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1. Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN#98 e-meeting, a new work item, i.e., Network energy savings for NR was approved [1]. In RAN1#114bis meeting [2], the enhancements on CSI-RS resource configuration, CSI report configuration and CSI reporting for spatial and power domain have been discussed and some agreements were made, see [2] for more details.  
2. Discussion on CSI reference resource related issue 
In clause 5.2.2.5 of TS 38.214, CSI reference resource related CSI report dropping rule is shown below. 
	5.2.2.5	CSI reference resource definition
<Text omitted>
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving 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 and drops the report otherwise.
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. 
<Text omitted>


For type 2 SD adaptation with or without PD, clarification of CSI dropping rule related to CSI reference resource timing is needed. In the example, shown in Error! Reference source not found., a UE determines a CSI reference resource for a CSI report with L=2 sub-configurations. Each sub-configuration contains partial CSI-RS resources, e.g. sub-configuration #1 contains CSI-RS resource #1 and sub-configuration #2 contains CSI-RS resource #2, in the resource set for channel measurement that is associated with the CSI report configuration. A possible situation is that the CSI-RS resource #1 is earlier in time than the CSI reference resource, while the CSI-RS resource # 2 is later in time than the CSI reference resource. In such case, if current CSI reference resource related dropping rule is applied, when the CSI report with sub-configuration #1 and sub-configuration #2 are configured/triggered, CSI #1 corresponding to sub-configuration #1 and CSI #2 corresponding to sub-configuration #2 should be reported. However, it is obviously the CSI #2 cannot be processed completely by UE due to the CSI-RS resource #2 is later than the CSI reference resource. 
[image: ]
Figure 1 Example of CSI reference related dropping rule under type 2 SD
Obsevation 1: For type 2 SD, when there are N sub-configurations and each contains one or more CSI-RS resources, UE has to report N CSIs based on clause 5.2.2.5 in TS 38.214. However, the CSI sub-reports corresponding to CSI-RS resource(s) cannot be generated completely by UE if these resource(s) arrive later in time than the CSI reference resource.
Based on this observation we propose 
Proposal 1: For type 2 SD, clarify sub-configuration level CSI reference resource dropping rule. Adopt the TP1 for clause 5.2.2.5 of TS 38.214. 
Reason for change:
[bookmark: _Ref146210004]For type 2 SD adaptation with or without PD, clarification of CSI dropping rule related to CSI reference resource timing is needed. 
Summary of change:
Clarification of CSI dropping rule is at sub-configuration level when a UE is requested to report N CSIs corresponding to N sub-configurations while the resources are partially, at sub-configuration level, meeting the CSI reference resource timing requirement. 
Consequence if not approved:
The UE behaviour will not be specified when the CSI sub-reports corresponding to CSI-RS resource(s) cannot be generated completely by UE if some of these resources arrive later in time than the CSI reference resource.
[bookmark: _Ref134286543][bookmark: _Ref134550560]---------------------------- Start of Text Proposal 1 for TS 38.214 -----------------------------
< Unchanged parts are omitted >
If there is no valid downlink slot for the CSI reference resource corresponding to a CSI Report Setting in a serving cell, CSI reporting is omitted for the serving cell in uplink slot n'.
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving 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 and drops the report otherwise. If a CSI report configuration has a list of sub-configurations, after the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI sub-report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement corresponding to the CSI sub-report no later than the CSI reference resource, and drops the CSI sub-report otherwise.
< Unchanged parts are omitted >
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. When DRX is configured and the CSI-RS Resource Set for channel measurement corresponding to a CSI report is configured with two Resource Groups and  Resource Pairs, as described in clause 5.2.1.4.1, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for each CSI-RS resource in a Resource Pair within the same DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter ps-TransmitOtherPeriodicCSI to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than 'cri-RSRP', 'ssb-Index-RSRP', 'cri-RSRP- Index', and 'ssb-Index-RSRP- Index ' when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer in DRX-Config also outside active time according to the procedure described in Clause 5.2.1.4 if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer in DRX-Config outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter ps-TransmitPeriodicL1-RSRP to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-RSRP- Index', or 'ssb-Index-RSRP- Index' when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer in DRX-Config also outside active time according to the procedure described in clause 5.2.1.4 and when reportQuantity set to 'cri-RSRP' or 'cri-RSRP- Index' if receiving at least one CSI-RS transmission occasion for channel measurement during the time duration indicated by drx-onDurationTimer in DRX-Config outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise. If a CSI report configuration has a list of sub-configurations, when DRX is configured, the UE reports a CSI sub-report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement corresponding to the CSI sub-report in DRX Active Time no later than the CSI reference resource, and drops the CSI sub-report otherwise.
When deriving CSI feedback, the UE is not expected that a NZP CSI -RS resource for channel measurement overlaps with CSI-IM resource for interference measurement or NZP CSI -RS resource for interference measurement.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

