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Introduction
As an important part of NR-MIMO design, CSI measurement/acquisition facilitates a variety of MIMO operations, such as beamforming, spatial multiplexing, SU/MU-MIMO adaptation, etc.  Several aspects of CSI acquisition have been discussed and the following agreements/working assuming were made. 
Interference measurement resource
· UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Down select in next meeting for the following schemes:
· 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 
· UE shall assume each port in the set corresponds to an interference layer  
· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM 

· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting
· Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)
Measurement restriction
· FFS Frequency domain subset restriction
Reciprocity based non-PMI feedback
· For non-PMI codebook, down-select one between the following alternatives
· Alt A: Port selection codebook is used for CQI calculation for non-PMI feedback
· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry
· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation
· FFS whether this indication can be done by using L1/L2 signaling or RRC signaling
· Support at least up to 8 CSI-RS ports and 8 layers
· Alt B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback
· Port index indication selects the CSI-RS port(s) used for RI/CQI calculation per rank
· Indentity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation
· N ports are selected for rank N
· FFS Signaling details e.g. whether this indication can be done by using L1/L2 signaling or RRC signaling
· Support up to 8 layers and at least up to 8 CSI-RS ports
· If down-selection between the above alternatives cannot be achieved until RAN1#90bis, it's up to editor how to capture Alt A or Alt B in specifications
SRS switching for UEs with asymmetric TX/RX
· Support antenna switching for SRS transmission within a carrier for the following UE antenna configuration:
· UE configured with 2Tx (transmit antenna ports)
· UE configured with 1Tx (transmit antenna ports)
· Note: 1Tx and 2Tx is dependent on UE’s capability for SRS transmission
· FFS: details
In this contribution, we share our views further on the remaining issues of CSI measurement/acquisition.  This contribution is revised from [3, 4].
Discussion
Interference measurement resource
DMRS based IMR
DMRS has been proposed as the interference measurement resource.  However, DMRS are only available during data scheduling periods, and only on the scheduled sub-bands.  It is not trivial to infer the values of CQI on un-scheduled bands based on those from the scheduled bands in the same slot.  Moreover, as pointed out in [2], DMRS are typically used to measure the interference structure for the purpose of data demodulation.  Using them for CQI measurement would be sub-optimal.  The CQI measured based on DMRS are only valid for the specific MU-grouping in that slot.  In a massive MIMO/CoMP based system, DMRS based CQI could change drastically with time due to changes in the scheduled set of UEs, making current measurements invalid for a future scheduling.  It is also non-trivial to infer current CQI based on MU-scheduling in past slots, given that scheduler algorithms are transparent to the UE.  In [2], we had provided simulation results showing perceived throughput loss of close to 40% from usage of DMRS tones both at the cell edge and median. 
[bookmark: _Toc494739757]Proposal 1:	DMRS based IMR is not supported in NR.
NZP CSI-RS based IMR
NZP CSI-RS based interference measurement was agreed in RAN1 NR Ad-Hoc #3.  A UE can be configured with a set of NZP CSI-RS ports for interference measurement, while the UE shall assume that each port in the set corresponds to an interference layer.  That is the UE shall always assume an identity matrix as the precoding matrix.  The precoding of interference layers can be determined by the gNB based on, e.g., UL sounding and pre-scheduled MU transmission.  The CSI reported by the pre-scheduled UEs will accurately take the MU interference and even the inter-cell interference (if NZP-CSI-RS tones collide across cells) resulting in more optimal performance.  
[bookmark: _Toc490142296][bookmark: _Toc492762934]The set of NZP CSI-RS ports for interference measurement can be either indicated either 
· Atl-1: by a subset of ports within a single CSI-RS resource, or
· Alt-2: by one or more CSI-RS resources.
For Atl-1, a CSI reporting setting can be semi-statically linked with a RS setting for both channel and interference measurement.  The RS setting may include one or more CSI-RS resource sets or CSI-RS resources.  A single CSI-RS resources associated with the reporting setting can be indicated/activated for channel/interference measurement.  The NZP CSI-RS ports in the indicated/activated CSI-RS resource can be divided into two groups as shown in Figure 2.  From the UE’s perspective, the CSI-RS ports in one group is used for the UE to estimate its own channel.  The CSI-RS ports in the other group is allocated to other co-scheduled UEs, which thus should be treated as interference.  
[image: ]
Figure 1: Antenna ports in an NZP CSI-RS can be divided into groups: one group for channel measurement and the other group for interference measurement.
