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Introduction
In RAN1 NR-Adhoc meeting, RAN1 made the following agreements as a progress for CSI-RS design [1]: 

Agreements:
· The CSI-RS RE mapping pattern of one N-port CSI-RS resource is composed of one or multiple CSI-RS RE mapping patterns of CSI-RS resources of equal or smaller number of ports, [e.g., 2, 4, or 8]
· A CSI-RS RE mapping pattern is defined within a slot
· FFS: A CSI-RS RE mapping pattern can span multiple configurable consecutive/non-consecutive OFDM symbols 
· FFS on mapping of ports to the CSI-RS RE mapping pattern
· Density per port in terms of RE per port per PRB is configurable supports for density greater than 1 is not precluded

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

In this contribution, we discuss further details on design considerations for CSI-RS.
Considerations
The configurable CSI-RS density has been agreed as the RS overhead gets increased for a higher number of CSI-RS ports with a UE-specific CSI-RS configuration. Therefore, reducing the RS overhead while increasing CSI-RS pattern reuse to support a larger number of UEs may help the system performance, although it slightly degrades the CSI reporting accuracy.
In LTE, the CSI-RS density of 1RE/port/RB has been supported as a maximum and the density can be further reduced by nulling of CSI-RS in a PRB level. It has been observed that there is a marginal performance difference between 1RE/port/RB and a higher CSI-RS density. This is mainly due to implicit CSI feedback has been used in LTE. Since two CSI feedback types are supported and Type II CSI requires high resolution, a higher density than 1RE/port/RB may be considered and carefully investigated at least for Type II CSI feedback in terms of system performance and RS overhead.
As the PRB-level nulling of CSI-RS is evaluated and supported in LTE already, at least PRB-level nulling of CSI-RS to support the configurable CSI-RS density should be supported. The configurable CSI-RS density in time domain can be further studied.
Proposal-1: support at least PRB-level nulling of CSI-RS to configure the density
Multiple OFDM symbols can be used to multiplex antenna ports in a slot, however, a code spreading has to be used across antenna ports located in a different OFDM symbol to support a full power transmission. For example, orthogonal cover code (OCC) in time has been used for the CSI-RS antenna ports so that all antenna ports are multiplexed in FDM and CDM within an OFDM symbol, thus allowing a full power transmission.
For better coverage of CSI-RS, the full power transmission should be considered as one of design criteria for CSI-RS pattern design.
Proposal-2: CSI-RS design should support full power transmission always
It has been agreed to support both aperiodic and semi-persistent NZP-CSI-RS transmission, where the aperiodic and semi-persistent NZP-CSI-RS is a UE-specific configuration and triggered dynamically. Since the wideband NZP-CSI-RS transmission is supported, the NZP-CSI-RSs triggered for other UEs in a slot may interfere NR-PDCCH and/or NR-PDSCH reception in the slot. The performance impacts from the NZP-CSI-RS interference for PDSCH reception has been evaluated and investigated in LTE and RAN1 decided to support rate-matching around the NZP-CSI-RS REs for PDSCH.
As similar to LTE, in order to minimize the performance impacts from NZP-CSI-RS, at least NR-PDSCH RE muting (e.g., rate-matching) of aperiodic and semi-persistent NZP-CSI-RS should be supported. Therefore, aperiodic and semi-persistent ZP-CSI-RS should be introduced in NR.
Proposal-3: support aperiodic and semi-persistent ZP-CSI-RS for NR-PDSCH RE muting 
A CSI-RS resource pool is used in NR and a UE may be configured and/or indicated to measure one or more CSI-RS resources in the CSI-RS resource pool. Since the configuration and indication is a UE-specific, the active aperiodic and/or semi-persistent NZP-CSI-RS set may be dynamically changed from a slot to another. A UE scheduled for NR-PDSCH reception with and without aperiodic and/or semi-persistent NZP-CSI-RS may need to know the active set of aperiodic and/or semi-persistent NZP-CSI-RS configurations in the slot for rate-matching purpose.
Since the active set of aperiodic and/or semi-persistent NZP-CSI-RS configurations are common for all UEs scheduled in the slot, it can be dynamically indicated in a common DCI.
Proposal-4: active set of aperiodic and/or semi-persistent ZP-CSI-RS is indicated in each slot
Summary
This contribution discussed CSI-RS design considerations in NR. Based on the discussions, we propose followings:
Proposal-1: support at least PRB-level nulling of CSI-RS to configure the density
Proposal-2: CSI-RS design should support full power transmission always
Proposal-3: support aperiodic and semi-persistent ZP-CSI-RS for NR-PDSCH RE muting
Proposal-4: active set of aperiodic and/or semi-persistent ZP-CSI-RS is indicated in each slot
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