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1. Introduction
In RAN1 #89 meeting [1], the following agreements were achieved on CSI-RS design for beam management:
Agreements:

· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· 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
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part

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

In this contribution, we provide configuration design details of CSI-RS for beam management.

2. Discussion on CSI-RS Design for Beam Management
2.1. CSI-RS pattern design
For CSI acquisition, the CSI-RS density is D RE/port/PRB, and an X-port CSI-RS resource is composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain. The same parameters can also be defined for the CSI-RS for beam management.

For beam management, CSI-RS of different Tx beams are transmitted in sub-time units to achieve fast beam sweeping. 

If IFDMA is used for beam management CSI-RS, CSI-RS ports carry the CSI-RS transmitted from different TXRUs (e.g., per polarization per antenna panel) of the same/different TRPs. CSI-RS ports multiplexed by CDM within one OFDM symbol cannot be used otherwise the time-domain property won’t be guaranteed. Instead, FDM or cyclic shifting (CS) can be considered for the separation of multiple CSI-RS ports. The CSI-RS density d>1 RE/RB/port needs to be configured. As shown in Figure 1, D=6 when X=2, and D=3 when X=4.
If large-subcarrier spacing is applied to beam management CSI-RS, CSI-RS ports are also associated to different TXRUs and can be CDMed and/or FDMed. The same CSI-RS pattern can be used as the one for CSI acquisition but with larger-subcarrier spacing. Figure 2 illustrates the CSI-RS of two sub-time units with OCC in two adjacent REs in frequency. Each port can be assigned to a single TXRU, meaning that separate beam training can be done for four antenna panels simultaneously. Two sub-time units will provide the ability of sweeping of two beams for each CSI-RS port.
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Figure 1: Illustration of IFDMA-based CSI-RS for beam management
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Figure 2: Illustration of large-subcarrier spacing-based CSI-RS for beam management
Proposal 1: 

· For IFDMA-based CSI-RS for beam management, CSI-RS density D RE/RB/port can be larger than 1.

· For large-subcarrier spacing-based CSI-RS for beam management, the same CSI-RS pattern can be used as the one for CSI acquisition but with larger-subcarrier spacing.
2.2. CSI-RS configuration for beam management

As described in our companion contribution [2], the definition of a time unit which refers to n≥1 (where n is an integer) OFDM symbols in the reference numerology would limit the fully usage of the time resources and the flexibility of beam sweeping.

For example (see figure 3), there are 2 Tx beams at TRP and 2 Rx beams at UE, the time unit is one OFDM symbol and corresponds to one Tx beam. The number of OFDM symbol partitioning (sub-time unit) is 2 (see Figure 3 (a)) but in fact this value can be 4 according to the UE capability and network capability for beam sweeping. By doing so, each Tx-Rx BPL measurement time is increased and total number of OFDM symbols to finish the entire beam sweeping is 2.
As a matter of fact, the boundary between time units can be released to any partitions or sub-time units rather than integer times of OFDM symbols in the reference numerology. In other words, both Tx beam and Rx beam can be switched across the partitions within each OFDM symbol and each time unit is not necessarily integer number of reference OFDM symbols, i.e., n can be a fractional number less than or greater than 1 of the reference OFDM symbols. In such cases, only 1 OFDM symbol is sufficient for the entire beam sweeping as shown in Figure 3 (b).
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Figure 3: Beam training with OFDM symbol partition for 2 Tx beams and 2 Rx beams.
Proposal 2: 

· For the CSI-RS for beam management, both Tx beam and Rx beam can be switched across the partitions within each OFDM symbol and each time unit is not necessarily integer number of reference OFDM symbols, i.e., n can be a fractional number less than or greater than 1 of the reference OFDM symbols.
For multi-TRP and multi-panel Tx beam sweeping, multiple TRPs/panels can transmit Tx beams simultaneously where Tx beam of each TRP/panel uses individual CSI-RS resource or CSI-RS antenna port. Then multiple CSI-RS resources/ports can be configured in each OFDM symbol partition to support multi-TRP and multi-panel beam management and related information can be included in the CSI-RS configuration for beam management.
Proposal 3: 

· Multiple CSI-RS resources/ports are configured in each OFDM symbol partition to support fast multi-TRP and multi-panel Tx beam sweeping.
In summary, the CSI-RS configurations can include some of the following parameters:

· CSI-RS resource configuration: number of CSI-RS antenna ports (FFS whether associates with different Tx beams or multiple TRPs/panels)

· Number of CSI-RS resources: associating with different Tx beams or multiple TRPs/panels

· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource:

· Number of reference OFDM symbols N
· Number of partitions within one OFDM symbol in reference numerology, K
· Number of Tx beams NTx 
· Number of Rx beams NRx
Note that there may be redundant information in the above parameters which need to be avoided. For example, if NK=NTxNRx for one panel, any three of the parameters can provide sufficient information.
Proposal 4: 

· Parameters in the CSI-RS configurations should be carefully selected. Three of the following parameters are needed at least:
· Number of reference OFDM symbols N

· Number of partitions within one OFDM symbol in reference numerology, K

· Number of Tx beams NTx
· Number of Rx beams NRx
In RAN1 #87 meeting [3], at least three 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
We prefer to select only one option for the sake of signaling overhead reduction. Option 2 is preferred from the UE complexity perspective because frequent Rx beam switching is avoided for P-1 and P-2 procedure. With proposal 2 on the time unit definition in mind, take option 1 for an example, the number of time units is the number of Tx beams NTx, and the number of sub-time units is the number of Rx beams NRx. So the beam sweeping procedures can be signaled with the configuration in Table 1.
Table 1: Signaling example for different beam sweeping procedures

	Procedure
	NTx
	NRx

	P-1
	>1
	>1

	P-2
	>1
	=1

	P-3
	=1
	>1


Proposal 5: 

· Select only one option to map CSI-RS for Tx and Rx beam sweeping is preferred for the sake of signaling overhead reduction. Option 2 is preferred from the UE complexity perspective
· Beam sweeping procedure P-1, P-2, P-3 can be implicitly signaled with the CSI-RS configuration of the number of Tx beams and Rx beams.
3. Conclusion
In this contribution, we discuss some details in CSI-RS design for beam management and we have following proposals:

Proposal 1: 

· For IFDMA-based CSI-RS for beam management, CSI-RS density D RE/RB/port can be larger than 1.

· For large-subcarrier spacing-based CSI-RS for beam management, the same CSI-RS pattern can be used as the one for CSI acquisition but with larger-subcarrier spacing.
Proposal 2: 

· For the CSI-RS for beam management, both Tx beam and Rx beam can be switched across the partitions within each OFDM symbol and each time unit is not necessarily integer number of reference OFDM symbols, i.e., n can be a fractional number less than or greater than 1 of the reference OFDM symbols.
Proposal 3: 

· Multiple CSI-RS resources/ports are configured in each OFDM symbol partition to support fast multi-TRP and multi-panel Tx beam sweeping.
Proposal 4: 

· Parameters in the CSI-RS configurations should be carefully selected. Three of the following parameters are needed at least:

· Number of reference OFDM symbols N

· Number of partitions within one OFDM symbol in reference numerology, K

· Number of Tx beams NTx
· Number of Rx beams NRx
Proposal 5: 

· Select only one option to map CSI-RS for Tx and Rx beam sweeping is preferred for the sake of signaling overhead reduction. Option 2 is preferred from the UE complexity perspective
· Beam sweeping procedure P-1, P-2, P-3 can be implicitly signaled with the CSI-RS configuration of the number of Tx beams and Rx beams.
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