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Introduction
In RAN1 #91, the following agreement was reached for aperiodic channel state information (CSI) report: 
Agreements in RAN1 #91
· Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)
· When one resource setting is configured, the resource setting is for channel measurement for beam management.
· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement (for ZP or NZP).
· When three resource settings are configured, the first one resource setting is for channel measurement, the 2nd one is for ZP based interference measurement and the 3rd one is for NZP based interference measurement.
· If a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a bitmap (with the bitwidth Nbit =number of resource sets in a resource setting.  Number of one(s) in the bitmap None = 1 for CSI acquisition) is RRC configured per trigger state per resource setting to select CSI-IM/NZP CSI-RS resource set(s) from the resource setting.    
· FFS on None for multiple TRP cases
· FFS: 1<= None <=Nonemax (FFS) for beam management
· Support CSI-RS configuration (including aperiodic triggering) with or without report at least for P3 BM, and for the case of non-codebook based UL transmission (FFS for TRS).  This can be achieved by configuring “No report” in reportQuantity in ReportConfig.

In this contribution, we discuss further on the remaining details of the topic.
Triggering of aperiodic IMRs
In RAN1 #91, it was agreed that a UE can be configured with aperiodic ZP/NZP CSI-RS resources as interference measurement resources (IMRs) for interference measurement. The aperiodic IMRs are triggered with a list of trigger states (configured by the “ReportTrigger” RRC parameter) where each trigger state is associated one or multiple ReportConfigs and each ReportConfig is linked to one or multiple P/SP/AP CSI-RS resource settings as ResourceConfigs. To save DCI/MAC-CE overhead, the total number of the trigger states is limited, and the numbers (1, 2, or 3) of the linkages between ReportConfig and ResourceConfigs are used to inform the UE which resource is CMR or IMR (instead of using the measQuantity RRC parameter in the linkage setting as the way given in P/SP CSI reports). An example of triggering aperiodic IMRs is depicted in Figure 1.  
[image: ]
[bookmark: _Ref503106290][bookmark: _Ref503106283]Figure 1: An illustration of how to trigger aperiodic CMRs and IMRs in Release 15. 
However, this agreement is not complete. It is unclear when more than three linkages are configured, in other words, what a UE should do if there is a 4th linkage appealed by mistakes or in purposes. Besides, the following states are NOT supported for aperiodic CSI report in Release 15:
· a state triggering ReportConfigs and CSI-IM resources (without NZP CSI-RS resources for channel measurement)
· a state triggering multiple CSI-IM or multiple CSI-CM resource settings
Note that it is forbidden to trigger one or multiple aperiodic CSI-IMs without bundling. This causes unnecessary waste on PUSCH resources and/or add extra latency for resource scheduling when aperiodic IMRs are needed alone. The forbidden configurations in RAN1#91 are shown in Figure 2.
[bookmark: _Ref503110744]Observation # 1: According to current agreements, a state of triggering aperiodic IMRs without CMRs is NOT supported, which results in an efficiency loss on PUSCH resource usages.
[bookmark: _Hlk503108316]Figure 3 shows the main two cases of using aperiodic IMRs: using aperiodic IMRs for 1) multi-user MIMO (MU-MIMO) and 2) multi-TRP/CoMP. For both cases, periodic and semi-persistent IMRs are inefficient to measure dynamic realizations of CSI and interference, and aperiodic IMR transmission will be needed to enhance the measurement performance. 
In case of MU-MIMO, a NZP/ZP CSI-RS based IMR can be used to measure MU-interference. In this case, a gNB has some knowledge of the precoding information of each UE and a preliminary UE pairing/grouping is decided for a MU-MIMO transmission. The gNB does not, however, know the mutual interference between the UEs paired and thus the correct MU-CQI for link adaptation is needed. To obtain the correct MU-CQI, the gNB needs IMRs on each MU-layer. Noted that periodic and semi-persistent IMR transmission for MU-interference measurement will be inefficient. For example, due to dynamic scheduling decision for MU-MIMO, the interference realization for CSI will be changed dynamically. For a UE without aperiodic IMR supported, its MU-CQI measurement, based on the low-density IMRs, will not be able to reflect the real channel condition, and ultimately that degrades the performance of link adaptation. 
[image: ]
[bookmark: _Ref503107259]Figure 2: The forbidden configurations for aperiodic IMRs and CMRs in Release 15 
In case of multi-TRP, the main use case for IMRs is to get more accurate inter-cell interference within a CoMP cluster. For IMRs of different kinds, NZP CSI-RS based IMR is used for interference measurement, and ZP CSI-RS based IMR, on the other hand, is used to improve channel estimation by muting some PDSCH REs with a TRP cooperation. However, because of the low density of CSI-RS or large interference from multiple sources, e.g., UL and DL interference from different gNBs and UEs, ,the channel estimation error leads an inaccurate interference level estimation. This leads a need to trigger aperiodic IMRs for an improvement, that said, IMRs need to be configured dynamically to achieve a proper CSI-RS resource allocation between neighbour cells. 
