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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. For CSI-RS used for beam management, it was agreed in RAN1#89 meeting that:
Agreements:

· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· E.g., 
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part

In this contribution, we discuss remaining issues on the design of CSI-RS to support DL beam management.
2. Discussion
Both SS block and CSI-RS can be exploited for DL beam management. In initial access section, the maximal number of SS-blocks in a SS burst set L has been decided for different frequency ranges. Similarly, for CSI-RS, especially UE-specifically configured CSI-RS for beam management, the maximal number of beams in a beam management periodicity (e.g. in a time unit for Tx beam sweeping) should also be defined which related to the design of sub-time-units. The beam number supported by CSI-RS could be smaller than that of SS blocks considering functionality and overhead. On one hand, initial Tx beam management can be performed via detection of SS blocks using multiple beams within a SS block burst set. Then the detection of CSI-RS can be improved by QCL between CSI-RS and SS block. On the other hand, the resource overhead of CSI-RS for beam management should be minimized, considering CSI-RS for CSI acquisition and SS blocks have occupied an amount of physical resources.
Proposal 1: For beam management, the maximum number of beams supported by CSI-RS should not be larger than the maximum number of SS-blocks in a SS burst set for one frequency range.
It was agreed that a sub-time unit can be equal to and smaller than an OFDM symbol in a reference numerology. Different interruptions on reference numerology were present by companies in the past meeting, e.g. the numerology for CSI-RS transmission or the numerology for data transmission in the same slot. If the reference numerology is UE specifically configured numerology for CSI-RS transmission, it implies that a different numerology could be used for data transmission. Then a larger subcarrier spacing than that of data could be applied for CSI-RS for beam management. That means multiple sub-time-units can be flexibly configured within a data symbol and there is not needed to further support a sub-time unit smaller than an OFDM symbol in a reference numerology. Therefore, if there is no ambiguity on current agreement that a sub-time-unit could be smaller than an OFDM symbol in reference numerology, it should be clarified that the reference number is the numerology for data transmission but no CSI-RS transmission, which is also associated with slot length. If the reference numerology is the numerology for CSI-RS but no data, the necessity of a sub-time-unit smaller than an OFDM symbol should be revisited.
Proposal 2: For clarification of definition of reference numerology, decide between:
· Alt.1: The reference numerology is the numerology for data channel in the same slot as CSI-RS for beam management and further down-select among the three options.
· Alt.2: The reference numerology is the numerology for transmission of CSI-RS for beam management and a sub-time-unit smaller than an OFDM symbol in a reference numerology is not supported.
If the above Alt.1 is applied, three options can be considered to support beam sweeping within an OFDM symbol in reference numerology, 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
· Pros: It is easy to reuse the RE pattern of CSI-RS for CSI acquisition
· 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
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(1) IFDMA based                        (2) Larger subcarrier spacing                          (3) DFT based
Fig.2 Different CSI-RS design in time domain for beam sweeping within an OFDM symbol
Among the options, a guard among beams is recommended considering necessary time for beam switching and AGC adjustment since the RX power with different Tx/Rx beams may vary significantly. Also, if Opt-1 is applied, a comb structure is needed and it would be difficult to reuse the RE pattern of CSI-RS for CSI acquisition. Hence, Opt-2 is preferred with lower implementation complexity than Opt-3. Furthermore, with Opt-2, the RE pattern of CSI-RS for CSI acquisition with X=1/2 port can be reused for beam management.
Proposal 3: Larger subcarrier spacing than reference numerology is applied to support multiple sub-time-units within an OFDM symbol if the reference numerology is defined as the numerology for data channel.
Proposal 4: The RE pattern of CSI-RS for CSI acquisition with X=1/2 port can be reused by CSI-RS for beam management.
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 could indicate UE whether multiple CSI-RS or sub-time-units within a time unit use the same or different beams via configuration/activation/triggering signaling of CSI-RS, e.g. RRC/DCI signaling.
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: For beam management, the maximum number of beams supported by CSI-RS should not be larger than the maximum number of SS-blocks in a SS burst set for one frequency range.
Proposal 2: For clarification of definition of reference numerology, decide between:
· Alt.1: The reference numerology is the numerology for data channel in the same slot as CSI-RS for beam management and further down-select among the three options.
· Alt.2: The reference numerology is the numerology for transmission of CSI-RS for beam management and a sub-time-unit smaller than an OFDM symbol in a reference numerology is not supported.
Proposal 3: Larger subcarrier spacing than reference numerology is applied to support multiple sub-time-units within an OFDM symbol if the reference numerology is defined as the numerology for data channel.

Proposal 4: The RE pattern of CSI-RS for CSI acquisition with X=1/2 port can be reused by CSI-RS for beam management.
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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