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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 AH 1801 meeting [1], the following agreements relating to interference measurement were achieved:

Agreement:
For the details of CSI-IM periodicity, the candidate values of periodicity and slot offset of CSI-IM are the same as those of NZP CSI-RS
· The above agreement applies for both periodic and semi-persistent CSI-IM

Agreement:
For CSI-IM-ResourceMapping, Include parameters to capture OFDM symbol and subcarrier occupancy of the CSI-IM resource within a slot
· Symbol locations:
· For RE pattern (2, 2) : [0..12]
· For RE pattern (4,1) : [0..13] 
· Subcarrier locations : 
· For RE pattern (4,1), the candidate starting subcarriers are: [0 4 8]
· For RE pattern (2,2), the candidate starting subcarriers are [0 2 4 6 8 10]
Send as part of LS to RAN2

Agreement:
Value range of CSI-IM freqBand is same as that of NZP CSI-RS
Send as part of LS to RAN2

Agreement:
Density of CSI-IM resource measured in RE/PRB is 4

Agreement: 
CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources.
Note that the above agreement has no additional specification impact

Agreement: 
Triggering A-IMR without associated CMR(s) is not supported.

Agreement:
Semi-persistent ZP CSI-RS is supported, and its activation/deactivation is informed by MAC CE.
Include as part of LS to RAN2

Agreement:
For both channel measurement restriction and interference restriction (RRC parameters MeasRestrictionConfig-time-channel, MeasRestrictionConfig-time-interference), value range of MR is a Boolean to indicate ‘ON’ or ‘OFF’.
· When UE is configured with ‘ON’, UE measurement window is 1 slot
Include as part of LS to RAN2

In this contribution, we discuss some remaining issues on CSI-IM and NZP CSI-RS-based IM.
2. Remaining issues on CSI-IM
2.1. Resource mapping between CSI-IM and CSI-RS for channel measurement
Some companies pointed out that for each CSI derivation only single CSI-IM resource is needed [2]. Hence, same as LTE, the resources in the set for channel measurement and the resources in the set of CSI-IM should form a one-to-one mapping. It should be noted that there are some cases with N-to-one mapping. For example, in class B K>1, each resource in the set for channel measurement can correspond to a specific digitally beamformed NZP CSI-RS. While all of the NZP CSI-RS resources for channel measurement can share a single CSI-IM resource. If one-to-one mapping between CSI-IM resources and CSI-RS resources for channel measurement is applied, this can be achieved by configuring the K duplicates of a CSI-IM resource in the CSI-IM set. To simplify the configuration, we propose
Proposal 1:
· For interference measurement performed on CSI-IM
· If a single CSI-IM resource is configured in a CSI-IM set, it is mapped to all CSI-RS resources in the set for channel measurement.
· Otherwise, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets.
2.2. Collision handling of CSI-IM and ZP-CSI-RS
It was agreed that the CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources [1]. In our companion contribution [3], we propose that CSI-IM has higher priority to ZP CSI-RS, i.e., the UE should perform the interference measurement on CSI-IM REs regardless whether they are overlapped with ZP CSI-RS RE or not. 
Proposal 2:
· UE performs the same measurement on CSI-IM regardless of whether they collide with REs of ZP CSI-RS or not.
2.3. Definition of CSI-IM
CSI-IM is used for interference measurement, but it is not necessarily to be zero transmission power.
Proposal 3:
------------------------------Start Text Proposal---------------------------------
The following parameters for which the UE shall assume zero transmission powerare configured via higher layer parameter CSI-IM-ResourceConfig for each CSI-IM resource configuration:
------------------------------End Text Proposal---------------------------------