3. Discussion on CSI-IM/NZP CSI-RS resource for interference measurement
Accurate interference measurement is important for accurate CSI acquisition. Currently, CSI-IM resource and NZP-CSI-RS resource are used for interference measurement. CSI-IM resource is mainly used for inter-cell interference measurement. NZP-CSI-RS resource is mainly used for measuring MU interference. The UEs can observe the MU interference, i.e., the interference on layers other than its own layers, and measure the CQI based on its receiver capability [8]. Based on the configured CSI-IM resource and NZP-CSI-RS resource, UE observes inter-cell interference and MU interference, and reports a proper CSI, e.g. PMI and CQI, to gNB. Then, gNB can transmit the data using proper precoder and MCS by considering inference. 
Due to the importance of IM for an accurate CSI feedback, how to well support/configure IM resources have been captured as one of the issues to be resolved. Especially, in [11], candidate way forward are well captured for down-selection, although a decision was not managed during previous RAN1 meetings due to limited time. However, it was also understood that interference management is not a new feature nor a new issue, and further discussion was left over to maintenance stage. 
Obsevation 2: How to support CSI-IM/NZP CSI-RS resource for interference measurement for NES has been expected to be further discussed at maintenance stage.
From specification perspective, NES features with sub-configurations are built on top of the current CSI feedback framework. Related features from previous releases should remain unless explicit agreement is made for a feature not to be applicable, such as PMI reduction, m-TRP, Type 2 codebook etc. 
With reading current specification, the relation between CSI-RS resources for channel measurement and CSI-IM resources for interference measurements is a resource-wise association and seems to be described in 214 already. Description for NZP-CSI-RS IM can also be found without particular exception for NES. The discussion occurred in the last meeting also show that both CSI-IM or NZP-CSI-RS IM may be supported without or with minor specification clarifications, nevertheless a few companies consider some technical issues are worth of further discussions, e.g. whether port subset indication is required for IM resources or not.
Obsevation 3: The framework of CSI-IM and NZP CSI-RS resource for interference measurement in current specifications can be largely kept for inclusion of NES features, without or with minor specification update. 
In order to check the potential ambiguity or issues, we review CSI-IM and NZP-CSI-RS IM separately as follows.
CSI-IM resource for interference measurement
	[bookmark: _Toc11352112][bookmark: _Toc20318002][bookmark: _Toc27299900][bookmark: _Toc29673167][bookmark: _Toc29673308][bookmark: _Toc29674301][bookmark: _Toc36645531][bookmark: _Toc45810576][bookmark: _Toc146791774]5.2.1.4	Reporting configurations
<text omitted>
A UE is not expected to be configured with more than one CSI-RS resource in resource set for channel measurement for a CSI-ReportConfig with the higher layer parameter codebookType set to 'typeII', 'typeII-PortSelection', 'typeII-r16', 'typeII-PortSelection-r16', or 'typeII-PortSelection-r17'. A UE is not expected to be configured with more than 64 NZP CSI-RS resources and/or SS/PBCH block resources in resource setting for channel measurement for a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'none', 'cri-RI-CQI', 'cri-RSRP', 'ssb-Index-RSRP', 'cri-SINR' or 'ssb-Index-SINR', 'cri-RSRP- Index', 'ssb-Index-RSRP- Index', 'cri-SINR- Index' or 'ssb-Index-SINR- Index'. 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.



