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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 #90bis meeting [1], the following agreements on NZP CSI-RS based interference measurement were achieved:
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

And in the following email discussion, there was an agreement on the number of resource set contained in one Resource Setting used for P/SP/AP CSI:
Agreement:
· For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set
· For CSI acquisition, periodic and semi-persistent Resource Settings contain only one CSI-RS Resource set

While the following agreements and working assumptions on ZP CSI-RS based IMR were agreed as well:

Agreement:
At least the following patterns are supported for ZP CSI-RS for IMR:
One pattern from (2,1), (2,2), (4,1)

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.

In this contribution, we discuss some remaining issues on interference measurement based on both NZP CSI-RS and ZP CSI-RS.
2. NZP CSI-RS-Based Interference Measurement
2.1. Overview
Interference measurement (IM) based on NZP CSI-RS was proposed to enhance the MU-MIMO interference measurement. Interference measurement under different interference hypotheses is supported in NR. ZP CSI-RS and NZP CSI-RS are determined to be used for interference measurement, including independent or joint usage of any combination of these two types. UE shall assume each port in the set corresponds to an interference layer and it is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM. That is, TRP emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix is employed. 
The gNB firstly pre-schedules multiple UEs and calculates the MU precoders for each UE based on the first round of CSI feedback which is the procedure of regular SU-MIMO-based CSI reporting. Then gNB configures a set of NZP CSI-RS ports, each of which is associated with a precoded layer, for the group of UEs for both channel measurement (CM) and interference measurement. This implies that the precoder applied to a NZP CSI-RS is the one that will apply to the corresponding PDSCH. From a UE perspective, a portion of NZP CSI-RS ports in the set are configured for its channel measurement, while each of the other ports corresponds to an interference layer. Since the pre-scheduled UEs in the group share the same set of NZP CSI-RS ports, the ports for channel measurement for one UE will be the ports for interference measurement for other UEs. Based on these measurements, each UE in the pre-scheduled MU group is able to calculate the exact CQI, MU-CQI, different from the one in the first round CSI feedback, taking into account the multi-user interference or intra-cell interference. The reported MU-CQI would assist the gNB to select the perfect MCS for each scheduled UE.
2.2. Configuration for NZP CSI-RS-based IM
In RAN1 AH#3 meeting, two alternatives were proposed for the configuration of the above-mentioned set of NZP CSI-RS ports:
· 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 
Furthermore, in the last meeting it was agreed that 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.
Since the parameters and configurations for CSI-RS for interference measurement is different from the regular ones for channel measurement only, interference measurement only or beam management, a specific resource setting for NZP CSI-RS-based IM is desired. As DL MU-MIMO dimensioning which has been treated in DL DMRS discussion, maximum number of orthogonal DL DMRS ports is 8 for DMRS configuration type 1 and 12 for DMRS configuration type 2; there are up to 2 orthogonal ports per UE for DMRS configuration type 1 with 1-symbol DMRS, and up to 4 orthogonal DMRS ports per UE for other cases including DMRS configuration type 1 with 2-symbol DMRS and DMRS configuration type 2 with both 1-symbol and 2-symbol DMRS. Maximum NZP CSI-RS ports for IM can follow the above MU-MIMO dimensioning.
In practice, however, 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
Observation: 
In practice, however, 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
As the MU scheduling result changes from time to time, a RRC configuration and DCI dynamic CSI-RS resource set selection and triggering is needed. Therefore, the CSI-RS configuration for NZP CSI-RS based IM should 
· Support all of the possible scheduling results
· Support multiple interference hypotheses
· All UEs share the same resource set for one interference hypothesis
· Follow the framework of AP-CSI-RS configurations
A possible resource setting conveyed by RRC for NZP CSI-RS-based IM is as follows:
· S≥1 CSI-RS resource set(s), where each set represents an interference hypothesis and 
· Ks≥1 NZP CSI-RS resources per CSI-RS resource set, where a subset of NZP CSI-RS resources is for CM and a subset of NZP CSI-RS resources is for IM to the UE
A DCI signaling triggering both CM and IM should be able to let the UE deduce the NZP CSI-RS resource subset for CM and the subset for IM. As the MU scheduling results have so many resource combinations, the NZP CSI-RS resource sets that can cover all cases are desired. In addition, the number of CSI-RS ports per CSI-RS resource is selected from the following set {1, 2, 4, 8, 12, 16, 24, or 32}. One alternative to reuse the CSI-RS resource with defined number of ports is to restrict the number of layers per UE in MU-MIMO with {1, 2, 4}. Another alternative is to employ CSI-RS resource aggregation in the CM subset to achieve any number of CSI-RS ports from 1 to 4 for CM to one UE, which are the ports for IM to other co-scheduled UEs. For the second alternative, we can further restrict the component resources are only with port number of 1 and 2 to avoid the port wasting when the layer of the UE is 3 and also reduce the possible CSI-RS patterns as well. An example of MU pre-scheduling results with 4 co-scheduled UEs are shown in Table 1.
Table 1: An example of MU pre-scheduling results
	
