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1. Introduction
In RAN1#86 meeting, WFs on the interference measurement in NR [1][2] is discussed and agreed as follows:
	Agreements:
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
· The implicit CSI feedback methods should be studied in NR
· Codebook design
· Interference measurement based on interference measurement resource which could be one or more of the following options
· ZP CSI-RS (if supported) 
· NZP CSI-RS (if supported)
· DMRS (if supported)
· Other resources are not precluded
· CSI feedback based on DMRS (if supported)
· The explicit CSI feedback methods should be studied in NR
· Feedback of channel covariance matrix
· Feedback of channel matrix 
· Feedback of  channel eigenvector
· Both quantized and unquantized/analog feedback
· Other methods are not precluded
· CSI measurement and reporting with the following components should be studied in NR
· Wideband/long-term CSI
· Subband/short-term CSI
· Explicit CSI
· Implicit CSI
· Configuration of the above components individually or jointly is FFS

Agreements:
Study aperiodic CSI reporting in conjunction with aperiodic RS transmission:
· Dynamic indication of aperiodic RS and interference measurement resource including
· Aperiodic RS for channel measurement for CSI reporting
· Aperiodic interference measurement resource for interference measurement,  including using non-zero/zero power RS, demodulation RS;
· Resource pool sharing for aperiodic channel and interference measurement resources
· Study the timing requirement among aperiodic RS triggering, CSI reporting triggering, aperiodic RS transmission, and CSI reporting.  
· Timing between CSI triggering and aperiodic RS transmission X
· Timing between aperiodic RS transmission and CSI reporting Y
· Notes: Consider the single triggering for RS transmission and CSI reporting;
· Others are not precluded
· Note: aperiodic triggering doesn’t preclude on-demand (using activate/release mechanism) triggering 
· Study aperiodic CSI reporting in conjunction possibly with aperiodic RS (e.g. one-shot, multi-shot RS) transmission
· Aperiodic RS can be used for CSI measurement including channel measurement (e.g. using CSI-RS) and/or interference measurement (e.g. using IMR)
· Study on demand UE measurement/reports and TRP RS transmission for CSI measurement only when needed 
· Study aperiodic CSI procedure to support CSI triggering, CSI measurement and CSI feedback in certain time interval(s).  These three steps can happen in the same or different time interval.
· Study aperiodic CSI procedure using RS for CSI measurement e.g. CSI-RS, demodulation RS.
· Others are not precluded


In this contribution, we discuss the interference measurement method for NR.
2. Interference types considering multi-beam operation 
Considering analog beamforming in NR, there would be three types of interference to be considered. Figure 1 depicts the interference types explained below.
A. Inter-beam interference: One type of the intra-TRP interference, and it is a new type of interference to be considered. It represents the interference between different analog beams from the same TRP, where the beams can be originated from different antenna panels. This type of interference can be controlled by serving TRP.
B. MU interference: Another type of the intra-TRP interference. This interference is originated by transmitted signal for co-scheduled UE(s) within the same analog beam. Since higher order MU-MIMO can be considered in NR, the impact can be more severe than LTE. Note that simultaneous transmission to the UEs on different analog beams are treated as inter-beam interference. This type of interference can be controlled by serving TRP as well.
C. Inter-TRP interference: In case of single beam operation, this corresponds to conventional inter-cell interference. If neighbor TRP operates with multiple beams, each beam can cause different interference so that it increases the number of interference sources. In addition, as explained above, analog beam at the same TRP can act like separate aggressors in NR environment, thus the number of aggressors is expected to be much larger than LTE case. This interference can also be considered as inter-beam interference, except that the interference from beams of interference TRP may not be controlled by the serving TRP.
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Figure 1. Interference types for NR-MIMO
These three types of interference have to be considered in NR, considering the different characteristics among interference types, e.g. the interference controllability by the serving TRP. Direction of analog beam may change on subframe-level, and interference measurement method to track those changes of interference may be required, for inter-beam and inter-TRP types.
Proposal 1: Inter-beam, MU, and inter-TRP interference should be considered in NR

In the view of interference measurement structure, it would be better to be transparent to UE that which type of interference is measured. If UE-transparent interference measurement structure is defined, configuration overhead for interference measurement can be reduced. Configuration of resource or RS for interference measurement should be flexible by considering forward compatibility.
Proposal 2: Interference measurement structure is desired to be agnostic to interference type.

