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1. Introduction
In RAN1#89 meeting, WFs on the interference measurement for NR [1] were discussed and agreed as working assumption as follows:
	Working assumption:
· Support at least NZP CSI-RS based interference measurement 
· select at least one of following scheme
· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· Aim to conclude whether to support one of them or both in the next RAN1 meeting
· FFS whether or not to support signaling of power boosting for NZP CSI-RS
· Other schemes are not precluded

· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting
· Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)



In this contribution, we discuss the views on interference measurement for NR-MIMO.

2. Discussion on interference measurement methods
For interference measurement resource (IMR), ZP CSI-RS based IMR is agreed to be supported, and the support of NZP CSI-RS is currently a working assumption, while DMRS based IMR is still an open issue. In previous meeting, following schemes about the NZP CSI-RS based IMR are listed as candidates.
· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
In our view, ZP CSI-RS based IMR is very flexible and efficient so that another method should be complementary to ZP CSI-RS based IMR to avoid excessive increase of UE implementation complexity. Considering various interference scenarios to be considered such as MU or CoMP, flexibility can also be considered as one of the critical characteristics for another IMR type other than ZP CSI-RS based IMR. From that perspective, NZP CSI-RS based IMR seems to be appropriate because NZP CSI-RS resource(s) will be configured to UE to measure each TRP’s channel(s) anyway, while maintaining the flexibility for IMR.
Scheme-1 may be supported without specification impact, since UE can perform such operation if no IMR is configured to the UE. This scheme may suffer from inaccurate channel estimation due to the interference, therefore method to provide sufficient channel estimation accuracy may be needed. If multiple NZP CSI-RS resources are configured and UE selects one or more of them for CQI reporting, e.g. LTE Class-B like operation, interference needs to be measured on the selected CSI-RS resource(s) only. 
Scheme-2 can be applied for non-precoded and/or beamformed NZP CSI-RS. For example, for the purpose of calculating MU-CQI, gNB can intentionally transmit hypothetical MU interference with beamformed NZP-CSI-RS. Both port-wise and resource-wise configuration of IMR can be considered, and for port-wise IMR configuration, each CSI-RS port can represent either channel or interference for simple and efficient CQI calculation. Joint use of port and resource-wise IMR configuration can be considered for hybrid operation as well.
DMRS based interference measurement seems not appropriate for interference measurement method. DMRS based interference measurement is available only when previous DL PDSCH assignment exists so that the utilization of it is restrictive in terms of timing and resource availability. In addition, interference measurement accuracy may not be guaranteed due to the possible mismatch of the number of MU layers or MU beam pairs.
Proposal 1: Both scheme-1 and scheme-2 are supported for NZP CSI-RS based IMR for NR.

In NR, partial band CSI-RS is agreed to be supported in addition to wideband CSI-RS. From IMR perspective, at least wideband and partial band should also be supported, similarly to the CSI-RS design.
· Wideband for IMR: Wideband size is determined by UE RF 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 FDMed within the wideband so that interference can be different for each part of band.
Proposal 2: Support both wideband and partial band IMR. 

For IMR, aperiodic and periodic ZP-CSI-RS based IMR is agreed to be supported in RAN1#88. Aperiodic ZP-CSI-RS based IMR is beneficial in terms of reflecting dynamic nature of interference and flexible usage of DL/UL resources, i.e., avoid ‘always-on’ resource reserved per UE basis. Periodic ZP CSI-RS based IM is beneficial in terms of interference measurement accuracy by allowing time averaging on rather stable interference environments and no necessity of dynamic signaling. In the similar context to the periodic ZP CSI-RS based IMR, semi-persistent ZP CSI-RS based IMR is beneficial on stable interference situation but gives more flexibility on the usage of resources by dynamic activation and deactivation. This feature is an essential part in NR to support forward compatibility and dynamic multiplexing of different services. It is also important in the aspect of supporting flexible and dynamic TDD operations. In addition, especially if semi-persistent reporting is configured to UE with semi-persistent NZP CSI-RS for channel measurement, it is quite natural to configure IMR semi-persistently as well rather than periodically or aperiodically. Therefore, semi-persistent ZP CSI-RS based IMR should be supported in NR, which is currently a working assumption.
Proposal 3: Confirm the working assumption: Support semi-persistent ZP CSI-RS for interference measurement.

With regard to relating different types of NZP CSI-RS for channel measurement and ZP CSI-RS for interference measurement, all possible combinations of NZP CSI-RS and ZP CSI-RS should be supported as a baseline to accommodate different usage scenarios of them. For example, aperiodic IMR can be associated with aperiodic, semi-persistent, or periodic NZP CSI-RS for channel measurement according to different usage of CMR (channel measurement resource). Therefore, triggering/activation/deactivation of IMR and NZP CSI-RS resource for channel measurement should be able to be done independently. On top of that principle, we may also need to consider how to optimize control signalling (e.g. via joint triggering). 
Proposal 4: All possible combinations of CMR(channel measurement resource) and IMR in terms of time-domain behavior should be supported as a baseline. Triggering/activation/deactivation of IMR and CMR should be able to be done independently. Consider further whether/how to support joint triggering/activation /deactivation of CMR and IMR.

3. Conclusion
This contribution discussed views on interference measurement for NR-MIMO. Following proposals are given, based on the discussion:
Proposal 1: Both scheme-1 and scheme-2 are supported for NZP CSI-RS based IMR for NR.
Proposal 2: Support both wideband and partial band IMR. 
Proposal 3: Confirm the working assumption: Support semi-persistent ZP CSI-RS for interference measurement.
Proposal 4: All possible combinations of CMR(channel measurement resource) and IMR in terms of time-domain behavior should be supported as a baseline. Triggering/activation/deactivation of IMR and CMR should be able to be done independently. Consider further whether/how to support joint triggering/activation /deactivation of CMR and IMR.
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