	Number of CSI-RS ports

	UE 1
	1

	UE 2
	4

	UE 3
	2

	UE 4
	3



A CSI-RS resource set satisfying the above pre-scheduling results can be with two 1-port CSI-RS resources, two 2-port CSI-RS resources, and one 4-port CSI-RS resource as shown in Figure. While Figure shows a CSI-RS resource set with the restriction of 1-port and 2-port CSI-RS resources. And the CSI-RS resource indication for CM and IM of the two cases are given in Table 2 and Table 3 respectively. The power of all CSI-RS ports within one CSI-RS resource set for both CM and IM should be equal.


       
a)                                                                                        b)
Figure 1: Illustration of RE pattern of CSI-RS resources in a CSI-RS resource set
Table 2: Subset indication for CM and IM with number of ports {1, 2, 4} per CSI-RS resource
	
	Subset of CSI-RS resources for CM
	Subset of CSI-RS resources for IM

	UE 1
	{1}
	{2, 3, 4, 5}

	UE 2
	{4}
	{1, 2, 3, 5}

	UE 3
	{5}
	{1, 2, 3, 4}

	UE 4
	{2, 3}
	{1, 4, 5}



Table 3: Subset indication for CM and IM with restricted number of ports {1, 2} per CSI-RS resource
	
	Subset of CSI-RS resources for CM
	Subset of CSI-RS resources for IM

	UE 1
	{1}
	{2, 3, 4, 5, 6}

	UE 2
	{4,5}
	{1, 2, 3, 6}

	UE 3
	{6}
	{1, 2, 3, 4, 5}

	UE 4
	{2, 3}
	{1, 4, 5, 6}



As for the two FFSs
· 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
We think the DCI indication can be the dynamic triggering of one or multiple CSI reporting setting(s), and together with the triggering of transmission of aperiodic NZP CSI-RS for IM and corresponding aperiodic CSI reporting. And we do not see the need to overlap some CSI-RS resource(s) from the subset of NZP CSI-RS resource for CM and the subset of NZP CSI-RS resource for IM.
According to the above discussion, we have following proposals:
Proposal 1:
The CSI-RS configuration for NZP CSI-RS based IM should 
· Support all of the possible scheduling results
· Support multiple interference hypotheses
· All UEs share the same resource set for one interference hypothesis
· Follow the framework of AP-CSI-RS configurations
Proposal 2:
A resource setting conveyed by RRC for NZP CSI-RS-based IM is as follows:
· S≥1 CSI-RS resource set(s), where each set represents an interference hypothesis and 
· Ks≥1 NZP CSI-RS resources per CSI-RS resource set, where a subset of NZP CSI-RS resources is for CM and a subset of NZP CSI-RS resources is for IM to the UE
Proposal 3:
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 4:
· The DCI indication can be the dynamic triggering of one or multiple CSI reporting setting(s), and together with the triggering of transmission of aperiodic NZP CSI-RS for IM and corresponding aperiodic CSI reporting.
· No CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped.
2.3. CSI reporting for NZP CSI-RS-based IM
For NZP CSI-RS based IM, a UE can select the largest interference layers based on the NZP CSI-RS ports associated with interference layers. Consequently one or multiple MU-CQIs derived from one or multiple interference hypotheses can be calculated and reported. The MU-CQIs can be reported in a delta CQI format compared with the first round SU-CQI report, and also delta CQI among the MU-CQIs for multiple interference hypotheses to save the feedback overhead. The interference hypothesis relevant information such as the omitted port index for the corresponding MU-CQI should be reported as well. What’s more, the UE can update the RI, recommend the layers to be nulled with lowest SINR, or report a PMI based on the channel matrix. All of the above information will help gNB update its scheduling results to approach to optimal MU pairing results. On the other hand, the gNB itself can prioritize an MU pairing set list of multiple interference hypotheses by above-mentioned multiple CSI-RS resource sets and signal the list to the UEs; and a UE’s CSI report shall follow the interference hypotheses given in the MU pairing sets and report its preferred CSI-RS resource set ID (RSI).
Proposal 5:
· UE can report multiple MU-CQIs for different interference hypotheses based on its own measurements e.g.:  
· MU-CQI with all configured interference layers
· MU-CQI with all configured interference layers except the maximum interference layer
· The omitted port index information etc.
