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1. Introduction
In RAN1#86bis and RAN1#87 meeting, the following agreements on CSI measurement and reporting were reached:
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:

· 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

Agreements:
· For CSI reporting for a component carrier, at least three different frequency granularities should be considered in the study

· Wideband CSI
· Wideband size is determined by UE RF capability of receiving DL signal. 
· Location of wideband could be configurable by network.
· For example, used for analog beam management at least.
· Partial band CSI
· Alt1. UE-specifically configurable bandwidth 
· Alt2. The size is determined by the composition of numerologies or scheduling time units within the UE-specific wideband.
· Applicable only when different numerology or scheduling time units are multiplexed within wideband. 
· For example, used for analogue beam management
· For example, used for managing CSI per service at least
· Subband CSI
· The band size is determined by dividing wideband or partial band to multiple bands.
· For example, used for frequency selective scheduling and subband precoding at least
· Possible down selection and/or merge of above granularities can be studied

· Combination of above frequency band CSI also needs to be studied
Agreements:
· Study the benefit of involving UE in selecting CSI report setting based on its measurement. 

· CSI report setting may include the granularity of spatial domain (e.g. rank and beam(s) selection) and frequency/time domain (e.g. wideband/subband or subband size).

· Including of other domains is not precluded. 

· UE selection is under certain constraint configured by network. (same as LTE)

· Study UE assisted/selected CSI report setting, with the following use cases:

· Example-1: UE may recommend the best CSI report setting/s to help network configure CSI feedback. (Network can overwrite UE’s recommendation) 

· Example-2: Network can configure multiple candidate CSI report settings for UE to select, and UE indicates its selection along with CSI report (e.g. “Enhanced” RI can be used for UE to indicate its selection)

· Others are no precluded
· Note: LTE actually support multiple types of UE selected feedback “format”:
· RI (may change the payload of the CSI)
· CRI (may change the payload of the CSI)
· Orthogonal beam pattern for Rel. 13 Rank 3-4 codebook (no impact on the payload of the CSI)

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 this contribution we discuss several issues regarding CSI measurement and reporting in NR. 
2. Discussion
2.1. Measurement/reporting in frequency domain

In LTE CSI measurement and reporting are performed on the entire system bandwidth. The CSI granularity (e.g. subband size) is uniquely determined as a function of the bandwidth and feedback mode. This simple mechanism was adopted in the very first LTE release and aimed to reduce the number of CSI configurations in UE implementation. 
UE implementation has significantly progressed over the past decade and the types of deployment scenarios and use cases to be supported in NR are expected to be significantly more diversified than LTE. Hence, the aforementioned mechanism is becoming inflexible and restrictive. In particular, the bandwidth of CSI reporting, as well as the CSI frequency granularity, is more related to the type of traffic in scheduling, but has nothing to do with the system bandwidth of a cell. Furthermore, NR system bandwidth may have a very large range, and the bandwidth that a UE operate may or may not be the same as the bandwidth that a gNB operates on. Therefore more flexible configuration of CSI measurement/reporting bandwidth and subband size should be considered in NR.
In one example a UE may be configured to operate over a block of spectrum (e.g. bandwidth 1) in a NR cell. Prior to initial data transmission the UE may be configured to measure and report CSI on bandwidth 1. Such CSI measurement may be wideband or subband, depending on the type of traffic that the gNB intends to schedule to the UE. Once gNB receives initial CSI reporting for bandwidth 1, gNB may determine to schedule the UE in a much smaller bandwidth (e.g. bandwidth 2) for an extended period of time, and in that case it makes more sense for CSI measurement/reporting to be on bandwidth 2. Similarly, such flexibility can be introduced for CSI granularity (e.g. both spatial granularity and frequency granularity) in order to reduce CSI overhead. 
Note that flexible management of CSI bandwidth and granularity can be also originated by the UE, subject to gNB control.

Proposal: 

· Consider flexible management of measurement bandwidth, reporting bandwidth, and subband size of CSI feedback in NR

· Exact mechanism FFS (e.g. semi-static or dynamic)

2.2. Measurement/reporting in time domain
Since LTE Rel.8 CSI measurement of channel and interference has been unrestricted in the time domain and left to UE implementation. Measurement restriction was introduced in Rel.13 FD-MIMO where measurement was restricted to a single subframe. Then in Rel.14 aperiodic CSI-RS was introduced with “one-shot” type of CSI-RS transmission. As such different virtualization weight can be applied to CSI-RS in different subframes, achieving efficient CSI-RS resource pooling between different UEs at different azimuth/elevation angles. 
Following the same consideration, aperiodic CSI-IM was discussed in Rel.14. One of the motivations for aperiodic CSI-IM is to enable flexible interference measurement for high-order MU-MIMO. For eNB emulation of intra-cell multi-user interference, CSI-IM has to be UE-specifically configured, and for each intra-cell interference hypothesis a dedicated CSI-IM is needed. The interference measurement resource of a UE under MU-MIMO hypothesis needs to be configured as a zero-power CSI-RS resource for another UE not under the same MU-MIMO hypothesis for the purpose of PDSCH rate mating. RRC configuration of CSI-IM and zero-power CSI-RS results in a large number of required resources. This creates excessive system overhead as the number of intra-cell interference hypothesis grows rapidly.
Aperiodic CSI-RS intends to address this issue by releasing RRC configured ZP-CSI-RS when not needed. For instance a UE is configured with M (M >= 1) CSI-IM configurations, but it does not update interference measurement unless a dynamic signaling is received. In other words, UE assumes the configured CSI-IM is not present unless dynamically signaled by the eNB. Dynamic signaling also needs to indicate UE on which CSI-IM the UE shall measure interference. In this way, a CSI-IM could be efficiently shared among multiple UEs by time domain multiplexing. 

When a measurement is triggered for a UE, gNB transmits emulated interference signal on the indicated CSI-IM aligned with desired intra-cell interference hypothesis. An example with M = 1 is given in Figure 1. Two UEs share one RRC configured CSI-IM. At an instance of CSI-IM, UE1 or UE2 is triggered to measure interference. It is also possible that both UE1 and UE2 are triggered if the intra-cell interference hypothesis needs to be measured by the two UEs happens to be the same. When none of the UE is triggered, the CSI-IM is not present. 
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Figure 1: CSI-IM shared between two UEs

If the two UEs need to measure interference with different hypothesis simultaneously, one of the UE will have to wait for the following instance of CSI-IM resulting delay in CSI reporting. To alleviate this problem, M > 1 CSI-IMs can be configured. An example with M = 4 can be found in Figure 2. Four CSI-IMs are configured for a UE by RRC signaling, and at each measuring instance, one of the CSI-IM is selected and indicated to the UE. 
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Figure 2: CSI-IM configuration for interference measurement

Proposal:

· Aperiodic CSI-IM should be supported

·    A UE is configured with M (M >= 1) CSI-IM, and indicated on which CSI-IM to measure interference. Exact mechanism FFS.
3. Conclusions

In this contribution we discussed several issues regarding CSI measurement and reporting in NR. Based on the discussion our present views are summarized below:
Proposal: 

· Consider flexible management of measurement bandwidth, reporting bandwidth, and subband size of CSI feedback in NR

· Aperiodic CSI-IM should be supported.
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