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1 Introduction
In RAN WG1 January 2017 NR Ad-Hoc meeting [1] the following agreements were made with respect to the CSI-RS support for NR:
	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




In this contribution we provide our views on non-precoded NZP CSI-RS for NR MIMO regarding the CSI-RS resource and position.
2. Discussion
2.1 Dedicated symbol(s) for CSI-RS transmission 
Hybrid antenna architectures:
Hybrid antenna architectures have more number of antenna elements than the number of RF-chains and the MIMO beam-forming is split between analog and digital domain. The analog component of beam forming is typically affected by phase only and is wide-band operation. This limits the multiplexing capabilities of a non UE specific CSI-RS with other channels in a given symbol. In LTE the CSI-RS is configured wideband and distributed across multiple OFDM symbols. This was mainly to ensure backward compatibility, and avoid REs used for other cell-specific and UE-specific RSs and control channels. For NR CSI-RS design there is no such constraint. Hence, for NR CSI-RS transmission one of the feasible options is to dedicate a complete symbol for CSI-RS transmission, except for the case when the CSI-RS transmissions are used for beam management purposes, in which multiplexing of CSI-RS with other channel for efficient use of resources may be considered. In this document we only discuss the CSI-RS transmission option that is not targeted for beam management purposes. 
Power boosting capability: In a dedicated symbol CSI-RS transmission all the RE’s are used for the RS transmission. Hence, a port can potentially boost its RS transmission power without having to worry about the data transmission.
Limited number of DL symbols in a slot: NR support dynamic TDD which may result in a limited number of DL symbols available in certain sub-frames. In such cases it is better to restrict the time-spread of the CSI-RS transmission. 

Proposal 1: Option of using dedicated OFDM symbol or symbols for CSI-RS transmissions should be considered.
2.2 CSI-RS resource and orthogonal cover codes (OCC)
In [1] RAN WG1 January 2017 NR Ad-Hoc meeting there was quite some discussion about what constitutes a CSI-RS resource definition. In LTE a CSI-RS resource consists of a group of RE’s across time-frequency as well as orthogonal cover code (OCC) mapping. Similar to LTE including the OCC mapping as a part of the CSI-RS resource definition for NR would be more efficient in terms of signalling overhead. Additionally, in LTE the length OCC spreading applied for the 4-port CDM 4 CSI-RS resource is not identical to the CDM-4 OCC spreading used in an 8-port resource. This further complicated the design for supporting higher number of ports, e.g., 28 ports, using aggregation as well as port sharing. Hence, for NR it would be better to define precisely one basic pattern for each CDM/OCC spread and all the other higher number of ports are supported via aggregation. For example, in Fig-1 we show an example of basic CSI-RS resource for 2 port, 4 port and 8 port. The weights wi for i = 1, 2, …,8, denote the OCC coefficients. Note that each of the basic resource supports full power utilization. Also note that for OCC-4 and OCC-8, one needs to spread the CSI-RS across 2 and 4 OFDM symbols respectively. 
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Figure-1: Basic CSI-RS patterns
In Fig-2 we show an example of CSI-RS transmission for 16 antenna ports using two OFDM symbol, with OCC-2 and OCC-4 spreading. Each color in the Fig-2, represents a group of ports multiplexed together using OCC. 
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Figure-2: Example depicting 16-port CSI-RS transmission using OCC-2 and OCC-4.
Further RE density per port per PRB can be configured depending on the use case. 

Proposal 2: A CSI-RS resource for NR consists of number of ports, RE pattern and OCC spreading pattern.
Proposal 3: CSI-RS resource patterns are defined only for 1 port (no OCC), 2-port (OCC-2 spreading), 4-port (OCC-4 spreading) and 8-port (OCC-8 spreading). Support for higher number of ports is provided using aggregation of these basic resources.
Proposal 4: A UE-specific configuration supports wideband as well as partial band CSI-RS. The number of CSI-RS symbols as well as the RE density per port per PRB can be configured differently for each partial band depending on the use case.
Both the options of mapping CSI-RS symbols in sub-frame, i.e., early part of later part of the sub-frame, can be considered in order to have flexibility in terms of non-colliding reuse factor for CSI-RS transmission between neighbouring cells/TRPs.
Proposal 5: CSI-RS is mapped in one or multiple consecutive OFDM symbols at the earlier or later part of the configured sub-frame, depending on the use case.
3. Conclusion
To summarize, in this contribution we provided our views about the issues involved in designing the CSI-RS for NR MIMO. After detailed discussion of various aspects of CSI-RS design, we made the following proposals:
Proposal 1: Option of using dedicated OFDM symbol or symbols for CSI-RS transmissions should be considered.
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