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1. Introduction
In RAN1#NR-AdHoc meeting, WFs on the interference measurement for NR [1] were discussed and agreed as follows:
	Agreements:
· For NR, support at least two types of resources used for interference measurement in CSI configuration based on the following candidates:
· ZP CSI-RS, NZP CSI-RS, DMRS
· Including independent or joint usage of any combination of the above three candidates
· Selection is to be done in RAN1#88



In this contribution, we discuss the views on interference measurement for NR-MIMO.
2. Interference types considering multi-beam operation 
Cross-link interference is agreed to be considered in RAN1 #87 as one of the types of interference to be considered in NR. The interference type can be occurred in TDD case, that DL transmission to a UE can be interfered by the UL transmission of the UE in adjacent cell. Considering that UL beamforming is introduced in NR, this interference can be more significant than LTE environment. Figure 1 depicts the cross-link interference.
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Figure 1. UE-to-UE cross-link interference
Therefore, IMR for the UL interference measurement should be considered for NR IMR design, such as UL IMR configured on the UL subframes, separated from DL IMR. In addition, cross-link beam management should also be taken into account in NR MIMO designs.
Proposal 1: Interference measurement method for the cross-link interference is introduced in NR.

3. Discussion on interference feedback method
Measured interference is typically included in the CQI calculation as a form of measured interference power. It does not require additional feedback and can reflect the UE-side interference rejection capability. This approach may have limitation on reflecting multiple interference hypotheses, so that it can be extended in a straightforward way by reporting multiple CQIs with different interference hypotheses. In this approach, TRP-side interference handling may be limited due to the lack of interference information. 
For another approach, measured interference information can be reported separately from CSI for serving TRP/beam. Both explicit and implicit feedback can be considered. For example, estimated interference channel, power, and/or preferred/non-preferred precoder information for interfering TRP/beam can be reported implicitly. It can be used for the active interference cancelation at the TRP or UE side, such as ZF precoding, and also be used as the desired channel for other TRP transmission when it comes to DPS operation as well. In the case of interference power reporting, interference power for various combinations of serving TRP(s) and interfering TRPs can be computed at the TRP side.
Abovementioned approaches, however, should be addressed and compared carefully by taking increased feedback overhead and CSI computation complexity into account.
Observation 1: Interference feedback methods seems to be needed for multiple interference hypotheses in NR. Required amount of feedback and CSI computation should however be taken into account.

4. Discussion on interference measurement methods
For interference measurement resource (IMR), ZP-CSI-RS based IMR and NZP CSI-RS based IMR can be considered. Interference for ZP-CSI-RS based IMR can be formed from actual data transmission at the IMR. Basically, semi-static interference hypotheses for large number of UEs in average-sense can be measured at the IMR. Also, for the purpose of MU-CQI, gNB can intentionally transmit hypothetical MU interference at the IMR. Interference power measurement based on ZP-CSI-RS based IMR is used in LTE and seems to be appropriate at least for the single beam based operations (e.g. below 6GHz operations).
As another method for interference measurement, NZP CSI-RS based IMR can be considered. For example, UE can cancel its NZP CSI-RS at NZP CSI-RS RE and measure residual signal power as interference. In this method, depending on channel estimation accuracy, a residual power of its NZP CSI-RS after cancellation can be treated as interference so that the interference estimation accuracy of this should be carefully studied. As another approach, TRP can configure UE with not only NZP CSI-RS for desired channel measurement but also one or multiple NZP CSI-RSs for interference channel measurement. With this NZP CSI-RS, UE can report measured interference channel or power as explained above to fully utilize NZP-CSI-RS based IMR measurement. When NZP CSI-RS is used for interference measurement, ZP CSI-RS can also be configured to compute interference jointly. For example, ZP CSI-RS can be used for inter-cell interference measurement and NZP CSI-RS can be used for intra-cell interference measurement (e.g. inter-TRP interference having same cell ID). Additional RS overhead, feedback overhead and performance enhancement should be carefully studied in these approaches.
Proposal 2: ZP-CSI-RS and NZP-CSI-RS based IMR are used for NR interference measurement resource. Joint use of ZP-CSI-RS and NZP-CSI-RS can also be considered. 

For frequency granularity of NR CSI reporting, three frequency granularities – wideband, partial band, subband – are agreed to be considered in RAN1 #87. From IMR perspective, at least wideband and partial band can be considered for NR, similarly to the CSI-RS design.
· Wideband for IMR: Wideband size is determined by UE capability of transmitting/receiving UL/DL signal. Location of wideband could be configurable by network.
· Partial band for IMR: Partial band size is configurable by network or determined by numerology or scheduling time unit.
· Partial band size is smaller than or equal to wideband size.
From the perspective of CSI measurement, wideband IMR can be a natural choice to support both wideband and subband interference measurement simultaneously. In addition, partial band IMR also needs to be considered at least for the cases where different services are multiplexed within a band so that interference condition can be different. Since RS setting and IM setting is merged to ‘resource setting’, there would be no limitation to resource setting for IM in terms of frequency granularity.
Proposal 3: Support wideband and partial band for both NZP-CSI-RS and ZP-CSI-RS based IMR. 

To provide one-shot interference measurement, three alternatives including aperiodic IMR and dynamic or semi-static interference MR for semi-persistent/periodic IMR were listed in RAN1 #87. For one-shot measurement, aperiodic IMR is desirable in terms of resource flexibility. Interference measurement restriction for periodic/semi-persistent IMR could be still considerable in terms of reducing DL control signaling for the systems having more stability on traffic/services. Semi-persistent and periodic IM will also be needed in NR in addition to the one shot measurement based IM for more stable interference channel environments. 
Proposal 4: Support aperiodic, semi-persistent, and periodic IMR in NR.
Proposal 5: Further study is needed whether we need MR ON/OFF mechanism for semi-persistent/periodic IMR. 

5. Conclusion
This contribution discussed views on interference measurement and reporting for NR-MIMO. Following observations and proposals are given, based on the discussion:
Observation 1: Interference feedback methods seems to be needed for multiple interference hypotheses in NR. Required amount of feedback and CSI computation should however be taken into account.

Proposal 1: Interference measurement method for the cross-link interference is introduced in NR.
Proposal 2: ZP-CSI-RS and NZP-CSI-RS based IMR are used for NR interference measurement resource. Joint use of ZP-CSI-RS and NZP-CSI-RS can also be considered. 
Proposal 3: Support wideband and partial band for both NZP-CSI-RS and ZP-CSI-RS based IMR. 
Proposal 4: Support aperiodic, semi-persistent, and periodic IMR in NR.
[bookmark: _GoBack]Proposal 5: Further study is needed whether we need MR ON/OFF mechanism for semi-persistent/periodic IMR. 
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