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Introduction
In RAN1#87 meeting, the following agreements on NR CSI-RS for beam management have been achieved:
Agreements:
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility
· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations

In RAN1#89 meeting, it was further agreed that:
Agreements:
· 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:
· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information
· Information related to CSI-RS resource configuration
· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.
· Information related to number of CSI-RS resources 
· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource
· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit
· FFS signaling details, e.g., explicit indication vs implicit indication
· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 
· FFS: whether different sub-time units have same or different ports
This contribution provides our views on CSI-RS design for beam management.
Discussion
From the agreements in RAN1#87 meeting, a single OFDM symbol may be further partitioned into sub-time units, which becomes the minimum time interval for beam sweeping instead of OFDM symbol. For the larger subcarrier spacing option (Opt-2), each sub-time unit within one symbol duration (based on the reference numerology) includes both CP and data. The CP duration enables beam switching between sub-time units. For IFDMA (Opt-1), with only one CP inserted in front of the symbol, there is no interval between each sub-time unit which is more suitable to support CSI-RS mapping option 1, where the same Tx beam is used across sub-time units within one OFDM symbol. On the other hand, Opt-2 is capable of supporting all the three beam sweeping options, which is more preferable considering beam sweeping flexibility.
Proposal:
· Larger subcarrier spacing is preferred considering the flexibility to support beam sweeping.
For analog/hybrid beam sweeping, RSRP is calculated to determine the selected beam, which may be fulfilled with relatively small port number per beam. It is possible to multiplex CSI-RS of multiple beams in frequency domain and sweep multiple beams simultaneously, where the FDM multiplexed CSI-RS are transmitted from different TXRUs or panels. These CSI-RS may be configured as different CSI-RS resources. Multiple CSI-RS ports and/or multiple CSI-RS resources can be multiplexed within one sub-time unit for efficient utilization of resources in NR. Figure 1 (a), (b) depict a single RB of the larger subcarrier spacing based CSI-RS, where 2x subcarrier spacing and 4x subcarrier spacing are applied, respectively. Note that in Figure 1, for either numerology, each RB is defined as 12 subcarrires.  
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                                        (a) 2x spacing                                                                     (b) 4x spacing
Figure 1: Larger subcarrier spacing based CSI-RS for beam sweeping
For CSI-RS density d=1 RE/port/PRB, the component CSI-RS RE patterns of 1, 2 and 4 ports were agreed for CSI acquisition, i.e. (M, N) =(1,1), (2,1) and (4,1), where M is the number of adjacent RE(s) in frequency domain and N is the number of adjacent RE(s) in time domain. In [2], a resource unit based CSI-RS RE mapping for beam management has been proposed. Without the limitation of the RB boundary, the CSI-RS RE patterns are redefined with a RE level comb structure, which is more suitable for the IFDMA option. In addition, the frequency density of each CSI-RS port of the comb structure depends the number of resource unit K. For those UEs with smaller receiving bandwidth, it will be problematic to calculate RSRP accurately. Therefore, to support larger subcarrier spacing, it is reasonable to directly reuse the CSI-RS RE patterns defined for CSI acquisition.
To support beam management, the 1 port or 2 ports CSI-RS patterns could be reused, where one port per polarization could be assumed for the 2 ports pattern. Whether 4 ports CSI-RS pattern is considered or not depends on its use case. One possible use case is for multi-panel or multi-TRP transmission. However, for the simplicity of CRI feedback, instead of configuring a single CSI-RS resource with larger number of ports, multiple CSI-RS resources with small number of ports could be configured and transmitted simultaneously. For this reason, we prefer to reuse the 1 port and 2 ports CSI-RS patterns for beam management.
Multiplexing of multiple CSI-RS resources could be either FDM, CDM or their combination. If only FDM multiplexing is supported, the maximum CSI-RS resource number per sub-time unit is limited by the CSI-RS density d. For example, for the 2-port CSI-RS resource, with d=1, at most six CSI-RS resources could be transmitted simultaneously (shown in Figure 2(a)). To support more CSI-RS resources in a sub-time unit, we propose to employ CDM multiplexing among different CSI-RS resources, where cyclic shift sequences are used for each CSI-RS resource. Taking Figure 2(b) as an example, for the 1-port CSI-RS resource, to increase the RSRP calculation accuracy, the CSI-RS density d=4 is used. As illustrated in the figure, the four CSI-RS resources are both FDMed and CDMed.
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(a) d=1, 2 ports per CSI-RS resource                                 (b) d=4, 1 port per CSI-RS resource       
Figure 2: Multiple CSI-RS resources multiplexing
Proposals:
· For beam management, reuse the 1 port and 2 ports CSI-RS patterns defined for CSI acquisition.
· CDM multiplexing among different CSI-RS resources is supported.
From the agreement, Tx beam(s) are different across sub-time units within each time unit for CSI-RS mapping option 2. According to the above discussion, for low frequency with small subcarrier spacing, one sub-time unit could be smaller than a reference OFDM symbol. But for high frequency configured with large subcarrier spacing, it is not necessary to further partition a reference OFDM symbol into sub time unit.
With respect to the CSI-RS configuration, a CSI-RS resource may correspond to one sub-time unit. This scheme enables one resource being associated with one beam direction, which could facilitate beam reporting. Figure 3 illustrates option 1 and option 2 agreed in RAN1#87 meeting [1]. To be clear, one beam per sub-time unit is assumed. For P-1, NT*NR periodic CSI-RS resources are configured for a UE. Combining with the CSI framework, those CSI-RS resources within one time unit could be configured as one resource setting, which have the same periodicity. As depicted in Figure 3(a), there are NT resource settings, and each resource setting composes of one resource set, which includes NR consecutive CSI-RS resources. Similarly, in Figure 3(b), NR resource settings are configured with NT CSI-RS resources per setting. For each resource setting, an additional parameter is required to indicate whether the resources are of the same beam direction or different beam directions. With such CSI-RS configuration, UE switches Rx beam every NR sub-time units (for Option 1) or maintains the same Rx beam every NT sub-time units (for Option 2). For beam reporting, UE reports the index of the selected CSI-RS resource. Note that such CSI-RS configuration can also be applied to Option 3, which is a combination of Option 1 and Option 2.
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(a) Option 1
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(b) Option 2
Figure 3: Option 1 and Option 2 illustration

Proposals:
· For CSI-RS configuration, a CSI-RS resource corresponds to one sub-time unit.
· CSI-RS resources within one time unit could be configured as one resource setting, and an additional parameter is required to indicate whether these resources are of the same beam direction or different beam directions.
Conclusions
	In this contribution, we provide our views on CSI-RS design for beam management. The CSI-RS pattern and the CSI-RS configuration are discussed. We have the following proposals:

Proposal 1: Larger subcarrier spacing is preferred considering the flexibility to support beam sweeping.
Proposal 2: For beam management, reuse the 1 port and 2 ports CSI-RS patterns defined for CSI acquisition.
Proposal 3: CDM multiplexing among different CSI-RS resources is supported.
Proposal 4: For CSI-RS configuration, a CSI-RS resource corresponds to one sub-time unit.
Proposal 5: CSI-RS resources within one time unit could be configured as one resource setting, and an additional parameter is required to indicate whether these resources are of the same beam direction or different beam directions.
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