For type 1 SD with or without PD, the interference that a nest CSI-RS for channel measurement is experiencing from other cells will not change due to SD/PD adaptation decisions of current cell. It is feasible that one nested CSI-RS resource for channel measurement corresponding to multiple sub-configurations can one associated CSI-IM resource.
In type 1 SD with or without PD, a CSI-RS resource for channel measurement is nested resource and is referred by L configured sub-configuration. This could be interpreted as actually an L CSI-RS resources used for channel measurements since each resource has its CPU, active resource/ports, sub-report, etc. This could make confusion that L CSI-IM resources are needed to be resource-wise associated with this nested CSI-RS resource, as shown in the following figure. 
 [image: ]
Figure 2 Example of ambiguity on configuration of CSI-IM resource for type1 SD
It is preferred to clarify this association in the current spec even if it could be seen as straightforward for some interpretations for the spec. 
Obsevation 4: For type 1 SD with or without PD, some misinterpretation could happen to consider that a nested NZP CSI-RS resource is actually X CSI-RS resources for channel measurement which need to be associated with X CSI-IM resources.
NZP-CSI-RS resource for interference measurement
	5.2.1.4	Reporting configurations
<text omitted>
Except for L1-SINR, if interference measurement is performed on NZP CSI-RS, 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 interference measurement. Except for L1-SINR, the UE configured with the higher layer parameter nzp-CSI-RS-ResourcesForInterference may expect no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set.
For CSI measurement(s) other than L1-SINR, a UE assumes: 
-	each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-	all interference transmission layers on NZP CSI-RS ports for interference measurement take into account the associated EPRE ratios configured in 5.2.2.3.1; 
-	other interference signal on REs of NZP CSI-RS resource for channel measurement, NZP CSI-RS resource for interference measurement, or CSI-IM resource for interference measurement. 
For L1-SINR measurement with dedicated interference measurement resources, a UE assumes:
-	the total received power on dedicated NZP CSI-RS resource for interference measurement or dedicated CSI-IM resource for interference measurement corresponds to interference and noise.
<text omitted>



Normally, the interference transmission layer is transmitted by all antenna elements for non-shutdown SD pattern, while the interference transmission layer is transmitted by partial antenna elements for shutdown SD pattern. Then, it results in different precoding matrixes used for the interference transmission layer/CSI-RS port under different SD patterns. In addition, once the SD/shutdown pattern or DL transmission power changes, the number of interference transmission layers that can be spatial multiplexed may change. It also results in changes in the number of CSI-RS ports for interference measurement, and thus could lead to unguaranteed performance for type 1 SD. 
While for type 2 SD, the limitation that only one NZP CSI-RS resource can be configured in the resource set for IM as in current specification limits the configurability of CSI reports when the gNB needs interference measurements based on NZP CSI-RS for better NES decisions i.e., in MU cases. This can be easily extended since multiple sub-report are similar to legacy CSI reports, where each can correspond to one NZP CSI-RS for interference measurement.
The possibility of enabling MU-MIMO should not be intentionally precluded. Even in light load, MU-MIMO will allow better spectrum utilization and thus more opportunity in time domain for networks to go to sleep, and it would be undesirable to prevent networks to benefit from NES feature in medium to high load scenarios whenever applicable. 
Consequently, without any clarification or specification update, the potential issue with current texts, as analysed above, may prevent networks to properly implement these two IM features although they are included/configurable in the specification. This is something we should avoid in the NES feature before its deployment, and especially in a first release, we should give it flexibility that allows both predicted and unpredicted deployments, so that operators/vendors do not run into an unexpected restriction in the real world that it will be too late to correct by CR at that time. For this reason, we are proposing minor changes to the specification as follows  
Reason for change:
The current specification texts may cause ambiguity on how CSI-IM and NZP-CSI-RS resources for interference measurement is configured and performed when a UE is configured with CSI reporting containing a list of sub-configurations. 

