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Introduction
In RAN1#NR Adhoc 2 meeting, an email summary of CSI framework was discussed to determine overhead, however no concrete agreements were made. A CSI framework was agreed in RAN1#87, single CSI framework can be used for CSI acquisition and beam management. In this contribution we discuss different use cases and analyze the CSI framework. 

Discussion
2.1 Use cases
2.1.1 Beam management
DL beam management include the procedures P-1, P-2 and P-3 where either TRP transmission beams are sweeping and/or UE receive beams are sweeping. The CSI framework should flexibly support all these procedures. In the agreed CSI framework, where an UE can be configured with N CSI reporting setting, M resource setting and L links. Each resource setting further consists of S>=1 resource set(s) and each resource set has Ks>=1 CSI-RS resource(s). There could be multiple ways to configure CSI framework to support beam management. 
Example 1: An UE is configured with 2 (or 3) CSI reporting settings, 2 (or 3) resource settings with 1 resource set each and there are 2 (or 3) links linking CSI reporting settings and resource settings.


Figure 1, measurement setting example 1
In this example, the CSI reporting setting contains one or more CRI/RSRP, gNB dynamically indicate CSI reporting setting to obtain the desired feedback from the UE. Resource setting 1 corresponds to beam management procedure P-1, has K (e.g. 16) CSI-RS resources each with 1 or 2 ports which are transmitted periodically. The UE reports one or more CRI/RSRP according to the CSI reporting setting 1 which is linked to resource setting 1, since it is periodic CSI reporting setting 1 is not dynamically triggered. Resource setting 2 can correspond to both beam management procedures P-2 and P-3; in this case resource setting 3 is not needed. For P-2 procedure, number of CSI-RS resources can be smaller, e.g. K=8. gNB dynamically triggers CSI reporting setting 2 to aperiodically trigger TX/RX beam sweeping. If same resource setting is used for P-2 and P-3 procedures, another signaling is required to indicate to the UE whether it is TRP TX beam or UE RX beam training. When the UE is indicated P-3 procedure dynamically which means all of the CSI-RS resources are transmitted using same beam the UE doesn’t report CRI/RSRP. It is also possible to configure resource setting 3 separately for P-3 procedure, number of CSI-RS resource in resource setting 3 can be configured as 1; in this case another signaling is required to indicate number of repetitions. Another way is to configure resource setting 3 with K>1 CSI-RS resources then separate indication of repetition is not required. In the case of P-3 procedure, the UE doesn’t report CRI/RSRP so resource setting 3 may not be linked to any CSI reporting setting. Or CSI reporting setting 3 can be configured however the CSI content is empty or a default value which implicitly indicates UE that P-3 procedure is being triggered. 
Resource setting 2 and 3 can be shared by different UEs, although same CSI-RS resources are used gNB decides the transmission beam for a specific UE at the time of aperiodic triggering. It is also possible to configure different resource settings for different UEs and multiple resource settings to an UE to support P-2 procedure. 
Example 2: In this example, similar to example 1, P-1, P-2 and P-3 procedures are supported in the CSI framework; the difference is there are multiple sets of resources in a resource setting. 


Figure 2, measurement setting example 2
In figure 2, resource setting 1 is for P-1 procedure, resource setting 2 is for P-2 procedure and resource setting is for P-3 procedure, where resource setting 2 has multiple sets of resources. In this case resource set within a resource setting is dynamically indicated to the UE on top of dynamic triggering of CSI reporting setting. As discussed in example 1, if a common resource setting is used for P-2 and P-3 procedures other signaling to differentiate P-2 and P-3 maybe required. 
2.1.2 CSI acquisition
In this section different types of system operations and relevant CSI feedback schemes are discussed; however gNB may configure one of them to an UE by higher layer which can be implicit or explicit. For example, gNB configures CSI reporting setting to an UE with RI/PMI/CQI then the UE knows that it is being configured in class A operation mode. Thus from CSI framework point of view it may not scale to different operation discussed below. 
2.1.2.1 Class A operation
It has been agreed to support number of CSI-RS ports up to 32, and corresponding codebooks are also agreed. In class A operation, an UE is configured with a NZP CSI-RS resource for channel measurement and one or more ZP CSI-RS resources can be configured for interference measurement. The UE derives CSI over configured resources and feeds back RI/PMI/CQI.


Figure 3, example measurement setting for class A operation
In figure 3, an example measurement setting is shown where two resource settings and one CSI reporting setting are configured to an UE where there are separate resource settings for channel and interference measurement. One CSI reporting setting is linked with two resource settings, and the UE derives CSI according to CSI reporting setting 1 based on channel measurement over resource setting 1 and interference measurement over resource setting 2. There could be separate measurement settings for periodic and semi-persistent CSI-RS transmission and corresponding CSI reporting, however they are not dynamically triggered. 
2.1.2.2 Class B operation
For class B operation, an UE is configured K>=1 NZP CSI-RS resources and one or more ZP CSI-RS resources. Figure 4 shows an example measurement setting for class B operation where the UE reports CRI/RI/PMI/CQI according to CSI reporting setting. There are multiple NZP CSI-RS resources configured in resource setting 1, the UE measures RSRP of the CSI-RS resources and selects one of them which is fed back as CRI. Furthermore, the UE derives RI/PMI/CQI based on channel measurement over selected CSI-RS resource and interference measurement over resource setting 2. 


