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1. Introduction
In 3GPP RAN1#86 meeting, interference enhancement for LTE was discussed and the following conclusions were made:
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, interference measurement enhancement based on eNB emulated intra-cell interference will be discussed. To reduce the overhead of CSI-IM resource for measuring various intra-cell interference hypotheses, usage of aperiodic CSI-IM is proposed.
2. Discussion
Performance of enhanced interference measurement was evaluated and gain can be observed from a number of contributions submitted to 3GPP RAN1#86 meeting [1-4].
In our previous contribution [5], interference measurement enhancement based on eNB emulation was discussed. By eNB emulation, a UE is configured with a CSI-IM, and on the CSI-IM, eNB transmits certain signal to emulate interference from co-scheduled UEs. For eNB emulation of intra-cell multi-user interference, CSI-IM has to be UE-specifically configured, and for each intra-cell interference hypothesis a dedicated CSI-IM is needed. The interference measurement resource of a UE under MU-MIMO hypothesis needs to be configured as a zero-power CSI-RS resource for another UE not under the same MU-MIMO hypothesis for the purpose of PDSCH rate mating. As CSI-IM and zero-power CSI-RS are both RRC configured, in order to achieve sufficient system flexibility the ZP-CSI-RS needs to be configured sufficiently large. This creates excessive system overhead as the number of intra-cell interference hypothesis grows exponentially with the number of candidate UEs and MU-MIMO hypothesis. With periodic CSI-IM for each UE’s possible interference hypothesis, CSI-IM alone will cost a great amount of system resources.
Aperiodic CSI-IM can be considered to reduce system overhead. A UE is configured with M (M >= 1) CSI-IM configurations, but it does not update interference measurement unless a dynamic signaling is received. In other words, UE assumes the configured CSI-IM is not present unless dynamically signalled by the eNB. With M > 1, dynamic signaling also needs to indicate UE on which CSI-IM the UE shall measure interference. By this way, a CSI-IM could be efficiently shared among multiple UEs by time domain multiplexing, which translates to significantly lower CSI-IM overhead and ZP-CSI-RS overhead. 
When a measurement is triggered for a UE, eNB transmits emulated interference signal on the indicated CSI-IM aligned with desired intra-cell interference hypothesis. Different emulated interference can be transmitted in different subframes on the same CSI-IM instead of on two separate CSI-IM. An example with M = 1 is given in Figure 1. Two UEs share one RRC configured CSI-IM. At an instance of CSI-IM, UE1 or UE2 is triggered to measure interference. It is also possible that both UE1 and UE2 are triggered if the intra-cell interference hypothesis needs to be measured by the two UEs happens to be the same. When none of the UE is triggered, the CSI-IM is not present. 
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Figure 1: CSI-IM shared between two UEs
If the two UEs need to measure interference with different hypothesis simultaneously, one of the UE will have to wait for the following instance of CSI-IM resulting delay in CSI reporting. To alleviate this problem, M > 1 CSI-IMs can be configured.

An example with M = 4 can be found in Figure 2. Four CSI-IMs are configured for a UE by RRC signaling, and at each measuring instance, one of the CSI-IM is selected and indicated to the UE. 
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Figure 2: CSI-IM configuration for interference measurement
Proposal:
· Aperiodic CSI-IM should be supported to facilitate eNB emulation of intra-cell interference.
· A UE is configured with M (M >= 1) CSI-IM, and dynamic signaling is sent to indicate UE on which CSI-IM the UE shall measure interference.
3. Conclusions
In this contribution, interference measurement enhancement based on eNB emulated intra-cell interference is discussed. To reduce the overhead of CSI-IM resource for measuring various intra-cell interference hypotheses, aperiodic CSI-IM is considered and based on the discussion the following proposal is given:

Proposal:
· Aperiodic CSI-IM should be supported to facilitate eNB emulation of intra-cell interference.
· A UE is configured with M (M >= 1) CSI-IM, and dynamic signaling is sent to indicate UE on which CSI-IM the UE shall measure interference.
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