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1 Introduction
In 3GPP RAN#71, a new work item on eFD-MIMO was approved including new feedback methodologies in interference measurement enhancements for realizing efficient mutli-user spatial multiplexing (i.e. MU-MIMO) [1]. One of the key discussion points related to MU-MIMO is the specification support for channel state information (CSI) that allows the eNB to perform link adaptation when spatially multiplexing signals for different UEs. One possible way to provide the information is supporting CSI assuming various mulit-user hypothesis. This contribution discusses interference measurement for Rel-14 eFD-MIMO.
2 Interference measurement via MR (measurement restriction)
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 IMR(Interference Measurement Resource) introduced in Rel-11 is quite flexible in that the network can project any interference on the IMR REs. For example, the network could project multi-user interference on the IMR 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 IMR 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 IMR supports only one interference hypothesis per IMR resource and such multiple interference hypothesis may be burdensome in the sense of IMR 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 IMR resource overhead. While its motivation is quite different, MR can also be used to estimate multi-user hypothesis in conjunction with IMR. For example, the network could reflect multi-user interference into IMR 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 IMR 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.

Therefore, at least one additional feature to enhance interference measurement, especially for MU-MIMO scenario, will be beneficial.

Proposal 1: 
· Consider providing specification support for enhanced interference measurement to improve measurement efficiency and accuracy as well as increase the available resources 
3 Interference measurement enhancement for eFD-MIMO

A number of approaches for efficient interference measurement enhancement have been discussed in the past LTE releases, which can be a good starting point. Such proposals can be categorized as follows:
· Emulated interference

· Multiple IMR configuration for a single CSI-RS resource

· Aperiodic IMR allocation

Emulated interference

A possible approach is to use the CSI-RS measurements to generate emulated interference as described in [4] for CoMP. This approach is proposed to measure the interference considering different CoMP interference hypothesis. This approach can be used to support MU-MIMO operation to measure multi-user interference assuming a set of UE hypothesis. However, it is not clear how and whether the aggregation of interference measured from IMR and emulated interference is feasible and robust enough for multi-user transmission. Additionally, the proposed method in [4], seems to rely on a preconfigured set of interference assumptions. Since each UE has different optimized direction, possible combination for UE hypothesis can be a burden. For example, if we simply assume 10 UEs in a cell and 2 UE co-scheduling, there will be 45 hypothesis. Also, it should be noted that more consideration would be needed in actual network due to variations in number of supported co-scheduled MU-MIMO UEs. Additionaly, PC should be considered for the support of emulated interference. In real network, eNB can configure PC to control UE’s aggressiveness on CSI reporting. In this case, configured PC may have different value with its definition and may induce some CQI mismatch when emulated interference is considered in interference measurement.

Multiple IMR configuration for a single CSI-RS resource

Compared to the legacy single IMR approach, in the multiple IMR approach, the network may configure the multiple IMRs for one CSI-RS resource. Figure 1 shows an example of multiple IMR configuration and corresponding reporting example.
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Figure 1 Example of multiple IMR configuration and corresponding reporting example
In this example, 3 IMRs are considered within a CSI process. For each CSI reporting, eNB can configure different combination of IMRs. If we assume 4 UEs and eNB transmit interference for UE 2, 3 and 4 for each IMR1, IMR2 and IMR3, then UE can measure inter-user interference with different MU hypothesis with different combination of aggregated IMR resources. Considering flexibility of IMR and measurement restriction, this alternative can support various MU hypothesis However, this alternative requires additional IMR resources and such overhead may degrade system performance.
Aperiodic IMR allocation

An alternative to the above solution is to allocate aperiodic IMR. Figure 2 shows an example of aperiodic IMR transmission and corresponding CSI reporting. 
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Figure 2 Example of aperiodic IMR and corresponding reporting example
In this example, aperiodic IMR transmission is considered. For the simplicity, in the figure 2, IMR1 and IMR2 stand for periodic IMR and aperiodic IMR, respectively. When UE is not configured with aperiodic IMR, UE can report its CSI assuming interference which is measured in periodic IMR. However, if the aperiodic IMR is allocated, eNB can dynamically configure a UE to report CQI based on the preferred PMI and the allocated IMR. 
Proposal 2: 
· Study Pros and Cons of candidate schemes for interference measurement enhancement.

4 Conclusion
This contribution has discussed on interference measurement enhancement in Rel-14. In this contribution, the following is proposed:
Proposal 1: 
· Consider providing specification support for enhanced interference measurement to improve measurement efficiency and accuracy as well as increase the available resources.
Proposal 2: 
· Study Pros and Cons of candidate schemes for interference measurement enhancement.
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