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Introduction
In this contribution, we raise the issues of confusing UE behaviour in CSI measurement and propose solutions to resolve these confusing issues.  This contribution is a revision of [1].
Number of CSI-IM resources per resource set
Discussion
According to Section 5.2.1.2 in [2], NZP CSI-RS resources and CSI-IM resources are configured via separate CSI Resource Settings.  Each CSI Resource Setting may contain S ≥ 1 Resource Sets and each Resource Set can consist of Ks ≥ 1 resources.  In RAN1#92, it was agreed that 
If interference measurement is performed only 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.
The above agreement only captured the case when interference measurement is performed only on CSI-IM.  When interference measurement is performed on both CSI-IM and NZP CSI-RS, the number of CSI-IM resources is undefined.  The similar rules can be applied to this case, i.e., keep one-to-one mapping between the NZP CSI-RS resource for channel measurement and the CSI-IM resource.  In addition, the one-to-one association between the NZP CSI-RS resource set for channel measurement and the CSI-IM resource set should also be established. 
[bookmark: _Toc511500229]Proposal 1:	Support both Resource-set-level and resource-level one-to-one mapping between NZP CSI-RS and CSI-IM.
[bookmark: _Toc506381328][bookmark: _Toc506453692][bookmark: _Toc506477507][bookmark: _Toc511500230]Proposal 2:	For periodic and semi-persistent Resource Setting for interference measurement, S = 1.
Besides, when NZP CSI-RS for interference measurement is configured, the association between the NZP CSI-RS resource set for channel measurement and the NZP CSI-RS resource set for interference measurement is undefined.  We propose to follow the similar one-to-one resource-set-level linage.
[bookmark: _Toc511500231]Proposal 3:	Support both Resource-set-level one-to-one mapping between NZP CSI-RS for channel measurement and NZP CSI-RS for interference measurement.
Note that according to the agreement in RAN1#92 that
NZP CSI-RS based IMR is only supported when single CMR per set is configured
The resource-level association between NZP CMR and NZP IMR is automatically already established once the sets are associated.  Since there’s only one NZP CSI-RS resource for channel measurement in a resource set, it is unnecessary to have more than one NZP CSI-RS resources in the associated resource set of interference measurement.
[bookmark: _Toc511500232]Proposal 4:	For the NZP CSI-RS resource sets in a Resource Setting for interference measurement, each NZP CSI-RS resource set consists of a single NZP CSI-RS resource.
[bookmark: _Ref506542043]Text proposal
--- Start of text proposal (editorial changes) to Section 5.2.1.2 in TS 38.214 ---
Each CSI Resource Setting CSI-ResourceConfig contains a configuration of S≥1 CSI Resource Sets, with each CSI Resource Set consisting of a set of CSI-RS resources (comprised of either NZP CSI-RS resources or CSI-IM resources) and a set of SS/PBCH Block resources used for L1-RSRP computation. Each CSI Resource Setting is located in the DL BWP identified by the higher layer parameter bwp-id, and all CSI Resource Settings linked to a CSI Report Setting have the same DL BWP.
The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter ResourceConfigType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by  bwp-id.
--- End of text proposal ---

--- Start of text proposal to Section 5.2.1.4.1 in TS 38.214 ---
…
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 corresponding resource sets. 	The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
[bookmark: _Hlk500778603]When a CSI-ReportConfig contains two Resource Settings and one of the Resource Settings is for CSI-IM based interference measurement, 
- 	each NZP CSI-RS resource set for channel measurement is resource-set-wise associated with a CSI-IM resource set by the ordering of the NZP CSI-RS resource set and the CSI-IM resource set in the corresponding Resource Settings; the number of NZP CSI-RS resource sets for channel measurement equals to the number of CSI-IM resource sets;  
- 	each NZP CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the NZP CSI-RS resource and the CSI-IM resource in the corresponding resource sets; the number of NZP CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
When a CSI-ReportConfig contains two Resource Settings and one of the Resource Settings is for NZP CSI-IM based interference measurement is configured, 
- 	each NZP CSI-RS resource set for channel measurement is resource-set-wise associated with a NZP CSI-RS resource set for interference measurement by the ordering of the NZP CSI-RS resource set for channel measurement and the NZP CSI-RS resource set for interference measurement in the corresponding Resource Settings; the number of NZP CSI-RS resource sets for channel measurement equals to the number of NZP CSI-RS resource sets for interference measurement;
- 	each NZP CSI-RS resource for channel measurement is resource-wise associated with a NZP CSI-RS resource for interference measurement by the ordering of the CSI-RS resource for channel measurement and the NZP CSI-RS resource for interference measurement in the corresponding resource sets; the number of NZP CSI-RS resources for channel measurement equals to the number of NZP CSI-RS resources for interference measurement.
