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1. Introduction
In RAN1 #88bis meeting [1], the following agreements were achieved on CSI-RS design:
Agreements:

· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1

· X=2: (M, N)= (2, 1) , FFS (1, 2)

· X=4: (M, N)= (4, 1) , (2, 2)

· FFS N > 2

· FFS: RE patterns for beam management

· FFS: the RE pattern for an X-port CSI-RS resource when X>=8

· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources

· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead

Agreements:
· Support at least CDM-2, CDM-4 and CDM-8

· FFS: Support of no CDM

· FFS: Time-domain and/or frequency-domain CDM can be configured on or off

· Consider CDM pattern design with at least the following aspects

· Measurement target, e.g. CSI acquisition, beam management, fine time/frequency tracking

· A CDM pattern cannot span over more than U OFDM symbols and V subcarriers, FFS the values of U and V

· Full power utilization

Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS

· Value(s) of d are at least d=1,1/2.

· For d<1, PRB-level comb-type transmission is supported.

· FFS whether offset value(s) can be the same or different across antenna ports

· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.

· FFS on the supported combinations of value(s) of x and d. 
And there were following working assumptions on CSI-RS for beam management:
Working assumption:

· 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

In this contribution, we provide some details of CSI-RS design for both CSI acquisition and beam management.
2. Discussion on CSI-RS Design
2.1. CSI-RS for CSI acquisition

For CSI acquisition with density 1 RE/port/PRB, CSI-RS of X=2 is (M, N)=(2,1), X=4 is (M, N)=(4, 1) or (2, 2). For other X ports, whether N>2 is applied is FFS. For high frequency band with analog beamforming, since the CSI-RS for CSI acquisition is transmitted by a specific analog beam, other signals transmitted in the same OFDM symbol of CSI-RS has analog beam constraint, which would limit the scheduling flexibility. It is beneficial to limit the number of OFDM symbols carrying CSI-RS ports within N=2 symbols for CSI-acquisition and design full CSI-RS symbols for CSI-acquisition.
If N=2 OFDM symbols is used, up to 24 CSI-RS ports can be supported per PRB. For X=32, reduced density d<1 RE/RB/port can be considered for some ports while keep the other ports d=1 RE/RB/port.
Proposal 1: 

· For CSI acquisition,

· N<=2

· For X=32, reduced density d<1 RE/RB/port can be considered for some ports while keep the other ports d=1 RE/RB/port.
2.2. CSI-RS for beam management

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

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) within 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.
However, the scheduling constraint in the sub-time units carrying analog beamformed CSI-RS still exists. Full CSI-RS symbol design for beam management is also desired. 

[image: image1.emf]CSI-RS port 0

Subcarrier

t

f

CSI-RS port 1

  
[image: image2.emf]CSI-RS port 0

Subcarrier

t

f

CSI-RS port 1

 
[image: image3.emf]CSI-RS port 0

Subcarrier

t

f

CSI-RS port 1

CSI-RS port 3

CSI-RS port 4


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 2: 

· Full CSI-RS symbol design is desired for both CSI-acquisition and beam management.
· For IFDMA-based CSI-RS for beam management, CSI-RS ports are associated with different TXRUs and FDM and CS within one symbol can be considered. CSI-RS density d RE/RB/port can be larger than 1.

· For large-subcarrier spacing-based CSI-RS for beam management, 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.
3. Performance of Beam Selection
According to our previous contribution [2], we perform the link-level simulation to provide some initial performance results of IFDMA-based CSI-RS for beam selection. In the simulation, one TXRU in a single Tx/Rx panel is used for beam training. There have 32 Tx beams and 8 Rx beams for beam selection, out of which the Tx/Rx beam pair with maximum RSRP is selected. Other simulation assumptions can be found in Annex A.
Beam selection performance of the IFDMA-based CSI-RS is shown in Figure 3. The output metric is error rate of the selected best beams.
    [image: image5.jpg]o The comparision of beam selection at different CSI-RS density(IFDMA)

70

@ x
3 3

error rate(%)
IS
8

—+— K=2, ZC sequence = 37
ZC sequence = 19
, ZC sequence =9

error rate decrease

less difference

5 10 15 20 25 30

SNR(dB)




Figure 3: Comparison of beam selection performance

Based on above simulation results, we have following observation:

Observation 1:
· Beam selection accuracy increases along with CSI-RS density growth or RPF decrease. 
· Beam selection accuracy is larger than 90% when SNR is greater than 10 dB at K equal or less than 4.
· Beam selection accuracy is no significant difference when SNR is large enough between low level k factors.
It should be noted that even if a non-optimal beam pair is selected, a sub-optimal beam pair may often be selected. In the case of oversampled beams, it is expected that sub-optimal beams will not affect the throughput considerably.
4. Conclusion
In this contribution, we discuss some details in CSI-RS design for both CSI-acquisition and beam management. Following observation and proposals have been achieved:

Observation 1:
· Beam selection accuracy increases along with CSI-RS density growth or RPF decrease. 
· Beam selection accuracy is larger than 90% when SNR is greater than 10 dB at K equal or less than 4.
· Beam selection accuracy is no significant difference when SNR is large enough between low level k factors.
Proposal 1: 

· For CSI acquisition,

· N<=2

· For X=32, reduced density d<1 RE/RB/port can be considered for some ports while keep the other ports d=1 RE/RB/port.
Proposal 2: 

· Full CSI-RS symbol design is desired for both CSI-acquisition and beam management.
· For IFDMA-based CSI-RS for beam management, CSI-RS ports are associated with different TXRUs and FDM and CS within one symbol can be considered. CSI-RS density d RE/RB/port can be larger than 1.

· For large-subcarrier spacing-based CSI-RS for beam management, 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.
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Annex A: simulation assumptions for CSI-RS
	Attributes
	Values

	Carrier frequency
	30GHz

	Subcarrier spacing
	60kHz

	Channel model
	CDL-A

· Delay spread 100ns

· UE speed = 3km/h

· The angles of BS, and those of UE applying TR 38.900 accordingly.

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D sub-array partition model defined in TR 36.987

	BS antenna configurations
	(M,N,P,Mg,Ng)=(4,8,2,1,1)

	UE antenna configurations
	(M,N,P,Mg,Ng)=(2,4,2,1,1)

	Repetition factor (RPF) K [2]
	2, 4, 8

	CSI-RS bandwidth
	6 PRBs

	CSI-RS sequence
	ZC sequence of length 37, 19, 9 for 6 PRBs
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