Summary of change:
When CSI-IM resource is used for interference measurement, for type 1 SD with or without PD, if a NZP CSI-RS resource for channel measurement is associated with L sub-configurations and each sub-configuration contains [port-subsetIndicator]/[powerOffset], CSI-RS resources for channel measurement corresponding to L sub-configurations are associated to the CSI-IM resource that is associated with the NZP CSI-RS resource. An example for type 1 SD is shown in following figure.
[image: ]
Figure 3 Example of association between CSI-IM resource and resources nested in a NZP CSI-RS resource for channel measurement
When the NZP CSI-RS resource is used for interference measurement, for type 1 SD/type 2 SD/PD, L NZP CSI-RS resources are contained in the resource set for interference measurement. L NZP CSI-RS resources are associated to L sub-configurations by the ordering of the L NZP CSI-RS resources in resource set and sub-configurations in CSI reporting configuration. Examples for type 1 SD and Type 2 SD are shown in Figure 4.
[image: ]
(a) 
[image: ]
(b)
[bookmark: _Ref149571466]Figure 4 Example of association between NZP CSI-RS resource for interference measurement and NZP CSI-RS resource for channel measurement for type 1 SD (a) and type 2 SD (b)

Consequence if not approved:
If the change is not approved, for NES, misinterpretations or improper implementation on how to configure CSI-IM resource and NZP CSI-RS resource for interference measurement could happen.
Proposal 2: For a CSI report configuration containing L sub-configurations, adopt the TP2 for clause 5.2.1.4.1 of TS 38.214. 
---------------------------- Start of Text Proposal 2 for TS 38.214 -----------------------------
< Unchanged parts are omitted >
[bookmark: _Toc11352113][bookmark: _Toc20318003][bookmark: _Toc27299901][bookmark: _Toc29673168][bookmark: _Toc29673309][bookmark: _Toc29674302][bookmark: _Toc36645532][bookmark: _Toc45810577][bookmark: _Toc137117113]5.2.1.4.1	Resource Setting configuration
< Unchanged parts are omitted >
A UE is not expected to be configured with more than one CSI-RS resource in resource set for channel measurement for a CSI-ReportConfig with the higher layer parameter codebookType set to 'typeII', 'typeII-PortSelection', 'typeII-r16', 'typeII-PortSelection-r16', or 'typeII-PortSelection-r17'. A UE is not expected to be configured with more than 64 NZP CSI-RS resources and/or SS/PBCH block resources in resource setting for channel measurement for a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'none', 'cri-RI-CQI', 'cri-RSRP', 'ssb-Index-RSRP', 'cri-SINR' or 'ssb-Index-SINR', 'cri-RSRP- Index', 'ssb-Index-RSRP- Index', 'cri-SINR- Index' or 'ssb-Index-SINR- Index'. 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. If a NZP CSI-RS resource configured by nzp-CSI-ResourceId for channel measurement is associated with L sub-configurations and each sub-configuration contains [port-subsetIndicator], L CSI-RS resources for channel measurement corresponding to L sub-configurations are associated to the CSI-IM resource that is associated with the NZP CSI-RS resource. The number of NZP CSI-RS resources in a resource set for channel measurement equals to the number of CSI-IM resources.
A UE configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI' and codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18' is expected to be configured with  CSI-RS resources in a resource set for channel measurement. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet.
A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The UE shall assume that the antenna port with the same port index of the  aperiodic CSI-RS resources is the same. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet.
An NZP CSI-RS Resource Set for channel measurement with  resources can be configured with two Resource Groups, with  resources in Group 1 and  resources in Group 2, such that , and with  Resource Pairs. Each Resource Pair consists of one resource from Group 1 and one resource from Group 2. The same resource can be associated with two Resource Pairs in frequency range 1 but not in frequency range 2.
A subset of resources, where a subset contains one or more resources, of a NZP CSI-RS Resource Set for channel measurement corresponds to a sub-configuration contained in a CSI-ReportConfig if each of the sub-configuration(s) contains a list of one or more NZP CSI-RS resources, or all the resources of a NZP CSI-RS Resource Set for channel measurement correspond to each of the sub-configuration(s) contained in a CSI-ReportConfig if each of the sub-configurations does not contain a list of NZP CSI-RS resources, as described in Clause 5.2.1.4.2.
Except for L1-SINR, if interference measurement is performed on NZP CSI-RS, 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 interference measurement. Except for L1-SINR, the UE configured with the higher layer parameter nzp-CSI-RS-ResourcesForInterference may expect no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set. If CSI report configuration has a list of sub-configurations and interference measurement is performed on NZP CSI-RS, L NZP CSI-RS resources are contained in the resource set for interference measurement and the L NZP CSI-RS resources are associated to L sub-configurations by the ordering of the L NZP CSI-RS resources in resource set and sub-configurations in CSI report configuration.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