When a CSI-ReportConfig contains three Resource Settings, 
- 	each NZP CSI-RS resource set for channel measurement is resource-set-wise associated with a CSI-IM resource set by the ordering of the NZP CSI-RS resource set and the CSI-IM resource set in the corresponding Resource Settings; the number of NZP CSI-RS resource sets for channel measurement equals to the number of CSI-IM resource sets;  
- 	each NZP CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the NZP CSI-RS resource and the CSI-IM resource in the corresponding resource sets; the number of NZP CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
- 	each NZP CSI-RS resource set for channel measurement is resource-set-wise associated with a NZP CSI-RS resource set for interference measurement by the ordering of the NZP CSI-RS resource set for channel measurement and the NZP CSI-RS resource set for interference measurement in the corresponding Resource Settings; the number of NZP CSI-RS resource sets for channel measurement equals to the number of NZP CSI-RS resource sets for interference measurement;
- 	each NZP CSI-RS resource for channel measurement is resource-wise associated with a NZP CSI-RS resource for interference measurement by the ordering of the CSI-RS resource for channel measurement and the NZP CSI-RS resource for interference measurement in the corresponding resource sets; the number of NZP CSI-RS resources for channel measurement equals to the number of NZP CSI-RS resources for interference measurement.
If interference measurement is performed on NZP CSI-RSWhen NZP CSI-RS for interference measurement is configured, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement.
…
--- End of text proposal ---
MAC CE latency
Discussion
In current specification, when the number of configured CSI triggering states in AperiodicReportTrigger is greater than , where   is the number of bits in the DCI CSI request field, the UE receives a selection command [3] used to map up to   trigger states to the codepoints of the DCI CSI request field.  But when the selected CSI trigger states can be applied is not specified.  Similarly, MAC-CE is used to activate/deactivate semi-persistent CSI-RS/CSI-IM resource(s).  When the activated/deactivated CSI-RS/CSI-IM resource(s) can be applied needs to be specified.  In RAN1#AH1801, candidate values of 8, 10, 20, 40, 80 slots assuming a subcarrier spacing (SCS) of 120kHz were identified for various use cases.  
Notice that the MAC-CE timing is irrelevant to SCS, it should not be defined in units of slots, otherwise the duration varies as SCS.  It’s also worth noting that MAC-CE is used for conveying dynamic signalling.  A long MAC-CE processing time requirement jeopardizes the signalling effectiveness.  To balance the processing complexity and latency, we propose to adopt a fixed MAC CE timing of 2ms for A-CSI triggering state selection and for SP-CSI activation/deactivation.
[bookmark: _Toc506381336][bookmark: _Toc506453697][bookmark: _Toc506477509][bookmark: _Toc511500233][bookmark: _Hlk503447891]Proposal 5:	For the MAC-CE messages for aperiodic CSI trigger state selection and semi-persistent CSI-RS/CSI-IM resource activation/deactivation, the minimum time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message shall be 2ms regardless of the configured SCS. 