· UE can report the multiple MU-CQIs for different interference hypotheses configured by gNB:
· gNB can configure an MU pairing set which infers the interference hypotheses that a UE’s CSI report shall follow.
· The UE can update the RI, recommend the layers to be nulled with lowest SINR, or report a PMI based on the channel matrix.
· The CSI reporting contents for NZP CSI-RS-based IM can be {[RSI]/CQI}, {[RSI]/RI/PMI/CQI}, etc.
3. ZP CSI-RS-Based Interference Measurement
In the conventional CSI reporting, NZP CSI-RS for channel measurement and ZP CSI-RS based IMR for inter-cell interference are both needed. Joint triggering/activation/deactivation of these two types of CSI-RS can be supported to reduce the signaling overhead. In the above-mentioned NZP CSI-RS-based interference measurement, intra-cell interference or multi-user interference can be measured in an accurate way. Meanwhile, inter-cell interference is also needed to obtain the MU-CQI. If NZP CSI-RS transmission for interference measurement is aperiodically triggered, an accompanying ZP CSI-RS transmission is also desired. In this case, joint triggering/activation/deactivation for ZP CSI-RS based IMR and NZP CSI-RS based IMR and channel measurement can be supported to save signaling overhead. 
Proposal 6:
· Support joint triggering/activation/deactivation of ZP CSI-RS based IMR with other types of CSI-RS, e.g., (1) NZP CSI-RS for channel measurement, (2) NZP CSI-RS based IMR and channel measurement.
For ZP CSI-RS based IMR, whether to use (2,2) and (4,1) should depend on the available resources to accommodate the ZP CSI-RS. As these two options is same as that of the number of port is 4 (X=4), the ZP CSI-RS pattern and location can follow that of X=4. Therefore, we need to confirm the working assumption.
Proposal 7:
· For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signaling.
· ZP CSI-RS pattern should follow NZP CSI-RS pattern of X=4 and also the location principle in both frequency domain and time domain.
4. Conclusion
In this contribution, we discuss some remaining details of the interference measurement based on both NZP CSI-RS and ZP CSI-RS. We have the following proposals:
Proposal 1:
The CSI-RS configuration for NZP CSI-RS based IM should 
· Support all of the possible scheduling results
· Support multiple interference hypotheses
· All UEs share the same resource set for one interference hypothesis
· Follow the framework of AP-CSI-RS configurations
Proposal 2:
A resource setting conveyed by RRC for NZP CSI-RS-based IM is as follows:
· S≥1 CSI-RS resource set(s), where each set represents an interference hypothesis and 
· Ks≥1 NZP CSI-RS resources per CSI-RS resource set, where a subset of NZP CSI-RS resources is for CM and a subset of NZP CSI-RS resources is for IM to the UE
Proposal 3:
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 4:
· The DCI indication can be the dynamic triggering of one or multiple CSI reporting setting(s), and together with the triggering of transmission of aperiodic NZP CSI-RS for IM and corresponding aperiodic CSI reporting.
· No CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped.
Proposal 5:
· UE can report multiple MU-CQIs for different interference hypotheses based on its own measurements e.g.:  
· MU-CQI with all configured interference layers
· MU-CQI with all configured interference layers except the maximum interference layer
· The omitted port index information etc.
· UE can report the multiple MU-CQIs for different interference hypotheses configured by gNB:
· gNB can configure an MU pairing set which infers the interference hypotheses that a UE’s CSI report shall follow.
· The UE can update the RI, recommend the layers to be nulled with lowest SINR, or report a PMI based on the channel matrix.
· The CSI reporting contents for NZP CSI-RS-based IM can be {[RSI]/CQI}, {[RSI]/RI/PMI/CQI}, etc.
Proposal 6:
· Support joint triggering/activation/deactivation of ZP CSI-RS based IMR with other types of CSI-RS, e.g., (1) NZP CSI-RS for channel measurement, (2) NZP CSI-RS based IMR and channel measurement.
Proposal 7:
· For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signaling.
· ZP CSI-RS pattern should follow NZP CSI-RS pattern of X=4 and also the location principle in both frequency domain and time domain.
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