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Introduction
As an important part of NR-MIMO design, CSI acquisition facilitates a variety of MIMO operations, such as beamforming, spatial multiplexing, SU/MU-MIMO adaptation, etc.  There are two crucial parts in CSI acquisition – channel/interference measurement and CSI feedback.  Regarding interference measurement, a WF [2] was discussed in RAN1#87.  But the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, etc.) is still open.    
In this contribution, we share our views on interference measurement resource.
Interference measurement resource
In LTE TM9 and TM10, a UE can be configured with a non-zero power (NZP) CSI-RS for channel measurement and an interference measurement resource (IMR) for inter-cell interference measurement for CSI reporting.  The UE always assume that the signal received on IMR is from non-serving cells, i.e., the signal observed on IMR shall be treated as inter-cell interference.  Although the LTE specification doesn’t prevent a serving cell of the UE to emulate MU interference on the IMR, the network cannot determine the total number of layers which is needed to set a proper power scaling.  This issue can be addressed by measuring interference based on NZP CSI-RS.  Figure 1 shows how this can be done, in two ways.  




Figure 1.  Two possible designs of link adapation based on NZP CSI-RS.
The gNB first pre-schedules some UEs either based on the UL channel sounding or based on the CSI feedback using LTE-alike non-precoded- or beamformed CSI-RS.  Then, the gNB transmits a NZP CSI-RS to those pre-scheduled UEs before transmitting the data.  The UEs can thus observe the MU interference, i.e., the interference on layers other than its own layers, and measure the CQI based on its receiver capability.  On receiving the CQI reporting, the TRP can transmit the data using a proper MCS.  The UE may optionally feedback a refinement precoding matrix based on the CSI-RS together with a rank indicator to provide a better link adaption.
Figure 2 below shows the impact of using NZP CSI-RS for interference measurement for CSI feedback.  For the solid curve, CSI is measured at the UE as follows. The inter-cell interference, Rnn, is measured using the other-cell interference measured on ZP-CS-IRS tones and the NZP-CSI-RS from the serving cell. The NZP-CSI RS from the serving cell is also used for channel estimation from the serving cell.  Together, these quantities are used for measuring the CSI from the serving cell.
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Figure 2.  Impact of Using ZP-CSI-RS tones for inter-cell part of Rnn for CQI computation (SU-MIMO).
For the NZP-CSI-RS (dashed curve), CSI is measured entirely from the NZP-CSI-RS and therefore captures Rnn similar to that seen on subsequent data tones in the next subframe. For the solid curve, inaccurate Rnn measurement leads to erroneous CQI measurement. This affects served throughputs, and also the proportional fair metrics, and potential future scheduling decisions at the gNB. 
As shown in the figures, the impact of imperfect Rnn measurement for CSI measurement affects DL throughput. As the number of BS antennas increases (or in the case of JT-CoMP), the beams get narrower and the impact of imperfect Rnn estimation will be even more significant than what is shown above.
Measuring inter-cell interference more accurately from just the ZP-CSI-RS tones alone would require additional resources within the subframe that carries CSI-RS tones. In the case of MU-MIMO, if UE 1 and UE 2 were scheduled together, then we would need 2 sets of IMR tones (one where transmission to UE 1 is silenced and another where that of UE 2 is silenced) along with NZP-CSIRS tones. This would result in an increase of overhead and as a result, cause an additional reduction in DL throughput. For example, Figure 3 below shows that in dense urban cells (ISD = 200m), the number of users multiplexed in a MU-MIMO transmission can be large.
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Figure 3: Number of UEs in a MU-MIMO transmission
On the other hand, keeping the total CSI-RS overhead constant would reduce the number of tones available for each NZP-CSIRS, for DL channel estimation, degrading cell edge performance. 
[bookmark: _GoBack]For these reasons, we propose that both ZP-CSI-RS and NZP-CSI-RS may be used for interference measurement, and not just ZP-CSI-RS tones. For the sake of best accuracy, the CSI-RS tones should be of uniform frequency density, in order to provide similar processing gains (and therefore similar accuracy) across the resource blocks in which they are sent. 
Proposal 1: NR supports both NZP CSI-RS and ZP-CSI-RS tones as interference measurement resource.  The NZP CSI-RS shall be with uniform frequency density.  Its design shall consider channel estimation algorithm commonality.
With NZP CSI-RS, UEs in the same cell can share a common ZP CSI-RS for inter-cell interference measurement.  The measured inter-cell interference can be used to generate pre-whitened SRS.  Exploiting the UL/DL reciprocity, the network may perform pre-scheduling based on pre-whitened UL channel.  
Conclusion
In this contribution, we discuss views on interference measurement resource for Interference Measurement.  Our proposals are summarized as follows.
Interference measurement resource
Proposal 1: NR supports both NZP CSI-RS and ZP-CSI-RS tones as interference measurement resource.  The NZP CSI-RS shall be with uniform frequency density.  Its design shall consider channel estimation algorithm commonality.
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