[bookmark: _Ref506542044]Text proposal
--- Start of text proposal to Section 5.2.1.5.1 in TS 38.214 ---
[bookmark: _Hlk500778920]For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter ResourceConfigType set to 'aperiodic', ‘periodic’, or ‘semi-persistent’, trigger states for Reporting Setting(s) and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter AperiodicReportTrigger. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one aperiodic CSI report request for a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
-	When all the bits of CSI request field in DCI are set to zero, no CSI is requested.






[bookmark: _Hlk498207844]-	When the number of configured CSI triggering states in AperiodicReportTrigger is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the CSI request field in DCI.  is configured by the higher layer parameter ReportTriggerSize where . When a UE receives a selection command [10, TS 38.321] for mapping the CSI trigger state(s) to the codepoints of the DCI CSI request field, and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding action in [10, TS 38.321] 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 no earlier than slot n + .
--- End of text proposal ---

--- Start of text proposal to Section 5.2.1.5.2 in TS 38.214 ---
For a UE configured with the higher layer parameter ResourceConfigType set to 'semi-persistent'. 

-	when a UE receives an activation command [10, TS 38.321] 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, and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including quasi co-location assumptions provided by a list of references to TCI-RS-SetConfig’s, one per activated resource) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot n +. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.

-	when a UE receives a deactivation command [10, TS 38.321] for activated CSI-RS/CSI-IM resource(s) associated with configured CSI resource setting(s) in slot n, and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of CSI-RS/CSI-IM transmission corresponding to the deactivated CSI-RS/CSI-IM resource(s) shall apply no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot n +. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.
--- End of text proposal ---
CSI reference resource
Discussion on A-/SP-CSI based on P-/SP resources
[bookmark: _Toc506477510]In RAN1#92, it was agreed that for aperiodic CSI reporting, nCQI_ref is the smallest value greater than or equal to , such that slot nCQI_ref corresponds to a valid downlink slot.  This applies regardless the CSI-RS/CSI-IM resource type.  For aperiodic CSI reporting based on periodic or semi-persistent CSI-RS/CSI-IM, it was agreed to further study the timing relationship between the CSI-RS and the triggering PDCCH: 
FFS: When P/SP CSI-RS is used for channel/interference measurement in case of AP CSI reporting, UE does not expect that the latest CSIRS no later than CSI reference resource is received before triggering PDCCH.
According to Section 5.2.2.1 in [2], the UE shall derive channel or interference measurements for computing CQI value based on NZP CSI-RS or CSI-IM no later than the CSI reference source.  The periodic or semi-persistent CSI-RS and CSI-IM resource used for deriving aperiodic CSI reporting in slot n would be no later than slot n – nCQI_ref.  This implies that the UE has to perform channel and interference measurement before receiving the aperiodic CSI trigger.  If a UE is configured with multiple aperiodic CSI reporting settings, the UE has to maintain multiple CSI computation processes each for a configured CSI reporting setting.   That is the number of configured CSI reporting settings is same as the number of CSI reports a gNB can simultaneously request from the UE, as shown in Figure 1.
[image: ]
[bookmark: _Ref506465648]Figure 1. Aperiodic CSI reporting based on periodic CSI-RS transmitted before the CSI trigger.
This would limit the flexibility of aperiodic CSI configuration when the UE cannot support many concurrent CSI reports.  For example, a gNB may want to configure two aperiodic CSI reporting settings for a UE, one for Type I CSI and one for Type II CSI.  The gNB can dynamically trigger the UE to report one of them.  However, if the UE is only capable of triggering one CSI report, only one aperiodic CSI reporting can be configured.  
This issue can be addressed by introducing the “causal” periodic or semi-persistent measurement resources for aperiodic CSI reporting, just like the “causal” triggering of aperiodic CSI-RS.  As shown in Figure 2, if the aperiodic CSI is derived based on the periodic or semi-persistent CSI-RS/CSI-IM resources after the trigger, the UE can calculate the CSI after receiving the aperiodic CSI trigger.  Even it only supports a single CSI report, a UE can still be configured with more than one aperiodic CSI reporting settings.
[image: ]
[bookmark: _Ref506465919]Figure 2. Aperiodic CSI reporting based on periodic CSI-RS transmitted before the CSI trigger.
