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1. Introduction
In the RAN1 NR Ad-Hoc meeting, the following agreements on CSI-RS for beam management has been achieved: [1] [2] 
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:
· Opt1. IFDMA
· Opt2. Larger subcarrier spacing
· Other solutions are not precluded
· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.
· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.
· Note that it does not imply prioritizing different aspects in CSI-RS design
In RAN1 #88 meeting, the following agreements on CSI-RS for beam management has been achieved: [3]
· 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
It was agreed to support Tx and Rx beam sweeping using CSI-RS. By beam management procedure P-1, the UE should be able to find good Tx-Rx beam pair(s) using Tx and Rx beam sweeping operation. For the beam management procedure P-2, UE should be able to the find Tx beam using only Tx beam sweeping. Similarly, for the beam management procedure P-3, UE should be able to the find Rx beam using only the Rx beam sweeping. The beam management procedures P-2 and P-3 may be also be jointly enabled, which means the Tx and Rx beam sweeping on CSI-RS should be also supported. If the number of the beams to be swept is large, the overhead and latency for the CSI-RS could be one issue. Therefore, some optimization for different beam management procedures is necessary. In this contribution, we will provide discussion on the CSI-RS for beam management with overhead and latency reduction schemes.
2. Discussion
The CSI-RS should support the Tx and Rx beam sweeping, which could help the UE to find out a good Tx-Rx beam pair. To acquire best Tx-Rx beam pair(s), given there are  Tx beams and  Rx beams, totally the CSI-RS may need to provide  repetitions. If each repetition takes one symbol, totally  symbols may be needed for CSI-RS transmission. Given that the number of antennas at the TRP and UE can be relatively large, which means the number of beams to be swept could be large, some overhead and latency reduction schemes for CSI-RS transmission should be considered.
In [4], the RS structure which can enable UE to do beam sweeping with reduced overhead has been proposed. The following two alternatives can be considered: 
· Larger Subcarrier Spacing (SCS), by which the duration of CSI-RS symbol can be shorter than other symbols as shown in Figure 1;
· IFDMA based signal, by which a repeated signal structure in time domain can be obtained as illustrated in Figure 2. 
Either scheme supports multiple time-domain repeated signals within one symbol. In this case, to enable UE beam sweeping, the same TRP beam can be applied to each repetition. To enable TRP beam sweeping, different TRP beams can be mapped in either FDM manner or TDM manner. The UE should use the same Rx beam to receive different CSI-RS subcarriers or different time domain repetitions, where different TRP beams are applied. 

Page 1



1/6


Figure 1: larger SCS based CSI-RS 


Figure 2: IFDMA based CSI-RS

In [4], some link level simulation results have been provided. The results are also shown in Figure A-1 to Figure A-4 and the simulation assumption is shown in Table A-1 in appendix. It can be observed that the performance of larger subcarrier spacing and IFDMA based CSI-RS structure can be similar to that of CSI-RS with normal subcarrier spacing. 
Since the CSI-RS should support the beam sweeping operation, whether the beamforming gain fluctuation could have any impact on the accuracy of AGC could be one issue. Hence how much beamforming gain fluctuation can be observed in the system for each beam management procedure should be investigated. Figure 1 and Figure 2 illustrates the beamforming gain difference between the best Tx or Rx beam to the kth best Tx or Rx beam, which are obtained based on the Dense Urban scenario and there are 48 gNB beams and 27 UE beams in each panel. The detailed system level simulation assumptions are illustrated in Table A-2 in appendix. 
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Figure 3: CDF of Tx beamforming gain fluctuation
[image: ]
Figure 4: CDF of Rx beamforming gain fluctuation

