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1. Introduction
In the RAN4#76bis meeting,  LAA RRM measurement were discussed intensively and simulation assumptions for RSRP/RSRQ evaluations for LAA was also agreed. In this contribution, simulation results of CRS-based RSRP/RSRQ for LAA are provided for initial analysis.
2. Simulation assumptions
The simulation assumptions are listed in Table 1 [1] and measurement bandwidth is varying from 6 RB to 50RB.
Meanwhile multiple shot LAA DRS was also considered in this simulation assumption. 
Table1: Simulation Parameters for RSRP and RSRQ measurement.
	Parameters
	Value
	Comments

	Measurement bandwidth
	6, 25,50RBs
	RSRP measured over 6, 25,50 RBs

	System bandwidth
	50 resource blocks
	

	DMTC (Discovery signal Measurement Timing Configuration)
	160ms
	

	DRS occasion duration
	12 symbols
	The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)

· DRS occasion duration is 12 symbols [1]

	L1 measurement 
	i*160 ms, where

· i=1 (single shot) 

· i=2 and i=3 (multi-shot)
	

	L3 filtering
	Disabled
	

	Transmit antenna
	1 and 2
	

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

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	Baseline: AWGN, EPA5, ETU30
	

	CP Length
	Normal
	

	Frequency band
	5GHz
	

	Ês/Iot
	-6,-5,-4, -3,-2,-1 dB
	


3. Simulation results
3.1 RSRP and RSRQ simulation results for 1 Tx
The simulation results of CRS-based RSRP/RSRQ for LAA under the AWGN,EPA5.ETU30 channel are summarized in Table 2/ 3/4/5/6/7 respectively. 
Table2. Delta CRS RSRP measurement results for 1*160ms measurement period 

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

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

	6RB
	-6
	-0.7579 
	3.9195 
	2.3387 
	-2.2610 
	7.8434 
	5.0522 
	-2.5495 
	4.1159 
	3.3327 

	
	-5
	-1.2779 
	3.4543 
	2.3661 
	-1.9465 
	6.7180 
	4.3322 
	-3.0805 
	3.2590 
	3.1697 

	
	-4
	-1.3582 
	3.0368 
	2.1975 
	-2.2661 
	4.8144 
	3.5403 
	-2.9309 
	2.4386 
	2.6847 

	
	-3
	-1.2741 
	2.6262 
	1.9501 
	-2.9484 
	3.6564 
	3.3024 
	-3.2311 
	1.7349 
	2.4830 

	
	-2
	-1.1355 
	2.2627 
	1.6991 
	-2.5430 
	3.0117 
	2.7773 
	-3.2365 
	1.2992 
	2.2678 

	
	-1
	-0.9728 
	1.9970 
	1.4849 
	-2.3723 
	2.4842 
	2.4283 
	-3.1570 
	0.9365 
	2.0468 

	25RB
	-6
	-1.1617 
	2.2351 
	1.6984 
	-1.1804 
	3.0997 
	2.1401 
	-1.9112 
	1.4043 
	1.6577 

	
	-5
	-1.0051 
	2.0065 
	1.5058 
	-1.0980 
	2.1597 
	1.6288 
	-1.8740 
	1.0049 
	1.4394 

	
	-4
	-0.9135 
	1.8044 
	1.3589 
	-1.0968 
	1.6077 
	1.3523 
	-1.9668 
	0.7661 
	1.3665 

	
	-3
	-0.8375 
	1.6117 
	1.2246 
	-1.0502 
	1.3264 
	1.1883 
	-1.9614 
	0.5638 
	1.2626 

	
	-2
	-0.7424 
	1.4304 
	1.0864 
	-0.8974 
	1.0599 
	0.9787 
	-2.0468 
	0.3888 
	1.2178 

	
	-1
	-0.6575 
	1.2699 
	0.9637 
	-0.7852 
	0.8663 
	0.8258 
	-1.9624 
	0.2961 
	1.1293 

	50RB
	-6
	-0.7441 
	1.2037 
	0.9739 
	-1.2273 
	1.4355 
	1.3314 
	-1.6281 
	1.0281 
	1.3281 

	
	-5
	-0.5832 
	1.0437 
	0.8134 
	-1.0575 
	1.1530 
	1.1053 
	-1.5222 
	0.8361 
	1.1792 

	
	-4
	-0.5127 
	0.9164 
	0.7145 
	-0.8953 
	0.9108 
	0.9030 
	-1.4084 
	0.6764 
	1.0424 

	
	-3
	-0.4563 
	0.8241 
	0.6402 
	-0.7590 
	0.7570 
	0.7580 
	-1.3331 
	0.5760 
	0.9545 