Another benefit is that we can enable a common timeline for all aperiodic CSI reporting, regardless of the time-domain behaviour of the associated CSI-RS and CSI-IM resources.
[bookmark: _Toc511500234]Proposal 6:	For aperiodic CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the reported CSI shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no early than the first symbol after the PDCCH carrying the aperiodic CSI trigger.    
For the similar reason, the initial report of a semi-persistent CSI based on periodic or semi-persistent CSI-RS shall also be based on “causal” measurements.  If the semi-persistent report is triggered by DCI, the initial report shall be based on the CSI-RS/CSI-IM resource(s) after the reception of the PDCCH carrying the DCI.  If the semi-persistent report is activated by MAC-CE message, the initial report shall be based on the CSI-RS/CSI-IM resource(s) after the symbol when the MAC CE message is applied. 
[bookmark: _Toc506477511][bookmark: _Toc511500235]Proposal 7:	For the DCI triggered semi-persistent CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the initial CSI report shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no early than the first symbol after the PDCCH carrying the semi-persistent CSI trigger.    
[bookmark: _Toc506477512][bookmark: _Toc511500236]Proposal 8:	For the MAC-CE activated semi-persistent CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the initial CSI report shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol where the MAC-CE message is applied.    
Discussion on P-/SP-CSI based on P-/SP resources
For periodic and non-initial semi-persistent CSI reporting, the value of nCQI_ref can be either a fixed value independent from SCS, or be based on the A-CSI processing time.  When choosing the value of nCQI_ref, one should take into account the tradeoff between CSI processing time and the power consumption.  The A-CSI is designed for acquiring instant CSI at an “on-demand” basis.  It is expected for a fast turnaround time to help the gNB get most accurate CSI infrequently.  So, power consumption is trade for a tight A-CSI timing.  On the other hand, P-/SP-CSI reporting is targeting on link maintaining at a fixed periodicity.  Hence, the P-/SP-CSI processing time can be relaxed for power saving.  Based on this, we propose
[bookmark: _Toc506381334][bookmark: _Toc506453695][bookmark: _Toc506477514][bookmark: _Toc511500237]Proposal 9:	For periodic and non-initial semi-persistent CSI reporting, nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.
Discussion on slot offset for CMR and IMR
The slot offset for periodic or semi-persistent CSI-RS resource or CSI-IM resource is separately configured for each resource.  In order to deliver meaningful CSI, it’s preferred that the resources for channel and interference measurement are close to each other.  So, we propose
[bookmark: _Toc506477513][bookmark: _Toc511500238]Proposal 10:	For the NZP CSI-RS resource(s) and the CSI-IM resource(s) associated with a CSI reporting setting, a UE is not expected to be configured with the NZP CSI-RS resource(s) and the CSI-IM resource(s) in different slots.    
[bookmark: _Ref506542047]Text proposal
[bookmark: _Hlk510799669]--- Start of text proposal to Section 5.2.1.4.1 in TS 38.214 ---
For the NZP CSI-RS resource(s) and the CSI-IM resource(s) associated with a CSI reporting setting, a UE is not expected to be configured with the NZP CSI-RS resource(s) and the CSI-IM resource(s) in different slots.
--- End of text proposal ---

--- Start of text proposal to Section 5.2.2.1.1 in TS 38.214 ---
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
-	In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource for a CSI reporting in uplink slot n is defined by a single downlink slot n-nCQI_ref,
-	where for periodic and semi-persistent CSI reporting nCQI_ref is the smallest value greater than or equal to [TBD]5, such that it corresponds to a valid downlink slot. 
-	where for non-initial semi-persistent CSI reporting nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.

- 	where for initial semi-persistent CSI reporting, nCQI_ref is the smallest value greater than or equal to , such that slot n-nCQI_ref corresponds to a valid downlink slot, where Z’ corresponds to the delay requirement as defined in Subclause 5.4.