4. Discussion on CSI reporting if ‘cri-RI-CQI’ is configured
In RAN1#114bis meeting, the following was agreed.
	Agreement
Support gNB can configure report quantities of 'cri-RI-i1-CQI', 'cri-RI-CQI', or 'cri-RI-i1'.



Reason for change:
For type 1 SD adaptation, a sub-configuration indicates a CSI-RS antenna port subset using the higher layer bitmap parameter [port-subsetIndicator], this bit map is applicable to all CSI-RS resources in the resource set associated with the CSI report. In the current spec, when a CSI report configured with 'cri-RI-CQI', r antenna ports can also be configured for rank r for each CSI-RS resource in the CSI resource setting by non-PMI-PortIndication if configured. And if non-PMI-PortIndication is not configured, UE assumes that the r antenna ports are {0,1,…,r-1} with r=1,2,…,P. P is the number of ports in the CSI-RS resource. Due to no PMI feedback, the CSI-RS will be precoded by gNB and the UE will obtain the RI/CQI based on these r antenna ports. Thus for ‘cri-RI-CQI’ with type 1 SD, the antenna port subset in different sub-configuration should not be overlapped. Moreover, the r antenna ports may not belong to the antenna port subset of a sub-configuration. For example, r antenna ports are port 3000, 3001, 3002, 3003 for a CSI-RS resource but these ports maybe disabled in a sub-configuration. So, the UE cannot obtain the CSI for this sub-configuration.


Summary of change:
For type 1 SD adaptation with 'cri-RI-CQI', the higher layer parameter non-PMI-PortIndication can be configured in each sub-configuration. If non-PMI-PortIndication is not configured in a sub-configuration, then the UE assumes that the CSI-RS port indices  associated with ranks  where  is the number of enabled ports in the bitmap [port-subsetIndicator] and  is the j-th enabled port in the bitmap [port-subsetIndicator].

Consequence if not approved:
In current spec, r antenna ports may not belong to the antenna port subset of a sub-configuration. So the UE cannot obtain the CSI for this sub-configuration.


Proposal 3: For Type 1 SD adaptation, if a UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI', the higher layer parameter non-PMI-PortIndication can be configured in each sub-configuration. If non-PMI-PortIndication is not configured, the UE assumes that the CSI-RS port indices  associated with ranks  where  is the number of enabled ports in the bitmap [port-subsetIndicator] and  is the j-th enabled port in the bitmap [port-subsetIndicator]. Adopt the TP3 for TS 38.214.
---------------------------- Start of Text Proposal 3 for TS 38.214 -----------------------------
5.2.1.4.2	Report quantity configurations
< Unchanged parts are omitted >

-	A sub-configuration can be configured with a power offset provided by [powerOffset].
-	If a sub-configurations is not configured with [nzp-CSI-RS-resourceList] then the sub-configuration shall be associated with all the NZP CSI-RS resources within the NZP-CSI-RS-ResourceSet contained in the CSI-ResourceConfig for channel measurement which corresponds to the CSI-ReportConfig.
-	the UE reports CSI(s) for one or more sub-configurations according to Clauses 5.2.1.5.1, 5.2.1.5.2, 5.2.3 and 5.2.4, and according to the higher layer parameter reportQuantity configured for that CSI-ReportConfig.
-	The UE does not expect the higher layer parameter reportQuantity to be set to ‘cri-RSRP’, ‘cri-SINR’, or ‘cri-SINR- Index'.
-	If the UE is configured with the higher layer parameter [port-subsetIndicator] and the reportQuantity is set to 'cri-RI-CQI', the higher layer parameter non-PMI-PortIndication can be configured in each sub-configuration. If the higher layer parameter non-PMI-PortIndication is not configured in a sub-configuration, the UE assumes, for each CSI-RS resource in the CSI resource setting linked to the CSI-ReportConfig, that the CSI-RS port indices  associated with ranks  where  is the number of enabled ports in the bitmap [port-subsetIndicator] and  is the j-th enabled port in the bitmap [port-subsetIndicator].
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'ssb-Index-RSRP' or 'ssb-Index-RSRP- Index', the UE shall report SSBRI, where SSBRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of the associated csi-SSB-ResourceList in the corresponding CSI-SSB-ResourceSet. 
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

