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1. Introduction
In the RAN4#76bis meeting,  LAA RRM measurement were discussed intensively and simulation assumptions for CSI-RS RSRP evaluations for LAA was also agreed. In this contribution, simulation results of CSI-RS based RSRP for LAA are provided for initial analysis.
2. Simulation assumptions
The simulation assumptions [1] are listed in Table 1. The measurement bandwidth is varying from 6RB to 50RB.
Table 1: Simulation parameters for CSI-RS RSRP measurements on unlicensed carrier

	Parameters
	Value
	Comments

	SNR
	{-4, -3, 0} dB
	

	Carrier frequency
	5 GHz
	

	Measurement bandwidth
	{6, 25, 50} RBs
	

	DRS occasion periodicity (M)
	160
	A DRS occasion is transmitted every 160 ms

	DRS occasion duration (N)
	1
	A DRS occasion for a cell comprises N consecutive subframes. The cases of duration more than 1 subframe are optional for study.

	DRS availability
	DRS is present in all DRS occasions
	

	CSI-RS transmission
	1, 2, and 3
	

	CSI-RS reference signal configuration
	Config. 2 with 2 REs/RB,

Config. 2 with 8 REs/RB
	Config. 2 with 4 REs/RB is optional for study

	L1 measurement period
	i*160 ms, where

· i=1 (single shot) 

· i=2 and i=3 (multi-shot)
	

	L3 filtering
	Disabled
	

	Number of transmit antennas
	1 and 2
	

	Number of receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	Antenna correlation
	Low
	

	DRX
	OFF
	

	Propagation conditions
	AWGN, EPA5, ETU30
	

	CP Length
	Normal
	


3. Simulation results
3.1 simulation results of RSRP accuracy with 1 Tx antenna
The CSI-RS RSRP measurement results for 2 CSI-RS RE and 8 CSI-RS RE under the AWGN,EPA5.ETU30 channel are summarized in Table 2 /3/4/5/6/7 respectively. 
Table 2. Delta CSI-RS RSRP measurement results for 1*160ms measurement period (2REs/RB)

	
	SNR (dB)
	AWGN
	Relative RSRP Accuracy
	EPA5
	Relative RSRP Accuracy
	ETU30
	Relative RSRP Accuracy

	
	
	5%
	95%
	
	5%
	95%
	
	5%
	95%
	

	6RB
	-4
	-2.015 
	5.339 
	3.677 
	-1.847 
	7.809 
	4.828 
	-3.803 
	5.779 
	4.791 

	
	-3
	-1.794 
	4.904 
	3.349 
	-1.634 
	6.900 
	4.267 
	-3.982 
	4.872 
	4.427 

	
	0
	-1.606 
	3.699 
	2.653 
	-1.928 
	4.388 
	3.158 
	-5.516 
	2.467 
	3.992 

	25RB
	-4
	-1.154 
	2.562 
	1.858 
	-1.651 
	3.118 
	2.385 
	-2.938 
	2.178 
	2.558 

	
	-3
	-1.034 
	2.263 
	1.649 
	-1.496 
	2.461 
	1.979 
	-2.890 
	1.755 
	2.322 

	
	0
	-0.724 
	1.556 
	1.140 
	-1.081 
	1.656 
	1.368 
	-3.229 
	0.820 
	2.025 

	50RB
	-4
	-0.922 
	2.053 
	1.487 
	-1.729 
	3.537 
	2.633 
	-2.935 
	1.761 
	2.348 

	
	-3
	-0.720 
	1.764 
	1.242 
	-1.447 
	2.387 
	1.917 
	-3.136 
	1.374 
	2.255 

	
	0
	-0.404 
	1.153 
	0.778 
	-1.125 
	1.283 
	1.204 
	-2.388 
	0.605 
	1.497 


Table 3. Delta CSI-RS RSRP measurement results for 2*160ms measurement period (2REs/RB)

	
	SNR (dB)
	AWGN
	Relative RSRP Accuracy
	EPA5
	Relative RSRP Accuracy
	ETU30
	Relative RSRP Accuracy

	
	