3. Remaining Issues on NZP CSI-RS-Based Interference Measurement
3.1. Resource mapping between NZP CSI-RS for channel measurement and NZP CSI-RS for interference measurement
In [2], two options were provided on whether multiple NZP CSI-RS resources for interference measurement is allowed for CSI measurement of one CSI report. 
· Opt 1: NZP CSI-RS based IMR is not supported when multiple resources are configured in the corresponding resource set for channel measurement
· Opt 2: Support K-to-M mapping where K is the number of NZP CSI-RS resources for channel measurement and M is the number of NZP CSI-RS resources for interference measurement where M>K and M/K is an integer.
According to current agreement [4], given the restriction that only one aperiodic resource set (None = 1) is RRC configured per trigger state per resource setting for AP-CSI acquisition, Opt 1 implies that only when one NZP CSI-RS resource is configured in one resource set, the NZP CSI-RS-based interference measurement can be used. It simplifies the configuration design without any resource mapping indication but limit the number of MU CSI measurement hypothesis to one per resource setting. Of course, for Opt 1 multiple MU interference hypotheses can be realized by configuring multiple reporting settings associated with a trigger state, each linked to a resource setting.
As an extension of Opt 1, Opt 2 is able to configure M/K MU interference hypotheses within one reporting setting single by linking to one resource setting. However, the restriction of M/K being an integer implies that same number of NZP CSI-RS resources for interference measurement is mapped to each NZP CSI-RS resource for channel measurement. That is, the same number of MU interference is configured for all MU interference hypotheses, which may not be the intention of multiple MU interference hypotheses design. Dynamic mapping indication can be considered to emulate multiple MU interference hypotheses. 
At this stage, Opt 1 is preferred to simply the standardization efforts.
Proposal 4:
· In R15, NZP CSI-RS based IMR is not supported when multiple resources are configured in the corresponding resource set for channel measurement.
3.2. Description of other signals and interference accumulation for NZP CSI-RS based interference measurement
We generally agree the proposal in [2] that interference measurement based on NZP CSI-RS is a UE capability. The text proposal should be described as: other interference signal is present on NZP CSI-RS ports if it is UE capability.
Proposal 5:
------------------------------Start Text Proposal---------------------------------
For CSI measurement(s), a UE assumes:
-     each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
A UE shall perform accumulation of interference estimated on the following when CSI-IM is configured
-     all interference transmission layers on NZP CSI-RS ports indicated for interference measurement, take into account the associated EPRE ratios configured in 5.2.2.3.1;
-     other interference signal is present on NZP CSI-RS ports according to the UE’s capability
-     other interference signal on REs of NZP CSI-RS resource for channel measurement, non-zero powerNZP CSI-RS resource for interference measurement, or CSI-IM resource for interference measurement
A UE shall perform accumulation of interference estimated on the following when CSI-IM is NOT configured:
-     all interference transmission layers on NZP CSI-RS ports indicated for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; 
-     other interference signal on REs of non-zero power CSI-RS ports if it is UE capability
------------------------------End Text Proposal---------------------------------
3.3. Implementation of NZP CSI-RS port number 3 for MU-MIMO pre-scheduling
As pointed out in [5], there could be various MU scheduling results with
· Various number of total co-scheduled layers corresponding to at least from 2 to 12 orthogonal CSI-RS ports
· Various number of layers per UE, corresponding to CSI-RS ports from 1 to 2 or 1 to 4 per UE
· Various number of co-scheduled UEs
Since the MU scheduling result changes from time to time, the CSI-RS configuration for NZP CSI-RS based IM should 
· Support all of the possible scheduling results
· Support multiple MU interference hypotheses
· All UEs share the same resource set for one interference hypothesis
· Follow the framework of AP-CSI-RS configurations
In [5], we have provided three alternatives to realize 3 NZP CSI-RS ports for channel measurement for MU-MIMO pre-scheduling. We proposal
Proposal 6:
The following alternatives of CSI-RS resources can be considered for NZP CSI-RS-based IM:
· Alt. 1: Number of ports per CSI-RS resources is from {1, 2, 4} and restrict the number of layers per UE in MU-MIMO with {1, 2, 4}
· Alt. 2: Number of ports per CSI-RS resources is from {1, 2, 4} and employ CSI-RS resource aggregation for a co-scheduled UE with 3 layers.
· Alt. 3: Number of ports per CSI-RS resources is from {1, 2} and employ CSI-RS resource aggregation for a co-scheduled UE with 3 or 4 layers.
Proposal 7:
· For CSI-RS resource aggregation, a DCI indication can be used to indicate whether CSI-RS resources is  aggregated or to indicate the CSI-RS resource IDs for aggregation for channel measurement.
4. Conclusion
In this contribution, we discuss some remaining details of the interference measurement based on both NZP CSI-RS. We have the following proposals:
Proposal 1:
· For interference measurement performed on CSI-IM
· If a single CSI-IM resource is configured in a CSI-IM set, it is mapped to all CSI-RS resources in the set for channel measurement.
· Otherwise, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets.
Proposal 2:
· UE performs the same measurement on CSI-IM regardless of whether they collide with REs of ZP CSI-RS or not.

Proposal 3:
------------------------------Start Text Proposal---------------------------------
The following parameters for which the UE shall assume zero transmission powerare configured via higher layer parameter CSI-IM-ResourceConfig for each CSI-IM resource configuration:
------------------------------End Text Proposal---------------------------------

Proposal 4:
· In R15, NZP CSI-RS based IMR is not supported when multiple resources are configured in the corresponding resource set for channel measurement.

Proposal 5:
------------------------------Start Text Proposal---------------------------------
For CSI measurement(s), a UE assumes:
-     each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
A UE shall perform accumulation of interference estimated on the following when CSI-IM is configured
-     all interference transmission layers on NZP CSI-RS ports indicated for interference measurement, take into account the associated EPRE ratios configured in 5.2.2.3.1;
-     other interference signal is present on NZP CSI-RS ports according to the UE’s capability
-     other interference signal on REs of NZP CSI-RS resource for channel measurement, non-zero powerNZP CSI-RS resource for interference measurement, or CSI-IM resource for interference measurement
A UE shall perform accumulation of interference estimated on the following when CSI-IM is NOT configured:
-     all interference transmission layers on NZP CSI-RS ports indicated for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; 
-     other interference signal on REs of non-zero power CSI-RS ports if it is UE capability
------------------------------End Text Proposal---------------------------------
Proposal 6:
The following alternatives of CSI-RS resources can be considered for NZP CSI-RS-based IM:
· Alt. 1: Number of ports per CSI-RS resources is from {1, 2, 4} and restrict the number of layers per UE in MU-MIMO with {1, 2, 4}
· Alt. 2: Number of ports per CSI-RS resources is from {1, 2, 4} and employ CSI-RS resource aggregation for a co-scheduled UE with 3 layers.
· Alt. 3: Number of ports per CSI-RS resources is from {1, 2} and employ CSI-RS resource aggregation for a co-scheduled UE with 3 or 4 layers.
Proposal 7:
· For CSI-RS resource aggregation, a DCI indication can be used to indicate whether CSI-RS resources is  aggregated or to indicate the CSI-RS resource IDs for aggregation for channel measurement.
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