5. Discussion on CSI processing criteria
In [2], the agreement for active CSI-RS resource/port counting was made without determination of X.
	Agreement
For a CSI report configuration containing sub-configuration(s), if a CSI-RS resource is referred by M sub-configurations among X sub-configurations, the CSI-RS resource is counted M times and CSI-RS ports within the CSI-RS resource are counted by
· Option 2A:  for Type 1 SD adaptation, and  for Type 2 SD or PD adaptation.
·  is nrofPorts configured in NZP-CSI-RS-Resource and  is the number of CSI-RS ports in sub-configuration s derived from port subset indication.
· It is understood that further discussions are necessary



The discussion in the last meeting focused on whether we chose the value of X based on resource types or based on reports types. In the section we analysis the root cause of divergence between companies, then we provide our views and TP. 
The causality problem
The main argument of defining the value of X based on resource type is that once a resource is active then it is expected from the UE to measure it. And it is expected from the UE to prepare the memory needed for its processing in advance (before knowing which CPU will process it nor when it will start to process it), in case that CSI reports are expected to be triggered in later instances of time. The UE cannot know in advance these instances of future times since it depends on gNB configuration and signaling. 
Figure 5 shows the causality problem for P CSI-RS with SP CSI reporting on PUSCH. In this example, a CSI report configuration has one CSI-RS resource that is referred by L = 3 {sub-config#1 with poweroffset1, sub-config#2 with poweroffset2, sub-config#3 with poweroffset3}. The resource is triggered in DCI by N=2 sub-reports on PUSCH. 
[image: ]
[bookmark: _Ref149333754]Figure 5: Illustration example the causality problem for P CSI-RS with SP CSI reporting on PUSCH during T1
 
We agree that once a resource is active then it is expected from the UE to measure this resource and we agree that an active resource needs to be stored in advance. However, we do not agree that the UE need to store it many times (3 times in the example of Figure 5) blindly without any consideration of its resources or without any consideration to the network needs and configurations. Additionally, we do not agree that the UE need to store it many times when the UE knows exactly the number of CPUs to be used at the time the resource is received which is the case for SP CSI report on PUCCH as shown in Table 1. 
In the example above, it does not make sense for the UE to continue preparing L=3 memories during time T2 because there is no causality problem during this period unless the UE is expecting to be trigged with another SP CSI reports (or A CSI reports) the thing which the UE can know from its configurations and which the gNB can insure not to happen by proper scheduling). For T1, it may seem that it makes sense for the UE to continue preparing L=3 memories during time T1 for SD. However, for PD it is not, since physically what is sent is one resource with L hypothetical power offsets values and repeating the I/Q symbols of this resource 3 times in memory is a waste of scare memory resources that the UE has. For SD, we could relax the UE from this excessive memory use by many possible implementation methods, e.g., the scheduler of gNB ensure that causality problem does not appear for any report referring to the resource. The different cases are discussed in Table 1.     
[bookmark: _Ref149566160]Table 1: Active time, CPU numbers, CPU occupation time for possible types of CSI-RS and CSI reports 
	Resource type
	Active time
	Report type
	Number of CPUs
	CPU occupation time
	The value of X

	AP CSI-RS
	starting from () the end of the PDCCH containing the request and ending () at the end of the scheduled PUSCH containing the report associated with this aperiodic CSI-RS
	AP CSI report
	
	occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report.
	X = N 
because there is no causality problem 

	SP CSI-RS
	Starting from () the end of when the activation command is applied, and ending at () the end of when the deactivation command is applied
	AP CSI report 
	
	occupies CPU(s) from () the first symbol after the PDCCH triggering the CSI report until () the last symbol of the scheduled PUSCH carrying the report.
	Alt1) X = N
And the gNB make sure that at least one resource occasion, that can be measured , exist during the time interval  

Alt2) X = L without any restrictions on the gNB scheduler. 
For us Alt1) is the good option to use because this feature is about NES and counting resources efficiently is desirable as discussed and shown before.    