	5%
	95%
	
	5%
	95%
	
	5%
	95%
	

	6RB
	-4
	-0.958 
	3.824 
	2.391 
	-0.997 
	6.343 
	3.670 
	-1.318 
	4.265 
	2.791 

	
	-3
	-1.126 
	3.394 
	2.260 
	-1.031 
	5.594 
	3.313 
	-2.104 
	3.495 
	2.799 

	
	0
	-0.819 
	2.354 
	1.587 
	-1.474 
	2.489 
	1.981 
	-3.520 
	1.498 
	2.509 

	25RB
	-4
	-1.370 
	1.817 
	1.593 
	-1.202 
	2.158 
	1.680 
	-2.201 
	1.366 
	1.783 

	
	-3
	-1.148 
	1.554 
	1.351 
	-1.086 
	1.735 
	1.411 
	-2.194 
	0.837 
	1.516 

	
	0
	-0.637 
	1.020 
	0.828 
	-0.900 
	1.159 
	1.030 
	-2.294 
	0.258 
	1.276 

	50RB
	-4
	-0.625 
	1.614 
	1.120 
	-1.350 
	1.693 
	1.521 
	-1.908 
	1.085 
	1.497 

	
	-3
	-0.574 
	1.395 
	0.985 
	-1.160 
	1.393 
	1.276 
	-1.960 
	0.893 
	1.427 

	
	0
	-0.385 
	0.881 
	0.633 
	-0.769 
	0.905 
	0.837 
	-1.715 
	0.363 
	1.039 


Table 4. Delta CSI-RS RSRP measurement results for 3*160ms measurement period (2REs/RB)

	
	SNR (dB)
	AWGN
	Relative RSRP Accuracy
	EPA5
	Relative RSRP Accuracy
	ETU30
	Relative RSRP Accuracy

	
	
	5%
	95%
	
	5%
	95%
	
	5%
	95%
	

	6RB
	-4
	-0.115 
	3.447 
	1.781 
	-1.130 
	5.047 
	3.089 
	-1.259 
	3.611 
	2.435 

	
	-3
	-0.442 
	3.001 
	1.722 
	-1.141 
	4.023 
	2.582 
	-2.040 
	2.892 
	2.466 

	
	0
	-0.676 
	1.959 
	1.317 
	-0.987 
	2.540 
	1.764 
	-3.371 
	1.430 
	2.400 

	25RB
	-4
	-0.928 
	1.926 
	1.427 
	-0.933 
	2.385 
	1.659 
	-2.228 
	1.017 
	1.623 

	
	-3
	-0.821 
	1.631 
	1.226 
	-0.895 
	2.025 
	1.460 
	-2.223 
	0.752 
	1.488 

	
	0
	-0.497 
	1.028 
	0.762 
	-0.665 
	1.270 
	0.968 
	-2.074 
	0.036 
	1.055 

	50RB
	-4
	-0.585 
	1.135 
	0.860 
	-0.870 
	1.509 
	1.189 
	-1.658 
	0.957 
	1.308 

	
	-3
	-0.496 
	0.989 
	0.743 
	-0.799 
	1.287 
	1.043 
	-1.578 
	0.723 
	1.151 

	
	0
	-0.273 
	0.660 
	0.466 
	-0.606 
	0.771 
	0.689 
	-1.277 
	0.157 
	0.717 


Table 5. Delta CSI-RS RSRP measurement results for 1*160ms measurement period (8REs/RB)

	
	SNR (dB)
	AWGN
	Relative RSRP Accuracy
	EPA5
	Relative RSRP Accuracy
	ETU30
	Relative RSRP Accuracy

	
	
	5%
	95%
	
	5%
	95%
	
	5%
	95%
	

	6RB
	-4
	-1.089 
	2.552 
	1.820 
	-2.327 
	3.911 
	3.119 
	-3.139 
	2.580 
	2.859 

	
	-3
	-1.083 
	2.271 
	1.677 
	-2.403 
	3.373 
	2.888 
	-2.883 
	2.198 
	2.541 

	
	0
	-0.825 
	1.624 
	1.225 
	-1.607 
	1.855 
	1.731 
	-2.488 
	0.769 
	1.629 

	25RB
	-4
	-0.443 
	1.683 
	1.063 
	-1.289 
	2.355 
	1.822 
	-1.965 
	1.309 
	1.637 

	
	-3
	-0.354 
	1.484 
	0.919 
	-1.056 
	2.027 
	1.541 
	-1.704 
	1.113 
	1.408 

	
	0
	-0.190 
	1.017 
	0.603 
	-0.960 
	0.959 
	0.959 
	-1.225 
	0.500 
	0.863 

	50RB
	-4
	-0.405 
	1.156 
	0.780 
	-0.768 
	1.053 
	0.910 
	-0.999 
	0.717 
	0.858 

	
	-3
	-0.349 
	0.995 
	0.672 
	-0.760 
	0.824 
	0.792 
	-0.889 
	0.526 
	0.707 

	
	0
	-0.198 
	0.643 
	0.421 
	-0.600 
	0.482 
	0.541 
	-0.746 
	0.264 
	0.505 


Table 6. Delta CSI-RS RSRP measurement results for 2*160ms measurement period (8REs/RB)

	
	SNR (dB)
	AWGN
	Relative RSRP Accuracy
	EPA5
	Relative RSRP Accuracy
	ETU30
	Relative RSRP Accuracy

	
	
