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Introduction
In RAN1#88 meeting, following agreements were made on beam management: 
Agreements:
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· A reporting setting at least including
· Information indicating selected beam(s)
·  L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
· FFS whether or not support >1 CSI-RS resource set per resource setting
· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
· Further discussion whether or not the mechanism for CSI acquisition framework can be applicable
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 few scenarios and corresponding CSI framework. 

Discussion
2.1 Measurement setting and signaling
Let’s assume a simple scenario where there is single TRP with single antenna panel and single UE with single antenna panel.
Following measurement setting can be configured to support both CSI acquisition and beam management in this scenario.
· M resource settings
· Resource setting 1: K>1 CSI-RS resources preferably with lower number of ports (e.g. 1 or 2) in each resource
· Resource setting 2: K>1 CSI-RS resources
· Resource setting 3: K=1 CSI-RS resource (e.g. up to 32 ports) 
· Resource setting 4: K ZP CSI-RS resources
· N Reporting settings
· Reporting setting 1: (one or more) CRI and RSRP
· Reporting setting 2: CRI, RI, PMI, CQI
· Reporting setting 3: RI, PMI, CQI
· Reporting setting 4: RI, CQI 
· L links
· Link 1: Resource setting 1, Reporting setting 1
· Link 2: Resource setting 3, Reporting setting 3
· Link 3: Resource setting 4, Reporting setting 3
· Link 4: Resource setting 3, Reporting setting 4
· Link 5: Resource setting 4, Reporting setting 4
· Link 6: Resource setting 2, Reporting setting 2
· Link 7: Resource setting 4, Reporting setting 2
In this example, there are 4 “Resource settings”, 4 “Reporting settings” and 7 “Links” configured to a UE. 
Resource setting 1 can be used for beam management, it can be configured to be periodic with a long periodicity, e.g. in the range of 100ms. Considering beam recovery, which can be more dynamic, aperiodic triggering can also be supported which can be same or separate resource setting. Resource setting 2 can be used for LTE class B type of operation especially for sub 6GHz operation. Resource setting 3 can be used for CSI acquisition, depending on whether the system operates in single-beam or multi-beam operation there is association between resource setting 1 and resource setting 3 or not. For example, in sub 6GHz single-beam operation resource setting 1 can be omitted. Resource setting 4 can be used for interference measurement, if NZP CSI-RS is also supported for interference measurement then resource setting 4 can also include NZP CSI-RS or it can be simply merged with other resource setting/s. 
Reporting setting 1 can be used for beam management where UE reports multiple CRI and possibly corresponding RSRP. Reporting setting 2 can be used for LTE class B type of operation. Reporting setting 3 is used for CSI acquisition which can be associated with reporting setting 1 when operating in multi-beam operation. Reporting setting 4 is similar to reporting setting 3 except there is no PMI feedback, which is targeting non-codebook based operation. There is relation between configured resource settings and reporting settings, for example, in single-beam based operation gNB doesn’t configure resource setting 1 and correspondingly reporting setting 1 to UE. 
Configured links indicate the association among resource settings and reporting settings. In the above example, Link 1 associates resource setting 1 and reporting setting 1; that means the UE has to use resources configured by resource setting 1 to obtain reporting quantities indicated by reporting setting 1. Link 2 and Link 3 associate different resource settings with same reporting setting. In the above example, Link 2 associates resource setting 3 and reporting setting 3, and Link 3 associates resource setting 4 and reporting setting 3; that means the UE has to use resources configured by resource setting 3 for channel measurement and resource setting 4 for interference measurement.  
M resource settings and N reporting settings are RRC configured. There can be different ways of signaling L links, at least “the links” associated with CSI reporting which are periodic can be RRC configured. The links associated with CSI reporting which are aperiodic or semi-persistent can be configured by RRC then triggered by DCI. For example in above scenario, RRC configures 7 links then a bitmap of 7 bits can be signaled via DCI which can flexibly trigger one or multiple links. Another way of signaling is by 3 bits encoding, where one state corresponds to one link as shown in table 1. 
Table 1
	State 
	Links

	000
	Link 1

	001
	Link 2

	010
	Link 3

	011
	Link 4

	100
	Link 5

	101
	Link 6

	110
	Link 7

	111
	Reserved



Proposal: Resource settings and reporting settings are configured by RRC, links can be signaled via DCI for aperiodic and semi-persistent CSI feedback.
2.2 CSI-RS configuration and triggering for beam management
For periodic CSI-RS, as discussed in above section, resource setting, CSI reporting setting and link/s can be configured by RRC.
How semi-persistent and aperiodic CSI-RS can be used for beam management within a single CSI framework is discussed below. 
Semi-persistent resource setting, reporting setting and link can be configured as below:
· Resource setting X: K=1 CSI-RS (e.g. with 1 or 2 ports)
· Reporting setting Y: CRI, RSRP
· Link Z: resource setting X, reporting setting Y
Depending on whether it is P-2 or P-3 beam management procedure, reporting setting and link may or may not be configured. For example, in the case of P-3 where only UE RX beams are trained, the TRP TX beam doesn’t change for consecutive CSI-RS transmission. The UE measures semi-persistent CSI-RS using different RX beams to determine best RX beam but doesn’t report. In this case reporting setting and link are omitted. On the other hand, in the case of P-2 where TRP TX beams are trained while UE RX beam is not changed but the TRP TX beam changes in each instance of CSI-RS transmission. The UE measures the semi-persistent CSI-RS using same RX beam and determines best TRP TX beam/s, in this case the UE reports CRI/s and associated RSRP. 
In the figure 1, an example of triggering of semi-persistent CSI-RS activation, CSI-RS transmission and triggering of semi-persistent CSI-RS deactivation is illustrated.

Figure 1, semi-persistent CSI-RS for beam management
In this example, the periodicity of CSI-RS within the activated period is 1 sub-time unit, gNB triggers semi-persistent CSI-RS activation then transmits CSI-RS N times and gNB triggers semi-persistent deactivation.  

Aperiodic resource setting, reporting setting and link can be configured as below:
· Resource setting X: K>1 CSI-RS (e.g. with 1 or 2 ports)
· Reporting setting Y: CRI, RSRP
· Link Z: resource setting X, reporting setting Y
In the figure 2, an example of triggering of K=N aperiodic CSI-RS resources is illustrated. In this example, 1 CSI-RS resource spans one sub-time unit and N CSI-RS resources are mapped on N consecutive sub-time units.

Figure 2, aperiodic CSI-RS for beam management
Similar to semi-persistent CSI-RS, depending on whether it is for P-2 or P-3 beam management procedure reporting setting and link may or may not be present.
Proposal: At least of beam management purpose, periodicity of CSI-RS transmission can be in 1 or more OFDM symbols. If sub-time unit smaller than 1 OFDM is supported periodicity of CSI-RS transmission can be smaller than 1 OFDM symbol.
Proposal: Transmission of K>1 aperiodic CSI-RS with one triggering signal is supported. 
Conclusions
In this contribution we discussed CSI framework and CSI-RS configuration, triggering for beam management. We have following proposals:
Proposal: Resource settings and reporting settings are configured by RRC, links can be signaled via DCI for aperiodic and semi-persistent CSI feedback.
Proposal: At least of beam management purpose, periodicity of CSI-RS transmission can be in 1 or more OFDM symbols. If sub-time unit smaller than 1 OFDM is supported periodicity of CSI-RS transmission can be smaller than 1 OFDM symbol.
Proposal: Transmission of K>1 aperiodic CSI-RS with one triggering signal is supported. 
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