3. Discussion on interference measurement methods
For interference measurement, we can consider the following two approaches: interference power measurement and interference channel measurement. Interference power measurement based on IMR is used in LTE and proved to work well for inter-cell interference, and is expected to be appropriate at least for the single beam based operations (e.g. below 6GHz operations). One good characteristic of this approach is that interference environment can be transparent to UE. Interference can be originated from any physical signal or channel. UE simply measure the interference power on the IMR, without regard to the interference environment that how many the interference sources are, or which TRP cause the interference. In the cases where interference power from each TRP is expected to be similar, single IMR based interference measurement can be sufficient. Ideally, however, one IMR is required per interference hypothesis so that IMR overhead increases as the number of interference hypotheses is increased. Note that the sum of interference power measured from different IMR can be different from the interference power measured from an IMR where the same combination of interferences are superposed. For that reason, the number of interference hypotheses can increase exponentially as the number of candidate interference sources increases in case of IMR based IM. 
With interference channel estimation, e.g. from CSI-RS transmitted from neighbor TRP, receiver and transmitter techniques for active cancellation of interference may be enabled. Therefore, this approach is adequate to dynamically controllable interference, such as intra-TRP. With this approach, multiple interference assumption can be supported by summing individual interference channel so that relatively smaller number of interference measurement may be required compared with IMR based IM in the case of large number of interference hypotheses. Though interference channel measurement based approaches have some potentials in NR, this approach may require heavy computation for UE in case of large number of CSI-RS ports from neighbor cell. Also, MIMO precoding assumption may be needed to reflect interference to CQI which may not be matched to the actual precoding. More importantly, channel estimation performance could be poor since signal strength from other beams/TRPs is more likely to be much weaker than that from serving beam/TRP by considering that the performance is highly dependent on the channel estimation accuracy in case of advanced receiver/precoder applications.
From above observations, IMR based interference power measurement seems to be still preferable in terms of computation simplicity and robustness to estimation accuracy. However, interference channel estimation approach can also be considered for the cases of large number of interference hypotheses but with small number of antenna ports.
Observation 1: IMR based interference power measurement seems to be still preferable in NR. Interference channel estimation approach can also be considered and may have benefit in the case of large number of interference hypotheses but with small number of antenna ports.

4. Discussion on resource for interference measurement
Similarly to CSI-RS, aperiodic, periodic, and semi-persistent CSI-IM can be considered. Considering the CSI-IM transmission and measurement flexibility, on-demand based aperiodic IM seems to be essential for NR. It may accompany to aperiodic CSI-RS for interference measurement to calculate CQI. 
Periodic CSI-IM can be used with periodic CSI-RS. Its main purpose may be the long-term interference measurement. However, it can be deprioritized with the same reason as periodic CSI-RS, the overhead caused by periodic IMR and restricted forward compatibility and flexibility on resource utilization.
Semi-persistent CSI-IM can be the substitute for the periodic CSI-IM. Similarly to the semi-persistent CSI-RS, it can be measured periodically within a given time period determined by the enable/disable signaling, and allow long-term interference measurement.
CSI-IM can be configured independently with the CSI-RS. For example, aperiodic CSI-RS can accompany with semi-persistent CSI-IM. UEs can measure interference power averaged over CSI-IM duration, and with averaged result, CQI can be calculated with one-shot measurement with aperiodic CSI-RS. For another example, it is also possible that aperiodic CSI-IM is used with semi-persistent (or periodic) CSI-RS by multiple triggering, for CQI calculation with different interference assumption.
Proposal 3: Consider aperiodic/periodic/semi-persistent resource for interference measurement.
Proposal 4: Consider independent configuration of resources/signals for interference measurement and CSI measurement.

5. 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 is 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 can be reported explicitly to TRP, or preferred/non-preferred precoder information for interfering TRP/beam can be reported implicitly. This additional feedback information can enable TRP-side handling of interference. 
Abovementioned approaches, however, should be addressed and compared carefully by taking increased feedback overhead and CSI computation complexity into account.
Observation 2: 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.

6. Conclusion
This contribution discussed the interference measurement method for NR-MIMO. Following observations and proposals are given, based on the discussion:
Observation 1: IMR based interference power measurement seems to be still preferable in NR. Interference channel estimation approach can also be considered and may have benefit in the case of large number of interference hypotheses but with small number of antenna ports.
Observation 2: 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: Inter-beam, MU, and inter-TRP interference should be considered in NR
Proposal 2: Interference measurement structure is desired to be agnostic to interference type.
Proposal 3: Consider aperiodic/periodic/semi-persistent resource for interference measurement.
[bookmark: _GoBack]Proposal 4: Consider independent configuration of resources/signals for interference measurement and CSI measurement.
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