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1. Introduction

CSI-RS can be used for beam management, CSI measurement and mobility measurement in NR. The design of CSI-RS should satisfy the requirement of all the functionalities. In RAN1#88 meeting, it was agreed that:
Agreements:
· The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns where

· A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain

· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z

· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 

· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns

· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain

· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth

· At least the following numbers of OFDM symbols for a CSI-RS resource are supported

· N = {1, 2, 4}

· FFS, other value(s) of N

· The N OFDM symbols can be adjacent/non-adjacent

· FFS, down-selection on adjacent/non-adjacent OFDM symbols

· OFDM symbol(s) can be configured to contain CSI-RS only

· FFS: the applicability of above proposals for beam management (e.g., for beam sweeping, for generation of sub-time units)

· FFS on the following aspects:

· Location of N OFDM symbols within a slot

· Replication of RE pattern across the N OFDM symbols

· Supported CDM values

· Exact port number assignment to CSI-RS RE pattern, considering at least CDM of ports and relationship of port numbers to dual polarized antenna elements

· Support for densities D > 1 RE/port/PRB

· Mapping of other physical channels and/or reference signals within the same OFDM symbol(s) as CSI-RS
Agreements:
· For beam management overhead and latency reduction, NR considers following options for a CSI-RS supporting beam sweeping within an OFDM symbol
· Opt-1: IFDMA [e.g., R1-1700350, R1-1703179]
· Opt-2: Larger subcarrier spacing [e.g., R1-1700350, R1-1701813]
· Opt-3: DFT-based [e.g., R1-1702329, R1-1703179]
· Other options are not precluded

· If supported, down-selection among the options during WI phase

· Note: the symbol duration is based on a reference numerology
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. Mobility measurement also requires measurement in a large bandwidth to ensure reliability. 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. Hence, different numerology for CSI-RS from that for data TDMed or FDMed with the CSI-RS should be supported. For example, a OFDM symbol(s) can be configured to contain CSI-RS only if the numerology is different from data.
Proposal 1:  Wideband CSI-RS using single numerology is supported at least for CSI and mobility measurement. 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.
To support beam procedure P-1/P-2/P-3, multiple sub-time-units should be allocated to transmit CSI-RS with one beam per sub-time-unit. The beams can be the same or different across sub-time-units in a time unit. Multiple sub-time-units for beam management can be allocated in the same or different OFDM symbols. 

If different sub-time-units are allocated in different OFDM symbols, the CSI-RS should be FDMed with the data in the same OFDM symbol to ensure the resource efficiency. One example is shown in Fig.1(a). Analog beam switching in subcarrier level is needed to support different beams for CSI-RS and data. However, it is unclear whether the current phase shifter and filtering design can support so flexible beam switching. It’s more feasible to flit one OFDM symbol to multiple sub-time-units to support multiple beams as shown in Fig.1(b). Though the transmit power of each beam would be reduced, beam management only requires rough channel measurement and part of power could be sufficient.
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(a)     across OFDM symbols                              (b)       within OFDM symbols
Fig.1 Example of CSI-RS design for beam sweeping across/within OFDM symbols
Three options can be considered to support beam sweeping within an OFDM symbol, and the time domain signal of the options are shown in Fig.2. We compare the three options as below:

· Opt-1: IFDMA
· Pros: No impact to FFT/IFFT process of CSI-RS signal (the same as data)
· Cons: The sub-time-units within one symbol are consecutive, and no time for Tx/Rx beam sweeping (e.g. the adjustment of phase shifter or AGC for receiver)
· Opt-2: Larger subcarrier spacing
· Pros: CP between beams can be used as guard of Tx/Rx beam sweeping
· Cons: Different IFFT points for data and CSI-RS symbols lead to additional complexity
· Opt-3: DFT-based
· Pros: Guard between beams with nearly zero power
· Cons: The specific DFT processing for CSI-RS leads to additional implementation complexity
Among the options, a guard among beams is preferred considering necessary time for beam switching and AGC adjustment since the RX power with different Tx/Rx beams may vary significantly. Hence, Opt-2 is preferred and IFFT points are not a problem in case proposal 2 is already supported. Though the gNB implementation is significantly different among options, the receiving process at UE side is similar.
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Fig.2 Different CSI-RS design in time domain for beam sweeping within an OFDM symbol
Proposal 3: Beam sweeping via multiple sub-time-units within an OFDM symbol is supported.

Proposal 4: Larger subcarrier spacing than data is used to supporting multiple sub-time-units within an OFDM symbol. This mechanism can be applied to P-1/P-2/P-3.
For P-1/P-2/P-3, gNB could use the same/different beams for CSI-RS signal in sub-time-units of a time unit. A CSI-RS resource with small number of ports can be configured in each sub-time-unit for beam measurement. Since a CSI-RS resource may be used for Tx beam management or Rx 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 of aperiodic CSI-RS.
Proposal 5: For beam management, whether CSI-RS in different sub-time-units use the same or different beams should be indicated to UE.
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 at least for CSI and mobility measurement. 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: Beam sweeping via multiple sub-time-units within an OFDM symbol is supported.
Proposal 4: Larger subcarrier spacing than data numerology is used to supporting multiple sub-time-units within an OFDM symbol. This mechanism can be applied to P-1/P-2/P-3.

Proposal 5: For beam management, whether CSI-RS in different sub-time-units use the same or different beams should be indicated to UE.
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