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1. Introduction

CSI-RS can be used for beam management, CSI measurement and mobility measurement for NR. The design of CSI-RS signal would significantly impact the performance of DL transmission. In RAN1#Ad-Hoc meeting in January, it was agreed that:
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
Agreements:

· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:

· Opt1. IFDMA

· Opt2. Larger subcarrier spacing

· Other solutions are not precluded

· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.

· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.

· Note that it does not imply prioritizing different aspects in CSI-RS design
In this contribution, we discuss remaining issues on the design of CSI-RS.
2. Discussion
In LTE, CSI-RS is transmitted through the whole system bandwidth to acquire wideband/subband CSI. In NR, wideband CSI is still needed for some downlink transmission scheme e.g. open-loop or semi-open-loop MIMO transmission. Also, beam management and mobility measurement also require measurement in a large bandwidth. A wideband CSI-RS should be supported for NR especially for single numerology carrier.
In a multiple numerologies use case, data using different numerologies could be FDMed in the system bandwidth. The wideband CSI-RS may be FDMed or TDMed with the data using different numerologies. If the data with different numerologies could be flexibly (e.g. dynamically) multiplexed in frequency domain or time domain, it is not available for CSI-RS to follow the numerology of data in each transmission band since the transmission and signaling for CSI-RS would be very complex. Even when the transmission bands of different numerologies are semi-statistic and non-UE-specific, splitting the wideband CSI-RS to multiple partial band CSI-RS would also increase the complexity of UE channel estimation and measurement. Furthermore, when used for beam management, many time units are required for CSI-RS and a larger subcarrier spacing than data could be a good solution for overhead reduction. Hence, different numerology for CSI-RS from that for data TDMed or FDMed with the CSI-RS should be supported.
Proposal 1:  Wideband CSI-RS using single numerology is supported for NR. Further study whether/how partial band and/or subband CSI-RS is supported.
Proposal 2: The numerology of CSI-RS can be different from the data in the same transmission band and slot.
In LTE FD-MIMO, one CSI-RS resource shared among multiple UEs (so-called CSI-RS resource pooling) by TDM is supported via aperiodic CSI-RS. A periodic CSI-RS can be transmitted using multiple beams in a TDM manner to different UEs. In NR, since different bands may be allocated to different UEs to transmit data using different numerologies, the CSI-RS pooling can be extended to frequency domain. As shown in Fig.1, the wideband and periodic CSI-RS can be split to multiple bands allocated to different UEs via aperiodic CSI-RS. The aperiodic CSI-RS can be used to acquire partial band/subband CSI to support MIMO transmission.
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Fig.1 CSI-RS resource pooling in time domain and frequency domain
Proposal 3: Time domain and frequency domain sharing of a wideband and periodic CSI-RS resource among UEs is supported.
It was agreed that CSI-RS could be used for downlink beam management procedure P1, P2, P3. gNB could use the same/different beams for different CSI-RS resources or different ports in sub-time-units of a time unit. Since different ports within a resource are usually transmitted in the same sub-time unit(s), configuration of multiple CSI-RS resources with small number of ports (e.g. 1 or 2) is preferred. When gNB configures CSI-RS in each sub-time-unit for beam management, UE should know which CSI-RS or sub-time-unit is used for P1 or P2 or P3. Hence, gNB should indicate UE whether multiple CSI-RS or sub-time-units within a time unit use the same or different beams via configuration signaling of CSI-RS or triggering signaling.
Proposal 4: For beam management, whether multiple CSI-RS/sub-time-units use the same or different beams should be indicated to UE by gNB.
3. Conclusions
In this contribution, we discuss the design of CSI-RS for NR measurement and beam management. We have the following proposals:
Proposal 1:  Wideband CSI-RS using single numerology is supported for NR. Further study whether/how partial band and/or subband CSI-RS is supported.

Proposal 2: The numerology of CSI-RS can be different from the data in the same transmission band and slot.
Proposal 3: Time domain and frequency domain sharing of a wideband and periodic CSI-RS resource among UEs is supported.
Proposal 4: For beam management, whether multiple CSI-RS/sub-time-units use the same or different beams should be indicated to UE by gNB.
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