For Alt-2, a CSI reporting setting can be linked with two RS settings which includes multiple CSI-RS resources, one for channel measurement, and the other for interference measurement.  As shown in Figure 2, one CSI-RS resource in the RS setting can be configured to the UE for channel measurement, and the other CSI-RS resources in the RS setting can be assumed as interference layers for interference measurement.
[image: ]
Figure 2: NZP CSI-RS resources are separately configured for channel and interference measurement.
Alt-2 provides another way to group CSI-RS ports across multiple resources.  Both alternatives can be used to indicate which NZP CSI-RS ports, either a subset or a full set of a NZP CSI-RS resources shall be treated as signal layers and which shall be assumed as interference layers.  The difference is that in Alt-2, the port grouping is predefined in terms of multiple NZP CSI-RS resources, while it can be dynamically indicated in Alt-1.  Both alternatives would be equivalent if several port groups are pre-configured via RRC and the dynamic indication is used for selecting one out of the pre-configured groups.
[bookmark: _Toc494739753]Observation 1:	Configuring a single NZP CSI-RS resource for both channel and interference measurement is equivalent to configuring NZP CSI-RS resources for channel and interference measurement separately, if multiple port groups are pre-configured.
The port grouping can be either semi-statically configured via RRC or dynamically indicated by L1 signaling, depending on the stability of MU pairing.  Port grouping can be assigned in DCI especially for the case that MU-MIMO grouping could change dynamically.  For L1 signaling based port group assignment, two options can be considered:
· Option-1: Dedicated DCI
· Option-2: Group-common DCI 
With Option-1, each UE receives a dedicated port set assignment.  The port group assigned to one UE for channel measurement is indicated to another UE for interference measurement.  The port group need to be defined in each dedicated DCI.  In fact, the paired UEs can share the definition of port groups by using a group-common DCI in Option-2.  In the group-common DCI, the port groups are defined without associating to channel measurement or interference measurement.  Each UE is explicitly signalled with an index of the port group for channel measurement.  The port group for interference measurement can be implicitly obtained by the union of all port groups which are not indicated for channel measurement.  
[bookmark: _Toc494739758]Proposal 2:	For NZP CSI-RS based interference and channel measurement, support indication of CSI-RS port grouping for channel measurement and CSI-RS port grouping for interference.
Frequency domain measurement restriction
The agreements from RAN1 #89 suggest further study of frequency-domain measurement restriction for channel and interference.  Frequency domain channel measurement restriction may lead to degradation in CSI-RS channel estimation performance.  For example, a UE may be restricted to measure channel on a few contiguous RBs.  Notice that the CSI-RS is likely to be sparse in the frequency domain.  The available CSI-RS observations in the restricted narrowband may be insufficient to provide sufficiently good channel estimation.  For another example, a UE may be restricted to measure channel on non-contiguous RBs.  Even if the aggregated bandwidth is wide enough, one cannot get uniform samples in frequency domain.  This would prohibit the use of low complexity channel estimation algorithms, e.g., the time-domain channel estimation technique.  
[bookmark: _Toc492762935][bookmark: _Toc494739754][bookmark: _Toc490142297]Observation 2:	Frequency domain measurement restriction can jeopardize the channel measurement quality.
The use case of frequency domain interference measurement restriction is unclear.  Before agreeing to support frequency domain interference measurement restriction, we need to understand how much gain it can provide on top of time-domain interference measurement restriction.  We propose that this study should first identify potential use cases where frequency domain measurement restrictions provide performance gains. 
[bookmark: _Toc494739759]Proposal 3:	NR should not support frequency domain measurement restriction in the absence of potential use cases.
Reciprocity based non-PMI feedback
When channel reciprocity is available, a UE may not need to report PMI, but it still need to report CQI/RI.  If it is configured with multiple CSI-RS ports for CQI/RI measurements, a UE needs to assume a precoding matrix which maps the data layers to the CSI-RS ports.  The CQI/RI dependents on the assumed precoding.  When it receives a CQI/RI report from a UE, a gNB needs to know the precoding assumption for deriving the CQI/RI.  
If the CSI-RS is beamformed, such consistency may be guaranteed by using a port selection codebook with codebook subset restriction that for each rank only one port-selection is allowed.  However, this approach has some drawbacks.  For example, if a UE is configured with an X-port CSI-RS resource, there could be  hypotheses for selecting  ports out of X ports.  When X = 12, the port-selection codebooks for ranks 1 to 8 would contain 3796 codewords!  It’s worth noting that the port-selection is likely changing from slot to slot, which implies a dynamic codebook subset restriction of such a huge codebook.  This could lead to an increase of DCI overhead.
[bookmark: _Toc492762936][bookmark: _Toc494739755]Observation 3:	Codebook subset restriction is infeasible for CQI/RI measurement without PMI reporting.
