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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:
· NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration (details FFS) which can be measured at least to derive a CSI 
· Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where
· Each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.
· Further study at least the following aspects:
· FFS QCL aspects
· E.g., set of QCL parameters
· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc.
· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs
· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI
Agreements:
· Aim for a common framework for CSI measurement and reporting for different types of coordinated transmission schemes
· Study whether or not to have the assumption/indication of interference hypothesis
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:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility
· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations
Agreements:
· In NR, a UE can be configured with a CSI-RS resource configuration with X ports
· Supported values of X are up to at least 32
· NR supports up to at least 32 port codebook
· FFS: Codebook design
· Study the potential benefits of 64 ports
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
Agreements:
· NR supports CSI calculation based on one-shot measurement of interference.
· For one-shot interference measurement, study at least one of the following alternatives:
· Alt1. Dynamic indication of aperiodic IMR.
· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.
· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.
· Other alternatives are not precluded
· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic
· Note that the connection of the above alternative(s) with measurement setting is a separate topic
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 this contribution, we present our views on CSI acquisition schemes for downlink beam management.
Discussion
2.1 Combination of CSI-RS transmission and CSI reporting
In the last meeting, there were intensive discussions on CSI-RS transmission schemes and agreements were reached to support three types of CSI-RS transmission, which are periodic, semi-persistent and aperiodic CSI-RS. Similar discussion was held on CSI reporting types and it was also agreed to support all these three types. Eventually, we have nine possible combinations on CSI-RS transmission and CSI reporting as listed in Table I, in which the checks indicate combinations which we think useful. In this section, we discuss prioritized combinations among them and discuss configuration/triggering mechanism for them.
Table I: Possible combinations on CSI-RS transmission and CSI reporting
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· CSI reporting for periodic CSI-RS 
In LTE-A, periodic CSI-RS based CSI acquisition has been supported since Rel. 10. RRC and RRC/DCI signaling are utilized for configuring periodic and configuring/triggering aperiodic CSI reporting, respectively. It is considered that these two mechanisms can be naturally taken over to the NR, although additional MAC CE signaling can be introduced for aperiodic CSI reporting, e.g., configuration of aperiodic CSI reporting using RRC and MAC CE. On the other hand, semi-persistent CSI reporting is newly introduced for NR. It achieves multi-shot CSI reporting and is beneficial to reduce CSI reporting overhead compared to periodic type. There are two potential options to activate/deactivate semi-persistent reporting. One is DCI based scheme. In this case, UE can perform CSI reporting with relatively small delay. However DCI based activation/deactivation has a risk of error propagation. For example, if UE erroneously receive activation trigger, it continues to perform CSI measurement. Similarly, deactivation trigger can happen involuntary to the NW. It also has a drawback on payload size and may results in limited flexibility on CSI acquisition. We also note that activation/deactivation through MAC CE has been already introduced for SCell activation/deactivation for carrier aggregation. One disadvantage of using MAC CE is that there would be delay in activating CSI reporting. However, such a delay will be reduced in NR. In addition, if the delay is a concern, the NW can still rely on aperiodic CSI reporting. Based on the above discussion, activation/deactivation for semi-persistent CSI reporting should be performed based on MAC CE.
Proposal 1: Periodic/semi-persistent/aperiodic CSI reporting is supported for periodic CSI-RS transmission.
· For semi-persistent CSI reporting, MAC CE is used for its activation/deactivation.
· For aperiodic CSI reporting, DCI is used for triggering. Necessity of additionally using MAC CE signaling, e.g., down selection of RRC configured information, should be considered targeting for DCI/reporting overhead reduction, operational flexibility and commonality on other CSI related signaling.
