered. For the convenience, in the figure 1, periodic CSI-IM and aperiodic CSI-IM are illustrated as IMR1 and IMR2, respectively. When UE is not configured with aperiodic CSI-IM, UE can report its CSI assuming interference which is measured in periodic CSI-IM. However, if the aperiodic CSI-IM is allocated, eNB can dynamically configure a UE to report CQI based on the preferred PMI and the allocated CSI-IM. In order to support such operation following enhancement should be considered:

· Independent resource configuration of aperiodic CSI-IM from CSI-process

If we provide configuration of CSI-IM in CSI-process configuration, then the configured CSI-IM can provide interference measurement only for the configured CSI-process. On the other hand, independent CSI-IM configuration will allow selection of CSI-IM among the shared resources and provide efficient interference measurement with optimized overhead.
· Dynamic selection of aperiodic CSI-IM by DCI
In order to support dynamic selection of resource, indication via DCI is preferred. Since the resource will be allocated in aperiodic manner, supporting aperiodic CSI-IM in only aperiodic CSI reporting will be beneficial. Regarding such aspects, uplink DCI format (e.g. DCI format 0 or 4) is preferred for the indication of aperiodic CSI-IM. 

Observations: 
· Resource sharing of aperiodic CSI-IM among the CSI process can provide efficient interference measurement with optimized overhead. 

· For aperiodic CSI-IM, dynamic selection of resource is beneficial.
· Since aperiodic CSI-IM will be allocated in aperiodic manner, supporting only aperiodic CSI reporting is suitable.
Proposals: 
· Support independent resource configuration of aperiodic CSI-IM.

· Support dynamic triggering by uplink DCI format (e.g. DCI format 0 and 4).
4 Conclusion
This contribution has discussed on enhanced interference measurement based on aperiodic CSI-IM. In this contribution, we draws following observations and proposals:
Observations: 
· Periodic CSI-IM supports only one interference hypothesis per CSI-IM resource and such multiple interference hypothesis may be burdensome in the sense of CSI-IM overhead.

· MR can also be used to estimate multi-user hypothesis in conjunction with CSI-IM, however, it allows only one hypothesis per 5ms considering its minimum transmission periodicity.

· Advanced CSI reporting may help to estimate inter-user interference, however, supporting advanced CSI reporting may be limited due to hardware complexity and reporting overhead.
· Aperiodic CSI-IM can provide benefits on measuring MU hypothesis in conjunction with relatively low implementation efforts regarding legacy UE implementation with periodic CSI-IM.
· Resource sharing of aperiodic CSI-IM among the CSI process can provide efficient interference measurement with optimized overhead. 

· For aperiodic CSI-IM, dynamic selection of resource is beneficial.
· Since aperiodic CSI-IM will be allocated in aperiodic manner, supporting only aperiodic CSI reporting is suitable.
Proposals: 
· Support enhanced interference measurement to improve measurement efficiency and accuracy as well as increase the available resources.
· Support aperiodic CSI-IM for interference measurement enhancement.

· Support independent resource configuration of aperiodic CSI-IM.

· Support dynamic triggering by uplink DCI format (e.g. DCI format 0 and 4).
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