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Introduction
At the last meeting, there were intensive discussions on CSI acquisition schemes including CSI-RS design and CSI reporting. Several agreements were reached as follows [1].
	Agreements:
· At least the following additional information should be supported:
· Information related to resource power for channel measurement resource
· Zero power is NOT allowed
· FFS: Information related to resource power for interference measurement resource
· Zero power is allowed.
· FFS: Details, e.g., signaling design, units (e.g., RS EPRE)
· Note: Focus of the bullets above doesn’t apply for resource for rate matching.
· Study applicability of CRI, CQI, Spatial Channel Information (e.g. PMI, channel covariance matrix information), and RI are applicable for Type II CSI.
· Including whether CRI is needed for type II CSI
· Detailed design to turn off some of the CSI parameters.
Agreements:
· Semi-persistent CSI reporting is not supported for aperiodic CSI-RS.
· Note: This doesn’t preclude one CSI report carried by multiple UL reporting instances
Agreements:
Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI 

Agreements:
· RAN 1 should support common configuration framework for beam management and CSI acquisition
· Aspects specifically related to beam management into the merged framework to be incorporated
· Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)


In this contribution, we present our views on further details on CSI framework.
Discussion
2.1 Triggering mechanism of semi-persistent CSI-RS and CSI reporting 
In the previous meetings, there were discussions on combinations of CSI-RS transmission and CSI reporting schemes. We should strive for simple and common triggering mechanism for different combinations of time domain behaviors as much as possible. We should also consider reducing the overhead of DCI, since the number of DCI bit can’t be dramatically different for NR compared to LTE-A. For NR, aperiodic CSI-RS and CSI reporting is supported to obtain fine CSI for PDSCH scheduling. It has been agreed that the reporting is triggered with DCI in order to acquire CSI within coherence time. In addition, aperiodic CSI-RS can be also triggered with DCI that is common to reporting trigger. 
Here, we need to consider about triggering mechanism for semi-persistent CSI-RS and CSI reporting as well. There is tradeoff between two triggering options, i.e., DCI and MAC CE. MAC CE is advantageous in terms of reducing DCI overhead and signaling reliability, i.e., possible error propagation for DCI. In addition, MAC CE based scheme can have higher operational flexibility, since payload for MAC CE is larger than that for DCI. On the other hand, DCI is advantageous in terms of control delay. Here, in terms of the use cases, semi-persistent CSI acquisition can be used for similar functionality as that for periodic CSI acquisition by reducing overhead of CSI-RS and CSI reporting. In addition, it is also suitable for CSI acquisition using CSI-RS resource set switching (resource pool switching) as in Fig. 1. The resource set can be changed depending on UE movement that generally requires tracking mid-to-long-term channel characteristics. Considering those operations and another choice of aperiodic CSI acquisition, it is preferable that semi-persistent CSI acquisition is triggered with MAC CE.
[image: ]
Figure 1: Switching of CSI-RS resource set 
Proposal 1: Semi-persistent CSI-RS is activated/deactivated with MAC CE.
Proposal 2: CSI-RS resource sets are switched with MAC CE.
Proposal 3: Semi-persistent CSI reporting is activated/deactivated with MAC CE.
If the delay of MAC CE is still a concern, the method in Fig. 2 can be also considered as discussed in the last meeting [2]. In this method, the DCI for CSI reporting trigger can be also used to activate semi-persistent CSI-RS without introducing additional MAC CE/DCI bits. This method is applicable for the combination of semi-persistent CSI-RS and aperiodic CSI reporting. Finally, there might be an argument that activation of semi-persistent CSI-RS with two-steps, i.e., RRC + MAC CE, requires unnecessary delay as in Fig. 3(a). In this context, it may be beneficial that RRC configuration include default setup (activated/deactivated) for semi-persistent CSI-RS as in Fig. 3(b). Same functionality can be also introduced for semi-persistent CSI reporting.
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Figure 2: Triggering of semi-persistent CSI-RS and aperiodic CSI reporting with reduced delay
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(a) RRC + MAC CE                               (b) RRC with default setup
Figure 3: Initial activation of semi-persistent CSI-RS transmission
Finally, Table I summarizes discussion above.
