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1 Introduction
In this contribution, we summarize companies’ views on remaining open issues for CSI measurement.
2 Interference measurement
Issue 2.1: Association between IMR and NZP CSI-RS for channel measurement
In the current specification, the resource-level association between CMR and IMR is not complete, which means UE cannot perform interference measurement when multiple resources are configured in the resource set for channel measurement. Several companies discuss this issue. Companies’ views are summarized as follows.
If interference measurement is performed on CSI-IM, and multiple CSI-RS resources are configured for channel measurement,
Alt 1: Support configuring multiple CSI-IM resources, where 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.
· Supported by ZTE/Sanechips, Huawei/HiSilicon, vivo, MediaTek, CATT, Ericsson, Qualcomm, Samsung (if multiple CMRs are configured)
Alt 2: Support configuring only one CSI-IM resource, which is associated with all CSI-RS resources in the resource set for channel measurement.

· Supported by Huawei/HiSilicon, vivo

It appears all companies are fine with Alt 1, but Alt 2 requires further discussion.  Alt1 can achieve Alt2 by configuring the same CSI-IM resource ID repeatedly in a resource set.  The only merit of Alt2 is signalling overhead.  Therefore, we have the following proposal to agree on Alt 1 first and continue offline discussion on Alt2.
Proposal 1: If interference measurement is performed on CSI-IM, 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 linked resource sets.

· The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
Issue 2.2: Consideration of other signals and interference accumulation for NZP based IMR

In RAN1#91, the following is agreed

· UE performs accumulation of interference estimated on the following

· All interference layers on NZP IMR(s) taking into account the associated Pc power boosting; and

· Other interference signal on REs of CMR/IMR 

· Notes: this does not mandate specific UE implementation

Companies have different views on how to define UE behavior considering other signals and interference accumulation in interference measurement. The following alternatives are summarized from companies’ contributions.
Alt1: Other interference signal are measured from REs of NZP CSI -RS resource for interference measurement if CSI-IM is not configured
Alt 1-1:  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; 
· other interference signal on REs of CSI-IM resource 

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, take into account the associated EPRE ratios; 
· other interference signal on REs of non-zero power CSI-RS resource(s) for interference measurement.

Supported by ZTE/Sanechips, vivo 
Alt 1-2: A UE shall perform accumulation of interference estimated on the following 

-
all interference transmission layers on NZP CSI-RS ports for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; 

-
other interference signal on REs of NZP CSI -RS resource for interference measurement, or CSI-IM resource for interference measurement. The UE shall assume that other interference signal on REs of NZP CSI-RS for interference measurement and CSI-IM resource comes from the same interference source.

Supported by Ericsson

Alt 2: Other interference signal is measured from REs of CMR if CSI-IM is not configured.
A UE shall perform accumulation of interference estimated on the following
· all interference transmission layers on non-zero power CSI-RS ports indicated for interference measurement, taking into account the associated EPRE ratios;
· other interference signal
· if CSI-IM resource is configured, this is measured on REs of CSI-IM resource; otherwise, this is measured on REs of CMR 
Supported by MediaTek
Alt3:  Do not specify the details on how UE accumulate other interference. 
Alt 3-1: The UE assumes all interference transmission layers and other interference signal to be accumulated for interference calculation.

Supported by Huawei/HiSilicon
Alt 3-2: For resources configured for interference measurement, the UE assumes all interference transmission layers and other interference signal to be accumulated for interference calculation. It is up to UE implementation whether or not to additionally accumulate interference measured from CMR as in LTE
Supported by LGE
Since Alt1 has a little bit more support, we propose to go for Alt1 as Proposal 3 below. 
Since there is no consensus on how to capture interference accumulation in the spec, the proposal is to have the following conclusion.

Proposal 2:  It’s up to UE implementation on how interference accumulation is performed.
Issue 2.3:  Slot offset for P/SP CMR and IMR
In the current specification, periodicity and slot offset for P/SP CMR and IMR are independently configured. It’s proposed in [10] to restrict the CMR and corresponding IMR in the same slot. Companies’ views are summarized as follows.

