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1 Introduction
In RAN#86b meeting the following agreements were made with respect to the CSI-RS support for NR [1]:
	Agreements:
· Support NR CSI-RS pattern with at least the following properties: 
· CSI-RS mapped in one or multiple [consecutive] symbols
· FFS: At least CSI-RS located at the earlier part of a slot in some cases
· FFS: before or after the DM-RS agreed to study in RAN1#85
· FFS: CSI-RS located at other part of a slot
· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner
· Working assumption: CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook
· Support at least following configurations of NR CSI-RS
· UE-specific configuration to support
· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs

· CSI-RS configuration for NR includes at least ‘number of antenna ports’
· Configuration can be explicit or impliit
· The number of CSI-RS antenna ports can be independently configured for periodic/semi-persistent CSI reporting and aperiodic CSI reporting

Working assumption:
· The number of antenna ports supported for CSI-RS configuration includes at least the following values
· 1,2,4,8,[12],16,[20],[24],[28],32
· RAN1 will update/remove above bracket parts in the next meeting
Study e.g., performance, scenario, RS overhead, RS pattern considering the frame structure, reuse of hardware between NR and LTE



In this contribution we provide our views on non-precoded CSI-RS for NR MIMO regarding the reference signal design, bandwidth and position, the density of RS.
2. Discussion
The CSI-RS was introduced in LTE to compliment CRS for efficient and scalable estimation of channel state information (CSI) of multiple TRP’s/cells. General reference signal design principles such as constant modulus and uniform spacing in frequency domain, low overhead, full power utilization, inter-cell interference measurement and management, minimum wake up duty cycle for a DRX mode UE, etc. were identified and adapted in designing CSI-RS for LTE. 
The NR brings in new issues, in addition to the ones mentioned above, that need to be considered while designing NR CSI-RS. For example, in LTE the non-precoded CSI-RS configuration is wideband. However, the system bandwidth of NR is much larger than in the LTE and a common wideband CSI-RS configuration for NR may result in high RS overhead without much or any benefit for certain UE. The path loss at higher frequency bands in NR is significantly higher compared to the LTE bands, which necessitates the beam-forming mode of operation in high band. This is further complicated by hybrid antenna architectures with limited beam-forming flexibility. These aspects need to be considered while designing CSI-RS for NR.
2.1 Hybrid antenna architecture
Hybrid antenna architectures are typical in NR systems due to their cost-performance benefit. 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. Thus, if an antenna port is used for transmission of CSI-RS in a certain beam direction, it cannot transmit other information or channel in a different beam direction. This limits the multiplexing capabilities of CSI-RS with different channels such as physical data or control channel in a given symbol. One alternative is to dedicate a complete symbol for CSI-RS transmission. The total number of symbols used for CSI-RS transmission in a sub-frame can be configured dynamically and can be further used to support beam selection. 
Proposal 1: Dedicated OFDM symbol or symbols are used for CSI-RS transmission.
2.2 CSI-RS time/frequency resource 
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. Further, in order to potentially support beam management and realize self-contained measurement and reporting, CSI-RS may be mapped in one or multiple consecutive OFDM symbols at the earlier part of the configured sub-frame. However, if self-contained measurement and reporting is not configured, CSI-RS symbols may optionally be mapped towards the later part of the configured sub-frame to have most correlated CSI for scheduling. Both these options provide flexibility in terms of non-colliding reuse factor for CSI-RS transmission between neighbouring cells/TRPs.
Proposal 2: 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.
Moreover, NR supports multiple numerologies/services with different bandwidth, as well as requirements. As a result, UE-specific wideband/partial band CSI-RS configuration, measurement as well as reporting support can be considered. Such a flexible bandwidth configuration would reduce RS overhead, reduce interference or allow for partial band interference measurement. Additionally, the RS overhead can be controlled by adapting the RS density, e.g., by adapting RE density per port per PRB using decimation in frequency.
Proposal 3: 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.



2.3 CSI reference signals and resource mapping 
Similar to LTE, a pseudo-noise (PN) QPSK sequences can be used for NR CSI-RS. In addition to satisfying the basic reference signal properties of constant modulus, low cross correlation, good auto-correlation and quadrature phase, PN sequences are also very flexible, abundant and can be generated for varying lengths. Thus satisfying the NR CSI-RS requirement of being flexible in bandwidth assignments.
In terms of resource mapping, one option is to a construct a basic two RE (of the same OFDM symbol) CSI-RS resource unit and support higher antenna port configurations using aggregation of the basic units. For example, in Fig-1 we show an example of aggregating multiple 2 port CSI-RS resource units (denoted by same letters) to support 8 antenna ports per OFDM symbol with RE density of 1.5 RE/port/PRB. 
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Figure-1
An OCC-2 spreading can be used for consecutive mapped ports, e.g., Ax, Ax, for full power utilization, in the case when a single OFDM symbol in a sub-frame is used for CSI-RS transmission. If two OFDM symbols, in a sub-frame, are used to transmit CSI-RS then OCC-4 spreading (across time and frequency) can be used for full power utilization. In Fig-2 we show an example of CSI-RS transmission for 16 antenna ports using two OFDM symbols, with OCC-4 spreading. Each color in the Fig-2, represents a group of ports multiplexed together using OCC-4. 
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Figure-2
Further RE density per port per PRB can be configured depending on the use case, e.g., multiple 2 port CSI-RS resources can be aggregated to support 16 antenna ports per OFDM symbol with RE density of 0.75 RE/port/PRB. In this case, OCC-8 can be used (across 4 RE’s in frequency domain and two OFDM symbols) for full power utilization. 
Proposal 4: Consider random PN QPSK sequences as an option for NR CSI-RS.
Proposal 5: Two consecutive RE forms a two port CSI-RS resource unit. Multiple two-port CSI-RS resource units can be aggregated to support CSI-RS configuration with higher number of ports.
Proposal 6: Use OCC spreading code of length 2, 4 or 8 depending on the use case, for full power utilization.
Proposal 7: RE density per port per PRB is configurable to support multiple ports per OFDM symbol.
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: Dedicated OFDM symbol or symbols are used for CSI-RS transmission.
Proposal 2: 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.
Proposal 3: 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.

Proposal 4: Consider random PN QPSK sequences as an option for NR CSI-RS.
Proposal 5: Two consecutive RE forms a two port CSI-RS resource unit. Multiple two-port CSI-RS resource units can be aggregated to support CSI-RS configuration with higher number of ports.
[bookmark: _GoBack]Proposal 6: Use OCC spreading code of length 2, 4 or 8 depending on the use case, for full power utilization.
Proposal 7: RE density per port per PRB is configurable to support multiple ports per OFDM symbol.
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