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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. CSI-RS is an important reference signal of MIMO, which is used for CSI measurement. In RAN1#85 and RAN1#86, the following agreements related to the CSI-RS have been achieved: 
Agreements:
· In NR multi-antenna schemes, studies on RS design and CSI acquisition considering following use cases
· Non-UE-specific RS use case for CSI measurement 
· UE-specific RS use case for CSI measurement 
· Note: functionally may be analogous e.g.: to R13/14 UE-specific beamformed CSI-RS (with dynamic beamforming)
· Note: maybe relevant to UE receiving beam sweeping
· Use of a joint operation among multiple RS from the same or different use cases 
· RS for interference measurement use cases
· RS for channel reciprocity use cases
· Other use cases is not precluded
· Note: including measurement over aperiodic/periodic/semi-persistent RS
· Note: Subband RS is not precluded

Agreements:
· At least one of following RS configurations for CSI measurement are supported in NR
· Aperiodic RS
· Semi-persistent RS
· Periodic RS
· Study RS pattern for CSI measurement in NR both for DL and UL
· Study the density of RS
· Study the position of RS in the [subframe]
· Study the mapping of RS in one or several symbols

This contribution provides our views on CSI-RS transmission for NR MIMO.
CSI-RS usage
In LTE Rel-13 FD-MIMO, there are three kinds of CSI-RS, i.e. cell-specific beamformed CSI-RS, UE-specific beamformed CSI-RS and non-precoded CSI-RS. According to the agreements, CSI-RS could be divided into non-UE-specific CSI-RS and UE-specific CSI-RS in NR. Then non-precoded CSI-RS and cell-specific beamformed CSI-RS are categorized as the non-UE-specific CSI-RS. Non-UE-specific CSI-RS targets for wide coverage, whereas UE-specific CSI-RS targets for directed coverage. For CSI measurement, these CSI-RS signals could be independently used or jointly used. In the following, we discuss several CSI-RS usages.
· Only non-UE-specific CSI-RS
	Similar CSI measurement as specified in LTE Rel-13 could be adopted for this use case. If only cell-specific beamformed CSI-RS is used, referring to Class B K>1 in Rel-13, a UE could be configured with K CSI-RS resources for CSI measurement. If only non-precoded CSI-RS is used, as Class A in Rel-13, a single CSI-RS resource is configured for the UE.
· Only UE-specific CSI-RS
	When channel reciprocity is available, the beamforming weight of each UE could be obtained from the uplink channel. Then each UE is configured with K=1 CSI-RS resource for CSI measurement as Class B K=1 in Rel-13.
· Hybrid of non-UE-specific CSI-RS and UE-specific CSI-RS 
	An UE could be configured with K non-UE-specific RS resources and a single UE-specific RS resource. For K=1 case, non-precoded CSI-RS is used as the non-UE-specific RS for wide coverage, and the UE-specific RS is beamformed based on the CSI feedback from non-precoded CSI-RS. For K>1, cell-specific beamformed CSI-RS could be used as the non-UE-specific RS, which aims to perform beam sweeping. UE reports similar to CRI in LTE, and the UE-specific RS is beamformed based on the beam information indicated by CRI.
CSI-RS design
Considering the above multiple CSI-RS usages, the requirements for non-UE-specific CSI-RS and UE-specific CSI-RS are different. In the following, we discuss the CSI-RS design individually. 
Non-UE-specific CSI-RS
Either periodic or aperiodic non-UE-specific CSI-RS may be configured in the cell. In the case of hybrid CSI-RS configuration, if periodic non-UE-specific CSI-RS is used, it could be transmitted in a long duty cycle for the long term feedback. 
In LTE, maximum 32 ports CSI-RS is supported for Class A. However whether such a large number of ports would be required in NR depends on the CSI-RS overhead, codebook design efforts, the performance against the beamformed CSI-RS scheme, etc., which need to be further studied. From our point of view, at least up to 16 ports non-precoded CSI-RS should be supported in NR. The required port number of each resource of cell-specific beamformed CSI-RS is related to the specific use case. When it is used for beam sweeping, a small port number (may be less than 2 ports) is sufficient. If it is used for CSI measurement, considering the CSI accuracy similar to Class B in Rel-13, up to 8 ports CSI-RS per resource may be needed. In addition, benefit of more than 8 ports per resource can also be studied for cell-specific beamformed CSI-RS.   
The CSI feedback procedure 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 next subframe to 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.
When cell-specific beamformed CSI-RS is used for beam sweeping, it should be TDMed with the data/control channel to avoid analog beam sweeping on data transmission. Therefore, at least one CSI-RS configuration should be supported, which guarantees TDM multiplexing between CSI-RS and data/control channel. Moreover, for fast beam sweeping, all CSI-RS ports per resource are preferred to be located within a small number of symbols. In this way, one CSI-RS pattern candidate is that all CSI-RS ports are FDMed or CDMed within one symbol.
UE-specific CSI-RS
CSI-RS overhead of UE-specific beamformed CSI-RS increases according to the UE number. It is reasonable to support aperiodic UE-specific beamformed CSI-RS to achieve less CSI-RS overhead. In addition, similar to LTE Rel-14, density reduction in the frequency domain could also be adopted in NR, which results in a configurable CSI-RS density.
Since UE-specific beamformed CSI-RS mainly targets for CSI measurement, the maximum 8 ports as Class B K=1 in Rel-13 could be maintained, and the necessity of more than 8 ports needs further study. 
As there is no beam sweeping, UE-specific beamed CSI-RS could be either TDMed or FDMed with data/control channel. Correspondingly, the compact CSI-RS design of cell-specific beamformed CSI-RS as in LTE may not be required. Then TDM/FDM/CDM could all be considered as potential CSI-RS ports multiplexing scheme. On the other hand, without limitation of compact pattern design, the UE-specific CSI-RS pattern design could be mainly focused on the CSI measurement accuracy, where channel delay spread, subcarrier spacing, OFDM symbol length and power utilization should be considered. Based on these principles, dedicated CSI-RS pattern or dedicated CSI-RS configuration could be designed for UE-specific beamformed CSI-RS.  
Conclusions
	In this contribution, we presented our views on CSI-RS transmission for NR MIMO. The CSI-RS usages, including non-UE specific, UE specific and hybrid usages are discussed. According to the multiple usages, the requirements for non-UE-specific CSI-RS and UE-specific CSI-RS would be different. Then the CSI-RS design principles w.r.t periodicity, port number, RS position, multiplexing, etc., of non-UE-specific CSI-RS and UE-specific CSI-RS are individually considered. 
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