Table I: Proposed summary for triggering mechanism on CSI-RS transmission and CSI reporting
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Proposal 4: For the combination of semi-persistent CSI-RS and aperiodic CSI reporting, DCI for CSI reporting can also activates semi-persistent CSI as in Fig. 2.
Proposal 5: Semi-persistent CSI-RS can be RRC configured with default procedure (activated or deactivated).
Proposal 6: Semi-persistent CSI reporting can be RRC configured with default procedure (activated or deactivated).
2.2 DM-RS based CSI acquisition
In the previous meeting, we have agreed that CSI-RS is configured in resource setting as a channel measurement resource. We believe that CSI-RS is not an only option for CSI acquisition but DM-RS is also suitable and can be additionally used for CSI acquisition. Fig. 4 shows possible mechanisms for DM-RS based CSI acquisition. In this example, blue REs and green REs are allocated as DM-RS for own UE and that for co-scheduled UE (for MU-MIMO). In this case, DM-RS based CSI acquisition becomes effective, since influence of beamforming can be accurately accommodated when deriving CSI. In particular, it is very efficient that UE can measure MU-CSI with green REs, which usually requires large overhead on downlink RS and feedback. On the other hand, there was an argument that DM-RS is not multiplexed in wideband and not enough to have accurate CSI. However CSI can derived with high accuracy thanks to denser RE mapping compared to CSI-RS. Furthermore, if DM-RS based CSI acquisition is triggered by DL grant, CSI can be fed back together with HARQ. We presented some simulation results on DM-RS-based CSI acquisition in our companion contribution [3]. 
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Figure 4: CSI acquisition based using DM-RS
Proposal 7: DM-RS can be configured in Resource Setting as channel measurement resource and interference measurement resource.
2.3 Design of beam selection 
Beam selection is one of the most important features for NR CSI acquisition. It has been agreed that NR supports CRI feedback for CSI acquisition. In addition, there are some other approaches for beam selection such as antenna port (AP) selection with or without antenna selection codebook. Comparing these mechanisms, we prefer CRI based beam selection due to its simplicity and flexibility. The CRI-based scheme is flexibly applied for the beam selection with different number of APs, e.g., beam selection from 1-port CSI-RS and two 2-port CSI-RS as shown in Fig. 5. If we need to handle this situation with AP selection-based scheme, we need to consider about CSI-RS with total number of APs of 5 and antenna selection codebook for 5-port CSI-RS, in which 5 ports are grouped into 1, 2 and 2 ports. We think it is very complicated to be specified and to be avoided. In this sense, beam selection mechanisms other than CRI-based scheme should be introduced only when it can’t efficiently covered by CRI-based mechanisms.
Proposal 8: Beam selection should be achieved by CRI-based mechanisms. Other schemes can be introduced only when we find some cases which can’t be efficiently covered by CRI-based mechanisms.
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Figure 5: Beam selection with different number of antenna ports per beam
Summary
In this contribution, we presented general views on CSI acquisition schemes for downlink beam management. Based on the discussion, we made the following proposals.
Proposal 1: Semi-persistent CSI-RS is activated/deactivated with MAC CE.
Proposal 2: CSI-RS resource sets are switched with MAC CE.
Proposal 3: Semi-persistent CSI reporting is activated/deactivated with MAC CE.
Proposal 4: For the combination of semi-persistent CSI-RS and aperiodic CSI reporting, DCI for CSI reporting can also activates semi-persistent CSI as in Fig. 2.
Proposal 5: Semi-persistent CSI-RS can be RRC configured with default procedure (activated or deactivated).
Proposal 6: Semi-persistent CSI reporting can be RRC configured with default procedure (activated or deactivated).
Proposal 7: DM-RS can be configured in Resource Setting as channel measurement resource and interference measurement resource.
Proposal 8: Beam selection should be achieved by CRI-based mechanisms. Other schemes can be introduced only when we find some cases which can’t be efficiently covered by CRI-based mechanisms.
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