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1. Introduction

At RAN1#86bis, the following were agreed regarding the interference measurement [1]

· Interference measurement under different interference hypothesis should be supported in NR

· Definition of interference hypothesis and mechanism of interference measurement is FFS

· For DL data transmission, study following interference measurement options for CSI acquisition.

· Dynamically assigned (e.g., pre-committed/pre-scheduled) interference measurement resource

· In-scheduled interference measurement resource

· NZP CSI-RS based interference measurement

· DM-RS based interference measurement

· Combination of above options

· Other options are not precluded

· NR supports CSI reporting with two types of spatial information feedback

· Type I feedback: Normal 

· Codebook-based PMI feedback with normal spatial resolution

· Type II feedback: Enhanced 

· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 

· For Type I feedback, NR supports at least the following (DL) CSI reporting parameters

· Resource selection indicator (Examples for further study are reference signal resource, port, reference signal sequence, beam)
· RI (rank indicator)

· PMI (precoding matrix indicator)

· Channel quality feedback
· For interference measurement, support at least one of following schemes:

· Measurement subsets in both time and frequency domain 

· Interference measurement restriction in both time and frequency domain

· FFS on channel measurement

· FFS on the details (including whether measurement subset is equivalent to measurement restriction in the freq. domain)

In the contribution, we investigate the mechanisms of interference measurement schemes.

2. Considerations on Interference Measurement

As the Massive MIMO beamforming technology is widely applied in the NR, the interference caused by MU-MIMO transmission or beams from the same or different TRPs will also increase significantly in NR. As the number of interference sources increasing, it is required in NR to provide more accurate interference measurement to support interference management.

Observation 1: In NR, it will have a higher demand of interference measurement comparing to the current LTE system.
Starting from release 11, it is specified how to measure the interference level by introducing the transmission mode 10. In this mode, CSI Interference Measurement (CSI-IM) is used to control the resource elements on which the interference is measured. CSI-IM configuration is the set of resources that a UE should use for interference measuring. The UE measures the received power in the resource corresponding to the CSI-IM configuration for interference estimation. It is agreed that similar parameters as LTE (RI, PMI, channel quality feedback) are also supported in NR for CSI reporting, therefore, similarly CSI-IM should also be supported in NR for interference measurement.

Proposal 1: Interference measurement based on CSI-IM configuration should be supported in NR.

With the number of interference sources increasing, the number of interference hypotheses may increase exponentially. In the scenario with large number of interference hypotheses, the drawback of the CSI-IM becomes obvious. In the LTE system, ZP CSI-RS is used as CSI-IM to measure the interference. Since one CSI-IM resource is required for each interference hypothesis, it may cause a large overhead for DL transmission and thus limit NR node’s flexibility for scheduling MU-MIMO. To solve this problem with a low overhead, interference channel measurement is one of the potential solutions. In NR, it is desire to support CSI-ICM, which UE uses it to measure interference channel and feedback it to the NR node. By using CSI-ICM based interference channel measurements, NR may reduce the overhead for interference measurement. This is because once all the individual interference channels are measured and reported to the NR node, different interference hypothesis may be obtained by summing up the individual interference channels. 
It is agreed at RAN1#86bis, NR will support CSI reporting with enhanced feedback which means “Explicit” feedback and/or codebook-based feedback with higher spatial resolution. The explicit feedback may be in the following forms:

· The exact raw channel measurement;

· The eigenvectors of the channel according to the largest eigenvalues;

· The covariance matrix of the channel.

Therefore, instead of the power of the interference as in LTE, the UE may directly feedback the interference channel to the NR node. So the explicit CSI feedback also provides the mechanism support for the interference channel measurement. To further reduce the overhead of the explicit interference feedback, one way is that it can be quantized by a pre-defined codebook or transformed to a reduced-dimension form. It should be noted that the CSI-ICM feedback should be tolerant to a higher quantization error or a transforming error comparing to explicit CSI feedback. 

Observation 2: In NR, the CSI-IM based interference measurement will introduce significant overhead with the number of interference source increases and more and more different interference hypotheses appear.                
Observation 3: Explicit CSI feedback provides the mechanism support of the interference channel measurement.
Proposal 2: Interference channel measurement based on Explicit CSI feedback should be supported in NR.

In LTE system, CSI-IM is deﬁned to specify a set of resource elements on which a UE measures the interference level. In practice, a CSI-IM resource is typically associated with a CSI-RS resource in which nothing is transmitted from the NR node. Thus, in practice, the CSI-IM resource is typically covered by the set of zero-power CSI-RS resources and in another word, ZP CSI-RS is used as CSI-IM to measure the interference. For the interference channel measurement, we may apply the similar idea and use the ZP CSI-RS as the CSI-ICM to do the interference channel measurement. The NR node transmits nothing on the CSI-ICM which correspond to a CSI-RS resource, then UE uses the resource elements to measure the interference channel. Therefore, it should be supported to use ZP CSI-RS as CSI-IM/CSI-ICM to measure the interference/interference channel in NR. 

Proposal 3: ZP CSI-RS based interference measurement/Interference channel measurement should be supported in NR.

