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1
Introduction 
In last RAN1 meetings, some agreements on beam measurement were achieved and one LS was sent from RAN1 to RAN4 [1]. 
Agreements:

· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

· For the case of 2-port:

· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)

· FFS: the potential number of CSI-RS OFDM symbols for beam management

· FFS: other values of X and D for beam management 

· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”

Agreement:
For ECP, NR supports the following: 
· CSI-RS reuses NCP CSI-RS resources 
· For beam management purpose, reuse 1-port NCP CSI-RS for beam management
· For beam management purpose, reuse 2-port NCP CSI-RS with D=1 for ECP in Rel-15 subject to RAN4 feedback

Send LS to RAN4 to request feedback on the following issues (Huawei, Xi):

· Feasibility of 2-port ECP/NCP CSI-RS with D=1 for beam management

· Feasible densities of 1-port ECP/NCP CSI-RS for beam management

In this paper, we provide the simulation results of one-shot RSRP estimation error for beam management and discuss frequency domain density from RSRP estimation accuracy aspect.
2
CSI-RS frequency domain density
According to section 7.4.1.5.2 of TS36.211 v.1.0.0, 
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 and there is a length-6 bitmap [b5, b4 … b0] to control frequency-domain CSI-RS density. For example, [b5, b4 … b0] = [1 0 0 1 0 0] means CSI-RS frequency density, D, is 2. However, it is also agreed that CSI-RS is evenly spacing within a PRB. Therefore, it is impossible to configure D = 4 with even CSI-RS spacing via setting [b5, b4 … b0], according to current RAN1 spec.
Observation: For 1-port CSI-RS, it is impossible to configure D = 4 with even CSI-RS spacing via setting [b5, b4 … b0], according to current RAN1 spec.
   In beam management, for 2-port CSI-RS with lower frequency density (D= 1), at most 12 beams can be multiplexed together so that UE could estimate signal quality of more beams based on a fewer OFDM symbols. With lower CSI-RS overhead, higher system throughput is expected. Meanwhile, to enable faster beam switching, one-shot CSI-RS measurement can provide a timely response, especially when time-domain CSI-RS density is reduced. However, for one-shot RSRP measurement, the accuracy is a major concern. As shown in Table 2-4, operating SNR plays a key role in RSRP estimation. E.g. at SNR = -4dB, spans of RSRP estimation error are 8.89, 10.38 and 10.33 dB for static, EPA5 and ETU70 channels, respectively. When SNR goes to 0dB, the spans of RSRP estimation errors are reduced about 4dB. For beam management, CSI-RS may be beamformed, and only those beams with strong receive signals strength are needed only. Therefore, expect the typical scenarios to be high operating SNR with low CSI-RS density. However, if operating SNR is below 0 dB, we prefer wideband dense CSI-RS.

   Proposal: To determine CSI-RS density, RAN4 shall study operating SNR and corresponding RSRP estimation accuracy.
	
	SNR @ -4dB
	SNR @ 0dB

	Static
	8.89
	4.67

	EPA5
	10.38
	6.12

	ETU70
	10.33
	6.36


Table 1: Span of RSRP Estimation Error for 1-port CSI-RS with D= 1 and 25 PRBs
3
Summary
In this contribution, we provided more discussion on CSI-RS density. Based on the discussion, we following observations and proposal are given for consideration.
Observation: For 1-port CSI-RS, it is impossible to configure D = 4 with even CSI-RS spacing via setting [b5, b4 … b0], according to current RAN1 spec.
Proposal: To determine CSI-RS density, RAN4 shall study operating SNR and corresponding RSRP estimation accuracy.
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Appendix

5.1 Simulation Settings

	Parameters
	Value

	
	Sub-6GHz

	Carrier frequency
	4GHz

	Subcarrier Spacing
	15KHz

	CSI-RS Periodicity
	20ms

	CSI-RS bandwidth
	25/50/100 PRBs

	CSI-RS density
	1/2/3/6 RE per PRB

	CSI-RS port number
	1 port

	RB utilization
	0%

	Number of samples in L1 evaluation period
	One-shot

	Transmit antennas
	1

	Receive antennas
	2

	Propagation conditions
	AWGN, EPA5, ETU70

	CP type
	Normal CP

	SNR
	0, -4, -6dB


Table 2: Simulation Parameters
5.2 Simulation Results
[image: image3.png]Channel STATIC

SNR Bandwidth CSI-RS Density PSRP Est. Error statistics
(unit: aB) (Unit: PRB) _|(Unit: RE per PRB) 5% 50% 5% Avg Span
1 2.93 0.12 75 0.14 467

