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Introduction
In RAN4 #98-e meeting, the impacts of negative and positive timing offset on the CSI-RS based SINR measurement were discussed [1] and the simulation assumptions were updated accordingly [2]. This contribution will provide our simulation results for CSI-RS SINR based on the following assumptions: 
· CSI-RS configuration: <X=1,D=3,N=1,NA,noCDM> with bandwidth=48RBs
· Number of samples: 5
· Carrier frequency: 4GHz for FR1 and 30GHz for FR2
· Propagation condition: AWGN for FR1 and TDL-A with 30ns delay spread for FR2 
· Relative delay for cell 2: 0, ±CP/2, ±0.9*CP, ±CP
Discussion
SINR accuracy vs time offset
Table 1/2/3 provide the delta CSI-RS SINR of cell 2 for 15kHz, 30kHz and 120kHz subcarrier spacing, respectively, where the side condition of cell 2 is about -6dB. 
Table 1: SCS=15 kHz, AWGN channel @ FR1
	Relative delay
	5% (dB)
	50% (dB)
	95% (dB)
	50%-5%
	95%-50%
	Relative accuracy

	0
	-1.521
	-0.168
	1.026
	1.353
	1.194
	1.353

	0.5*CP
	-1.596
	-0.206
	0.873
	1.39
	1.079
	1.39

	0.9*CP
	-1.898
	-0.461
	0.59
	1.437
	1.051
	1.437

	CP
	-1.803
	-0.457
	0.635
	1.346
	1.092
	1.346

	-0.5*CP
	-2.2
	-0.647
	0.592
	1.553
	1.239
	1.553

	-0.9*CP
	-2.778
	-1.14
	0.174
	1.638
	1.314
	1.638

	-CP
	-3.092
	-1.231
	0.069
	1.861
	1.3
	1.861



Table 2: SCS=30 kHz, AWGN channel @ FR1
	Relative delay
	5% (dB)
	50% (dB)
	95% (dB)
	50%-5%
	95%-50%
	Relative accuracy

	0
	-1.52
	-0.153
	0.988
	1.367
	1.141
	1.367

	0.5*CP
	-1.663
	-0.216
	0.877
	1.447
	1.093
	1.447

	0.9*CP
	-1.83
	-0.445
	0.626
	1.385
	1.071
	1.385

	CP
	-1.811
	-0.423
	0.615
	1.388
	1.038
	1.388

	-0.5*CP
	-2.155
	-0.594
	0.585
	1.561
	1.179
	1.561

	-0.9*CP
	-2.729
	-1.136
	0.159
	1.593
	1.295
	1.593

	-CP
	-2.897
	-1.267
	0.071
	1.63
	1.338
	1.63



Table 3: SCS=120 kHz, TDL-A channel @ FR2
	Channel
	Relative delay
	5% (dB)
	50% (dB)
	95% (dB)
	50%-5%
	95%-50%
	Relative accuracy