	
	
	SP CSI report on PUSCH
	
	1) An initial semi-persistent CSI report on PUSCH after () the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until () the last symbol of the scheduled PUSCH carrying the report.
Then, semi-persistent CSI report on PUSCH
2) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
	For 1) same reason as the previous row

For 2) X = N
because there is no causality problem

	
	
	SP CSI report on PUCCH
	
	occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
	X = N
Because there is no causality problem

	P CSI-RS
	starting () when the periodic CSI-RS is configured by higher layer signalling, and ending () when the periodic CSI-RS configuration is released
	AP CSI report 
	
	occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report.
	Same as row 2 of the table

	
	
	SP CSI report on PUSCH
	
	1) An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report.
Then, semi-persistent CSI report on PUSCH
2) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
	Same as row 3 of the table

	
	
	SP CSI report on PUCCH
	
	occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
	X = N
No causality problem could happen

	
	
	P CSI report 
	 
	occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
	X = L

because there is no causality problem 




Reason for change:
For active CSI-RS resource/port counting, the value of X in the agreement need to be specified. 
Summary of change:
X in TS 38.214 is clarified to equal N the number of triggered sub-configurations for AP/SP CSI report configuration or equal L the number of configured sub-configurations for P CSI report configuration.
Consequence if not approved:
The number of active CSI-RS resource/port for a CSI report configuration containing sub-configuration(s) indicated in a CSI-ReportConfig is unclear.

Proposal 4: [bookmark: _Ref146210276]For a CSI report configuration containing L configured sub-configuration(s), when counts active CSI-RS resource/ports, X equals:
· N the number of triggered sub-configurations for AP/SP CSI report configuration.
· L for P CSI report configuration. 
Adopt the TP4 for clause 5.2.1.6 for TS 38.214.
---------------------------- Start of Text Proposal 4 for TS 38.214 -----------------------------
< Unchanged parts are omitted >
5.2.1.6	CSI processing criteria
< Unchanged parts are omitted >
For a CSI report configuration containing sub-configuration(s) indicated in a CSI-ReportConfig, if a CSI-RS resource is referred by M sub-configurations among X  N indicated sub-configurations of AP/SP CSI report configuration or L configured sub-configurations of P CSI report configuration, the CSI-RS resource is counted M times and the CSI-RS ports within the CSI-RS resource are counted as follows:
-	 if each sub-configuration, of the M sub-configurations, is configured with a CSI-RS antenna port subset, provided by [port-subsetIndicator],
-	M × P if each sub-configuration, of the M sub-configurations, is configured with a list of one or more CSI-RS resources, provided by [nzp-CSI-RS-resourceList], [and/] or is configured with a power offset, provided by [powerOffset],
Where P is the number of ports configured by nrofPorts and  is the number of CSI-RS ports in sub-configuration s derived from the corresponding antenna port subset indicator [port-subsetIndicator] according to clause 5.2.1.4.2.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

6. Discussion on CSI omission rule 
Reason for change:
As shown below, the CSI omission rule for part 2 wideband CSI is not determined.
	For RAN1#115
· Further check whether there is any issue according to the current specification that, for the CSI mapping of a CSI report configuration having L sub-configurations, Part 2 wideband CSIs have the same priority and are dropped per sub-configuration level in the ascending order of sub-configuration index.
· Further check whether part 1 CSI can already be dropped in legacy for a CSI report configuration, and if so, then Part 1 CSIs are dropped per sub-configuration level, in the ascending order of sub-configuration index.
· Companies are encouraged to provide TPs for necessary changes



