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Introduction
ZP CSI-RS based IMR has been agreed for NR. It was discussed whether additional interference measurement mechanisms should be supported, where the following working assumptions were made in RAN1#89 [1]:
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 RAN1 NR AH#3 meeting, NZP CSI-RS based interference measurement was discussed, and following agreements were reached [2]:
Agreement:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement 
· UE shall assume each port in the set corresponds to an interference layer  
· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM
In this contribution we present further considerations on NZP CSI-RS based IMR. 
Discussion
According to the agreement in NR AH#3, each port of the NZP CSI-RS configured for interference measurement corresponds to an interference layer. The channel of a port is the result of multiplication of physical channel and precoding matrix. In this sense, beamformed CSI-RS is used to emulate intra-cell interference. It is scheme-2 from the working assumption. In order to capture all interference, ZP CSI-RS based IMR has to be configured additionally to measure inter-cell interference. 
Assume the interference covariance matrix estimated on ZP CSI-RS based IMR is RIntercell. The NZP CSI-RS has Np ports, and the channel matrix estimated from the NZP CSI-RS is denoted as H. According to the agreement, the overall interference covariance matrix at receiver side would be 

where average {.} refers to averaging operation over measurement time/frequency resources, which could be subband or wideband. The covariance matrix at receiver is then used to derive CSI including CQI.
Use case
One use case for NZP CSI-RS based IMR is multi-user interference measurement for MU-MIMO. After MU-MIMO scheduling (or pre-scheduling), precoders for those co-scheduled UEs are determined. For one UE, a set of CSI-RS ports can be transmitted and precoded with its own precoder. UE relies on the CSI-RS ports to estimate the channel gain reflecting interference mitigation operation at transmitter side, e.g., ZF processing. 
Another set of CSI-RS ports are transmitted and beamformed with the precoders of those co-scheduled UEs. Those NZP CSI-RS ports emulate multi-user interference. Assume there are Np co-scheduled layers (where one co-scheduled UE may have multiple layers) for the UE, the NZP CSI-RS then has Np antenna ports, and each port represents one interference layer.
The number of antenna ports of the NZP CSI-RS is RRC configured and can be changed semi-statically. However, the number of co-scheduled layers is expected to change much faster due to channel condition and traffic variation. That is, the configured Np antenna ports may not always contain emulated interference from Np layers. Sometimes, the number of interference layers could be less than Np. UE needs to know which antenna port(s) corresponds to a real interference layer(s) for calculating the intra-cell interference. Thus additional dynamic signaling to UE shall be considered.
Following options can be considered to inform UE the used antenna port:
· Indication of port index: Those indicated antenna ports are used for interference calculation. This is simple and straightforward.
· Indication through port selection codebook: A matrix from a port selection codebook is indicated to UE. Each column of the matrix contains only one non-zero entry. Each row of the matrix also contains only one non-zero entry. Each column of the matrix corresponds to one interference layer, indicating the antenna port from which the interference layer is coming. One example of the matrix is given as below:

The NZP CSI-RS is assumed to have Np = 4 antenna ports. Based on above matrix, the interference layers come from antenna port 0, 2, and 3, respectively. The above matrix can actually be seen as precoding matrix of interfering signal. 
· Indication of a covariance matrix: The covariance matrix is a diagonal matrix as there would be no precoding applied across different interference layers. But the elements on the diagonal could be zero or non-zero value. If it is zero, the corresponding interference layer is of zero power, i.e., signal from the antenna port shall not be regarded as interference. An example of covariance matrix is given below:

Similar to previous example, antenna port 1 does not contribute to the intra-cell interference.
The NZP CSI-RS used for interference measurement is beamformed with precoder of co-scheduled UE, and can of course be used by co-scheduled UEs to measure channel part. Actually, the NZP CSI-RS can be shared by co-scheduled UEs to measure interference or channel part according to configuration. An example is given in Figure 1 to illustrate how this can be achieved. In the example, four UEs are co-scheduled with one layer for each UE. There are four co-scheduled layers in total. One NZP CSI-RS resource with Np = 4 antenna ports is used by all four UEs to measure interference and channel. Taking UE2 as example, the UE is configured with one matrix in port selection codebook, i.e., . With this configuration, UE2 uses antenna port 1 for channel part measurement. At the same time, UE2 is configured with the port selection matrix given in the figure for interference calculation. UE2 uses antenna port 0, 2, 3 for interference measurement.

