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Introduction
In RAN1#85 and RAN1#86, the following agreements on CSI-RS were made [1], [2]:
	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
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)
· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling
· Study flexible scheduling/configuration of CSI-RS, CSI report and transmission method/scheme for data and control
· 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
· For NR, support DL CSI measurement with X antenna ports
· Study the values of X = 1,2,4,8,12,16,20,24,28,32
· Study whether additional values of X are needed, including X > 32 (e.g., 64)
· Other values of X are not precluded




This contribution provides Samsung’s views on design principles of CSI-RS for NR MIMO, focusing on the highlighted parts above.
[bookmark: _Ref446598547]Basic design principles
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As we discussed in our companion contribution [3], modular CSI framework is desirable to support various use cases of NR within a unified CSI framework. CSI configuration of modular CSI framework comprises following three components: CSI reporting, RS, and CSI measurement. Among these three components, we will focus on the design principle of the RS setting/configuration in this contribution. Streamlining the framework for CSI-RS in LTE-A Pro is a good starting point of NR CSI-RS design. Based on this, we can avoid introducing multiple classes/subclasses and redundant configurations while keep its various features. 
For the non-UE-specific RS use case for CSI measurement, functionalities analogous to LTE NP CSI-RS and cell-specific BF CSI-RS (both composed of one or more static macro-beams) can be combined into one type, termed the first-level CSI-RS which is composed of  CSI-RS resources. Each of the K cell-/group-specific beam(s) represented by each of the K CSI-RS resources can cover relatively wide coverage. As evident, the use cases of the first-level CSI-RS are the combination of use cases of Rel.13 NP CSI-RS and cell-specific BF CSI-RS. When used for virtual sectorization, a UE can be configured with CRI feedback. In addition, partial-port CSI-RS (CSI-RS subsampling in port-domain) can be implemented by configuring a UE to measure K > 1 CSI-RS resources, each resource representing a part of the larger port array. The second type of CSI-RS, analogous to Rel.13 UE-specific BF CSI-RS, is termed the second-level CSI-RS. Sharing the same characteristics, second-level CSI-RS can be composed of UE-specific beams and provides high penetration at relatively narrow coverage than the first level CSI-RS. Table 1 summarizes the comparison between these two CSI-RS types.
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	System aspect
	First level CSI-RS
	Second level CSI-RS

	CSI-RS resource usage
	Non-UE-specific RS use cases for CSI measurement.
E.g., one CSI-RS resource per “coverage beam”, each associated with nk (1,2,4,6,.., 32) CSI-RS ports, K ≥ 1 CSI-RS resources 
	UE-specific RS use cases for CSI measurement.
E.g. one CSI-RS resource per UE with m (2,4,6,8) ports, m ≤ nk


	CSI-RS “beams”
	Cell-/group-specific beam direction(s) with wide coverage
	UE-specific beam direction(s) with narrow coverage

	Use cases
	1) Virtual sectorization
2) “Partial port” CSI-RS mapping
	1) UE-specific beamformed CSI-RS  



Figure 1 describes the above dual-level CSI-RS design. A gNB transmits two first-level CSI-RSs on two cell-specific beams to two UEs. These two cell-specific beams 0 and 1 (hence two first-level CSI-RSs) can be transmitted simultaneously or multiplexed in time or frequency. The gNB transmits two second-level CSI-RSs 0.0 and 0.1. The two UE-specific beams utilized for transmitting the two second-level CSI-RSs are derived relative to the first cell-specific beam and hence correspond to subspaces of the cell-specific beam. Since these two UE-specific beams are transmitted along a smaller range of directions, they have higher penetration due to additional beamforming gains. The second UE measures second-level CSI-RS and receives data transmission from the gNB along a data beam 0.1.0. Beamforming vector for the data beam can be formed either from a CSI reporting derived from the second-level CSI-RS (more relevant for FDD) or measuring UL SRS (more relevant for TDD). Multiple CSI-RS resource components per each CSI-RS level can be studied for ease of beam direction acquisition considering operation scenarios according to the various environments such as granularity of virtual sectorization, UE mobility, etc.



[bookmark: _Ref462776972]Figure 1. NR MIMO operation based on dual-level CSI-RS

[bookmark: _GoBack]Considering various aspects such as efficient resource utilization and interference management, on-demand transmission of CSI-RS seems to be a primary operational mode. On the other hand, on-demand transmission of CSI-RS may cause burdensome signaling overhead if the UE needs to report CSI only for link maintenance. In this case, periodic CSI-RS transmission might be beneficial for both of gNB and UE complexities. As a hybrid type of both configurations, semi-persistent CSI-RS configurations can be proper in case that moderate data rate and transmission periodicity are required, e.g. for voice service.
Support of forward compatibilities and co-existence with LTE/LTE-A is another important issue in NR. CSI-RS patterns based on small time/frequency granularity might be a good starting point to cover both of forward compatibilities and co-existence with LTE/LTE-A. For instance, given that NR may have large dynamic range in time domain from multiple TTIs and/or numerologies, short time duration of CSI-RS pattern can be good for ease of RS interference management. Therefore, small time/frequency granularity such as CSI-RS patterns within one OFDM symbol can be considered.
Based on above discussions, we propose following CSI-RS design principles for NR:
Proposal: Following CSI-RS design principles should be considered for NR
A dual-level CSI-RS structure includes:
A First level CSI-RS to covers ‘non-UE-specific RS use cases’ for CSI measurement.
The beam direction(s) for the CSI-RS can be cell-/group-specific; and the CSI-RS beam(s) can provides wide coverage
A Second level CSI-RS to covers ‘UE-specific RS use cases’ for CSI measurement.
The beam direction(s) for the CSI-RS can be UE-specific; and the CSI-RS beam(s) can provides narrow coverage
Aperiodic/periodic/semi-persistent type CSI-RS configurations
Support of high flexibility via small time/frequency granularities
E.g., CSI-RS can be transmitted within one OFDM symbol

Conclusions
3 
In this contribution, Samsung’s view of CSI-RS for NR is presented. Based on above discussions, the following proposals are made:
Proposal: Following CSI-RS design principles should be considered for NR
A dual-level CSI-RS structure includes:
A First level CSI-RS to covers ‘non-UE-specific RS use cases’ for CSI measurement.
The beam direction(s) for the CSI-RS can be cell-/group-specific; and the CSI-RS beam(s) can provides wide coverage
A Second level CSI-RS to covers ‘UE-specific RS use cases’ for CSI measurement.
The beam direction(s) for the CSI-RS can be UE-specific; and the CSI-RS beam(s) can provides narrow coverage
Aperiodic/periodic/semi-persistent type CSI-RS configurations
Support of high flexibility via small time/frequency granularities
E.g., CSI-RS can be transmitted within one OFDM symbol
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