Alt 1: For the CMR(s) and IMR(s) associated with a CSI reporting setting, a UE is not expected to be configured with the CMR(s) and IMR(s) in different slots.
· Supported by Qualcomm
Alt 2:  Periodicity and slot offset for P/SP CMR and IMR are independently configured like in LTE.
· Supported by ZTE/Sanechips, Samsung, Ericsson, LGE
This requires more views and further discussion.
3 CSI framework
Issue 3.1: Resource setting configuration for P/SP CSI reporting
The current specification lacks resource setting configuration details for P/SP CSI reporting. Several companies discuss this issue, especially from the aspect that whether NZP CSI-RS based IMR should be supported for P/SP CSI reporting. The following alternatives can be identified.
Alt 1: For P/SP CSI reporting, NZP CSI-RS based IMR is not supported.
· Supported by ZTE/Sanechips, MediaTek, CATT, LGE, Qualcomm, Samsung
Alt 2: Reuse the A-CSI reporting Resource Setting configuration for P/SP CSI reporting
· Supported by Huawei/HiSilicon, Ericsson
Since Alt1 has a little bit more support, we propose to go for Alt1 as Proposal 7 below. 
Proposal 3: For P/SP CSI reporting, NZP CSI-RS based IMR is not supported. 
The corresponding TP is TP2 in Appendix.
Issue 3.2: MAC CE timing
The timing between CSI request DCI, SP CSI-RS/CSI-IM transmission and their associated MAC CE signaling hasn’t been addressed yet. The following proposal is from [10].
Proposal 4: 

· When a UE receives a selection command in slot n for mapping the CSI trigger state(s) to the codepoints of the DCI CSI request field, the corresponding action in and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied from slot n + Z. 

· When a UE receives an activation command for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s) in slot n, the corresponding action in [TS 38.321] and UE assumptions (including quasi-co-location assumptions provided by a reference to a TCI-RS-SetConfig) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied from slot n + Z. 

· When a UE receives a deactivation command for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s) in slot n, the corresponding action in [TS 38.321] and UE assumptions (including quasi-co-location assumptions provided by a reference to a TCI-RS-SetConfig) on cessation of CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied from slot n + Z. 
· Z=
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Issue 3.3: Candidate values for aperiodic CSI-RS triggering offset
It has been agreed that the triggering offset of aperiodic CSI-RS is configured per CSI-RS resource set. Some companies consider different requirements for beam management and CSI acquisition. Views for CSI acquisition are summarized as follows.
Alt 1: For CSI acquisition, aperiodic triggering offset is fixed to zero 
· Supported by CATT, Samsung
Alt 2: For CSI acquisition, aperiodic triggering offset can be non-zero
· Supported by Ericsson, Huawei/HiSilicon, ZTE/Sanechips
Alt2 has more supporters.  
Proposal 5: 
For CSI acquisition, aperiodic CSI-RS  triggering offset can be zero or non-zero.
· If all the associated trigger states do not contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero.
Issue 3.4: Causal v.s. non-Causal P/SP CSI-RS
It’s been agreed that for AP CSI-RS, the triggered CSI-RS should be later than the PDCCH symbol(s) carrying the triggering DCI. For AP CSI reporting based on P/SP CSI-RS, the CSI-RS used to derive the AP CSI should be no later than the reference resource. It’s proposed in [10] that the P/SP CSI-RS used to derive the AP CSI should be no earlier than the PDCCH symbols carrying the CSI request. Companies’ views are summarized as follows.
For aperiodic CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s),
Alt 1: The reported CSI shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no earlier than the first symbol after the PDCCH carrying the aperiodic CSI trigger.
· Supported by Qualcomm, Samsung
Alt 2: Follow the current specification on reference resource definition. 
· Supported by Ericsson
Alt 3: Reference resource is in the same valid downlink slot as the corresponding CSI request. 