-	when periodic or semi-persistent CSI-RS/CSI-IM is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM whose last OFDM symbol is received up to Z’ symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting


-	where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to , such that slot n-nCQI_ref corresponds to a valid downlink slot, where Z’ corresponds to the delay requirement as defined in Subclause 5.4.
-	when periodic or semi-persistent CSI-RS/CSI-IM is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM whose last OFDM symbol is received up to Z’ symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.


[bookmark: _Hlk497830446]A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it is configured as a downlink slot for that UE, and
-	it does not fall within a configured measurement gap for that UE,. and
-	the active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed, and.
-	there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource for which the CSI reporting is performed.
- 	where for aperiodic CSI reporting or initial semi-persistent reporting triggered by DCI, there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement later than the last symbol of the PDCCH carrying the DCI triggering the aperiodic or semi-persistent CSI. 

- 	where for initial semi-persistent reporting activated by MAC-CE, there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no earlier than slot n' + if the HARQ-ACK corresponding to the PDSCH carrying the MAC-CE command is transmitted in slot n'.
--- End of text proposal ---
Interference measurement
Discussion
According to current specification, for CSI measurement(s), a UE assumes other interference signal on REs of non-zero power CSI-RS resource for channel measurement, non-zero power CSI -RS resource for interference measurement, or CSI-IM resource for interference measurement.  It is clear that the “other interference signal” on CSI-IM resource is the background interference generate by neighbouring cells and UE shall count this background interference measured from CSI-IM resource.  This interference can be easily measured by collecting the signal power observed on the CSI-IM resources.  However, it’s unclear what’s the UE behaviour in interference measurement when assuming the existence of “other interference signal”.  The received signal on NZP CSI-RS resource can be written as

where   is the CSI-RS and  is the “other interference signal”.  The only way to get  from  is to first perform channel estimation to get  and then get the estimate of  

Notice that  and  are correlated.  The other interference power captured by  may be dominated by the channel estimation error, e, depending on the geometry, CSI-RS transmission bandwidth, CSI-RS density, and the channel selectivity, etc.  For example,  can be several dBs higher than  in some cases.
If a reporting setting is configured with a NZP CSI-RS resource for channel measurement and a NZP CSI-RS for interference measurement, the SNR on two NZP CSI-RS resources can be different, e.g., the NZP CSI-RS for channel measurement may exhibits a higher SNR than the NZP CSI-RS for interference measurement.  Thus, the “other interference” estimated from each NZP CSI-RS resources would be different.  Then it is confusing how to count the “other interference” estimated from different NZP CSI-RS resources in the interference measurement.  If the SNRs on both NZP CSI-RS for channel measurement and for interference measurement are low, the background interference cannot be measured from either of these two NZP CSI-RS resources.  This makes the configuration useless. 
[bookmark: _Toc506381339][bookmark: _Toc506453700][bookmark: _Toc506477515][bookmark: _Toc511500239]Proposal 11:	When the ReportQuantity is not set to “no report” or “CRI/L1-RSRP,” a ReportConfig shall be linked with at least one CSI-IM resource. 
[bookmark: _Toc506381340][bookmark: _Toc506453701][bookmark: _Toc506477516][bookmark: _Toc511500240]Proposal 12:	Interference measurement based on NZP CSI-RS without CSI-IM is a UE capability.
[bookmark: _Toc511500241]Proposal 13:	Interference measurement based on both NZP CSI-RS and CSI-IM is a UE capability.
[bookmark: _Ref506542050]Text proposal
--- Start of text proposal to Section 5.2.1.4.1 in TS 38.214 ---
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.  Supporting interference measurement performed on NZP CSI-RS without CSI-IM is a UE capability.
-	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.  Supporting interference measurement performed on NZP CSI-RS and CSI-IM is a UE capability.
When the higher layer parameter ReportQuantity is configured with one of the values 'CRI/RI/PMI/CQI’ or 'CRI/RI/i1' or ‘CRI/RI/i1/CQI’ or ‘CRI/RI/CQI’ or ‘CRI/RI/LI/PMI/CQI’, the ReportConfig shall be associated with a Resource Setting containing at least one CSI-IM resource.  