	
	-2
	-0.3837 
	0.7305 
	0.5571 
	-0.6450 
	0.6558 
	0.6504 
	-1.2639 
	0.4887 
	0.8763 

	
	-1
	-0.3300 
	0.6358 
	0.4829 
	-0.5496 
	0.5718 
	0.5607 
	-1.1914 
	0.4111 
	0.8013 


Table3. Delta CRS RSRP measurement results for 2*160ms measurement period

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

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

	6RB
	-6
	-0.9899 
	2.7255 
	1.8577 
	-1.1731 
	4.3432 
	2.7582 
	-1.5258 
	2.4645 
	1.9951 

	
	-5
	-1.0468 
	2.3587 
	1.7028 
	-1.4657 
	4.0498 
	2.7577 
	-2.0336 
	1.8289 
	1.9313 

	
	-4
	-0.9459 
	2.0471 
	1.4965 
	-1.4496 
	3.1880 
	2.3188 
	-2.4265 
	1.2646 
	1.8455 

	
	-3
	-0.8258 
	1.7884 
	1.3071 
	-1.3958 
	2.0637 
	1.7298 
	-2.6276 
	0.7582 
	1.6929 

	
	-2
	-0.7681 
	1.5426 
	1.1553 
	-1.2547 
	1.6762 
	1.4654 
	-2.8713 
	0.4293 
	1.6503 

	
	-1
	-0.6870 
	1.3297 
	1.0083 
	-1.2060 
	1.3278 
	1.2669 
	-2.9917 
	0.1657 
	1.5787 

	25RB
	-6
	-0.5841 
	1.6377 
	1.1109 
	-0.9308 
	1.9821 
	1.4565 
	-1.6143 
	1.0362 
	1.3252 

	
	-5
	-0.5498 
	1.4219 
	0.9858 
	-0.8117 
	1.5222 
	1.1670 
	-1.6018 
	0.8071 
	1.2045 

	
	-4
	-0.5101 
	1.2367 
	0.8734 
	-0.6993 
	1.2637 
	0.9815 
	-1.5999 
	0.5681 
	1.0840 

	
	-3
	-0.4641 
	1.0712 
	0.7677 
	-0.5992 
	0.9773 
	0.7883 
	-1.5325 
	0.4525 
	0.9925 

	
	-2
	-0.4154 
	0.9075 
	0.6615 
	-0.5366 
	0.8298 
	0.6832 
	-1.5099 
	0.3535 
	0.9317 

	
	-1
	-0.3590 
	0.7938 
	0.5764 
	-0.4847 
	0.6580 
	0.5714 
	-1.5130 
	0.2096 
	0.8613 

	50RB
	-6
	-0.4507 
	1.1299 
	0.7903 
	-0.8459 
	0.8650 
	0.8554 
	-1.2753 
	0.7502 
	1.0128 

	
	-5
	-0.4077 
	0.9503 
	0.6790 
	-0.7313 
	0.7374 
	0.7344 
	-1.2050 
	0.5725 
	0.8887 

	
	-4
	-0.3689 
	0.8084 
	0.5887 
	-0.6464 
	0.6209 
	0.6337 
	-1.1747 
	0.3967 
	0.7857 

	
	-3
	-0.3302 
	0.7125 
	0.5214 
	-0.5679 
	0.5228 
	0.5453 
	-1.1132 
	0.2424 
	0.6778 

	
	-2
	-0.2966 
	0.6170 
	0.4568 
	-0.5110 
	0.4318 
	0.4714 
	-1.0542 
	0.1727 
	0.6134 

	
	-1
	-0.2717 
	0.5353 
	0.4035 
	-0.4584 
	0.3630 
	0.4107 
	-1.0334 
	0.1375 
	0.5854 


Table4. Delta CRS RSRP measurement results for 3*160ms measurement period
	
	SNR (dB)
	AWGN
	Relative RSRP Accuracy
	EPA5
	Relative RSRP Accuracy
	ETU30
	Relative RSRP Accuracy

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

	6RB
	-6
	-0.1003 
	2.4209 
	1.2606 
	-0.9569 
	3.2320 
	2.0945 
	-1.4124 
	2.1715 
	1.7919 

	
	-5
	-0.3015 
	2.0117 
	1.1566 
	-0.9454 
	2.5473 
	1.7464 
	-1.6082 
	1.6284 
	1.6183 

	
	-4
	-0.4403 
	1.6978 
	1.0691 
	-1.0157 
	2.0965 
	1.5561 
	-1.7596 
	1.1122 
	1.4359 

	
	-3
	-0.5014 
	1.4428 
	0.9721 
	-1.0241 
	1.6155 
	1.3198 
	-1.9158 
	0.7371 
	1.3264 