- 2 181 0.05 135 0.07 316

3 138 0.08 109 0.04 2.47

6 0.90 0.00 0.80 0.02 1.69

1 183 0.02 L34 0.09 317

0 - 2 128 0.02 0.97 0.05 2.4
3 0.89 0.00 0.80 0.03 1.69

6 0.66 0.01 058 0.02 124

1 124 0.08 0.98 0.04 2.22

o 2 0.80 0.01 0.70 0.02 1.50

3 0.65 0.02 052 0.01 117

6 0.42 0.00 0.44 0.00 0.86

1 5.60 0.2 320 0.02 8.89

2 2 460 0.39 2.60 019 7.28

3 310 0.20 210 012 5.20

6 2.19 0.05 L6l 0.07 3.80

1 4.43 032 2.44 021 6.88

a 5 2 327 0.16 102 017 519
3 2.08 0.08 163 0.09 371

6 164 .01 116 0.05 2.80

1 319 012 196 013 5.16

100 2 1.86 0.05 Lt 0.07 324

3 1.49 0.08 L7 0.03 2.56

6 0.94 0.02 0.88 0.00 182

1 6.98 L6L 454 0,60 1152

- 2 5.92 0.92 355 0.06 9.47

3 5.08 053 2.03 011 8.01

6 351 021 2.28 0.16 5.79

1 6.20 081 334 0.05 9.5

3 - 2 4.9 0.39 272 018 7.68
3 331 0.20 231 0.14 5.62

6 2.78 0.07 167 0.11 4.45

1 5.20 0.7 275 0.19 7.95

o 2 3.25 0.19 BN 0.15 5.24

3 2.48 0.19 158 0.05 4.05

6 1.50 .05 125 0.02 2.74





Table 3: One-shot RSRP estimation accuracy in static channel
[image: image4.png]Channel EPAS

SNR Bandwidth CSI-RS Density PSRP Est. Error statistics
(unit: aB) (Unit: PRB) _|(Unit: RE per PRB) 95% 50% 5% Avg Span
1 3.55 0.33 258 0.02 6.12

- 2 2.39 0.4 2.00 0.06 439

3 2.07 0.04 L67 011 3.74

6 145 0.04 L7 0.05 2.72

1 2.46 0.06 155 0.12 4.00

0 - 2 1.60 0.04 L3 0.04 2.95
3 117 0.04 101 0.01 218

6 0.85 0.02 0,68 0.01 152

1 142 0.08 109 0.04 2.52

o 2 101 0.01 077 0.04 178

3 0.82 0.03 0,68 0,00 1.50

6 0.49 0.01 0,50 0.00 0.99

1 5.8 122 5.10 0.65 10.38

2 2 4.97 061 3.96 0.14 8.93

3 3.88 033 324 20.01 701

6 332 0.7 250 0.07 5.9

1 455 0.42 31 0.04 7.67

a 5 2 3.85 0.7 263 0.07 6.48
3 2.72 013 2.03 0.03 4.75

6 2.07 0.10 Laa 0.04 352

1 3.20 0.4 227 0.06 5.47

100 2 2.35 0.08 158 010 394

3 179 012 130 0.00 318

6 112 0.03 104 0.01 2.16

1 6.09 o7 6.63 140 12.71

- 2 5.91 18 5.45 0,61 1136

3 4.76 0.77 445 0.41 9.21

6 467 0.43 358 0.03 8.25

1 5.65 0.95 .36 0.36 10,01

3 - 2 518 057 363 0.05 8.81
3 4.07 0.35 2.98 0.06 7.05

6 328 021 2.2 011 5.51

1 453 0,56 324 -0.08 7.17

o 2 331 0.23 231 0.10 5.61

3 2.76 0.24 2,00 0.01 477

6 171 .09 150 0.00 321





Table 4: One-shot RSRP estimation accuracy in EPA5 channel
[image: image5.png]Channel ETU70

SNR Bandwidth CSI-RS Density PSRP Est. Error statistics
(unit: dB) (Unit: PRB) 95% 50% 5% Avg Span
1 434 0.07 2.02 0.46 6.3

- 2 2.90 024 a7 0.48 427

3 176 0.05 L7 0.08 3.02

6 11 0.08 0.98 0.01 2.08

1 2.3 0.15 130 034 3.66

0 - 2 1.99 031 0.83 0.43 2.82
3 0.7 0.00 0.89 0.02 1.86

6 0.75 0.02 0,68 0.01 143

1 171 026 0.79 034 2.50

o 2 1.55 036 051 0.41 2.06

3 071 0.02 0.65 0.00 136

6 0.49 0,01 0.46 0.00 096

1 6.57 0,69 376 014 10.33

2 2 5.00 0.19 2.02 0.38 .01

3 3,61 0.8 238 0.08 6.00

6 2.72 0.0 2.02 0.07 474

1 5.00 0.10 265 0.37 7.65

a 5 2 3.76 012 ) 0.43 5.65
3 2.27 012 L83 0.08 411

6 174 0.06 a2 0.05 316

1 371 0.08 LT 0.40 5.58

100 2 2.90 0.29 136 048 4.26

3 151 011 a1 0.00 2.83

6 111 0.04 o1 0.00 2.12

1 6.45 150 5.3 0,62 1158

- 2 5.87 0,69 .13 0.08 10,01

3 5.24 055 3.45 0.04 8.68

6 438 0.24 2.86 0.11 7.24

1 6.24 0,67 367 0.06 9.92

- 2 5.14 0.7 2.82 033 7.95

3 3.60 0.26 261 0.02 6.21

6 2.60 0.13 2.04 0.08 464

1 494 0.16 271 0.45 7.65

o 2 422 0.17 2.05 053 6.27

3 2.44 0.22 o1 0.01 435

6 175 20.07 147 0.03 3.22





Table 5: One-shot RSRP estimation accuracy in ETU70 channel
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