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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#88bis meeting, it was agreed that:
Working assumption:

· 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
Agreements:
· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1

· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2

· FFS: RE patterns for beam management

· FFS: the RE pattern for an X-port CSI-RS resource when X>=8

· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources

· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead
Agreements:
· Support at least CDM-2, CDM-4 and CDM-8

· FFS: Support of no CDM

· FFS: Time-domain and/or frequency-domain CDM can be configured on or off

· Consider CDM pattern design with at least the following aspects

· Measurement target, e.g. CSI acquisition, beam management, fine time/frequency tracking

· A CDM pattern cannot span over more than U OFDM symbols and V subcarriers, FFS the values of U and V

· Full power utilization
Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS

· Value(s) of d are at least d=1,1/2.

· For d<1, PRB-level comb-type transmission is supported.

· FFS whether offset value(s) can be the same or different across antenna ports

· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.

· FFS on the supported combinations of value(s) of x and d. 
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 could be exploited for DL beam management. In initial access section, the maximal number of SS-blocks in a SS burst set is under discussion and is expected to be decided next meeting. 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. The beam number of CSI-RS could be smaller than that of SS blocks considering functionality and overhead. On one hand, initial beam management can be performed via detection of SS blocks using different beams within a burst set. On the other hand, the resource overhead of CSI-RS for beam management should be minimized considering CSI-RS for CSI and SS blocks have occupied an amount of physical resources.
Proposal 1: For beam management, the maximum number of beams supported by UE-specifically configured CSI-RS should be smaller than the maximum number of SS-blocks in a SS burst set for one frequency range.
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. It was agreed that a sub-time-unit can be equal to and smaller than an OFDM symbol in a reference numerology. However, in a slot for PDSCH transmission, the numerology for data transmission could be different from reference numerology. In such a slot, where the OFDM symbol length is based on numerology for data transmission but not reference numerology, it is unclear whether a sub-time-unit could be equal to or smaller than one OFDM symbol. 
If a sub-time-unit is equal to one OFDM symbol, the CSI-RS should be FDMed with the data in the same OFDM symbol to ensure the resource efficiency considering multiple sub-time-units are needed in a slot. 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. Nevertheless, it is unclear whether the current phase shifter and filtering design can support flexible beam switching as such. It’s more feasible to flit one OFDM symbol to multiple sub-time-units to support multiple beams as shown in Fig.1(b). The transmit power of each beam would be reduced, but beam management only requires rough channel measurement and partial power could be sufficient. Taking the limited OFDM symbols in a slot and possibly an amount of beams to be supported by CSI-RS, we propose to support sub-time-unit smaller than an OFDM symbol in a slot for PDSCH transmission regardless of the reference numerology.
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(a)     beams across OFDM symbols                   (b)    beams within a OFDM symbol
Fig.1 Example of CSI-RS design for beam sweeping across/within OFDM symbol(s)
Proposal 2: The length of a sub-time-unit for beam sweeping can be smaller than one OFDM symbol in numerology for PDSCH transmission in the same slot.
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
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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. Opt-2 is preferred with lower implementation complexity than Opt-3. Though the gNB implementation is significantly different among options, the receiving process at UE side is similar.
Proposal 3: Larger subcarrier spacing than data in the same slot is supported for 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 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 4: 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 UE-specifically configured CSI-RS should be smaller than the maximum number of SS-blocks in a SS burst set for one frequency range.
Proposal 2: The length of a sub-time-unit for beam sweeping can be smaller than one OFDM symbol in numerology for PDSCH transmission in the same slot.
Proposal 3: Larger subcarrier spacing than data in the same slot is supported for multiple sub-time-units within an OFDM symbol. This mechanism can be applied to P-1/P-2/P-3.
Proposal 4: 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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