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Introduction
In RAN#87 the following agreement was made with respect to CSI reporting for in NR [1]:
Agreements:
· For NR, support both periodic and semi-persistent CSI reporting:
· For periodic: higher-layer configuration of reporting periodicity and timing offset
· FFS for the case of semi-persistent CSI reporting w.r.t. reporting periodicity and timing offset
· FFS on detailed signaling


In RAN#87 the following agreement was made with respect to CSI-RS allocation for in NR [1]:
Agreements:
· NR supports semi-persistent CSI-RS transmissions
· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically
· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.
· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions
· FFS: Details on signaling mechanisms

Agreements:
· Support UE specific RRC configuration of one or more CSI-RS resource sets
· As one operation example, CSI-RS resources within a set can be dynamically shared amongst users
· Support dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users
· Allocation can be aperiodic (single-shot)
· Allocation can be on a semi-persistent basis
· Note: semi-persistent CSI-RS transmission is periodic while allocated
· Study the following aspects
· Signaling mechanism for dynamic allocation/de-allocation
· e.g. via MAC CE or L1 control signaling, via hierarchical control signaling with MAC-CE and DCI
· De-allocation may or may not be dynamically signaled at a later point in time
· Signaling mechanism for slot configuration (i.e., periodicity, subframe offset like in LTE)
· Signaling format for dynamic indication of CSI-RS resource(s)
· Signaling overhead reduction approaches
· e.g., structured groupings of CSI-RS resources and/or allocation scheme utilizing a combination of RRC configuration and dynamic signaling
· Methods to support resources of variable number of ports
· e.g. Aggregation of resources of a smaller number of ports
· Note: CSI-RS can be NZP
· FFS: ZP
· Note: mapping of CSI-RS resources with TRP(s) is an implementation issue

In RAN#87 the following agreement was made with respect to CSI framework for in NR [1]:
Agreements:
· A UE can be configured for CSI acquisition with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· Frequency-granularity, at least for PMI and CQI
· FFS: Which CSI parameters are reported
· If PMI is reported, PMI Type (Type I or II) and codebook configuration 
· An RS setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· RS type which encompasses at least CSI-RS
· RS resource set(s) of K resources
· An IM setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· IM types which encompasses CSI-IM
· FFS: RS setting and IM setting can be merged
· A CSI measurement setting includes at least the following :  
· One CSI reporting setting
· One RS setting
· One IM setting
· For CQI, reference transmission scheme setting
· Study the possibility of configuring a UE with multiple CSI measurement settings including dynamic indication to select a preferred CSI measurement setting
· Including selection of resource(s) out of the K resources within an RS setting
· UE supports up to L CSI measurement
· Value of L may depend on the UE capability

 In this contribution discuss in more on signaling aspect of NR CSI acquisition. 

Discussion
Semi-persistent CSI-RS 
In RAN1 #87 meeting, semi-persistent CSI-RS transmission is agreed where activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically. Whether the dynamic activation or de-activation is done by DCI and/or MAC CE is FFS. Here we listed some options for semi-persistent CSI-RS transmission signaling method.
First option can be MAC CE based. In this case, the signaling contents can be same as periodic CSI-RS transmission signaling which is done by higher layer (or RRC) signaling. In this case, functionality of those two mechanisms are almost same. 
Second option can be DCI based. In this case, there exists possible reliability issues of using physical layer signaling for activation/de-activation of CSI-RS transmission. Note that the CSI-RS allocation information is not only for channel measurement, but also for the PDSCH RE mapping pattern determination. In case of semi-static allocation, the reliability of such the CSI-RS indication becomes critical for the system performance. For example, miss detection of the CSI-RS transmission/allocation results in incorrect demodulation of PDSCH as illustrated in Figure 1. 


