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1 Introduction

In the last 3GPP RAN1 meeting, the following agreements have been achieved [1].

· 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, we discuss the design for CSI reporting and CSI-RS configurations, the control mechanism for CSI reporting and CSI-RS transmission, and the use cases for CSI-related dynamic configuration and indication, respectively.
2 CSI reporting settings
To fulfill the NR requirement for dynamic switching of CSI measurement and reporting schemes, the CSI reporting configuration design principle should support the dynamic switching schemes while minimizing the overhead of L1/L2 control signalling. It was agreed in last meeting that the CSI parameter can be independently configured, e.g. time and/or frequency granularity. 
· The transmission related CSI configurations may include for instances

· CSI measurement subframe sets
· CSI reporting subframe periodicity 
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· CSI reporting subframe offset 
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· The time granularity of CSI parameters may include for instances
· Long term/short term

· The frequency granularity of CSI parameters may include for instances

· Wideband/subband/partial band (if supported)
The related CSI parameters include at least CQI, PMI, RI, and Resource selection indicator. It may also include explicit CSI, such as channel covariance matrix (and/or its main eigen-components), and beam related information. For codebook based CSI feedback, the corresponding codebook configuration should also be included.
Multiple CSI reporting settings can be configured for different use cases. For example, two CSI reporting settings can be configured to one CSI-RS setting, which can be either periodic/semi-persistent or aperiodic CSI reporting applied to one CSI-RS resource. One use case for this configuration is to facilitate the beam based dynamic transmission scheme switching. For the periodic/semi-persistent CSI reporting, wideband/long-term (Type I) PMI and CQI is configured, which monitors the radio link and provides a coarse channel information for the beam based transmit diversity schemes. For the aperiodic CSI reporting, subband/short-term (Type II) PMI and CQI is configured, which provides much more precise information for spatial multiplexing schemes. In this case, the spatial multiplexing scheme and transmit diversity scheme can be flexibly switched, based on the radio link variation. Type II CSI feedback parameters are further discussed in our companion paper [2].
Proposal 1: Support higher layer configuration of periodicity and timing offset for semi-persistent CSI reporting.
Proposal 2: PMI type and codebook configuration should be configured in CSI reporting setting for reporting PMI in NR.
3 CSI-RS settings
To fulfill the NR requirement for dynamic switching of CSI measurement and reporting schemes, the CSI-RS configuration design principle should support the dynamic switching schemes while minimizing the overhead of L1/L2 control signalling. 
· The resource related CSI-RS configurations may include for instances

· CSI-RS resources sets

· CSI-RS resources from the resources sets
· Number of CSI-RS ports
· CSI-RS patterns
· The transmission related CSI-RS configurations may include for instances

· CSI-RS transmission subframe periodicity 
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· CSI-RS transmission subframe offset 
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The following alternatives can be considered for the CSI-RS configurations.

Alt. 1: Higher layer configuration. All CSI-RS settings are semi-statically configured at higher layer, and no dynamic indication/selection is required. Therefore, selection among multiple alternatives of higher layer CSI-RS settings should be available. These alternatives can be regarded as multiple higher layer configured CSI-RS settings, where each setting is identified by a specific CSI-RS setting ID. 

In this case, the switching of CSI-RS settings can be realized by specifying the CSI-RS setting ID. Since the selection is restricted by the available CSI-RS settings and all parameters are semi-statically configured at higher layer, it cannot fulfill the dynamic sharing requirements of shared CSI-RS resources [3], for the aperiodic/semi-persistent CSI-RS transmission.
Alt. 2: L1/L2 only dynamic configuration. All CSI-RS configurations are dynamically and separately configured via L1/L2 control signalling. Although fully adapted to the instantaneous radio link, the overhead of dynamic configuring all parameters is too large to afford in practical systems.

Alt. 3: Two-level configuration for dynamic allocation/deallocation. Multiple semi-statically configured CSI-RS settings are available at higher layer, where each CSI-RS setting includes the configurations on the semi-static parameters, i.e. the CSI-RS resources sets, the transmission related configurations, etc., and is identified by a specific CSI-RS setting ID. The dynamic parameter, e.g. CSI-RS resources, is configured via L1/L2 control signalling. This division of CSI-RS configurations into higher layer and L1/L2 is a trade-off between configurability and signalling overhead.
The CSI-RS resources sharing is further discussed in our companion contribution [3]. In order to allow fast switching between different CSI-RS sets, more than one set of CSI-RS resources should be semi-statically configured for a UE through higher layer signalling. Two methods can be considered to support the shared approach discussed above. One is to have multiple CSI-RS resource sets within one RS setting, each set corresponding to a TRP cluster. In the other method, multiple RS settings should be configured per UE, each with only one CSI-RS resource set. 

