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Introduction
	In RAN1#87 and NR Ad-Hoc meeting, the following agreements on NR CSI-RS have been achieved:
Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· 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:
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.
· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.
· Partial	QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 
· For downlink, NR supports CSI-RS reception with and without beam-related indication,
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE
· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 
· FFS: information other than QCL


This contribution provides our views on CSI-RS design for beam management.
Discussion
It has been agreed that CSI-RS has functionalities of both CSI acquisition and beam management in NR. To support both functionalities, a unified CSI-RS pattern and configuration design would be preferred. With this in mind, we propose the following CSI-RS design for beam management. 
CSI-RS pattern
In our companion contribution [1], a pattern of 2-port CSI-RS mapped to two adjacent REs in the frequency domain is defined. For analog/hybrid beam sweeping, each beam should occupy a short duration considering the speed of beam sweeping. In addition, usually RSRP is calculated to determine the selected beam, which may be fulfilled with limited port number. Then such 2-port CSI-RS is well-suited to be configured for each beam, with one port per polarization. 
Due to the limited CSI-RS port number per beam, it is possible to multiplex the CSI-RS of multiple beams in the frequency domain and sweep multiple beams directions simultaneously, where each TXRU corresponds to a different beam direction or multiple TXRUs are mapped to multiple beam directions by digital beamforming. Taking Figure 1 as an example, four beams are transmitted at the same time using 4 TXRUs, where 4 sets of CSI-RS ports are FDMed within one OFDM symbol and repeated in several OFDM symbols. The number of beams swept simultaneously, or equivalently the number of total CSI-RS ports at a time instance, is related to the CSI-RS frequency density per beam and the TXRU number at gNB, which should be configurable. From the agreement 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. Therefore, the CSI-RS port number NP per (sub)time unit should be configurable. For beam management P-1, P-2 and P-3, a UE could be configured with a set of CSI-RS resources, where each resource is preferred to be associated with one beam direction to facilitate beam reporting. Then, the NP CSI-RS ports may be composed of the CSI-RS ports of multiple CSI-RS resources.
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Figure 1: Multiple beams FDMed in a single OFDM symbol
Proposal:
· The CSI-RS port number NP per (sub)time unit, which may be composed of the CSI-RS ports of multiple CSI-RS resources, should be configurable.
CSI-RS configuration
For beam management, both periodic configuration and aperiodic configuration should be supported in NR. The periodic CSI-RS transmission is beneficial to maintain and ensure the channel quality. For multi-stage beam management discussed in [2], the first stage would be realized by utilizing procedure P-1 with periodic CSI-RS configured. Another example is that the measurement result from the periodic beam sweeping may be used as a reference to identify the link failure. On the other hand, aperiodic beam sweeping could be used for beam refinement whenever necessary. As in [2], the second stage beam management could be triggered by TRP to acquire more accurate beam information.
Proposal:
· For beam management, both periodic configuration and aperiodic configuration should be supported in NR.
Figure 2 illustrates option 1 and option 2 agreed in RAN1#87 meeting [3]. To be clear, one beam per sub-time unit is assumed. Therefore, for both options, 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. The following parameters should be configured for each CSI-RS resource:
· The CSI-RS port number
· CSI-RS pattern configuration
· The sub-time unit offset
The CSI-RS port number may be set to 2 for beam management per CSI-RS resource. CSI-RS pattern configuration determines the CSI-RS RE locations. Similarly as in LTE, the locations could be indicated by the 2-port CSI-RS RE mapping patterns within the CSI-RS occupied OFDM symbols. For instance, if CSI-RS occupies 4 OFDM symbols with 48 REs in each slot (or subframe), which results into 24 2-port CSI-RS RE mapping patterns. One of the 24 patterns could be configured for a CSI-RS resource. Since the CSI-RS RE mapping patterns are defined on an OFDM symbol level, an additional parameter, sub-time unit offset, has to be employed to allocate the CSI-RS on a sub-time unit level. In other words, in the time domain, the CSI-RS RE locations of a CSI-RS resource are determined by the combination of two parameters, i.e. CSI-RS pattern configuration and sub-time unit offset.
To enable beam sweeping, QCL information among these NT*NR CSI-RS resources has to be indicated to the UE side, which implies the same Tx beam direction of the QCLed CSI-RS resources. As depicted in Figure 2, there are NT groups of QCLed CSI-RS resources. In Figure 2(a), consecutive NR CSI-RS resources are configured to be QCLed, while in Figure 2(b), every NT 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.
Further, for periodic configuration, the slot/subframe offset and the CSI-RS periodicity which describe the periodicity information of the CSI-RS resource are needed. 
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(a) Option 1
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(b) Option 2
Figure 2: Option 1 and option 2 illustration
Proposals:
· A UE could be configured with a set of CSI-RS resources, where each resource associates with one beam direction.
· Each CSI-RS resource is configured with the parameters as follows:
· The CSI-RS port number
· CSI-RS pattern configuration
· The sub-time unit offset
· 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 for each beam and the CSI-RS configuration are discussed, individually. We have the following proposals:

Proposals:
· The CSI-RS port number NP per (sub)time unit, which may be composed of the CSI-RS ports of multiple CSI-RS resources, should be configurable.
· For beam management, both periodic configuration and aperiodic configuration should be supported in NR.
· A UE could be configured with a set of CSI-RS resources, where each resource associates with one beam direction.
· Each CSI-RS resource is configured with the parameters as follows:
· The CSI-RS port number
· CSI-RS pattern configuration
· The sub-time unit offset
· QCL information among the CSI-RS resources within a beam sweeping cycle has to be indicated to the UE.
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