· Supported by Huawei/ HiSilicon
This requires more views and further discussion.
Issue 3.5: Non-PMI feedback
It is proposed in [9] to clarify what higher layer parameter Non-PMI-PortIndication contains.
---------------------------------Start of proposed TP for 38.214 ----------------------------------------------
5.2.1.4.2
Non-PMI port indication

If a UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RI/CQI': 

-
the UE is configured with higher layer parameter Non-PMI-PortIndication contained in a ReportConfig, where r ports are indicated in the order of layer ordering for rank r and each CSI-RS resource in the CSI resource setting is linked to the ReportConfig in a MeasLinkConfig, based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting linked for channel measurement. The higher layer parameter Non-PMI-PortIndication contains a sequence [image: image3.emf]
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are the CSI-RS port indices associated with rank 
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 is the maximum rank associated with the CSI-RS resource.
-
When calculating the CQI for a rank, the UE shall use the ports indicated for that rank for the selected CSI-RS resource. The precoder for the indicated ports shall be assumed to be the identity matrix.
---------------------------------------------End of TP ---------------------------------------------------------------------
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Appendix

TP1: The corresponding TP for 38.214  section 5.1.4.2 is provided in [11]:
	-
within a BWP, the UE can be configured with one or more zero-power CSI-RS resource set configuration(s)  (higher layer parameter ZP-CSI-RS-ResourceSetConfigList) , with each ZP CSI-RS resource set consisting of at most [64] ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-ResourceConfig) , in numerology of the BWP. The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:

-
ZP-CSI-RS-ResourceConfigId determines zero-power CSI-RS resource configuration identity.

-
ZP-CSI-RS-Density defines the zero-power CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
-
ZP-CSI-RS-FreqBand parameters enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].

-
ZP-CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
-
ZP-CSI-RS-timeConfig defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. 

-
ZP-CSI-RS-ResourceConfigType defines the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration as described in Subclause [TBD] of [4, TS 38.211].

The ZP-CSI-RS configuration can be periodic, semi-persistent or aperiodic. All the resources in a ZP CSI-RS resource set are configured with the same ResourceConfigType (periodic, semi-persistent or aperiodic).
The UE may be configured with a DCI field for triggering the aperiodic ZP-CSI-RS. A list of ZP-CSI-RS resource set IDs, provided by higher layer parameter Aperiodic-ZP-CSI-RS-Resource-List, is configured for aperiodic triggering. The maximum number of aperiodic ZP CSI-RS resource sets configured per BWP is 3. The bit-length of DCI field “ZP CSI-RS trigger” depends on the number of aperiodic ZP CSI-RS resource sets configured (up to 2 bits). Each triggering state of “ZP CSI-RS trigger” in DCI is to trigger one ZP CSI-RS resource set. The first state is reserved for not triggering aperiodic ZP CSI-RS.
A list of ZP-CSI-RS resource set IDs, provided by higher layer parameter SP-ZP-CSI-RS-Resource-List, is configured for activation of semi-persistent ZP-CSI-RS.  For a UE configured with the higher-layer parameter ZP-CSI-RS-ResourceType set to ‘semi-persistent’:
-
when a UE receives an activation command [10, TS 38.321] for ZP CSI-RS resource(s) in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on the PDSCH RE mapping corresponding to the activated ZP CSI-RS resource(s) shall be applied no later than the minimum requirement defined in [11, TS 38.133].

-
when a UE receives an deactivation command [10, TS 38.321] for activated ZP CSI-RS resource(s) in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on cessation of the PDSCH RE mapping corresponding to the de-activated ZP CSI-RS resource(s) shall be applied no later than the minimum requirement defined in [11, TS 38.133].


TP2: The corresponding TP for 38.214  section 5.2.1.4.1 is provided in [3]:
	5.2.1.4.1
Resource Setting configuration

For aperiodic CSI, each trigger state configured using the higher layer parameter ReportTrigger is associated one or multiple ReportConfig where each ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 

-
When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation.

-
When two resource settings are configured, the first one resource setting is for channel measurement and the second one is for interference measurement performed on CSI-IM or on NZP CSI-RS.

-
When three resource settings are configured, the first one resource setting is for channel measurement, the second one is for CSI-IM based interference measurement and the third one is for NZP CSI-RS based interference measurement.

For semi-persistent or periodic CSI, each ReportConfig is linked to periodic, or semi-persistent:
-
When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation.

-
When two resource settings are configured, the first one resource setting is for channel measurement and the second one is for interference measurement performed on CSI-IM.
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