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Introduction
	In RAN1#87 and RAN1#88 meeting, the following agreements on NR CSI-RS 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

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
	
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. In this way, Opt-1 is more suitable to support beam sweeping 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 preferred considering the flexibility.
Proposal:
· Larger subcarrier spacing is preferred considering the flexibility to support beam sweeping.
In the last meeting, beam management framework was agreed. For P-1 or P-2 beam management procedures, a UE is configured with K≥1 CSI-RS resources. Then the selected beam index(es) and the associated RSRP(s) or CSI(s) would be reported. This beam based reporting is quite similar to the LTE-Class-B-type-like CSI feedback, where a larger port number per CSI-RS resource may be configured instead. As the LTE-Class-B-type-like CSI feedback is supported by the agreed CSI acquisition framework, such framework could also be applied for beam management. In addition, in the case of simultaneous beam management and CSI acquisition, it is hard to differentiate the two procedures individually. Therefore, a common framework for both beam management and CSI acquisition is beneficial to facilitate the beam reporting and CSI acquisition for this use case.
Proposal:
· A common framework is supported for both beam management and CSI acquisition.
It has been agreed that the RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot. This is mainly used for CSI acquisition. For beam management, if larger subcarrier spacing is supported, the component CSI-RS RE pattern within each sub-time unit needs to be defined. Correspondingly, the CSI-RS resource could be generated to the sub-time unit level.
Figure 1 illustrates option 1 and option 2 agreed in RAN1#87 meeting [1]. To be clear, one beam per sub-time unit is assumed. To facilitate beam reporting, each resource is preferred to be associated with one beam direction. Within one beam sweeping cycle (i.e. one Tx and Rx beam sweeping periodicity for P-1), NT*NR CSI-RS resources are configured for a UE. For beam management procedures, QCL information among these NT*NR CSI-RS resources has to be indicated to the UE side, which implies the same Tx beam direction for the QCLed CSI-RS resources. As depicted in Figure 1, there are NT groups of QCLed CSI-RS resources. In Figure 1(a), consecutive NR CSI-RS resources are configured to be QCLed, while in Figure 1(b), every NTth CSI-RS resources are configured to be QCLed. With such CSI-RS configuration, UE switches Rx beam per time unit (for Option 1) or maintains the same Rx beam per time unit (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 1: Option 1 and Option 2 illustration
Proposals:
· A UE is configured with a set of CSI-RS resources, where each resource associates with one beam direction.
· QCL information among the CSI-RS resources within a beam sweeping cycle has to be indicated to the UE.
Conclusions
	In this contribution, we provide our views on CSI-RS design for beam management. The CSI-RS pattern, beam management framework and the CSI-RS configuration are discussed. We have the following proposals:
Proposals:
· Larger subcarrier spacing is preferred considering the flexibility to support beam sweeping.
· A common framework is supported for both beam management and CSI acquisition.
· A UE is configured with a set of CSI-RS resources, where each resource associates with one beam direction.
· QCL information among the CSI-RS resources within a beam sweeping cycle has to be indicated to the UE.
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