Figure 4, example measurement setting for class B operation

2.1.2.3 Hybrid operation
For hybrid CSI acquisition, an UE can be configured with 2 resource settings and corresponding 2 CSI reporting settings as shown in figure 5. Resource setting 1 can be configured with larger number of CSI-RS ports and longer periodicity; the UE feeds back CSI according to CSI reporting setting 1. gNB obtains long term channel information based on UE report according to CSI reporting setting 1, then CSI-RS resource in resource setting 2 is beamformed according to spatial channel information obtained from CSI reporting setting 1. CSI-RS resource in resource setting 2 can be of smaller number of ports and shorter periodicity. The UE feeds back CSI according to CSI reporting setting 2 and gNB uses it to schedule PDSCH. 


Figure 5, example of measurement setting for hybrid operation
2.1.2.4 Reciprocity based operation
In reciprocity based operation the measurement setting configuration looks similar to the setting for class A operation except for the content of CSI reporting setting. The UE is configured with CSI reporting setting with RI/CQI components only, that means it does not report PMI to gNB.
2.1.3 Multi TRP operation
In multi TRP operation, CSI framework should consider beam management and CSI acquisition as unified single framework. For beam management in multi TRP scenario, an UE can be configured with multiple resource settings from multiple TRPs for P-1 procedure, however one resource setting will be sufficient for P-2. Figure 6 shows an example of 4 TRPs cluster, an UE at the center of cluster is configured with 4 resource settings from 4 TRPs which can be linked to 4 CSI reporting settings. Fifth resource setting, resource setting 5, is also configured to the UE which is common for all 4 TRPs, that means any TRP in the cluster can aperiodically trigger the CSI-RS resources in resource setting 5 for P-2 procedure. 
CSI framework should also support different CoMP schemes in multi TRP operation such as NC-JT, DPS, CS/CB. To flexibly support different CoMP schemes, it would be better to configure separate resource settings and corresponding CSI reporting settings. For example with 4 TRPs in a cluster, 4 resource settings and 4 CSI reporting settings are configured to an UE and they are one to one linked.   


Figure 6, example measurement setting in multi TRP scenario
2.2 Overall measurement setting and signaling
To support all the use cases discussed in previous section, we provide an example of measurement setting for an UE considering 4 TRPs cluster. In figure 7, periodic resource settings and corresponding CSI reporting setting for CSI acquisition are omitted for simplicity and periodic CSI doesn’t require dynamic triggering. 
For beam management, an UE is configured with resource settings 1, 2, 3 and 4 by TRPs 1, 2, 3 and 4, and linked to CSI reporting settings 1, 2, 3 and 4 respectively. Resource setting 1, 2, 3 and 4 are configured as periodic to support P-1 beam management procedure, which doesn’t require dynamic triggering. The UE reports CRI/RSRP according to corresponding CSI reporting settings.  The UE is further configured with a resource setting 5 which is associated with CSI reporting setting 5. Resource setting 5 is configured as aperiodic to support P-2, which can be dynamically triggered by TRP1, 2, 3 and 4. In P-2 beam management procedure, TRP transmit beams are sweeping while UE RX beam is fixed. Since different TRPs can dynamically trigger a common resource setting 5, the UE has to adjust corresponding RX beam to corresponding TRPs. gNB signals UE RX beam to the UE together with P-2 trigger message, RX beam can be implicitly indicated such as using beam indication information. The UE is further configured with a common resource setting 6 which is associated with CSI reporting setting 6. The components in the CSI reporting setting 6 can be set to Null or some default values indicating to the UE that it is for P-3 beam management procedure. In P-3 procedure, the TRP transmit beam is fixed while UE receive beams are sweeping. Different TRPs can dynamically trigger CSI reporting setting 6, however other beam related information may or may not be needed on top of triggering message.
For CSI acquisition, the UE is configured with 4 CSI reporting settings from 4 TRPs, each CSI reporting setting is linked to a resource setting for channel measurement and a resource setting for interference measurement. One out of four reporting settings can be dynamically triggered, and then the UE derives CSI according to CSI reporting setting which is associated to resource settings for channel and interference measurement. The CSI content can be different to support NC-JT, DPS transmission schemes.


Figure 7, unified measurement setting for beam management and CSI acquisition
In this example measurement setting where multiple resource settings with multiple CSI-RS resources, multiple reporting settings are configured to a UE. However, only few DCI signaling is required for dynamic triggering, e.g. 3 bits.  It seems there is no need to intermediate step of MAC CE activation of resources after RRC configuration of the resource settings. 

Conclusions
In this contribution we analyzed CSI framework for different use cases including beam management, CSI acquisition, multi TRP operation. Considering the required DCI overhead to support a measurement setting intermediate step of MAC CE activation of resources after RRC configuration of the resource settings is not needed.
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