	TDL-A with 30ns delay spread
	0
	-4.811
	0.263
	4.603
	5.074
	4.34
	5.074

	
	0.5*CP
	-4.843
	0.028
	4.249
	4.871
	4.221
	4.871

	
	0.9*CP
	-4.855
	0.025
	3.82
	4.88
	3.795
	4.88

	
	CP
	-4.602
	-0.254
	3.813
	4.348
	4.067
	4.348

	
	-0.5*CP
	-4.871
	-0.07
	3.972
	4.801
	4.042
	4.801

	
	-0.9*CP
	-5.095
	-0.513
	3.256
	4.582
	3.769
	4.582

	
	-CP
	-5.143
	-0.653
	3.114
	4.49
	3.767
	4.49

	AWGN
	0
	-1.495
	-0.133
	0.979
	1.362
	1.112
	1.362

	
	0.5*CP
	-1.705
	-0.253
	0.801
	1.452
	1.054
	1.452

	
	0.9*CP
	-1.911
	-0.425
	0.723
	1.486
	1.148
	1.486

	
	CP
	-1.925
	-0.464
	0.647
	1.461
	1.111
	1.461

	
	-0.5*CP
	-2.056
	-0.627
	0.541
	1.429
	1.168
	1.429

	
	-0.9*CP
	-2.803
	-1.179
	0.047
	1.624
	1.226
	1.624

	
	-CP
	-2.939
	-1.248
	-0.001
	1.691
	1.247
	1.691



Based on our simulation results, the following observations are provided. 
· The absolute accuracy performance of CSI-RS SINR of fading channel is worse than that of AWGN channel.
· For AWGN channel at FR1, the absolute accuracy performance of CSI-RS SINR can be within ±2.5dB for timing offset within [-0.5*CP, +0.5*CP], and ±4.0dB for timing offset within [-CP, +CP].
· For TDL-A channel at FR2, the absolute accuracy performance of CSI-RS SINR can be within ±5.0dB for timing offset within [-0.5*CP, +0.5*CP], and ±6.0dB for timing offset within [-CP, +CP].
· For AWGN channel at FR1, the relative accuracy of CSI-RS SINR can be within ±1.5dB for timing offset within [-0.5*CP, +0.5*CP], and ±2.0dB for timing offset within [-CP, +CP].
· For TDL-A channel at FR2, the relative accuracy of CSI-RS SINR can be within ±5.5dB for timing offset within [-CP, +CP].
Observation 1: The absolute accuracy performance of CSI-RS SINR can be found:
· For AWGN channel at FR1, ±4.0dB for timing offset within [-CP, +CP]
· For TDL-A channel at FR2 ±6.0dB for timing offset within [-CP, +CP].
Observation 2: The relative accuracy performance of CSI-RS SINR can be found:
· For AWGN channel at FR1, ±2.0dB for timing offset within [-CP, +CP]
· For TDL-A channel at FR2 ±5.50dB for timing offset within [-CP, +CP].
Observation 3: The absolute accuracy performance of CSI-RS SINR with negative timing offset is worse than that of CSI-RS SINR with positive timing offset.
[bookmark: _Hlk68274343]Considering RF margin and different fading channel, we think a bit shorter timing offset should be allowed, e.g., within 0.9 CP, in order to ensure the absolute accuracy performance of CSI-RS SINR can be reused as those of SSB’s. And the same values of time offset can apply for relative accuracy performance.
Proposal 1: To ensure the absolute and relative accuracy performance of CSI-RS SINR can be reused as those of SSB’s, the upper bound of timing offset can be set within 0.9 CP.
Upper limit of Es/Iot
Table 4-6 provide the 90th %-iles of absolute delta CSI-RS SINR of cell 2 for 15kHz, 30kHz and 120kHz subcarrier spacing, respectively, where the side condition of cell 2 ranges from 6dB to 25dB. 

Table 4: SCS=15 kHz, AWGN channel @ FR1
	Relative delay
	6dB
	10dB
	12 dB
	15 dB
	18 dB
	20 dB
	25 dB

	0
	0.299
	0.267
	0.262
	0.260
	0.278
	0.310
	0.439

	0.5*CP
	0.514
	0.827
	1.129
	1.864
	3.039
	4.104
	7.669

	0.9*CP
	1.200
	2.135
	2.900
	4.463
	6.519
	8.109
	12.571

	CP
	1.356
	2.395
	3.227
	4.901
	7.046
	8.681
	13.209

	-0.5*CP
	1.806
	3.192
	4.229
	6.206
	8.593
	10.347
	15.028

	-0.9*CP
	3.208
	5.264
	6.636
	9.031
	11.686
	13.548
	18.385

	-CP
	3.571
	5.740
	7.162
	9.602
	12.300
	14.189
	19.051



Table 5: SCS=30 kHz, AWGN channel @ FR1
	Relative delay
	6dB
	10dB
	12 dB
	15 dB
	18 dB
	20 dB
	25 dB

	0
	0.299
	0.261
	0.257
	0.265
	0.287
	0.308
	0.438

	0.5*CP
	0.496
	0.811
	1.117
	1.852
	3.304
	4.098
	7.670

	0.9*CP
	1.201
	2.138
	2.894
	4.459
	6.516
	8.106
	12.572

	CP
	1.352
	2.395
	3.224
	4.899
	7.045
	8.680
	13.209

	-0.5*CP
	1.809
	3.203
	4.238
	6.230
	8.611
	10.361
	15.044

	-0.9*CP
	3.201
	5.273
	6.642
	9.035
	11.690
	13.553
	18.394

	-CP
	3.568
	5.753
	7.171
	9.614
	12.307
	14.189
	19.045



Table 6: SCS=120 kHz, TDLA-30NS channel @ FR2
	Channel
	Relative delay
	6dB
	10dB
	12 dB
	15 dB
	18 dB
	20 dB
	25 dB