	5%
	95%
	
	5%
	95%
	
	5%
	95%
	

	6RB
	-4
	-0.753 
	2.110 
	1.431 
	-1.569 
	2.624 
	2.096 
	-1.882 
	1.953 
	1.918 

	
	-3
	-0.612 
	1.835 
	1.223 
	-1.495 
	2.109 
	1.802 
	-1.923 
	1.434 
	1.679 

	
	0
	-0.364 
	1.225 
	0.794 
	-1.102 
	1.185 
	1.144 
	-1.988 
	0.557 
	1.273 

	25RB
	-4
	-0.382 
	1.241 
	0.812 
	-0.912 
	1.207 
	1.059 
	-1.344 
	0.605 
	0.975 

	
	-3
	-0.341 
	1.097 
	0.719 
	-0.965 
	0.998 
	0.981 
	-1.195 
	0.424 
	0.809 

	
	0
	-0.231 
	0.770 
	0.501 
	-0.567 
	0.642 
	0.604 
	-0.957 
	0.152 
	0.554 

	50RB
	-4
	-0.398 
	1.027 
	0.713 
	-0.464 
	0.825 
	0.644 
	-0.745 
	0.523 
	0.634 

	
	-3
	-0.345 
	0.870 
	0.608 
	-0.403 
	0.700 
	0.552 
	-0.685 
	0.425 
	0.555 

	
	0
	-0.195 
	0.530 
	0.363 
	-0.339 
	0.372 
	0.355 
	-0.516 
	0.249 
	0.383 


Table 7. Delta CSI-RS RSRP measurement results for 3*160ms measurement period (8REs/RB)

	
	SNR (dB)
	AWGN
	Relative RSRP Accuracy
	EPA5
	Relative RSRP Accuracy
	ETU30
	Relative RSRP Accuracy

	
	
	5%
	95%
	
	5%
	95%
	
	5%
	95%
	

	6RB
	-4
	-0.687 
	1.884 
	1.286 
	-1.077 
	1.831 
	1.454 
	-1.879 
	1.361 
	1.620 

	
	-3
	-0.627 
	1.664 
	1.145 
	-1.045 
	1.585 
	1.315 
	-1.810 
	1.023 
	1.417 

	
	0
	-0.406 
	1.109 
	0.758 
	-0.896 
	0.977 
	0.937 
	-1.723 
	0.347 
	1.035 

	25RB
	-4
	-0.297 
	0.925 
	0.611 
	-0.910 
	0.898 
	0.904 
	-1.188 
	0.447 
	0.817 

	
	-3
	-0.277 
	0.810 
	0.543 
	-0.781 
	0.751 
	0.766 
	-1.069 
	0.322 
	0.695 

	
	0
	-0.182 
	0.559 
	0.370 
	-0.550 
	0.450 
	0.500 
	-0.838 
	0.045 
	0.442 

	50RB
	-4
	-0.267 
	0.646 
	0.456 
	-0.395 
	0.485 
	0.440 
	-0.734 
	0.337 
	0.535 

	
	-3
	-0.223 
	0.559 
	0.391 
	-0.356 
	0.417 
	0.387 
	-0.649 
	0.257 
	0.453 

	
	0
	-0.135 
	0.377 
	0.256 
	-0.245 
	0.256 
	0.251 
	-0.487 
	0.120 
	0.303 


Based on the exiting RAN4 requirement (absolute value of RSRP not larger than 2 dB and relative value of RSRP not larger than 2dB) list in Table 9.1.14.3.1.1-1 and Table 9.1.14.3.1.2-1 of [2], simulation results in the above tables show that the CSI-RS RSRP accuracy could be improved by increasing measurement bandwidth , multiple shot DRS and more CSI-RS REs per RB. According to simulation results of single shot DRS measurement in Table 2 and Table 5, CSI-RS RSRP accuracy with 2REs per RB and 6RB measurement bandwidth cannot meet the current RAN4’s requirement, so it’s better to set the minimum measurement bandwidth as 25RB.  If single shot DRS are used for LAA, CSI-RS RSRP accuracy with 2/8REs per RB and 25RB measurement bandwidth can almost meet the RAN4’s requirement. 
Observation 1 : If single shot DRS is designed for LAA, CSI-RS RSRP accuracy with 2/8REs per RB and 25RB measurement bandwidth can almost meet the RAN4’s requirement. when SNR is 0dB. 
Multiple shot DRS can improve the CSI-RS RSRP accuracy as shown in the above table, however due to LBT feature of LAA, it’s hard for LAA eNB to guarantee the periodical DRS transmission especially when traffic load is very high, therefore it’s better to set the requirement based on the single shot DRS.
4. Conclusions
In this proposal, simulation results of CSI-RS RSRP accuracy for LAA are provided for initial analysis and observations are made as following:
Observation 1 : If single shot DRS is designed for LAA, CSI-RS RSRP accuracy with 2/8REs per RB and 25RB measurement bandwidth can almost meet the RAN4’s requirement when SNR is 0dB.
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