Figure 1: Example of NZP CSI-RS sharing for channel and interference measurement
In summary, a UE uses one NZP CSI-RS resource for both channel and interference measurement. Two precoding matrices are indicated to UE describing how interference and channel shall be measured, respectively. The three options of indicating interference layer are more or less equivalent. We slightly prefer to use port selection codebook.
Proposal 1:
· Support using port selection codebook to indicate the actual interference layers in configured NZP CSI-RS resource for interference measurement.
The transmission power of NZP CSI-RS may be different from the actual interference signal. One possible reason is power boosting of NZP CSI-RS. The UE also needs to know the ratio between the power of NZP CSI-RS and the corresponding interference layer.
Proposal 2:
· Support indicating to UE a parameter that describes the ratio between the power of an interference layer and the transmission power of an antenna port of the NZP CSI-RS configured for interference measurement.
Configuration aspects
From the discussion in previous section, a single CSI-RS resource is used for both channel and interference measurement for all co-scheduled UEs. This is exactly Alt.1 from last meeting:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement
We have agreed a modular framework for CSI feedback configuration. A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links. In each of the L links in CSI measurement setting an indication on the quantity to be measured (either channel or interference) is included. One CSI reporting setting can be linked with one or multiple Resource settings. Multiple CSI reporting settings can be linked with the same Resource setting.
To support Alt.1, a CSI reporting setting and a Resource setting shall be associated with two different links, one for channel and one for interference measurement. To our understanding, this is not supported by the current CSI framework.
Meanwhile, the same functionality can be achieved by configuring two separate CSI-RS resources with the same configuration including number of antenna ports, sequence, time/frequency resource, etc, for channel and interference measurement. That is, the two logically different CSI-RS resources are physically the same one. Whether the CSI-RS is used for channel or interference measurement is controlled by indication in the associated link. Which ports are used for channel or interference measurement shall also be signaled. This signaling is also needed by Alt.1.
One illustrative example of the configuration is given in Figure 2. Resource setting 1 and 2 include configurations of NZP CSI-RS for channel and interference. Resource setting 3 is the configuration of ZP CSI-RS for interference measurement. CSI reporting setting 1 is linked to the three Resource settings. Link 1 indicates that NZP CSI-RS in Resource setting 1 is used for channel measurement. Link 2 indicates that NZP CSI-RS in Resource setting 2 is used for interference measurement. The two NZP CSI-RS resources in different Resource settings point the same physical resources. Link 3 indicates that ZP CSI-RS in Resource setting 3 is used for interference measurement.


Figure 2: Example of CSI acquisition framework configuration
From above analysis, we can see that Alt.2 can provide exactly the same functionality as Alt.1. To keep the specification simple, it is not necessary to support Alt.1 in addition to Alt.2. 
Proposal 3:
· Separate NZP CSI-RS resources are configured for interference and channel measurement.

Conclusions
In this contribution we presented our views on NZP CSI-RS based interference estimation. Our proposals are summarized below:
Proposal 1:
· Support using port selection codebook to indicate the actual interference layers in configured NZP CSI-RS resource for interference measurement.
Proposal 2:
· Support indicating to UE a parameter that describes the ratio between the power of an interference layer and the transmission power of an antenna port of the NZP CSI-RS configured for interference measurement.
Proposal 3:
· Separate NZP CSI-RS resources are configured for interference and channel measurement.
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