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1 Introduction
To ensure forward compatibility in NR, it is required that CSI feedback be flexible and simple. To achieve such a flexible system, the concept of CSI measurement setting has been accepted in RAN1. For CSI acquisition, the following agreements were reached at RAN1 #87:
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 are 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:
· 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 remaining open issues with CSI measurement setting configuration.

2 Discussion
CSI Measurement Setting Configuration

In order to achieve disparate sets of goals, NR is currently being standardized in a very flexible manner. For example, dynamic TDD and variable slot sizes are going to be baked into NR. Such flexibility can ensure efficient use of the spectrum by each TRP. However, such flexibility also leads to highly dynamic interference fluctuations. Furthermore, to ensure optimal spectral efficiency, the network is required full and timely feedback of channel characteristics. As such, CSI acquisition has been recently discussed in RAN1.
It has been agreed that to enable CSI reporting, a UE can be configured with N≥1 CSI reporting settings, M≥1 RS setting, J≥1 IM settings and a CSI measurement setting. In the aforementioned agreement from RAN1 #87, it was stated that a CSI measurement setting would link the N CSI reporting settings with the M RS settings and J IM settings. Stated as is, it would mean that a UE’s measurement setting could be composed of multiple links mapping subsets of CSI reporting settings to subsets of RS settings and subsets of IM settings. For cases such as CoMP where a UE may need to maintain measurements for multiple transmission hypotheses, the maintenance of a single CSI measurement setting accommodating all measurements could be prohibitive. For example, if the network wants to add or remove a single linkage between a CSI reporting setting and an RS setting, would it have to reconfigure the entire CSI measurement setting?
To reduce reconfiguration overhead, it is better to enable the configuration of multiple CSI measurement settings, whereby each measurement setting could be considered a single link of one (or more) CSI report settings to one (or more) RS settings and possibly one (or more) IM settings.

It is beneficial to allow a CSI measurement setting to include more than one RS setting and possibly more than one IM setting. For example, an RS setting may cover a subband and to enable wideband measurements, the UE may need to take and combine measurements over a set of RS settings. In another example, a UE may obtain an interference measurement as a combination of multiple measurements. For example, a first interference measurement may contain the out-of-cell interference contribution whereas a second interference measurement may contain the in-cell interference contribution. To enable such flexibility, it should be noted that similar RS types and RS resource sets can be used as both RS setting and IM setting. This enables a UE to report measurements for different transmission hypotheses (e.g. for CoMP) with reducing the need to support multiple RS resource sets. Lastly, a CSI measurement setting need not include an IM setting if, for example, the UE can measure the interference on the resources of the RS setting.
Proposal 1: A CSI measurement setting should be a single link of one (or more) CSI report settings to one (or more) RS settings and possibly one (or more) IM settings.

With densification of small cells in NR, it is expected that CoMP will play an even bigger role in ensuring optimal spectral use. Therefore, it is beneficial to enable the configuration of multiple CSI measurement settings for a UE. Each setting can be independently configured, possibly as requested by a UE or as a function of higher layer measurements or measurements reported for another CSI measurement setting. Furthermore, due to highly variable interference, not all CSI measurement settings may always be relevant. In order to ensure network flexibility (e.g. with respect to use of blanking resources), it makes sense to enable indication of CSI measurement settings dynamically.

Proposal 2: A UE can be configured with multiple CSI measurement settings and relevant CSI measurement settings can be indicated dynamically.

CSI Report Setting Configuration

In RAN1 #87, it was agreed that a CSI report setting includes time domain and frequency domain behavior. It is also beneficial to include measurement types in the CSI report setting. In proposal 1 we state that a CSI measurement setting may be composed of one or more RS and IM settings. Therefore, some measurement combining relationship should be indicated to the UE. For example, with multiple IM settings, the UE may measure different types of interference. The CSI report setting can indicate to the UE the method with which it can construct the measurement report (e.g. by scaling different measurements taken on different RS settings and/or IM settings). Furthermore, it is possible that the list of measurement types grows with the use of different deployments (e.g. unlicensed) and enabling flexibility would ensure a reduction in CSI acquisition complexity.
Proposal 3: The CSI report setting includes one or more measurement types indicating to the UE how to combine the various measurements taken on one (or more) RS setting and possibly one (or more) IM settings into a final measurement to be fed back.
UE Selection
With densification of small cells, a UE may be configured with a large amount of CSI measurement settings. The UE may be dynamically indicated to report measurements for a subset L of CSI measurement settings. The scheduler may select the subset L based on how it needs to map data and RSs in a set of resources, and possibly based on expected interference. However, the scheduler may have incomplete information about possible interference caused by scheduling decisions from uncoordinated cells . Therefore, it may be unnecessary for a UE to report measurements for all L CSI measurement settings. In fact, such feedback overhead may be prohibitive to efficient operation in highly loaded cells.