[image: ]  
[bookmark: _Ref503107496]Figure 3: The main use cases for aperiodic IMRs: 1) multi-user MIMO and 2) multi-TRP/CoMP
[bookmark: _Ref503110747]Observation # 2: Insufficient IMRs degrade the quality of link adaption in MU-MIMO transmission
[bookmark: _Ref503110749]Observation # 3: Insufficient IMRs degrade the quality of channel estimation in CoMP transmission
[bookmark: _Toc492905810][bookmark: _Toc492907700]To overcome the insufficient IMRs issues, first, in the agreements in RAN1#91, it was agreed to have the “No report” in the CSI report setting ReportConfig. Similarly, we think having a “No resource” in the CSI resource setting ResourceConfig will bring several benefits as follows:
· Complete the missing part of the current agreements for a case of more linkages being configured
· Support triggering aperiodic CSI-IM independently without involving CSI-CM
· Support dynamic triggering multiple CSI-CM settings and multiple CSI-IM settings
On top of that, this “No resource” will perfectly fit the agreed CSI framework and add zero DCI overhead. It supports independent CSI-IM trigger by linking two resource settings and setting the 1st resource setting as “No resource”. Thus, following the current agreements in RAN1#91, the UE will recognize the 2nd resource setting is going to be used as IMR, which is illustrated in Figure 4.
 [image: ]
[bookmark: _Ref503109672]Figure 4: Support triggering aperiodic CSI-IM by setting the 1st resource setting as “No resource”
In addition, Figure 5 shows how to support the case of more than 3 linkages. This can be achieved by introducing a module operation as follows: let x= (index of ResourceConfig) mod 3, then if x=1, it is for CM and for L1-RSRP, if x=2, it is for CSI-IM based IMR, and if x=0, it is for NZP-CSI based IMR.
[image: ]
[bookmark: _Ref503109789]Figure 5: Support a case of more configured linkages by introducing the module operation
Based on the discussion and observation, we have the following proposal:
[bookmark: _Ref503110980]Proposal # 1: RAN1 shall support CSI-RS configuration with or without resource at least for aperiodic triggering. 
[bookmark: _Ref503110983]Proposal # 2: Adding “No resource” as a possible value in resourceType in ResourceConfig.
[bookmark: _Ref503110986]Proposal # 3: RAN1 shall support a case of more than 3 resource settings being configured.
[bookmark: _Ref503110988]Proposal # 4: Introducing a module operation. When there are more than 3 linkages, let x = (index of ResourceConfig) mod 3, then
· if x=1, the resource setting is for channel measurement for beam management
· if x=2, the resource setting is for ZP based IMRs
· if x=3, the resource setting is for NZP based IMRs 
Additional Text Proposal for TS 38.214
In 3GPP TS 38.214 V15.0.0, the text shall be revised as follows because only one or two or three settings are supported in Release 15.
------------------------------- TEXT PROPOSAL (BEGIN) ------------------------------------------
5.2.1.5.1	Aperiodic CSI 
For Resource Sets configured with the higher layer parameter ResourceConfigType set to 'aperiodic', trigger states for Reporting Setting(s) and/or Resource Set(s) for channel and/or interference measurement on one or more one or two or three 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 either candidate DL BWP. 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 DCI CSI request field.
--------------------------------- TEXT PROPOSAL (END) -------------------------------------------
[bookmark: _Ref503187623]Proposal # 5: Adopt Text Proposal in section 3 to 3GPP TS 38.214 V15.0.0 SPEC
Conclusions
In this contribution, we made the following observations:
Observation # 1: According to current agreements, a state of triggering aperiodic IMRs without CMRs is NOT supported, which results in an efficiency loss on PUSCH resource usages.
Observation # 2: Insufficient IMRs degrade the quality of link adaption in MU-MIMO transmission
Observation # 3: Insufficient IMRs degrade the quality of channel estimation in CoMP transmission
Based on the discussion and observation, we have the following proposal:
Proposal # 1: RAN1 shall support CSI-RS configuration with or without resource at least for aperiodic triggering.
Proposal # 2: Adding “No resource” as a possible value in resourceType in ResourceConfig.
Proposal # 3: RAN1 shall support a case of more than 3 resource settings being configured.
Proposal # 4: Introducing a module operation. When there are more than 3 linkages, let x = (index of ResourceConfig) mod 3, then
· if x=1, the resource setting is for channel measurement for beam management
· if x=2, the resource setting is for ZP based IMRs
· if x=3, the resource setting is for NZP based IMRs 
Proposal # 5: Adopt Text Proposal in section 3 to 3GPP TS 38.214 V15.0.0 SPEC
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