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1. Introduction
This contribution is revised from R1-1717366.
In the RAN1 #90bis meeting [1], the following agreements and working assumptions on interference measurement were achieved:
Agreement:
For ZP CSI-RS based IMR, following combinations of P/SP/AP CMR and IMR are supported
For semi-persistent CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	NO


For aperiodic CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	YES


Working Assumption:
For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signalling
· Note: Study until next meeting whether support of both (2,2) and (4,1) are both necessary. If not, RRC configurability will be removed.
Agreement:
· A set of NZP CSI-RS resource(s) is configured to a UE for channel and interference measurements, where
· A subset of the set of NZP CSI-RS resource(s) are for channel measurement and another subset of the set of NZP CSI-RS resource(s) are for interference measurement
· Network indicates via DCI the subset of NZP CSI-RS resource(s) for channel measurement and the subset of CSI-RS resource(s) for interference measurement
· FFS: Whether the DCI indication is the dynamic triggering of one or multiple CSI reporting setting(s) or not
· FFS: some CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped or not
· UE assumes each port of channel measurement NZP CSI-RS resource(s) corresponds to a desired layer if no PMI and RI feedback

In this contribution, we share our view on the remaining issues for interference measurement for CSI, especially on the CSI-IM configuration.
2. CSI-IM Configuration
2.1 CSI-IM periodicity
In LTE, the minimum periodicity for periodic CSI-IM is 5ms. But in NR, the 5ms periodicity could limit the accuracy of interference measurement, especially in the scenarios with burst interference. Due to the beam forming at both the gNode B and UE side, the burst characteristics of the neighbor cell interference could be more severe. In this case, observing interference for CSI more often than only every 5 slots would be beneficial due to the dynamic interference in the network. For example, CSI-IM could be transmitted every 1 slot to provide more robust and accurate interference measurement for CSI. The periodicity of 1 slot for CSI-IM transmission is similar with interference measurement based on CRS in LTE which is present in every sub-frame.
In the previous RAN1 meeting, it has been agreed that the CSI-RS transmission periodicity could be {5, 10, 20, 40, 80, 160, 320, 640} slots. In our view, the CSI-IM periodicity should be the same as the periodicities supported by CSI-RS. In addition, smaller periodicities should be also considered to provide more accurate interference measurements for CSI, i.e. every 1 slot.
The CSI-IM transmission slot configuration is shown as in Table 1, where the parameter I is configured via higher layer signaling.
Table 1  CSI-IM Slot Configuration
	CSI-IM resource slot configuration, I
	CSI-IM resource periodicity in slots 
	CSI-IM resource offset in slots

	0
	1
	0

	1 – 5
	5
	I-1

	6 – 15
	10
	I-6

	16 – 35
	20
	I-16

	36 – 75
	40
	I-36

	76 – 155
	80
	I-76

	…
	…
	…


Proposal 1: For the periodicity of CSI-IM, NR should support the periodicity of every {1, 5, 10, 20, 40, 80, 160, 320, 640} slots.
2.2 CSI-IM RE pattern
In the previous meeting, it has been discussed the RE pattern could be (4, 1) or (2, 2) and it should be further studied whether to support both.
In LTE, the CSI-RE occupies 4 REs per PRB. Thus the pattern (4, 1) should be supported in NR. Strong need is not observed to introduce the pattern (2, 2). With the RE pattern (4, 1), it is easier to multiplex the CSI-IM resource and SS block/NZP CSI-RS in FDM manner if they are QCL-ed. The UE could receive the SS block/NZP CSI-RS and CSI-IM resource with the same Rx beam. In this way, the UE could measure both channel and interference in single shot so that the number of beam switching at the UE side could be reduced for CSI measurement. Additionally, if both (4, 1) and (2, 2) should be supported, then additional signalling is necessary to indicate which one is used.
With the RE pattern (4, 1), the gNode B should indicate the CSI-IM position in both time domain and frequency domain. In the time domain, the gNode B should indicate over which OFDM symbol the CSI-IM is transmitted, i.e. the OFDM symbol index. In the frequency domain, the gNode B should indicate over which sub-carries the CSI-IM is transmitted, i.e. subcarrier index in one PRB.
In addition, the gNode B should indicate which part of the frequency band is applied for the inference measurement. Also the CSI-IM configuration should indicate the frequency granularity, for example, the CSI-IM is transmitted every N PRBs.
Proposal 2: For CSI-IM, NR should supports the RE pattern (4, 1). Subcarrier index and OFDM symbol index should be used to indicate CSI-IM position. The CSI-IM configuration should also indicate the sub-band/PRBs applied for interference measurement.
2.3 UE Rx beam for CSI-IM
Depending on the Rx beam at the UE, the interference characteristics observed by the UE receiver could be different. In order to get more accurate measurement result for CSI in multi-beam operation, it is necessary to indicate which Rx beam the UE should use for interference measurement. For CSI-IM, the UE should assume that the same Rx beam should be used for interference measurement as the one indicated by the gNode B for the channel measurements.
Proposal 3: For CSI-IM, the UE should apply the same spatial Rx beamforming assumption as the one configured for NZP CSI-RS for channel measurement.
[bookmark: _GoBack]It has been agreed that the aperiodic CSI-IM is triggered over DCI. Considering the DCI decoding delay and UE Rx beam switching delay, the UE could apply the Rx beam as indicated for interference measurement if the time offset between the DCI and the CSI-IM is larger than the DCI processing and beam switching delay.
Similar with the PDSCH beam indication processing, a pre-configured/pre-defined/rule-based spatial assumption could be introduced for interference measurement. If the time offset between the DCI and CSI-IM is smaller than a certain threshold, the UE should apply the default spatial assumption for interference measurement. If the time offset is larger than the threshold, the UE could apply the spatial assumption as indicated.
Proposal 4: For aperiodic CSI-IM resource indication over DCI, if the time offset between DCI and CSI-IM is smaller than certain threshold, the UE should apply a default/pre-configured spatial assumption for interference measurement.
3. Conclusion
In this contribution, we have discussed the CSI-IM configuration in NR. The proposals are listed as below:
Proposal 1: For the periodicity of CSI-IM, NR should support the periodicity of every {1, 5, 10, 20, 40, 80, 160, 320, 640} slots.
Proposal 2: For CSI-IM, NR should supports the RE pattern (4, 1). Subcarrier index and OFDM symbol index should be used to indicate CSI-IM position. The CSI-IM configuration should also indicate the sub-band/PRBs applied for interference measurement.
Proposal 3: For CSI-IM, the UE should apply the same spatial Rx beamforming assumption as the one configured for NZP CSI-RS for channel measurement.
Proposal 4: For aperiodic CSI-IM resource indication over DCI, if the time offset between DCI and CSI-IM is smaller than certain threshold, the UE should apply a default/pre-configured spatial assumption for interference measurement.
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