[bookmark: _Ref470613123]Figure 1 Illustration of PDSCH RE mapping issue
To resolve this problem, we can consider two further options. First sub option is having no de-activation but always activates with M CSI-RS transmission. In this case, we can harmonize with aperiodic CSI-RS transmission. Second sub option is having (implicit) confirmation method of DCI. For example, define a UE behavior that if CSI-RS is de-activated then de-activate corresponding CSI report as well. In this case, gNB/TRP can monitor DTX of corresponding CSI report to confirm the CSI-RS de-activation.
Proposal 1. Consider following three options as a candidate signaling method for dynamic activation(s)/de-activation(s) of CSI-RS resource
Option1.  MAC CE with same contents as in semi-statically configured/re-configured periodic CSI-RS transmission.
Option 2. DCI without de-activation. Note that, in this case, aperiodic CSI-RS transmission can be treated as a special case of semi-persistent CSI-RS transmission.
Option 3. DCI with confirmation method. FFS on confirmation method including implicit method.

Semi-persistent CSI Reporting
Likewise, semi-persistent CSI reporting together with periodic CSI reporting is agreed. Again, signaling detail is FFS. Similarly, we listed some options for semi-persistent CSI reporting signaling method.
First option can be MAC CE based. In this case, the signaling contents can be same as periodic CSI reporting  signaling which is done by higher layer (or RRC) signaling. In this case, functionality of those two mechanisms are almost same. 
Second option can be DCI based. Similar to semi-persistent CSI-RS transmission case, there exists possible reliability issues of using physical layer signaling for activation/de-activation of CSI reporting. In order not to have a potential collision on the resource for the CSI feedback, gNB/TRP needs to wait next occasion of CSI report so that it implicitly confirms the reception of CSI report de-activation. In this case, the benefit of DCI may be diminished. Other possible option can be DCI without de-activation. Again, in this case, we can harmonize with aperiodic CSI reporting.
Proposal 2. Consider following three options as a candidate signaling method for dynamic activation(s)/de-activation(s) of CSI reporting
Option1. MAC CE with same contents as in semi-statically configured/re-configured periodic CSI reporting.
Option 2. DCI without de-activation. Note that, in this case, aperiodic CSI reporting can be treated as a special case of semi-persistent CSI reporting.
Option 3. DCI with confirmation method. Note that confirmation method can be implicit such as DTX of CSI reporting.

CSI Acquisition Settings
In this sub-section, we discuss CSI acquisition settings. First of all, it is possible that a different CSI measurement setting can share a RS/IM setting. And thus, each settings can be signaled independently. Since aperiodic report of periodic RS is also supported, the CSI report setting also can be signaled independently. Second, in order to reduce number of signaling, we propose to include activation/de-activation information in RS/IM and CSI report settings. 
Proposal 3. Activation/de-activation information such as periodicity and timing offset is included in CSI reporting, RS and IM setting.
Proposal 4. CSI reporting setting, RS setting, IM setting and CSI measurement setting can be signaled independently.

Summary 
In this contribution, we discussed NR CSI acquisition signaling, particularly we proposed
Proposal 1. Consider following three options as a candidate signaling method for dynamic activation(s)/de-activation(s) of CSI-RS resource
Option1.  MAC CE with same contents as in semi-statically configured/re-configured periodic CSI-RS transmission.
Option 2. DCI without de-activation. Note that, in this case, aperiodic CSI-RS transmission can be treated as a special case of semi-persistent CSI-RS transmission.
Option 3. DCI with confirmation method. FFS on confirmation method including implicit method.
Proposal 2. Consider following three options as a candidate signaling method for dynamic activation(s)/de-activation(s) of CSI reporting
Option1. MAC CE with same contents as in semi-statically configured/re-configured periodic CSI reporting.
Option 2. DCI without de-activation. Note that, in this case, aperiodic CSI reporting can be treated as a special case of semi-persistent CSI reporting.
Option 3. DCI with confirmation method. Note that confirmation method can be implicit such as DTX of CSI reporting.
Proposal 3. Activation/de-activation information such as periodicity and timing offset is included in CSI reporting, RS and IM setting.
Proposal 4. CSI reporting setting, RS setting, IM setting and CSI measurement setting can be signaled independently.
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