It can be observed that the maximum beamforming gain difference between the best Rx beam to the 4th – 6th best Rx beam could be within 9dB, then to reserve 3bits margin for AGC should be enough. Meanwhile, the Tx beamforming gain difference could be larger than Rx beamforming gain difference. To measure 6 best Tx beams, the AGC should reserve at least 5bits margin. 
Figure 5 illustrates the beamforming gain fluctuation between the post-refined Rx beam and the pre-refined Rx beam when the pre-refined Rx beam is the kth best Rx beam. The candidate Rx beams to be swept are randomly selected from the beams around pre-refined Rx beam. It can be observed that if current Rx beam is the 6th best Rx beam, to reserve 3bits margin in the AGC could be enough, since the beamforming gain difference would not be too large.
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Figure 5: CDF of the beamforming gain difference between post-refined Rx beam to pre-refined Rx beam
To use the above CSI-RS structure in beam management P-3, for the UE beam sweeping latency, the UE could determine how many repetitions to switch one UE beam by itself, although the number of repetitions could be more than the number of Rx beams to be swept. 
Further, the above CSI-RS structure can also be used for beam management P-1 so that different Tx beams can be used in different time units, and the UE may be able use different Rx beams in different sub-time units within one time unit. Then the latency to get initial good gNB-UE beam pair could be reduced. Another benefit is that the UE could estimate the time and frequency offset based on the CSI-RS structure. With regard to joint P-2/P-3, which can be used to get the best gNB-UE beam pair with low latency, the above CSI-RS structure should also be considered for P-2.
Observation 1: the Tx beamforming gain difference between the best Tx beam to the 6th best Tx beam could be up to 14dB, which needs to reserve up to 5bits margin for AGC.
Observation 2: the Rx beamforming gain difference between the best Rx beam to the 6th best Rx beam could be up to 9dB, which needs to reserve up to 3bits margin for AGC.
Proposal 1: for beam management CSI-RS, at least one of the following options should be supported with regard to the overhead and the latency for beam management: the IFDMA based structure; larger subcarrier spacing based structure.
Proposal 2: the CSI-RS structure should be supported at least for beam management P-1 and P-3, and for P-2, it can also be considered with regard to joint P-2/P-3 beam management.
3. Conclusion
In this contribution we have provided our views on CSI-RS structure for beam management. From the discussion, we have the following observations or proposals.
Observation 1: the Tx beamforming gain difference between the best Tx beam to the 6th best Tx beam could be up to 14dB, which needs to reserve up to 5bits margin for AGC.
Observation 2: the Rx beamforming gain difference between the best Rx beam to the 6th best Rx beam could be up to 9dB, which needs to reserve up to 3bits margin for AGC.
Proposal 1: for beam management CSI-RS, at least one of the following options should be supported with regard to the overhead and the latency for beam management: the IFDMA based structure; larger subcarrier spacing based structure.
Proposal 2: the CSI-RS structure should be supported at least for beam management P-1 and P-3, and for P-2, it can also be considered with regard to joint P-2/P-3 beam management.
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Appendix – simulation assumptions and results
Table A-1: Simulation Assumption for LLS
	Parameter
	Assumption

	Channel Model
	CDL-A, CDL-D

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Normal Subcarrier spacing
	60kHz

	Larger Subcarrier spacing
	240kHz

	Number of repetition factor
	4

	Number of sweeping Rx beams 
	4

	gNB antenna structure
	(4, 8, 1, 1)

	UE antenna structure
	(2, 4, 1, 1)



Table A-2: Simulation Assumption for SLS
	Parameter
	Assumption

	Scenario
	Dense Urban

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Reference subcarrier spacing
	60kHz

	gNB antenna structure
	(M,N,P, Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	UE antenna structure
	(M, N, P, Mg,Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. *Θmg,ng=90 deg; Ω0,1=Ω0,0+180 (deg);

	Number of UE antenna panels
	2

	Number of gNB beams
	48

	Number of UE beams
	27

	Cell association
	RSRP based
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Figure A-1: SNR vs. BRER for different CSI-RS structures for CDL-A
[image: ]
Figure A-2: SNR vs. BRER for different CSI-RS structures for CDL-D
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Figure A-3: C.D.F. of SINR after beam refinement for CDL-A
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Figure A-4: C.D.F. of SINR after beam refinement for CDL-D
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