Another option to handle the precoding assumption is assuming a simple precoding matrix, e.g., the identity matrix.  This can be working with pre-scheduled CSI-RS.  When channel reciprocity is available, the gNB can pre-schedule a set of UEs based on the UL sounding.  The pre-scheduling includes MU pairing and MU precoding.  The gNB can transmit aperiodic beamformed CSI-RS for each UE using its own precoding matrix.  The UE can derive CQI by applying an identity matrix on the beamformed CSI-RS ports.  Since the identity matrix is used for CQI computation, the CQI is equivalently derived with the precoding matrix obtained during the prescheduling stage.  That means there’s a one-to-one mapping between the CSI-RS ports and the data layers.  Hence, the gNB knows the exact precoding matrix associated with the CQI.  With such scheme, the UE can report CQI without any precoding mismatch.  
It’s worth noting that the reciprocity based CQI may also need to capture the MU interference.  Actually, when the reciprocity is available, the gNB can obtain reliable DL channel information to perform pre-scheduling of multiple UEs.  The NZP CSI-RS based interference can thus be incorporated into the reciprocity based non-PMI feedback.  In this case, the signal and interference layers can be indicated using the same way as described in Section 2.2.  
[bookmark: _Toc494739760]Proposal 4:	For reciprocity based non-PMI feedback, support indication of CSI-RS port group for channel/interference measurement using the same mechanism as for NZP CSI-RS based IM.
SRS antenna switching for asymmetric TX/RX 
It was agreed in RAN1#90 that antenna switching for SRS transmission is supported for UEs configured with 1 or 2 transmit ports.  In case of 1 transmit port, the single TX can be connected to multiple antennas via one or more switches.  The antennas can thus be sounded one by one in a TDM manner.  However, the extension to the case of 2 transmit port is non-trivial.  
If a UE can support up to R downlink spatial layers and is configured with 2 SRS ports, several options can be considered for SRS antenna switching.  Without loss of generality, we consider a UE which is capable of supporting up to 4 DL spatial layers and up to 2 UL spatial layers.  We assume that this UE has 4 antennas which are connected to 2TX and 4RX.  Two possible TX/RX configurations are illustrated in Figure 3.
In the configuration as shown in Figure 3(a), the 4 antennas are divided into 2 groups; each group has 2 antennas: {0, 1} and {2, 3}.  The antennas in a group is connected to a TX via a 2-way switch.  Such configuration allows faster sounding over all antennas.  All 4 antennas can be sounded in 2 sounding instances.  But both TXs can be affected by the insertion loss because of the switch.  
In Figure 3(b), the 4 antennas are also divided into 2 groups, but in the first group there’s only one antenna, while in the other group there are 3 antennas.  The first TX is always connected to antenna 0, while a single 3-way switch is used for connecting antennas {1, 2, 3} in the second group to the second TX.  With the 3-way switching solution, 3 sounding instances are needed to get the full channel estimate.  Although it takes one more sounding instance than the 2-way switching, 3-way switching configuration doesn’t affect the insertion loss on primary TX chain, which is favoured when UE is doing UL-MIMO.
Observation 4:	For 2TX/4RX, SRS switching can be supported by different TX/RX configurations.  Further study is needed to decide which TX/RX configuration to be supported.  
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	 (a) 2-way switching	(b) 3-way switching
Figure 3.  Two possible 2TX/4RX configurations.
Conclusion
In this contribution, we discuss our views on interference measurement resource, frequency domain measurement restriction, reciprocity based non-PMI feedback, and antenna switching for SRS transmission.  We made following observation.
Observation 1:	Configuring a single NZP CSI-RS resource for both channel and interference measurement is equivalent to configuring NZP CSI-RS resources for channel and interference measurement separately, if multiple port groups are pre-configured.
Observation 2:	Frequency domain measurement restriction can jeopardize the channel measurement quality.
Observation 3:	Codebook subset restriction is infeasible for CQI/RI measurement without PMI reporting.
Observation 4:	For 2TX/4RX, SRS switching can be supported by different TX/RX configurations.  Further study is needed to decide which TX/RX configuration to be supported.
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In addition, our proposals are listed below.


1/2
Proposal 1:	DMRS based IMR is not supported in NR.
Proposal 2:	For NZP CSI-RS based interference and channel measurement, support indication of CSI-RS port group for channel measurement and CSI-RS port grouping for interference.
Proposal 3:	NR should not support frequency domain measurement restriction in the absence of potential use cases.
Proposal 4:	For reciprocity based non-PMI feedback, support indication of CSI-RS port group for channel/interference measurement using the same mechanism as for NZP CSI-RS based IM.
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