--- End of text proposal ---
Slot offset for A-CSI-RS and A-CSI-IM
Discussion
In RAN1#92, the following was agreed.
For CSI acquisition, aperiodic CSI-RS triggering offset can be 0, 1, 2, 3, 4 slots.
· If all the associated trigger states do not contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero.
The agreement is supposed to clarify that if the PDCCH and the CSI-RS are transmitted on different beams, the A-CSI-RS triggering offset cannot be 0 slot.  However, the agreement didn’t cover this case.  Instead, it just clarifies that when the PDCCH and the CSI-RS are transmitted on the same beam, the A-CSI-RS triggering offset is fixed to zero.  Actually, there’s a related discussion in UE feature group 2-28:
Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where i is the index of SCS, i = 1, 2, 3, 4 corresponding to 15,30,60,120 kHz SCS.  
The candidate values for KBi are {14, 26, 28, [42], [280]}.  That is the minimum slot offset has to be 1.  So, the clarification for in the sub-bullet in the agreement in RAN1#92 is not needed.  
In another aspect, fixing the aperiodic CSI-RS trigger offset to zero and not allowing any configurability for trigger states that do not contain QCL Type D information works against cross-slot scheduling support. In RAN1 #86bis, the following agreement was made, motivated by UE power saving [4][5]:
· NR supports at least same-slot and cross-slot scheduling for DL.
· Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.
Cross-slot scheduling can enhance UE power saving due to enhanced microsleep. For any DL scheduling (e.g. PDSCH, or CSI-RS resource) based on DCI, if the scheduling applies to the same slot in which the DCI is received, UE cannot go to microsleep state until after PDCCH processing completes and UE confirms that there is no scheduling for the same slot. However, PDCCH processing latency would be in the critical timeline and limits the portion of slot feasible for microsleep. If UE can be configured such that it does not expect same slot scheduling, it always knows in advance whether the current slot is scheduled or not; In case it is not scheduled, UE may shut down the RF as soon as the last DL control symbol has been received and buffered. Processing of the buffered control symbols can take place at lower power level while RF is off. Similar benefit also applies for UL scheduling. Effectively, the portion of slot feasible for microsleep can be increased significantly with cross-slot scheduling.
The sub-bullet in the RAN1 #92 agreement unnecessarily disallows cross-slot scheduling for CSI-RS by DCI for the case where trigger states do not include QCL Type D information, and it can be considered in violation with the RAN1 #86bis agreement in a broader sense. Considering all of above reasoning, we have the following proposal:
[bookmark: _Toc511500242]Proposal 14:	Remove the clarification that “If all the associated trigger states do not contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero.”
The slot offset of A-CSI-RS is configured in the A-CSI trigger state via RRC.  But in the A-CSI trigger state, the slot offset of A-CSI-IM is not configured.  Instead of adding a new RRC parameter, we can assume the same slot offset for both A-CSI-RS and the associated A-CSI-IM.  This would be beneficial for fast CSI feedback.
[bookmark: _Toc511500243]Proposal 15:	The slot offset for the A-CSI-IM is as same as that for the A-CSI-RS associated to the same A-CSI reporting setting.
[bookmark: _Ref510810061]Text proposal
--- Start of text proposal to Section 5.2.1.5.1 in TS 38.214 ---
…
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. The CSI-RS triggering offset has the range of 0 to 4 slots. If all the associated trigger states do not contain ‘QCL-TypeD’ parameter in the corresponding TCI states, the CSI-RS triggering offset is fixed to zero. The UE does not expect that aperiodic CSI-RS is transmitted before the OFDM symbol(s) carrying its triggering DCI.  When aperiodic CSI-IM is used with aperiodic reporting, the CSI-IM offset is as same as the CSI-RS offset.
