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Introduction
In RAN1 NR Ad-Hoc2 meeting, the following agreements on NR CSI-RS for beam management have been achieved:
Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”

Agreements:
· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15 

This contribution provides our views on the remaining issues on CSI-RS design for beam management.
Discussion
To support beam management, both the 1 port and 2 ports CSI-RS could be used with different CSI-RS patterns. Comb structure is adopted for 1 port CSI-RS, which is depicted in Figure 1(a) with different candidate comb values. For the 2 port CSI-RS, as shown in Figure 1(b) with CSI-RS density D=1, the same pattern as that of for CSI acquisition is reused, where one port per polarization could be assumed for beam management. Whether 4 or more ports is considered 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 across multiple panels, multiple CSI-RS resources with small number of ports for each panel could be configured and transmitted simultaneously. For this reason, we prefer not to support X values other than {1, 2} for beam management.
Proposal:
· X values (CSI-RS port number) other than {1, 2} are not supported for beam management.
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                                                   (a) 1 port                                                                        (b) 2 ports
Figure 1: CSI-RS for beam management
Similar to SS block, the analog/hybrid beam number for beam management depends on different numerologies. For smaller subcarrier spacing, few beams are enough, while for larger subcarrier spacing more beams (up to 64 beams) are required. With limited OFDM symbols for beam management, 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 OFDM symbol for efficient utilization of resources in NR. Multiplexing of multiple CSI-RS resources could be either FDM, CDM or a combination thereof. 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 an OFDM symbol, 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=6 (comb=2) is used. As illustrated in the figure, the four CSI-RS resources are both FDMed and CDMed. In this way, the CSI-RS sequence generation for beam management should be a function of CSI-RS resource ID.
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(a) D=1, 2 ports per CSI-RS resource                                 (b) comb=2, 1 port per CSI-RS resource       
Figure 2: Multiple CSI-RS resources multiplexing
Proposals:
· CDM multiplexing among different CSI-RS resources is supported.
· Sequence for CSI-RS for beam management should be a function of CSI-RS resource ID.
With respect to the CSI-RS configuration, a CSI-RS resource may correspond to one OFDM symbol. 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], where the same Tx beams within each time unit and different Tx beams across time units are assumed for Option 1, while different Tx beams within each time unit and the same Tx beams across time units are assumed for Option 2. To be clear, one beam per OFDM symbol 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 OFDM symbols (for Option 1) or maintains the same Rx beam every NT OFDM symbols (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

Proposal:
· 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 resource multiplexing and the CSI-RS configuration are discussed. We have the following proposals:

Proposal 1: X values (CSI-RS port number) other than {1, 2} are not supported for beam management.
Proposal 2: CDM multiplexing among different CSI-RS resources is supported.
Proposal 3: Sequence for CSI-RS for beam management should be a function of CSI-RS resource ID.
Proposal 4: 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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