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Introduction
In RAN1#90bis, several aspects of CSI measurement have been discussed and the following agreements/working assumptions were made [1].
ZP CSI-RS based IMR – time-domain behavior
For ZP CSI-RS based IMR, following combinations of P/SP/AP CMR and IMR are supported 
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· 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



ZP CSI-RS based IMR – RE pattern (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.
NZP CSI-RS based IMR
· 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
Non-PMI feedback
For non-PMI feedback, support the following port index indication method:
· Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback
· Port index indication per CSI-RS resource is configured by RRC to select the CSI-RS port(s) used for RI/CQI calculation per rank
· Identity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation
· N ports are selected for rank N
· The CSI-RS resource can be dynamically selected for CSI reporting in CSI framework
In this contribution, we discuss remaining open issues on CSI measurement, including down-selection of ZP CSI-RS based IMR pattern, configuration of both ZP CSI-RS based IMR and NZP CSI-RS based IMR, combination of CMR and NZP CSI-RS based IMR, signaling of NZP CSI-RS based IMR, etc.  This contribution is revised from [2].
Discussion
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 [3], 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 [3], 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: _Toc492762938][bookmark: _Toc498766411]Proposal 1:	DMRS based IMR is not supported in NR.
ZP CSI-RS based IMR
In RAN1#90bis, the agreed working assumption is that one out of the following two CSI-IM patterns can be configured to UE via RRC signaling:
· Pattern 1: (2, 2)
· Pattern 2: (4, 1)
The first pattern is as same as that used in LTE, which occupies two OFDM symbols.  The second pattern is a single-symbol pattern which can be used for multi-beam based systems.  If a UE is configured with an ZP CSI-RS based IMR, it shall estimate the interference level from it.  In case of Pattern 1, the interference is thus estimated from and average across two OFDM symbols.  For multi-beam based system, different beams may be used on two adjacent symbols.  The interference observed from two consecutive symbols can come from different direction.  So, averaging across two consecutive symbols may leads to inaccurate interference level estimation.  From this perspective, a single-symbol pattern is slightly preferred and the RRC configurability is not needed. 
[bookmark: _Toc494739757][bookmark: _Toc498766412]Proposal 2:	For ZP-CSI-RS based IMR, only the (4,1) pattern is supported without RRC configurability.
NZP CSI-RS based IMR
Besides ZP CSI-RS based IMR, NR also supports NZP CSI-RS based IMR.  The main use case for NZP CSI-RS based IMR is to get more accurate intra-cell interference from co-scheduled UEs and/or inter-cell interference within a CoMP cluster.  For both cases, outside-cell or outside-CoMP-cluster interference needs to be measured in addition to the intra-cell or intra-cluster interference estimated from NZP CSI-RS based IMR.  One way to measure such outer interference level is to estimate from NZP CSI-RS.  The UE needs first estimate the channel based on NZP CSI-RS, then subtract the NZP CSI-RS from the received signals on NZP CSI-RS REs.  However, because of the low density of CSI-RS, the channel estimation error leads an inaccurate interference level estimation.  Instead of using NZP CSI-RS, one can use ZP CSI-RS based IMR to measure the outer interference.  Since there’s no need to perform channel estimation, the interference level can be estimated accurately.
[bookmark: _Toc498766413][bookmark: _Toc494739758]Proposal 3:	When a UE is configured a NZP CSI-RS based IMR, the UE is also configured with a ZP CSI-RS based IMR.
Different from ZP CSI-RS based IMR, the NZP CSI-RS based IMR is mainly used for reporting aperiodic CSI based on pre-scheduled beamformed NZP CSI-RS.  The NZP CSI-RS based IMR should be aperiodic.  
[bookmark: _Toc498766414]Proposal 4:	NR supports aperiodic NZP CSI-RS based IMR only.
One open issue of NZP CSI-RS based IMR is whether the DCI indication is the dynamic triggering of one or multiple CSI reporting setting(s) or not.  Notice that a CSI reporting setting can be linked at least with one resource setting for channel measurement and one resource setting for interference measurement, and that in each resource setting multiple CSI-RS resources can be configured.  So, no matter whether dynamic triggering of CSI reporting settings is needed or not, the resources for channel and interference measurement have to be dynamically indicated.  Based on this fact, dynamic triggering of CSI reporting setting to indicate channel/interference measurement hypothesis is redundant in addition to the dynamic indication of resources.
[bookmark: _Toc498766415]Proposal 5:	For NZP CSI-RS based IMR, dynamic triggering of one or multiple CSI reporting setting(s) is not needed for indicating resource subsets for channel/interference measurement.