…
--- End of text proposal ---
Clarification related to the ASN.1 restructuring
Discussion
After RAN2#101, the ASN.1 description for CSI Resource Setting, CSI-RS resource set and CSI-RS resource is restructured.  According to current specification, the resource type (a.k.a., the time-domain behaviour) is defined in each CSI Resource Setting.  The CSI-RS/CSI-IM resources are referenced by their IDs in resource set.  The resource sets are reference by their IDs in CSI Resource Settings.  So, from ASN.1 description perspective, a CSI-RS/CSI-IM resource may be referenced in two different resource sets, and a resource set may be referenced in two CSI Resource Settings with different resource types.  This is clearly an invalid configuration and should be precluded from RAN1 specification.
[bookmark: _Toc511500244]Proposal 16:	A CSI-RS/CSI-IM resource cannot be referenced in two CSI Resource settings with different time-domain behaviors.
[bookmark: _Ref510820927]Text proposal
[bookmark: _GoBack]--- Start of text proposal to Section 5.2.1.2 in TS 38.214 ---
The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter ResourceConfigType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by  bwp-id.  If a UE is configured with a CSI-RS resource or a CSI-IM resource associated with two CSI Resource settings, the UE is expected to be configured with the higher layer parameter ResourceConfigType for both CSI Resource settings set to the same value. 
--- End of text proposal ---
Conclusion
In this contribution, we raise the issues of confusing UE behaviour in CSI measurement and propose solutions to resolve these confusing issues.  We made following proposals.
Proposal 1:	Support both Resource-set-level and resource-level one-to-one mapping between NZP CSI-RS and CSI-IM.
Proposal 2:	For periodic and semi-persistent Resource Setting for interference measurement, S = 1.
Proposal 3:	Support both Resource-set-level one-to-one mapping between NZP CSI-RS for channel measurement and NZP CSI-RS for interference measurement.
Proposal 4:	For the NZP CSI-RS resource sets in a Resource Setting for interference measurement, each NZP CSI-RS resource set consists of a single NZP CSI-RS resource.
Proposal 5:	For the MAC-CE messages for aperiodic CSI trigger state selection and semi-persistent CSI-RS/CSI-IM resource activation/deactivation, the minimum time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message shall be 2ms regardless of the configured SCS.
Proposal 6:	For aperiodic CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the reported CSI shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no early than the first symbol after the PDCCH carrying the aperiodic CSI trigger.
Proposal 7:	For the DCI triggered semi-persistent CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the initial CSI report shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol starting no early than the first symbol after the PDCCH carrying the semi-persistent CSI trigger.
Proposal 8:	For the MAC-CE activated semi-persistent CSI reporting associated with periodic or semi-persistent CSI-RS/CSI-IM resource(s), the initial CSI report shall be derived based on NZP CSI-RS and CSI-IM resources at the symbol where the MAC-CE message is applied.
Proposal 9:	For periodic and non-initial semi-persistent CSI reporting, nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.
Proposal 10:	For the NZP CSI-RS resource(s) and the CSI-IM resource(s) associated with a CSI reporting setting, a UE is not expected to be configured with the NZP CSI-RS resource(s) and the CSI-IM resource(s) in different slots.
Proposal 11:	When the ReportQuantity is not set to “no report” or “CRI/L1-RSRP,” a ReportConfig shall be linked with at least one CSI-IM resource.
Proposal 12:	Interference measurement based on NZP CSI-RS without CSI-IM is a UE capability.
Proposal 13:	Interference measurement based on both NZP CSI-RS and CSI-IM is a UE capability.
Proposal 14:	Remove the clarification that “If all the associated trigger states do not contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero.”
Proposal 15:	The slot offset for the A-CSI-IM is as same as that for the A-CSI-RS associated to the same A-CSI reporting setting.
Proposal 16:	A CSI-RS/CSI-IM resource cannot be referenced in two CSI Resource settings with different time-domain behaviors.
We propose adopting text proposals in Sections 2.2, 3.2, 4.4, 5.2, 6.2, and 7.2.
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