The switching to the set from the same or different RS setting is not necessarily as fast as CSI-RS resource selection, so that it is proposed to be indicated through MAC CE signalling. CSI-RS resource selection within the selected set can be dynamically signaled through either MAC CE or DCI.
Proposal 3: Support higher layer configuration of CSI-RS periodicity and timing offset for periodic CSI-RS and semi-persistent CSI-RS transmission.
Proposal 4: Support MAC CE signaling on the selected CSI-RS resource set or RS setting, from which the CSI-RS resource(s) can be allocated by MAC CE or DCI signaling.
4 CSI measurement settings
The idea of CSI measurement settings is to indicate which CSI-RS setting is used for a particular CSI reporting setting, for a particular CSI measurement and reporting scheme. The following alternatives can be considered for the CSI measurement settings.
4.1 CSI measurement setting for dynamic transmission scheme switching

As it was discussed in Sec. 2, different CSI reporting settings can be configured to the same CSI-RS setting, in order to facilitate the dynamic transmission scheme switching.
Alt. 1: Multiple CSI reporting settings and one CSI-RS setting can be included in a CSI measurement setting (via a first level signalling), as shown in Fig. 1 (a). For each CSI reporting setting, different CSI reporting parameters can be configured to support the requirement of each candidate transmission scheme. Multiple reference transmission schemes are also indicated in the CSI measurement setting, which corresponds to the linkage between each CSI reporting setting and CSI-RS setting pair. When a UE is configured to the CSI measurement setting, it should execute the appropriate CSI measurement according to the candidate reporting settings.
In this case, a second level signalling is to indicate the CSI reporting according to a selected transmission scheme (which can be regarded as a specific measurement assumption).
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Figure 1. CSI measurement setting for dynamic switching.
Alt. 2: Multiple CSI measurement settings can be configured (via a first level signalling), where each CSI measurement setting includes one CSI reporting setting and one CSI-RS setting, as shown in Fig. 1 (b). A reference transmission scheme is also included in each CSI measurement setting. When a UE is configured to the CSI measurement settings, it should execute the appropriate CSI measurement according to the candidate reporting setting in each measurement setting.
In this case, a second level signalling is to indicate the CSI reporting according to a selected measurement setting (which can be regarded as a specific measurement assumption).

Proposal 5: Support two-level configuration for CSI measurement and reporting for dynamic transmission scheme switching
· The first level is to associate multiple CSI reporting settings with one CSI-RS setting.
· The second level is to indicate a preferred CSI report to be reported.
4.2 CSI measurement setting for coordination transmission
In order to support flexible and efficient CSI/interference measurement and reporting for different candidate coordination schemes and multiple candidate transmission sets within a measurement set, the followings should be considered [4]
· A set of CSI-RS/IM resources to support a transmission set with different interference measurement.
· Multiple CSI reports corresponding to the set of CSI-RS/IM resources of a transmission set according to specific interference measurement.
One suggested approach to achieve the above requirement is to involve multiple CSI-RS/IM resources within a CSI measurement setting (via a first level signaling), as shown in Figure 2 (LTE CSI-RS patterns are used as an example), which may for example corresponds to a candidate transmission set, and allow multiple CSI reports corresponding to a CSI measurement setting and a specific interference measurement.
Multiple CSI measurement settings can then be established, each of which may for example corresponds to a candidate transmission set. In this case, one or multiple sets of CSI reports are to be feedback in order to support the network’s scheduling decision, where each set of CSI reports corresponds to a CSI measurement setting.
For a UE configured with the CSI measurement setting, a second level signaling is to indicate a specific interference measurement, which will then guide the UE for channel/interference measurement and CSI (CQI) calculation, based on the allocated CSI-RS/IM resources.
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Figure 2. CSI related setting for coordination transmission [4].
Proposal 6: Support one or more CSI reports from a UE corresponding to one or multiple CSI-RS/IM settings.
Proposal 7: Support two-level configuration for CSI/interference measurement and reporting for coordination transmission
· The first level is to configure one or more CSI-RS/IM settings and one or more CSI reports within a CSI measurement setting
· The second level is to indicate a specific interference measurement.
5 Conclusions

This contribution discussed the modular design for CSI reporting configurations, CSI-RS configurations, and CSI measurement configurations, and the control mechanism for CSI reporting and CSI-RS transmission. The proposals are summarized as follows
Proposal 1: Support higher layer configuration of periodicity and timing offset for semi-persistent CSI reporting.
Proposal 2: PMI type and codebook configuration should be configured in CSI reporting setting for reporting PMI in NR.
Proposal 3: Support higher layer configuration of CSI-RS periodicity and timing offset for periodic CSI-RS and semi-persistent CSI-RS transmission.
Proposal 4: Support MAC CE signaling on the selected CSI-RS resource set or RS setting, from which the CSI-RS resource(s) can be allocated by MAC CE or DCI signaling.

Proposal 5: Support two-level configuration for CSI measurement and reporting for dynamic transmission scheme switching
· The first level is to associate multiple CSI reporting settings with one CSI-RS setting.

· The second level is to indicate a preferred CSI report to be reported.

Proposal 6: Support one or more CSI reports from a UE corresponding to one or multiple CSI-RS/IM settings.
Proposal 7: Support two-level configuration for CSI/interference measurement and reporting for coordination transmission
· The first level is to configure one or more CSI-RS/IM settings and one or more CSI reports within a CSI measurement setting

· The second level is to indicate a specific interference measurement.
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