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Introduction
	In RAN#71, the study item on new radio access technology has been approved [1]. Being considered as an essential technique to fulfill the requirement of 5G services, MIMO has been studied for the new RAT since RAN1#85. In RAN1#86bis, the following agreements have been achieved for NR CSI-RS:
Agreements:
· At least the following RSs are supported for NR downlink
· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement 
Agreements:
· At least for CSI acquisition, NR supports CSI-RS, SRS
· FFS: Use of DL DMRS for CSI measurement
· NR supports aperiodic transmission of CSI-RS
· For CSI-RS transmission, NR supports at least one of following:
· Semi-persistent transmission
· Preconfigured CSI-RS resources can be activated or de-activated
· FFS: Activation/De-activation mechanism
· Periodic transmission
· Periodic CSI-RS can be configured by higher layer
· FFS: mechanisms (e.g. protocol layer) for dynamic control of activation/deactivation for semi-persistent CSI-RS
· FFS: mechanisms to provide reliable activation/deactivation for semi-persistent CSI-RS

This contribution provides our views on CSI-RS design for NR MIMO.
Discussion
According to the above agreements, besides CSI acquisition, NR CSI-RS also has the functions of beam management and possible RRM measurement. These CSI-RS functions result in different requirements on CSI-RS design, which are discussed in the following individually.
CSI-RS for CSI acquisition
As discussed in [2], non-UE-specific CSI-RS (i.e. non-precoded CSI-RS, cell-specific beamformed CSI-RS) and UE-specific beamformed CSI-RS may be included in NR for CSI acquisition. For hybrid beamforming, if the analog beam is determined from the beam management procedure, then the CSI acquisition is similar to that of LTE system. In this way, either non-UE-specific CSI-RS or UE-specific CSI-RS could be mapped in multiple symbols in order to guarantee the channel estimation accuracy. On the other hand, the analog beam could also be determined during the CSI acquisition procedure. For example, multiple non-UE-specific CSI-RS resources with multiple ports per resource are configured. Each resource is beamformed using a different analog beam. During beam sweeping, the beam-based CSI and port-based CSI would be obtained simultaneously. For this use case, the non-UE-specific CSI-RS is preferred to be mapped in a single symbol to accelerate the beam sweeping speed. Therefore, for CSI acquisition, CSI-RS should be allowed to be mapped in either one symbol or multiple symbols.
The CSI reporting timing determines the CSI-RS position in the subframe. If the self-contained CSI feedback is supported, i.e the CSI-RS transmission and the CSI reporting exist within the same subframe, CSI-RS has to be transmitted early in the subframe to make sure that UE has enough CSI processing time. If CSI is fed back at the later subframe than that of the CSI-RS transmission, CSI-RS is preferred to be transmitted in the later symbols of the subframe, which is beneficial to shorten the time between CSI measurement and reporting.
For non-UE-specific CSI-RS, when it is engaged in beam sweeping as mentioned above, it should be TDMed with the data/control channel to avoid analog beam sweeping on data transmission. Otherwise, FDM could be used instead for more efficiency. For UE-specific CSI-RS, since it is usually transmitted after beam sweeping, it is always feasible to be FDMed with data/control channel.
Proposals:
· For CSI acquisition, 
· CSI-RS should be allowed to be mapped in either one symbol or multiple symbols.
· CSI-RS position in a subframe depends on the CSI reporting timing.
· CSI-RS should be allowed to be either TDMed or FDMed with data/control channel.
CSI-RS for beam management
Beam management aims to acquire and maintain a set of transmission beams, which includes at least beam sweeping, beam measurement, beam determination and beam reporting. Considering beam sweeping, it could be aperiodically triggered whenever needed. However, it may be beneficial to additionally introduce the periodic cell-specific CSI-RS for link maintenance. Similar as above, CSI-RS intended for beam management should be mapped in one symbol to achieve fast beam sweeping, and it should be TDMed with data/control channel to avoid beam sweeping on data channel. Further, multiple OFDM symbols may be required for each beam sweeping cycle, which makes it challenging for the self-contained beam reporting. Therefore, the CSI-RS is preferred to be located at the earlier part in the subframe to enable more sweeping beams. Considering beam determination, usually RSRP/RSRQ is calculated. Then it is possible to use a single CSI-RS port per beam, and the RS density could be lower than that of the CSI acquisition.
Proposals:
· For beam management, 
· Periodic CSI-RS is preferred to be supported.
· CSI-RS is mapped in one symbol.
· CSI-RS should be located at the earlier part in the subframe.
· CSI-RS should be TDMed with data/control channel.
CSI-RS for RRM measurement
In LTE, CRS is used for RRM measurement. In addition, CSI-RS has also been studied as a potential candidate during the small cell enhancement WI stage. Due to the absence of CRS-like signal in NR, it is reasonable to use CSI-RS instead for RRM measurement. The CRS is periodic in LTE, which makes it feasible for cell reselection. As inheritance, periodic CSI-RS has to be supported in NR. In the case of multi-beam transmission, analog beam sweeping is needed during RRM measurement procedure, and UE would measure the RSRP/RSRQ of CSI-RS transmitted from different beam directions. Thus, similar to the requirement for beam management, such kind of CSI-RS should also be mapped on one symbol, TDMed with data/control channel and possibly one port per analog beam. 
Proposal:
· Periodic CSI-RS is supported for RRM measurement.
Conclusions
	In this contribution, we present our views on the CSI-RS design principle considering its multiple functionalities. The CSI-RS transmission and the CSI-RS patterns w.r.t RS mapping, RS position, multiplexing, etc., are all discussed. We have the following proposals:
Proposals:
· For CSI acquisition, 
· CSI-RS should be allowed to be mapped in either one symbol or multiple symbols.
· CSI-RS position in a subframe depends on the CSI reporting timing.
· CSI-RS should be allowed to be either TDMed or FDMed with data/control channel.
· For beam management, 
· Periodic CSI-RS is preferred to be supported.
· CSI-RS is mapped in one symbol.
· CSI-RS should be located at the earlier part in the subframe.
· CSI-RS should be TDMed with data/control channel.
· Periodic CSI-RS is supported for RRM measurement.
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