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Introduction
To enable CSI estimation in the downlink (DL), reference signal (RS) design needs to be considered. Until the frame structure for NR has been decided, it is not possible to define the precise structure for the DL CSI-RS. However, it is still possible to discuss design principles in order to set requirements for the final design. In this contribution, we discuss such design principles, and propose several requirements.
[bookmark: _Ref178064866]Discussion
One aspect of NR is that it is expected to operate over a wide range of carrier frequencies from the low GHz range to several tens of GHz. Furthermore, NR is expected to be deployed using different multi-antenna architectures supporting, for example, full digital beamforming likely at the lower frequencies, and analog/hybrid beamforming at the higher frequencies. Despite the varying requirements, it is highly desirable to have a unified DL RS design that supports a wide range of operating scenarios without resorting to defining multiple classes, subclasses, and configurations.
[bookmark: _Toc456711170][bookmark: _Toc456711791][bookmark: _Toc456711805][bookmark: _Toc456711955][bookmark: _Toc456711961][bookmark: _Toc456711967]Strive for a unified CSI-RS design for NR that accommodates a wide range of carrier frequencies (e.g., sub 6 GHz, >6 GHz) and different UE/BS antenna technologies, e.g., digital, analog, and hybrid beamforming.
Since NR needs to support lower carrier frequencies where LTE has traditionally been deployed, its performance must be on par or better than LTE in these bands. Since the maximum number of antenna ports in LTE Rel-14 will be specified as 32, the design for NR should consider this as a starting point. Whether or not more than 32 ports is required is FFS.
[bookmark: _Toc456627192][bookmark: _Toc456627727][bookmark: _Toc456711171][bookmark: _Toc456711792][bookmark: _Toc456711806][bookmark: _Toc456711956][bookmark: _Toc456711962][bookmark: _Toc456711968]For NR, support at least as many ports for CSI-RS as the maximum (32) specified for  LTE.
As always, it is desirable to have CSI feedback from the UE to the eNB in as timely a manner as possible for good link adaptation performance. For NR, several companies have discussed a desire for supporting fast CSI feedback whereby CSI reporting occurs in the same subframe as the RS transmissions used for CSI measurement (for the case of TDD) or at least the next subframe (for the case of FDD). To enable this, it is required that the REs of all of the CSI-RS ports on which a given UE performs measurements are self-contained, i.e., occur within the same subframe.
[bookmark: _Toc456711172][bookmark: _Toc456711793][bookmark: _Toc456711807][bookmark: _Toc456711957][bookmark: _Toc456711963][bookmark: _Toc456711969]To allow for fast CSI feedback, ensure that for a given UE, the REs of all of the CSI-RS ports on which the UE performs measurements are self-contained within the same subframe.
As mentioned in [1], to allow the UE sufficient time for CSI measurement and CSI report preparation, it may be necessary to locate the CSI-RS REs early in the subframe. In addition, it may be necessary to have a compact RS design in the time dimension. In other words, the REs of the CSI-RS ports may need to be contained within as few OFDM symbols as possible rather than spread out across the subframe. It is still FFS how strict these requirements end up being. In setting such requirements, one must also keep in mind requirements on the placement of other reference signal REs which also may need to occur early in the subframe, e.g., reference signals for demodulation of control and data. Such early, compact, placement is illustrated in Figure 1 (repeated here from [1] for convenience).
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[bookmark: _Ref456688010]Figure 1: Aperiodic (single-shot) CSI acquisition for fast CSI feedback
Based on the above argumentation, we make the following additional proposals to support fast CSI feedback. Again, it is FFS how strict these requirements end up being depending on UE processing constraints. Furthermore, they may be more relevant for the case of fast CSI feedback than they are for other CSI acquisition options, e.g., time-limited periodic CSI acquisition discussed in [1].
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[bookmark: _Toc456627194][bookmark: _Toc456627729][bookmark: _Toc456711174][bookmark: _Toc456711795][bookmark: _Toc456711809][bookmark: _Toc456711959][bookmark: _Toc456711965][bookmark: _Toc456711971]To allow for fast CSI feedback, support a compact CSI-RS design in time (CSI-RS REs located within in a small number of OFDM symbols).
[bookmark: _Toc456627195][bookmark: _Toc456627730]In addition to the above requirements, it is also important to consider CSI-RS overhead, especially when the number of ports becomes large. One option for managing overhead is to allow for configurable RS density in the frequency dimension which we propose here. In studying this, it is important to consider how such flexible density configuration coexists with flexible numerology (different numerologies in different portions of the system bandwidth).
[bookmark: _Toc456711175][bookmark: _Toc456711796][bookmark: _Toc456711810][bookmark: _Toc456711960][bookmark: _Toc456711966][bookmark: _Toc456711972]To manage CSI-RS overhead, allow for configurable RS density in frequency, keeping in mind coexistence with flexible numerology.
Conclusions
In this contribution, high level design requirements for DL reference signals are discussed. We make the following proposals which may be considered as requirements for the design effort once the basic frame structure for NR has been decided. 
Proposal 1	Strive for a unified CSI-RS design for NR that accommodates a wide range of carrier frequencies (e.g., sub 6 GHz, >6 GHz) and different UE/BS antenna technologies, e.g., digital, analog, and hybrid beamforming.
Proposal 2	For NR, support at least as many ports for CSI-RS as the maximum (32) specified for  LTE.
Proposal 3	To allow for fast CSI feedback, ensure that for a given UE, the REs of all of the CSI-RS ports on which the UE performs measurements are self-contained within the same subframe.
Proposal 4	To allow for fast CSI feedback, support transmission of CSI-RS early in the subframe
Proposal 5	To allow for fast CSI feedback, support a compact CSI-RS design in time (CSI-RS REs located within in a small number of OFDM symbols).
Proposal 6	To manage CSI-RS overhead, allow for configurable RS density in frequency, keeping in mind coexistence with flexible numerology.
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