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1 Introduction

In the RAN plenary #88 meeting [1], the following items have been discussed and agreed related for CSI-RS for beam management

· Agreements:
· The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns where

· A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain

· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z

· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 

· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns

· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain

· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth

· At least the following numbers of OFDM symbols for a CSI-RS resource are supported

· N = {1, 2, 4}

· FFS, other value(s) of N

· The N OFDM symbols can be adjacent/non-adjacent

· FFS, down-selection on adjacent/non-adjacent OFDM symbols

· OFDM symbol(s) can be configured to contain CSI-RS only

· FFS: the applicability of above proposals for beam management (e.g., for beam sweeping, for generation of sub-time units)

· FFS on the following aspects:

· Location of N OFDM symbols within a slot

· Replication of RE pattern across the N OFDM symbols

· Supported CDM values

· Exact port number assignment to CSI-RS RE pattern, considering at least CDM of ports and relationship of port numbers to dual polarized antenna elements

· Support for densities D > 1 RE/port/PRB

· Mapping of other physical channels and/or reference signals within the same OFDM symbol(s) as CSI-RS

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

In this contribution, we provide our view on the different aspects of CSI-RS design for beam management procedures.
2 CSI-RS design for DL beam management
It is agreed that the SS-block including PSS/SS and PBCH is transmitted periodically. But so far, the number of symbols in SS-block is not determined. And the agreement also includes that multiple SS-blocks can make a SS-burst set, where SS-burst is repeatedly transmitted.

Anyway it is beneficial to achieve commonalities between SS-block and CSI-RS design, since both synchronization detection and DL beam management are based on periodic DL RS as well. As a result, by aligning CSI-RS transmission period with that of SS-block, CSI-RS design effort and system overhead can be minimized. 
2.1 Multiplexing for CSI-RS and SS-block
It was agreed that CSI-RS should support the function of DL beam management for NR. So at least in case of DL beam management for P1, based on L1/L2 signalling, UE can exploit CSI-RS and provide the measurement result to gNB. The same perspective of CSI-RS in LTE, it is assumed that NR CSI-RS is transmitted the whole system bandwidth. Using this CSI-RS, UE can measure CSI and operate beam sweeping procedure. Considering in this situation, to support beam sweeping procedure for P1, it is beneficial that the CSI-RS would be FDMed with SS-block in the same OFDM symbol. However sometimes, TDM manner between SS-block and CSI-RS could have the strength considering CSI-RS density and measurement accuracy. Figure 1 shows the CSI-RS multiplexing methods about TDM and FDM associated with SS-block.
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Figure 1 Multiplexing methods between CSI-RS and SS-block
If the specific numerology is selected in some case, SS-block size is allocated to fixed frequency region regardless of supportable bandwidth and other remaining part in transmission bandwidth can include CSI-RS in the same OFDM symbol. However in case of not supporting whole bandwidth due to the UE capability and other reasons, gNB can have the flexibility for configuring CSI-RS transmission bandwidth. Figure 2 shows the examples about selective CSI-RS bandwidth taking into account UE capability and implementation aspects.
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(a) Whole band CSI-RS      (b) Partial band CSI-RS

Figure 2 FDM examples between SS-block and CSI-RS considering UE capable bandwidth
Proposal 1: To support beam management for P1, at least the SS-block and CSI-RS is need to be FDMed with a same OFDM symbol.
2.2 CSI-RS pattern for beam management
In RAN1#88 meeting, three options for CSI-RS patterns have been mainly discussed to support beam sweeping within an OFDM symbol. To support beam sweeping for P1, P2, and P3, multi-time-unit need to be adopted to transmit the same or different beams across the sub-time-units. Brief summary of pros and cons about three options is as follows:
· Opt-1: IFDMA

· Pros: friendly approach for implementation considering FFT/IFFT process of CSI-RS signal
· Cons: only UE Rx beam sweeping over consecutive repetitions within an OFDM symbol
· Opt-2: Larger subcarrier spacing

· Pros: flexible Tx and Rx beam sweeping within an OFDM symbol
· Cons: CSI-RS signal with severe ISI and additional complexity
· Opt-3: DFT-based
· Pros: possible to avoid potential inter/intra cell interference
· Cons: additional complexity according to generating the specific DFT-based CSI-RS with sub-time-unit
Among them, IFDMA should be firstly considered as an option for CSI-RS pattern due to the friendly approach for implementation. IFDMA do not impact to FFT/IFFT process of CSI-RS signal. There are some limitations that Rx beam sweeping procedure could be available within an OFDM symbol at the only UE side. Aforementioned about IFDMA characteristics, this is because same beams are transmitted across the consecutive sub-time-units within an OFDM symbol. Basically IFDMA can easily control the sub-time unit partition using k value. In case of k=4, since CSI-RS is mapped every 4 REs in frequency domain, 4 repetitions are coming from one OFDM symbol in time domain. 

To increase the beam sweeping performance of IFDMA, it need to further study. Additionally gNB would need to indicate UE how many CSI-RS resource/ports or sub-time-units exit within a time unit, since CSI-RS resource is configured for beam management with limited CSI-RS ports in IFDMA case, 
Proposal 2: At least IFDMA could be firstly considered for beam sweeping via multiple sub-time-units with an OFDM symbol. 

3 Conclusion

In this contribution, we discuss CSI-RS design aspects related to DL beam management issue. Our proposals are given as follows:

Proposal 1: To support beam management for P1, at least the SS-block and CSI-RS is need to be FDMed with a same OFDM symbol.
Proposal 2: At least IFDMA could be firstly considered for beam sweeping via multiple sub-time-units with an OFDM symbol. 
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