Spatial reuse is a key principle for the communication system that can improve the spectrum efficiency. In LTE, coordinated link adaptation is used to support the Coordinated Multi Point (CoMP) transmission/reception. Consider the coordinated link adaptation between three different transmission points, seven CSI-RS resources are needed to cover all the hypotheses for the interference measurement. The CSI-RS/IM structure to support coordinated link adaption between three transmission points is listed below:

	Resource
	Tx point 1
	Tx point 2
	Tx point 3

	1
	CSI-IM
	CSI-IM
	CSI-IM

	2
	CSI-IM
	CSI-IM
	CSI-RS

	3
	CSI-IM
	CSI-RS
	CSI-IM

	4
	CSI-IM
	CSI-RS
	CSI-RS

	5
	CSI-RS
	CSI-IM
	CSI-IM

	6
	CSI-RS
	CSI-IM
	CSI-RS

	7
	CSI-RS
	CSI-RS
	CSI-IM


A UE associated with transmission point 1 could use the measurements from the CSI-IM resources that correspond to resource 1-4 to provide interference results for all the hypotheses regarding the neighboring points’ transmission decisions: 

· Resource 1: no transmission from neither transmission point 2 nor transmission point 3.
· Resource 2: transmission from transmission point 3 but no transmission from point 2.

· Resource 3: transmission from transmission point 2 but no transmission from point 3.

· Resource 4: transmission from both transmission point 2 and transmission point 3.

For the CSI-ICM configuration, the interference channel is measured, the number of resources used is even smaller. Still we consider a scenario with three transmission points, an example for the CSI-RS/ICM structure to support coordinated link adaption between three transmission points is shown below:
	Resource
	Tx point 1
	Tx point 2
	Tx point 3

	1
	CSI-RS
	CSI-ICM
	CSI-ICM

	2
	CSI-ICM
	CSI-RS
	CSI-ICM

	3
	CSI-ICM
	CSI-ICM
	CSI-RS
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Figure 1: CSI-RS/ICM structure to support coordinated link adaption between three transmission points
A UE associated with any of the three transmission points may use two out of these three resources to measure the interference channel from other neighboring points. For example, to the UE associated with transmission point 1, as shown in Figure 1:

· Resource 2: interference channel measurement from transmission point 2.

· Resource 3: interference channel measurement from transmission point 3.

Once the interference channel is measured from other points, the interference channel of hypothesis with transmission point 2 and 3 transmitting can be calculated by summing up the individual interference channel. The number of resources used for a UE to cover all the hypotheses for CSI-IM configuration and CSI-ICM configuration are 4 and 2. The difference will increase exponentially as the transmission points and the number of hypotheses increase. For example, in the scenario of 4 transmission points, these two numbers become 8 and 3 separately; 5 transmission points, these two numbers become 16 and 4. 
Observation 4: Compared with interference measurement, interference channel measurement can reduce the number of resources used to cover all the hypotheses, therefore reduce the overhead in DL transmission. The effect becomes significant as the number of interference source increases.
Proposal 4: CSI-RS/IM(ICM) structure that support coordinated link adaption between multiple transmission points should be supported in NR.

In the area with high density of users, multiple users may have the same interference hypothesis since they have similar geographic location and channel paths regarding to the NR node deployed. For the UEs having the same interference hypothesis, they may use the same resources for interference measurement or interference channel measurement. Then these UEs may be grouped. Instead of sending the configuration to each users one by one, the NR node may send a common configuration to be shared by all the UEs in the group to avoid repeating transmissions of some common information and therefore to reduce the overhead. 
Furthermore, the CSI-IM configuration in LTE is done by the RRC signalling which causes large latency. In NR, it may become a problem for some use cases, especially for the URLLC. Therefore, it is also worth attention for studying the dynamic CSI-IM/CSI-ICM configuration to deal with it.       
Proposal 5: Group based interference measurement/Interference channel measurement configuration should be studied in NR.
Proposal 6: Dynamic CSI-IM/CSI-ICM configuration should be studied in NR.
3. Conclusion

In this contribution, we discuss the mechanism of interference measurement schemes. In summary, the following observations and proposals are illustrated.
Observation 1: In NR, it will have a higher demand of interference measurement comparing to the current LTE system.
Observation 2: In NR, the CSI-IM based interference measurement will introduce significant overhead with the number of interference source increases and more and more different interference hypotheses appear.                
Observation 3: Explicit CSI feedback provides the mechanism support of the interference channel measurement.
Observation 4: Compared with interference measurement, interference channel measurement can reduce the number of resources used to cover all the hypotheses, therefore reduce the overhead in DL transmission. The effect becomes significant as the number of interference source increases.

Proposal 1: Interference measurement based on CSI-IM configuration should be supported in NR.

Proposal 2: Interference channel measurement based on Explicit CSI feedback should be supported in NR.

Proposal 3: ZP CSI-RS based interference measurement/Interference channel measurement should be supported in NR.

Proposal 4: CSI-RS/IM(ICM) structure that support coordinated link adaption between multiple transmission points should be supported in NR.
Proposal 5: Group based interference measurement/Interference channel measurement configuration should be studied in NR.
Proposal 6: Dynamic CSI-IM/CSI-ICM configuration should be studied in NR.
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