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1. Introduction
In RAN1 NR Ad-hoc meeting [1], the following agreements were achieved on CSI-RS design principle:
· 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

And the following way forward on CSI-RS or beam management was also agreed:
· 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]

· 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 a unified CSI-RS design for both beam management and CSI acquisition.
2. Discussion on CSI-RS for Beam Management

Up to now, at least three options have been proposed for the CSI-RS design for beam management. All of the options support beam sweeping within an OFDM symbol to reduce the beam managment overhead and latentcy.

Larger subcarrier spacing (LSC) enlarges the subcarrier spacing to shorten the duration of CSI-RS symbols compared to other symbols. It means that the numerology changes across the CSI-RS symbols for beam management and the symbols containing data and CSI-RS for CSI acquisition.
IFDMA-based approach can be implemented by mapping the CSI-RS sequence to the subcarriers in comb-pattern every K-th subcarrier so that K repetitions, i.e., repetition factor (RPF) K, of the time-domain signal are generated. It keeps the numerology of the CSI-RS symbol for beam management same as that of the symbols of data and CSI-RS for CSI acquisition  so that it has the same OFDM symbol generation process as other OFDM symbols. With the proper RS sequence design, e.g., ZC sequence which is of‘ideal’ cyclic autocorrelation and good cyclic cross-correlation property, the beams from different panels/TRPs/cells can be distinguished.
DFT-based CSI-RS [3] takes the DFT transform of a K-segmented sequence and then perform the IFFT, resulting in an output signal sliced into K independent sub-time units (sub-TU) per OFDM symbol, each of which could carry some unique information related to the sub-TU. Padding zeros at the beginning and the end of each segment can create some time gaps between sub-TUs that provides some time for beam reconfiguration. It also offers possibility of transmitting the CSI-RS at an arbitrary part of the band to avoid potential inter/intra-cell interference.
Before down selection from the above options, we need to decide some design principles of CSI-RS for beam management:

· Whether unified design is needed for both CSI-RS for beam management and CSI-RS for CSI acquisition, including the RS sequence, resource mapping pattern, OFDM symbol generation process, etc.
· Whether CSI-RS for beam management is wideband or subband

· Whether the symbols of CSI-RS for beam management carry other information, if yes, what kind of information
Proposal 1: 
· Some design principles of CSI-RS for beam management are to be decided:

· Whether unified design is needed for both CSI-RS for beam management and CSI-RS for CSI acquisition, including the RS sequence, resource mapping pattern, OFDM symbol generation process, etc.
· Whether CSI-RS for beam management is wideband or subband.
· Whether the symbols of CSI-RS for beam management can carry other information, if yes, what kind of information.
3. Unified CSI-RS Design and Configuration
There is the probability for a unified CSI-RS design and configuration for both beam management and CSI acquisition. First of all, as CSI-RS design has been agreed to support both functions, the unity is our goal to achieve. Secondly, the decoupling principle of CSI-RS transmission and CSI feedback has been founded, i.e., the feedback manner for beam selection results and CSI configured in the reporting setting are separate from the configuration of a parameter setting for CSI-RS transmission specified in the resource setting. Thirdly, it is good to simplify the specification in CSI-RS with one configurable parameter set rather than separately definitions, and simplify the physical layer processing and implementation.
Proposal 2: 
· Strive for a unified CSI-RS design and configuration for both beam management and CSI acquisition.

In IFDMA-based design for CSI-RS for beam management, the RPF K can be regarded as frequency density of CSI-RS RE, which depends on the channel delay spread, analog beam switching gap, CSI-RS coverage, etc. FDM and/or CDM of the CSI-RS ports can also be realized.
Similar pattern design can be applied to CSI-RS for CSI acquisition as well but probably with different parameter values. As current LTE, the frequency density of CSI-RS ports for CSI acquisition can be equal to or less than one RE/port/PRB. The frequency density can be sparse to save the overhead. And the number of CSI-RS ports is X, where X are at least 1, 2, 4, 8, 12, 16, [24], 32. CSI-RS ports can be multiplexed in FDM and/or CDM ways.