· CSI reporting for semi-persistent CSI-RS
Semi-persistent CSI-RS has not been supported for Rel. 13 LTE and will be newly introduced for NR. This is advantageous for reducing CSI-RS overhead compared to periodic CSI-RS. With the same reason for semi-persistent reporting, it is better to be activated/deactivated with MAC CE. In addition, semi-persistent CSI-RS and semi-persistent reporting can be activated/deactivated with the same signaling information in the MAC CE. Aperiodic reporting additionally utilize DCI signaling which indicates reporting timing, etc. One controversial point is whether to support periodic CSI reporting with semi-persistent CSI-RS. In this case, UE may need to report CSI, even when semi-persistent CSI-RS is deactivated. It is more straightforward that UE report its CSI only when CSI-RS is transmitted. This functionality has been covered by semi-persistent reporting. 
Proposal 2: Semi-persistent/aperiodic CSI reporting is supported for semi-persistent CSI-RS.
· For semi-persistent CSI reporting, MAC CE is used for activation/deactivation that is reused for activation/deactivation of semi-persistent CSI-RS.
· For aperiodic CSI reporting, DCI is used for triggering. Necessity for additionally using MAC CE signaling should be considered, e.g., down selection of RRC configured information.
· CSI reporting for aperiodic CSI-RS
Aperiodic CSI-RS has not been supported for Rel. 13 LTE and will be newly introduced for NR. With the same discussion for semi-persistent CSI-RS based scheme, periodic and semi-persistent reporting is not appropriate for aperiodic CSI-RS. 
Proposal 3: Aperiodic CSI reporting is supported for aperiodic CSI-RS transmission.
· DCI is used for triggering that is reused for triggering of aperiodic CSI-RS. Necessity for additionally using MAC CE signaling should be considered, e.g., down selection of RRC configured information.
2.2 Multi-shot CSI-RS for Beam Sweeping
In the last meeting, it was agreed that beam sweeping is supported for NR to enable DL Tx beam sweeping and DL UE Rx beam sweeping. We believe that it works efficiently for all of the periodic, semi-persistent and aperiodic procedure. For instance, one possible implementation can be TRP-specific beam sweeping. In this process, TRP can acquire coarse channel information using TRP-specific multiple beams, which are transmitted toward entire TRP coverage. This kind of initial channel information is more appropriate for periodic operation also supported by semi-persistent manner to reduce RS and feedback overhead. On the other hand, TRP can trigger beam sweeping, e.g., for beam recovery purpose. In this case, aperiodic manner is suitable to achieve dynamic beam maintenance. 
Proposal 4: Beam sweeping should be supported for periodic, semi-persistent and aperiodic manner. Detailed design should be further discussed, e.g., CSI feedback design, CSI process design, etc.
Finally, beam sweeping has similar functionality as class B CSI feedback mechanism, which was supported for Rel. 13 LTE. We need to study how we distinguish these two mechanisms and how we specify. 
Proposal 5: Function split between beam sweeping and CRI based CSI feedback should be clarified. 
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: Periodic/semi-persistent/aperiodic CSI reporting is supported for periodic CSI-RS transmission.
· For semi-persistent CSI reporting, MAC CE is used for its activation/deactivation.
· For aperiodic CSI reporting, DCI is used for triggering. Necessity of additionally using MAC CE signaling, e.g., down selection of RRC configured information, should be considered targeting for DCI/reporting overhead reduction, operational flexibility and commonality on other CSI related signaling.
Proposal 2: Semi-persistent/aperiodic CSI reporting is supported for semi-persistent CSI-RS.
· For semi-persistent CSI reporting, MAC CE is used for activation/deactivation that is reused for activation/deactivation of semi-persistent CSI-RS.
· For aperiodic CSI reporting, DCI is used for triggering. Necessity for additionally using MAC CE signaling should be considered, e.g., down selection of RRC configured information.
Proposal 3: Aperiodic CSI reporting is supported for aperiodic CSI-RS transmission.
· DCI is used for triggering that is reused for triggering of aperiodic CSI-RS. Necessity for additionally using MAC CE signaling should be considered, e.g., down selection of RRC configured information.
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