Another open issue is if some CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped or not.  From UE’s perspective, one resource shall be either used for channel measurement or for interference measurement, when it is triggered to report CSI.  However, from the network’s perspective, one resource may be used for channel measurement for one UE and may be used for interference measurement for another UE.  The definition from UE’s perspective is preferred.
[bookmark: _Toc498766416]Proposal 6:	For NZP CSI-RS based IMR, CSI-RS resource(s) from two NZP CSI-RS resource subsets cannot be overlapped from UE’s perspective.
Interference measurement for non-PMI feedback
If a UE is configured with CSI feedback without PMI, a subset of ports in a NZP CSI-RS resource is semi-statically configured for a rank hypothesis for channel measurement.  The subset of ports which are complementary to the configured subsets is more likely to be used for other UEs.  Similar to the NZP CSI-RS based IM, the UE can estimate the intra-cell interference from the complementary ports.  This allows all benefits of NZP CSI-RS based interference measurement.
[bookmark: _Toc498711663][bookmark: _Toc498766417]Proposal 7:	For non-PMI feedback, the ports which are indicated for channel measurement shall be used for interference measurement. 
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: _Toc498766410][bookmark: _Toc490142297]Observation 1:	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: _Toc492762941][bookmark: _Toc498711664][bookmark: _Toc498766418]Proposal 8:	NR should not support frequency domain measurement restriction in the absence of potential use cases.
Indication of measurement configuration
In LTE, the CSI measurement is configured in terms of CSI process.  A CSI process comprises at least one channel measurement resource (CMR) and one IMR.  Based on the maximum number of CSI process the UE can handle, the network can decide whether the UE can support multi-TRP transmission and carrier aggregation.  In NR, there is no definition of CSI process, which makes it difficult to define the UE CSI processing capability.  Instead, the CSI-RS framework is defined jointly via RRC configured CSI report settings, resource settings and a measurement setting.  Since those configurations contain all the possible report settings/links/resource settings configured to the UE, it remains an open issue how to indicate UE which links/report/resources are actually active.
For P/SP-CSI report setting, there should be a fixed link to a CMR and a fixed link to an IMR.  That is, a P/SP-CSI report is always linked to a fixed resource setting for CMR, and linked to another fixed resource setting for IMR.  In this case, once a P/SP CSI-RS is configured/activated, the UE can perform channel estimation and do the CSI calculation according to the linked P/SP-CSI report setting.  There is no need of any other dynamic configuration of the measurement link.
For A-CSI report setting, the associated CM resources and IM resources may be dynamically changed. There are two ways to implement the dynamic indication.
· Alt-1: Each A-CSI report setting is linked to a fixed resource setting of CMR and a fixed resource setting of IMR, and the network dynamically indicates the resources in the resource setting for CM and the resource setting for IM. 
· Alt-2: Each A-CSI report setting is linked to multiple resource settings, and the network dynamically indicates which CM link is active and which IM link is active.
In the last meeting, it was agreed that the 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.  From this perspective, since the ultimate goal is to dynamically indicate the resources for CM and resources for IM, it is more reasonable to use Alt-1.  The dynamic indication of measurement links is redundant.  Based on the discussion, we propose
[bookmark: _Toc498766419]Proposal 9:	For P/SP/A-CSI report setting, NR should support a fixed link to a resource setting for CM and a fixed link to a resource setting for IM.
With above constraints, the CSI processing capability of a UE can be defined based on the maximum number of CSI reporting settings or the maximum number of measurement links supported by the UE.
Conclusion
To summarize, we discussed remaining issues on CSI measurement.  We made following observation.
Observation 1:	Frequency domain measurement restriction can jeopardize the channel measurement quality.
In addition, our proposals are listed below.
Proposal 1:	DMRS based IMR is not supported in NR.
Proposal 2:	For ZP-CSI-RS based IMR, only the (4,1) pattern is supported without RRC configurability.
Proposal 3:	When a UE is configured a NZP CSI-RS based IMR, the UE is also configured with a ZP CSI-RS based IMR.
Proposal 4:	NR supports aperiodic NZP CSI-RS based IMR only.
Proposal 5:	For NZP CSI-RS based IMR, dynamic triggering of one or multiple CSI reporting setting(s) is not needed for indicating resource subsets for channel/interference measurement.
Proposal 6:	For NZP CSI-RS based IMR, CSI-RS resource(s) from two NZP CSI-RS resource subsets cannot be overlapped from UE’s perspective.
Proposal 7:	For non-PMI feedback, the ports which are indicated for channel measurement shall be used for interference measurement.
Proposal 8:	NR should not support frequency domain measurement restriction in the absence of potential use cases.
Proposal 9:	For P/SP/A-CSI report setting, NR should support a fixed link to a resource setting for CM and a fixed link to a resource setting for IM.
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