According to the above discussion, the unified CSI-RS design can be achieved by IFDMA-based CSI-RS pattern with configurable parameters without changing numerology. We have the following proposals:

Proposal 3: 
· IFDMA-based CSI-RS pattern can be used for unified CSI-RS design for both beam management and CSI acquisition.

3.1. Configurable parameters for CSI-RS
The UE-specific CSI-RS can be transmitted in the semi-persistent and periodic, or triggered aperiodic way. Whatever the CSI-RS is for beam management or CSI acquisition, the following parameters should be configured for CSI-RS transmission:
· Time instant to transmit the (sub-) time unit with CSI-RS

It is related to the periods of periodic CSI-RS or semi-persistent CSI-RS, triggering signaling and the gap between the triggering signaling and the CSI-RS transmission instant of the (sub-) time unit.

· CSI-RS pattern within the PRB, including

· CSI-RS port number

· CSI-RS RE position, density (known as RPF K for beam management) in both time domain and frequency domain with a (sub-) time unit

· OCC for each CSI-RS port

· RS sequence

The RS sequence should be chosen considering not only for CSI acquisition, but also easy to identify the beam. The sequence with good auto-correlation and cross-correlation property is desired.

What’s more, for beam management, the number of the OFDM symbols with CSI-RS, N, should be signaled if one OFDM symbol is not sufficient to transmit all CSI-RS used for beam training.
Proposal 4: 
· Configurable CSI-RS parameters may consist the following:

· Transmission time instant

· Related to period, triggering signaling and the gap between the triggering signaling and the CSI-RS transmission.
· CSI-RS pattern

· May include CSI-RS port number, CSI-RS RE position, density (or RPF K for beam management) in both time domain and frequency domain, OCC, etc.
· The number of the OFDM symbols with CSI-RS, N, for beam management.
3.2. Difference between the two CSI-RS functions
The potential differences between the CSI-RS for beam management and CSI acquisition are summarized in Table 1.

Table 1: Possible differences between the CSI-RS of two functions

	
	For beam management
	For CSI acquisition

	Number of CSI-RS ports
	X≤K, where 1/K is the frequency density
Number of beams pairs can be trained: NK, where N is the number of repeated OFDM symbols with CSI-RS
	X=1, 2, 4, 8, 12, 16, [24], 32 (>32 FFS)

	Frequency density

(12 subcarriers per PRB)
	Possible value: K=1, 2, 3, … , 12 
	Possible value: K=12, or >12 FFS

	Data transmission within the OFDM symbol with CSI-RS
	No
	Yes

	Detection
	Time domain or frequency domain to select the best beam pairs according to e.g., RSRP
	Frequency domain to estimate the CSI

	Tx or Rx beam for CSI-RS symbols
	Same or different for each repetition within one OFDM symbol
	Same within one OFDM symbol

	Configurable parameters
	Transmission time instant

Pattern indication

Number of repeated OFDM symbols with CSI-RS
	Transmission time instant

Pattern indication


4. Conclusion

In this contribution, we discussed the possibility and implementation of a unified CSI-RS design for both beam management and CSI acquisition. We have the following proposals:
Proposal 1: 
· Some design principles of CSI-RS for beam management are to be decided:

· Whether unified design is needed for both CSI-RS for beam management and CSI-RS for CSI acquisition, including the RS sequence, resource mapping pattern, OFDM symbol generation process, etc.
· Whether CSI-RS for beam management is wideband or subband.

· Whether the symbols of CSI-RS for beam management can carry other information, if yes, what kind of information.
Proposal 2: 
· Strive for a unified CSI-RS design and configuration for both beam management and CSI acquisition.

Proposal 3: 
· IFDMA-based CSI-RS pattern can be used for unified CSI-RS design for both beam management and CSI acquisition.

Proposal 4: 
· Configurable CSI-RS parameters may consist the following:

· Transmission time instant

· Related to period, triggering signaling and the gap between the triggering signaling and the CSI-RS transmission.
· CSI-RS pattern

· May include CSI-RS port number, CSI-RS RE position, density (or RPF K for beam management) in both time domain and frequency domain, OCC, etc.

· The number of the OFDM symbols with CSI-RS, N, for beam management.
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