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1. Introduction
In the RAN1 #87 meeting, the following agreements on interference measurement were achieved [1]:
Agreements:
· NR supports CSI calculation based on one-shot measurement of interference.
· For one-shot interference measurement, study at least one of the following alternatives:
· Alt1. Dynamic indication of aperiodic IMR.
· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.
· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.
· Other alternatives are not precluded
· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic
· Note that the connection of the above alternative(s) with measurement setting is a separate topic

In this contribution, we provide some discussion regarding the relationship between IMR transmission and CSI reporting and other aspects on IMR design for NR.
2. IMR transmission and CSI reporting
There are three types of CSI reporting and CSI-RS transmission approaches that will be supported in NR such as periodic, aperiodic and semi-persistent. The allowed combinations of CSI reporting and CSI-RS transmission approaches are summarized in Table 1:  
Table 1: Relation between CSI-RS transmission and CSI reporting
	
	Aperiodic CSI
	Periodic CSI
	Semi-persistent CSI

	Aperiodic CSI-RS
	Supported
	
	

	Periodic CSI-RS
	Supported
	Supported
	Supported

	Semi-persistent CSI-RS
	Supported
	Supported
	Supported


Beside channel measurements on the CSI-RS, interference measurements for CSI and their relation to CSI transmission should be also considered. For example, considering the accuracy of CSI and corresponding overhead due to IMR, similar relation between CSI-RS transmission and CSI reporting can be applied to IMR transmission and CSI reporting as shown in Table 2.
Table 2: Proposed relation between IMR transmission and CSI reporting
	
	Aperiodic CSI
	Periodic CSI
	Semi-persistent CSI

	Aperiodic IMR
	Supported
	
	

	Periodic IMR
	Supported
	Supported
	Supported

	Semi-persistent IMR
	Supported
	Supported
	Supported



Proposal 1: NR supports aperiodic IMR transmission for aperiodic CSI reporting, and periodic IMR transmission for aperiodic and periodic/semi-persistent CSI reporting.
3. Discussion on IMR design
In LTE, the IMR has been introduced to allow interference measurements on the predetermined resources configured for the UE. The IMR resource in LTE has the following structure:
· Zero-power CSI-RS (ZP CSI-RS) based
· The number of IMR REs per PRB is 4
· IMR REs are the same as ZP/NZP CSI-RS REs.
· The IMR transmission is periodic with the minimum periodicity of 5ms
Resource elements for IMR
The IMR design in LTE could be used as a reference for NR. However, some additional design aspects should be further studied for IMR. In particular, inter-cell interference measurement based on periodic ZP CSI-RS IMR can be easily supported by not transmitting PDSCH on the REs allocated for the interference measurements. On the other hand, periodic IMR transmission for intra-cell interference measurement in case of MU-MIMO may not be efficient. For example, due to dynamic scheduling decision for MU-MIMO, the interference realization for CSI could be dynamic. In this case, interference measurements based on the semi-statically configured periodic ZP CSI-RS may not be flexible enough to accurately capture intra-cell interference from different UEs. 
One possible way for MU-MIMO interference measurement enhancement is to use UE-specific non-zero-power CSI-RS (NZP CSI-RS) as IMR, where the TRP can emulate the interference from the co-scheduled UEs on the corresponding NZP CSI-RS. However, this approach, due to low density of NZP CSI-RS, may not provide accurate interference measurements for CSI [2] and RAN1 should further study this option and compare with aperiodic IMR.
Number of IMR REs
In NR, the number of IMR REs can be the same as LTE, i.e. 4 REs per PRB. However, it should be further studied whether more than 4 REs should be also supported. For example, CSI calculation for NAICS receiver and MMSE-IRC receiver with 4Rx antennas typically requires more accurate interference estimation, e.g., to facilitate blind estimation of interference parameters or for more accurate 4x4 interference covariance matrix measurements. For such cases, RAN1 should further study whether more than 4 REs in IMR can be allowed for NR.
Periodicity of IMR
LTE supports 5ms as minimum periodicity for periodic IMR transmission. On the other hand, the 5ms periodicity could limit the accuracy of interference measurement, especially in the scenarios with burst traffic models. In this case, IMR transmission with smaller periodicity than 5ms, e.g. 1ms, should be also considered to provide more robust and accurate interference measurement for CSI.
Other REs for IMR
LTE supports IMR which shares the same REs as ZP CSI-RS. The key motivation of using ZP CSI-RS RE is to minimize impact on PDSCH performance due to IMR transmission by using PDSCH REs mapping around ZP CSI-RS. On the other hand, due to low density of IMR REs, TRP can also puncture the corresponding PDSCH REs occupied by IMRs without significant impact on the PDSCH performance. In this case, extending the set of IMR REs beyond ZP CSI-RS may be beneficial to increase the number of IMR configurations to minimize collision between IMRs in different cells.
Proposal 2: RAN1 to study the following design aspects of IMR
· IMR resource definition, including support of aperiodic IMR
· Number of IMR REs
· Minimum periodicity for periodic IMR 
· Number of IMR configurations

4. UE Rx beam indication for IMR
In NR system, UE can support multi-beam operation. For some transmission scenarios, UE should maintain more than one Rx beams. For example, in the scenarios with blockage UE should provide CSI for multiple TX/Rx beam pairs to support fast beam switching for PDSCH. 
Depending on the Rx beam at the UE, the interference characteristics experienced by UE receiver could be different. Therefore, CSI report should accurate reflect the interference changes due to assignment of different Rx beams. In order to get more accurate measurement result for CSI in multi-beam operation, it is necessary to indicate which Rx beam the UE should use for interference measurement. Hence it is proposed to allow configuration of IMR with UE Rx beam.
One approach to support UE Rx beam indication for IMR is to reuse the Rx configuration of the corresponding CSI-RS, i.e. for CSI-RS resource and IMR associated with a given CSI (or CSI process), UE should apply the same Rx beam derived based on CSI-RS. If the UE can be configured with N CSI-RS resources which should be received and processed by different UE Rx beams. Then the UE Rx beam indicator will occupy   bits. For example, if the UE is configured with 4 CSI-RS resources, then the UE Rx beam indicator for IMR will be 2 bits.
Proposal 3: UE Rx beam indication for IMR is supported for NR with multi-beam operation 
5. Conclusions
In this contribution, we have discussed the relation between IMR transmission and CSI reporting, and some design considerations for IMR in NR. The proposals are listed as below:
Proposal 1: NR supports aperiodic IMR transmission for aperiodic CSI reporting, and periodic IMR transmission for aperiodic and periodic/semi-persistent CSI reporting.
Proposal 2: RAN1 to study the following design aspects of IMR
· IMR resource definition, including support of aperiodic IMR
· Number of IMR REs
· Minimum periodicity for periodic IMR 
· Number of IMR configurations
Proposal 3: UE Rx beam indication for IMR is supported for NR with multi-beam operation 
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