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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:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include
· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.
Agreements:
· Refine the agreement on RS and IM settings as follows:
· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement
· Remove “IM setting”
· Terminology clarification
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links
· Each of the L links corresponds to a CSI reporting setting and a Resource setting
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)
· One CSI reporting setting can be linked with one or multiple Resource settings
· Multiple CSI reporting settings can be linked with the same Resource setting
· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering
Agreements:
· For periodic CSI-RS,
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· FFS: Necessity of additional signaling with MAC CE
· For semi-persistent CSI-RS,
· Periodic CSI reporting is not supported.
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission
· Aperiodic CSI reporting is triggered by DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE
· For aperiodic CSI-RS,
· Periodic [and semi-persistent] CSI reporting is not supported
· Aperiodic CSI reporting is triggered by DCI
· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE
· Note that further down selection can be done later between MAC CE and DCI in above bullets
· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting
Agreements:
· NR supports mechanism(s) to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously.
· FFS: signaling details (e.g. single DCI or separate DCI)
· FFS: method(s) for interference measurement  
· FFS: reference resource of aperiodic CSI reporting
· For aperiodic CSI-RS timing offset X, support X=0 at least, if aperiodic CSI-RS triggering is done by DCI
· FFS: supporting other values of X
· Note: ‘aperiodic CSI-RS timing offset X’ refers to the time gap between aperiodic CSI-RS triggering and aperiodic CSI-RS transmission w.r.t. number of slots.
· For CSI reporting timing offset Y that is fixed or configurable by the network but with certain restriction on lower limit of Y to provide sufficient CSI computation time.
· Candidate values of Y are fixed or pre-determined by certain rule(s).
· Rule is FFS (e.g. number of CSI measurement/RS/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc.)
· Note: ‘aperiodic CSI reporting timing offset Y’ refers to the time gap between aperiodic CSI reporting triggering and aperiodic CSI reporting w.r.t. number of slots.
· FFS Y is fixed or configurable
· FFS configuration is done by DCI and/or MAC CE and/or higher layer signaling
Agreements:
· For NR, support at least two types of resources used for interference measurement in CSI configuration based on the following candidates:
· ZP CSI-RS, NZP CSI-RS, DMRS
· Including independent or joint usage of any combination of the above three candidates
· Selection is to be done in RAN1#88
Agreements:
· When a UE is configured with K>1 NZP CSI-RS resources, a UE can report a set of N UE-selected CSI-RS-resource-related indices
· FFS: The name of the corresponding CSI reporting parameter
· FFS: Maximum value of N (support of N=1 only is not precluded)
· FFS: What other CSI parameter(s) are reported together with the CSI-RS-resource-related indices, if any, and joint reporting mechanism (in case of multiple reporting parameters)
· FFS: Extension of this feature to other types of Resources
Agreements:
· The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2, e.g.
· Long-term CSI for a number of antenna ports or multiple NZP CSI-RS resources
· Short-term CSI for a number of antenna ports with one or more NZP CSI-RS resources
· The number of ports for long-term and short-term CSIs can be the same or different
· Contents of the CSI report are FFS
· This is achieved without introducing new features into the agreed upon CSI acquisition framework


In this contribution, we present our views on CSI acquisition schemes for downlink beam management.
Discussion
2.1 Triggering mechanism of CSI-RS and CSI reporting 
In the last meeting, there were discussions on combinations of CSI-RS transmission and CSI reporting schemes and followings are eventually supported for NR. We should strive for simple and common triggering mechanism for different combinations as much as possible. We should also consider reducing the overhead for DCI bit, since the number of DCI bit can’t be dramatically different for NR compared to LTE-A. 
Table I: Supported time domain behavior for CSI-RS transmission and CSI reporting
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· Aperiodic CSI reporting
Aperiodic CSI reporting is used to obtain fine CSI for PDSCH scheduling. In order to acquire CSI within coherent time, CSI reporting should be triggered with DCI. Here, we need to consider about triggering mechanism for aperiodic and semi-persistent CSI-RS transmission as well. Firstly, for aperiodic CSI-RS, single DCI bit can be shared to trigger CSI-RS transmission and CSI reporting in principle, since time domain behavior is the same. One possible argument to introduce separate DCI bits (for CSI-RS transmission and CSI reporting) is adjusting mutual timing gap between CSI-RS transmission and CSI reporting. However such timing control should be generally managed by gNB scheduler. In addition, even if further flexibility is required, we should firstly consider applying RRC-based control. On the other hand, for semi-persistent CSI-RS, separate triggering mechanism should be introduced, since time domain behavior is not aligned between CSI-RS transmission and CSI reporting. 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, which is generally more important for activation rather than deactivation. Fig. 1 shows possible signaling mechanism, which achieves reduced delay for CSI-RS activation with single DCI bit. In this method, CSI-RS transmission and CSI reporting is triggered with single DCI bit with the support of additional MAC CE signaling.