In current specification, part 2 wideband CSI(s) corresponding to N CSI reporting(s) are in the same priority and are omitted at the same time. As dropping is a corner case, it is not worthwhile to drop multi-CSI report per sub-configuration level while dropping all the legacy CSI as a whole for part 2 wideband CSI(s). Therefore, for a CSI reporting contains CSI sub-reporting(s), the legacy omission principle can be reused without any problem.
Summary of change:
For a CSI reporting contains N CSI sub-reporting(s), part 2 CSI(s) of N CSI sub-reporting(s) are omitted at the same time.
Consequence if not approved:
If the change is not approved, for a CSI reporting contains N CSI sub-reporting(s), the omission rule of part 2 CSI(s) of N CSI sub-reporting(s) is not clear. 
Proposal 5: Adopt the TP5 for clause 5.2.3 for TS 38.214.
---------------------------- Start of Text Proposal 5 for TS 38.214 -----------------------------
< Unchanged parts are omitted >



When CSI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1, where  is the number of CSI reports configured to be carried on the PUSCH. Priority 0 is the highest priority and priority  is the lowest priority and the CSI report n corresponds to the CSI report with the nth smallest Prii,CSI(y,k,c,s) value among the  CSI reports as defined in Clause 5.2.5. The subbands for a given CSI report n indicated by the higher layer parameter csi-ReportingBand with value '1' are numbered continuously in increasing order with the lowest subband of csi-ReportingBand with value set to '1' as subband 0. When omitting Part 2 CSI information for a particular priority level, the UE shall omit all of the information at that priority level, except when the corresponding CSI report contains multiple Part 2 CSIs each of which corresponding to a sub-configuration from a list of sub-configurations contained in the CSI-ReportConfig as described in Clause 5.2.1.1. 
< Unchanged parts are omitted >
-	For a Reporting Setting for which the CSI-ReportConfig contains a list of sub-configurations provided by the higher layer parameter [csi-ReportSubConfigList], for a corresponding CSI report  which contains one or more CSIs, omission of Part 2 CSI excepting part 2 wideband CSI is done at a sub-configuration level within the same priority level defined by Table 5.2.3-1 where a sub-configuration with an index, provided by [csi-ReportSubConfigID], with lower value has higher priority.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

7. Conclusions
The following observations and proposals are provided.
Obsevation 1: For type 2 SD, when there are N sub-configurations and each contains one or more CSI-RS resources, UE has to report N CSIs based on clause 5.2.2.5 in TS 38.214. However, the CSI sub-reports corresponding to CSI-RS resource(s) cannot be generated completely by UE if these resource(s) arrive later in time than the CSI reference resource.
Obsevation 2: How to support CSI-IM/NZP CSI-RS resource for interference measurement for NES has been expected to be further discussed at maintenance stage.
Obsevation 3: The framework of CSI-IM and NZP CSI-RS resource for interference measurement in current specifications can be largely kept for inclusion of NES features, without or with minor specification update. 
Obsevation 4: For type 1 SD with or without PD, some misinterpretation could happen to consider that a nested NZP CSI-RS resource is actually X CSI-RS resources for channel measurement which need to be associated with X CSI-IM resources.

Proposal 1: For type 2 SD, clarify sub-configuration level CSI reference resource dropping rule. Adopt the TP1 for clause 5.2.2.5 of TS 38.214. 
Proposal 2: For a CSI report configuration containing L sub-configurations, adopt the TP2 for clause 5.2.1.4.1 of TS 38.214. 
Proposal 3: For Type 1 SD adaptation, if a UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI', the higher layer parameter non-PMI-PortIndication can be configured in each sub-configuration. If non-PMI-PortIndication is not configured, the UE assumes that the CSI-RS port indices  associated with ranks  where  is the number of enabled ports in the bitmap [port-subsetIndicator] and  is the j-th enabled port in the bitmap [port-subsetIndicator]. Adopt the TP3 for TS 38.214.
Proposal 4: For a CSI report configuration containing L configured sub-configuration(s), when counts active CSI-RS resource/ports, X equals:
· N the number of triggered sub-configurations for AP/SP CSI report configuration.
· L for P CSI report configuration. 
Adopt the TP4 for clause 5.2.1.6 for TS 38.214.
Proposal 5: Adopt the TP5 for clause 5.2.3 for TS 38.214.
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