To limit the feedback overhead without reducing the number of CSI measurement settings for which a UE may report measurements, it is beneficial that a UE down-select to K (where K≤L) the number of CSI measurement settings for which it reports feedback.
Proposal 4: A UE may down select the number of indicated CSI measurement settings for which it provides feedback reports.
The selection of indicated CSI measurements settings for which a UE reports feedback can be determined as a function of achieving a threshold for one of the measurements the UE reports. For example, the UE can be configured to report measurements for the K measurement settings with the highest CQI. Furthermore, the UE may provide an indication (e.g. a CSI measurement setting ID) in a feedback report to inform the network.
Furthermore, a UE can determine that an RS type or set of resources used for an RS setting or IM setting of a CSI measurement setting is not sufficient. In such a case, the UE may request the network to reconfigure the RS (or IM) setting of a CSI measurement setting. Such UE request for reconfiguration of an RS (or IM) setting can be made in a feedback report for the CSI measurement setting.

Association between CSI Report Settings
Multiple CSI report settings can be configured for a CSI measurement setting, where an association rule for the configured multiple CSI report settings can be additionally configured or indicated. In an example, a hybrid of non-precoded CSI-RS and beamformed CSI-RS can be configured to generate separate CSI reports each tied to a different CSI Report setting in a CSI measurement setting. Some parameters of the CSI Report setting (e.g.the reporting timing and/or offset) can be also configured as an association between CSI report settings, thus the signaling overhead can be further reduced.

For example, a periodicity for the CSI reporting of beamformed CSI-RS can be configured and the periodicity of the CSI reporting of non-precoded CSI-RS can be configured as an integer multiple of the periodicity of the former,with an offset.
Proposal 5: Association rules between CSI report settings within a CSI measurement can be introduced.
Number of CSI measurement settings
In LTE, a limited number of CSI measurement settings has been defined as a combination of RS setting, IM setting, and/or CSI report settings which is determined based on the transmission mode and CSI reporting mode configured. Therefore, the number of CSI measurement settings are limited to a small number of subsets, which is beneficial in terms of the specification efforts, reducing the number of test cases, and lowering UE implementation complexity although limiting the flexibility. 

To provide fully flexible CSI measurement configuration to meet the NR requirements, it is agreed to support that each CSI measurement components can be independently configurable. However, many CSI measurement setting combinations of RS settings, IM settings, and CSI report settings could never be used in the end, as they may provide marginal gain or no gain at all. Those unused CSI measurement settings, however, still require standard effort and increase the number of test cases and UE implementation complexity.
Therefore, it seems to be reasonable that all CSI measurement settings to be supported in NR should be evaluated properly to justify the associated specification effort and increase in UE complexity. 
Proposal 6: Strive to reduce the number of CSI measurement settings supported in NR.
3 Conclusion

We discuss remaining open issues with regards to CSI acquisition and more specifically CSI measurement setting configuration. We propose the following:
Proposal 1: A CSI measurement setting should be a single link of one (or more) CSI report settings to one (or more) RS settings and possibly one (or more) IM settings.

Proposal 2: A UE can be configured with multiple CSI measurement settings and relevant CSI measurement settings can be indicated dynamically.

Proposal 3: The CSI report setting includes one or more measurement types indicating to the UE how to combine the various measurements taken on one (or more) RS setting and possibly one (or more) IM settings into a final measurement to be fed back.
Proposal 4: A UE may down select the number of indicated CSI measurement settings for which it provides feedback reports.
Proposal 5: Association rules between CSI report settings within a CSI measurement can be introduced.
Proposal 6: Strive to reduce the number of CSI measurement settings supported in NR.
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