Proposal 1: A single DCI bit is utilized to activate aperiodic CSI reporting.
Proposal 2: The DCI bit for aperiodic CSI reporting is reused for triggering aperiodic CSI-RS.
Proposal 3: Triggering mechanism in Fig. 1 should be introduced for the combination of semi-persistent CSI-RS and aperiodic CSI reporting. 
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Fig. 1: Triggering of semi-persistent CSI-RS and aperiodic CSI reporting with single DCI bit

· Semi-persistent CSI reporting
Semi-persistent CSI reporting is newly introduced for NR. It achieves similar functionality as periodic CSI reporting with the benefit of reducing CSI reporting overhead. As described above, there are two potential options to activate/deactivate semi-persistent reporting with the benefits and drawbacks for both options. Considering the major use cases for semi-persistent CSI reporting, it is natural that CSI reporting is triggered in MAC CE. If the delay is a concern, the NW can rely on aperiodic CSI reporting. The MAC CE trigger can be naturally reused for activating semi-persistent CSI-RS transmission, unless there is other use case for separate signalling. Finally, Table II summarizes discussion above.
Proposal 4: MAC CE is used for triggering semi-persistent CSI reporting.
Table II: Triggering mechanism on CSI-RS transmission and CSI reporting
[image: ]
2.2 ZP CSI-RS Designs
Zero-power CSI-RS has been supported for LTE-A since Rel. 10. It is used to increase accuracy of CSI-RS channel estimation by configuring muting RE for neighboring cells. In addition, it enables interference measurement with different hypothesis targeting Rel. 11 CoMP DPS/DPB. In LTE-A, ZP CSI-RS can be configured as 4-port periodic CSI-RS resource. ZP CSI-RS remains fundamental technology for NR. It was agreed that NR supports various CSI-RS transmission timing which are periodic, aperiodic and semi-persistent CSI-RS. It was also agreed that NR supports one-shot interference measurement, where aperiodic IMR is one of the alternate technologies [2]. Considering these enhanced resource mapping schemes for CSI-RS and IMR, ZP CSI-RS should support flexible resource utilization, since ZP CSI-RS is usually associated to CSI-RS or IMR resource for neighboring cells. Moreover, efficient utilization of ZP CSI-RS is important considering increased downlink overhead for CSI acquisition, e.g., CSI-RS with larger number of antenna ports or CSI-RS with multiple beams, etc. Fig. 3 shows, example operation for dynamic activation/deactivation of ZP CSI-RS resources. In this example, ZP CSI-RS resource is turned on/off according to the scheduling of CSI-RS at the neighboring cell. One enabler is semi-persistent activation/deactivation of ZP CSI-RS resources. In addition, it may be beneficial to consider RE allocation which is analogous to NZP CSI-RS resources, e.g., port configuration and dynamic triggering, etc.
Proposal 5: ZP CSI-RS should be triggered dynamically, e.g., semi-persistent and aperiodic ZP CSI-RS. 
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Fig. 3: Dynamic activation/deactivation of ZP CSI-RS resources
2.3 Beam Sweeping and DPS/DPB
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 6: 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 7: 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.
[bookmark: _GoBack]Proposal 1: A single DCI bit is utilized to activate aperiodic CSI reporting.
Proposal 2: The DCI bit for aperiodic CSI reporting is reused for triggering aperiodic CSI-RS.
Proposal 3: Triggering mechanism in Fig. 1 should be introduced for the combination of semi-persistent CSI-RS and aperiodic CSI reporting.
Proposal 4: MAC CE is used for triggering semi-persistent CSI reporting.
Proposal 5: ZP CSI-RS should be triggered dynamically, e.g., semi-persistent and aperiodic ZP CSI-RS.
Proposal 6: 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.
Proposal 7: Function split between beam sweeping and CRI based CSI feedback should be clarified.
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