	TDL-A
	0
	3.686
	3.796
	3.933
	4.301

	4.966
	5.697
	8.814

	
	0.5*CP
	3.815
	4.275
	4.727
	5.767
	7.319
	8.577
	12.628

	
	0.9*CP
	4.431
	5.392
	6.135
	7.721
	9.794
	11.414
	15.911

	
	CP
	4.509
	5.596
	6.426
	8.097
	10.233
	11.891

	16.440

	
	-0.5*CP
	4.082
	4.814
	5.478
	6.827
	8.646
	10.163
	14.559

	
	-0.9*CP
	4.875
	6.211
	7.168
	9.074
	11.382
	13.119
	17.865

	
	-CP
	5.189
	6.597
	7.670
	9.605
	11.993
	13.765
	18.509

	AWGN
	0
	0.293
	0.262
	0.256
	0.259
	0.274
	0.307
	0.432

	
	0.5*CP
	0.520
	0.825
	1.129
	1.862
	3.033
	4.098
	7.670

	
	0.9*CP
	1.206
	2.137
	2.895
	4.465
	6.519
	8.108
	12.571

	
	CP
	1.337
	2.384
	3.216
	4.894
	7.042
	8.679
	13.208

	
	-0.5*CP
	1.800
	3.207
	4.253
	6.227
	8.615
	10.369
	15.052

	
	-0.9*CP
	3.232
	5.304
	6.684
	9.063
	11.721
	13.582
	18.416

	
	-CP
	3.554
	5.746
	7.165
	9.604
	12.306
	14.181
	19.034



Based on our simulation results, the following observations are provided.
· [bookmark: OLE_LINK54]Observation 7: For AWGN channel, the relative accuracy of CSI-RS SINR can be within ±3.5dB for timing offset within [0, +CP] with Es/Iot ≤ 10dB. 
· Observation 8: For AWGN channel, the relative accuracy of CSI-RS SINR can be within ±4.5dB for timing offset within [0, +0.5*CP] with Es/Iot ≤ 18dB. 
In summary, either option 1 or option 2 seems fine for us based on our simulation results. We can also support a new option 3 as compromise based on timing offset within 0.9*CP.
· Option 3:  Es/Iot ≤ [12] dB for the case that timing offset is within 0.9*CP.

Proposal 2: Option 3 as compromise for the upper limit of Es/Iot for CSI-SINR measurement with timing offset(T△):
· Option 3:  Es/Iot ≤ [12] dB for the case that timing offset is within 0.9*CP.

· Issue 2-3-1: The upper limit of Es/Iot for CSI-SINR measurement with timing offset(T△)
The upper limit of Es/Iot for CSI-SINR measurement with timing offset(T△)
· [bookmark: OLE_LINK76][bookmark: OLE_LINK77]Option 1: Es/Iot ≤ [10] dB for the case that timing offset is within CP. 
· Option 2: Es/Iot ≤ [18] dB for the case that timing offset is within CP/2. 


Conclusion
This paper provides our simulation results for CSI-RS SINR measurements and the following observations.
Observation 1: The absolute accuracy performance of CSI-RS SINR can be found:
· For AWGN channel at FR1, ±4.0dB for timing offset within [-CP, +CP]
· For TDL-A channel at FR2 ±6.0dB for timing offset within [-CP, +CP].
Observation 2: The relative accuracy performance of CSI-RS SINR can be found:
· [bookmark: _GoBack]For AWGN channel at FR1, ±2.0dB for timing offset within [-CP, +CP]
· For TDL-A channel at FR2 ±5.50dB for timing offset within [-CP, +CP].
Observation 3: The absolute accuracy performance of CSI-RS SINR with negative timing offset is worse than that of CSI-RS SINR with positive timing offset.
Proposal 1: To ensure the absolute and relative accuracy performance of CSI-RS SINR can be reused as those of SSB’s, the upper bound of timing offset can be set within 0.9 CP.
Proposal 2: Option 3 as compromise for the upper limit of Es/Iot for CSI-SINR measurement with timing offset(T△):
· Option 3:  Es/Iot ≤ [12] dB for the case that timing offset is within 0.9*CP.
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