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Introduction
In the last few meetings, the following agreements were made with regards to interference measurement:
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

Agreements:
· NR supports ZP CSI-RS based interference measurement for CSI feedback
· Note: this support is not transparent to specification
· FFS the case of DM-RS & NZP CSI-RS based interference measurement for CSI feedback
· Whether to support one of them or both
· Whether the support is transparent to specification or not


In this contribution, we present our views on interference measurements with regards to the types of interference measurement resources, the alternatives for one-short interference measurement, and approaches for alleviating IMR overhead.

Discussion
Types of IMR
In LTE TM10, interference measurement resource (IMR) was introduced which gives the benefit that the CSI measurement is better defined compared to previous TMs where interference measurements are undefined. This gives a performance enhancement of TM10 over e.g. TM9 even in non-CoMP scenarios.  Although TM10 was developed in CoMP WI, the transmission mode gives benefits also for single cell SU-MIMO operation.
IMR based on ZP CSI-RS is already agreed to be supported in NR.  ZP CSI-RS based IMR is typically used for non-coherent interference measurement where the UE measures the interference power on the IMR.  Such interference power measurements based on ZP CSI-RS are useful in most cases except those involving some use cases such as MU-MIMO, COMP, etc.  In NR, 4 IMR REs per PRB can be used as a starting point.  Whether more than 4 IMR REs per PRB are required for accurate interference measurement is FFS.  For instance, when a UE panel consists of many Rx antennas, the number of IMR REs required for accurate interference measurement (e.g., the estimation of the interference covariance matrix in the case of MMSE-IRC receiver) needs to be studied further.
In some cases, the coherent interference measurement is useful where the UE measures the interferer’s channel.  A potential use case is accurate interference estimation to suppress interference from dominant interferers.  An IMR based on NZP CSI-RS is well suited for such coherent interference measurement.  Hence, if two types of IMRs are to be supported in NR, we prefer to support IMRs based on ZP CSI-RS and NZP CSI-RS.

[bookmark: _Toc473912710][bookmark: _Toc473912963][bookmark: _Toc473940028][bookmark: _Toc478081589]NR supports two types of IMRs based on ZP CSI-RS and NZP CSI-RS.

Although DMRS based IMRs have been discussed, a major disadvantage with this type of IMR is that interference measurements are only possible within scheduled bandwidths.  Furthermore, how much additional performance gains DMRS based IMRs provides over the case where both ZP CSI-RS and NZP CSI-RS based IMRs are supported needs further evaluations and study.

Time domain behaviour of IMR
In RAN1#87ah-NR, the following CSI-RS for channel measurements have been agreed to be supported with different CSI reporting types:
· Aperiodic CSI-RS: supported with Aperiodic CSI reporting
· Semi-Persistent CSI-RS: supported with both Aperiodic CSI reporting and Semi-Persistent CSI reporting
· Periodic CSI-RS: supported with Aperiodic CSI reporting, Semi-Persistent CSI reporting, and Periodic CSI reporting.
Hence, the time domain behaviour of IMR also depends on the time domain behaviour of CSI-RS for channel measurements.  Table 1 shows the different time domain behaviour of IMR that need to be supported and their relation to the time domain behaviour of CSI-RS for channel measurements.

[bookmark: _Ref473938838]Table 1.  Supported time domain behaviour of IMR
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When semi-persistent CSI-RS or periodic CSI-RS is used for channel measurements, the time domain behaviour of IMR can be semi-persistent or periodic, respectively.  As discussed in [1], when either semi-persistent IMR or periodic IMR is used, interference measurement restriction can be dynamically indicated to the UE.  Hence, for this case, Alt 2 (i.e., Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction) from the agreement is suitable.
When aperiodic CSI-RS is used for channel measurements, the time domain behaviour of IMR can be aperiodic.  This corresponds to Alt 1 from the agreements (i.e., Dynamic indication of aperiodic IMR).  Therefore, we make the following proposal:

[bookmark: _Toc473940029][bookmark: _Toc478081590]NR supports aperiodic/semi-persistent/periodic IMR with dynamic indication for one-shot interference measurement.

Overhead reduction for IMR
A problem by using IMRs in LTE is the overhead when many different transmission hypotheses should be supported in the area served by the gNB, as each hypothesis requires one IMR.  To support CoMP with multiple TRPs or MU-MIMO across multiple possible co-scheduled UEs in different beam directions, a large number of IMRs needs to be configured.  As shown in Figure 1, the number of hypotheses to support MU-MIMO explodes even with a moderately small number of co-scheduled UEs in different beam directions.  This significantly increases the overhead cost of IMR and consumes resources that could have been used for PDSCH.
To reduce overhead of IMR, one approach is to utilize emulated interference, where one or multiple UEs measures on a CSI-RS resource and considers this coherent measurement to be an interferer. Hence, the UEs use the coherently estimated channel as an interferer when computing CSI and a CSI-RS that is used as desired signal for one UE may be used as an interferer for another UE.  
This approach is useful in some cases (i.e., MU-MIMO, CoMP) and should be supported in NR as a complement to the non-coherent method. In this case, the IMR could be configured to have two components, some IMR are using NZP CSI-RS and some others are used for non-coherent interference estimation as in LTE. 
[bookmark: _GoBack]
[bookmark: _Toc473940030][bookmark: _Toc478081591]NR supports IMR overhead reduction mechanisms including UE emulated interference.
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[bookmark: _Ref473939597]Figure 1. Number of hypotheses needed to support MU-MIMO with different number of co-scheduled UEs in different beam directions.


Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	NR supports two types of IMRs based on ZP CSI-RS and NZP CSI-RS.
Proposal 2	NR supports aperiodic/semi-persistent/periodic IMR with dynamic indication for one-shot interference measurement.
Proposal 3	NR supports IMR overhead reduction mechanisms including UE emulated interference.
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