	
	-2
	-0.4805 
	1.2511 
	0.8658 
	-0.9299 
	1.3647 
	1.1473 
	-2.0934 
	0.3584 
	1.2259 

	
	-1
	-0.4546 
	1.0879 
	0.7713 
	-0.9040 
	1.1923 
	1.0482 
	-2.0995 
	0.1615 
	1.1305 

	25RB
	-6
	-0.5522 
	1.5207 
	1.0364 
	-0.5681 
	1.3182 
	0.9431 
	-1.4448 
	0.6421 
	1.0434 

	
	-5
	-0.4726 
	1.2772 
	0.8749 
	-0.5019 
	1.1336 
	0.8177 
	-1.5670 
	0.4223 
	0.9947 

	
	-4
	-0.3986 
	1.0967 
	0.7477 
	-0.4510 
	0.8718 
	0.6614 
	-1.7889 
	0.2407 
	1.0148 

	
	-3
	-0.3302 
	0.9446 
	0.6374 
	-0.4094 
	0.7512 
	0.5803 
	-1.8144 
	0.1310 
	0.9727 

	
	-2
	-0.2714 
	0.8294 
	0.5504 
	-0.3807 
	0.6376 
	0.5092 
	-1.6506 
	0.0154 
	0.8330 

	
	-1
	-0.2381 
	0.7329 
	0.4855 
	-0.3457 
	0.5399 
	0.4428 
	-1.5325 
	-0.0569 
	0.7378 

	50RB
	-6
	-0.2942 
	0.9155 
	0.6049 
	-0.5864 
	0.7676 
	0.6770 
	-1.1558 
	0.5536 
	0.8547 

	
	-5
	-0.2903 
	0.7907 
	0.5405 
	-0.4827 
	0.6473 
	0.5650 
	-1.1548 
	0.3868 
	0.7708 

	
	-4
	-0.2597 
	0.6842 
	0.4719 
	-0.4254 
	0.5157 
	0.4705 
	-1.0855 
	0.2643 
	0.6749 

	
	-3
	-0.2216 
	0.5760 
	0.3988 
	-0.3876 
	0.4273 
	0.4075 
	-1.0551 
	0.1833 
	0.6192 

	
	-2
	-0.1887 
	0.4998 
	0.3442 
	-0.3314 
	0.3551 
	0.3432 
	-0.9826 
	0.1056 
	0.5441 

	
	-1
	-0.1606 
	0.4346 
	0.2976 
	-0.2816 
	0.2973 
	0.2895 
	-0.9314 
	0.0486 
	0.4900 


Table 5. Delta CRS RSRQ measurement results for 1*160ms measurement period
	
	SNR (dB)
	AWGN
	Relative RSRP Accuracy
	EPA5
	Relative RSRP Accuracy
	ETU30
	Relative RSRP Accuracy

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

	6RB
	-6
	-0.5942 
	3.9464 
	2.2703 
	-2.1798 
	7.9113 
	5.0456 
	-2.4446 
	4.0635 
	3.2540 

	
	-5
	-1.0771 
	3.4988 
	2.2880 
	-2.0086 
	6.8226 
	4.4156 
	-2.8639 
	3.1578 
	3.0108 

	
	-4
	-1.2901 
	3.0382 
	2.1642 
	-1.9555 
	5.7432 
	3.8493 
	-2.6067 
	2.3161 
	2.4614 

	
	-3
	-1.2088 
	2.6061 
	1.9074 
	-2.4555 
	4.2931 
	3.3743 
	-2.5289 
	1.7483 
	2.1386 

	
	-2
	-1.0477 
	2.2711 
	1.6594 
	-2.4484 
	3.5736 
	3.0110 
	-2.9448 
	1.2860 
	2.1154 

	
	-1
	-0.8820 
	2.0233 
	1.4526 
	-2.0549 
	2.6389 
	2.3469 
	-2.7835 
	0.8548 
	1.8191 

	25RB
	-6
	-1.1572 
	2.2365 
	1.6969 
	-1.1682 
	3.0832 
	2.1257 
	-1.9121 
	1.5413 
	1.7267 

	
	-5
	-1.0008 
	2.0113 
	1.5061 
	-1.0340 
	2.5839 
	1.8089 
	-1.8869 
	1.1207 
	1.5038 

	
	-4
	-0.8752 
	1.8069 
	1.3411 
	-0.9426 
	2.1499 
	1.5462 
	-1.9770 
	0.7339 
	1.3555 

	
	-3
	-0.7996 
	1.6130 
	1.2063 
	-0.8345 
	1.7778 
	1.3062 
	-1.9957 
	0.5760 
	1.2858 

	
	-2
	-0.7191 
	1.4275 
	1.0733 
	-0.7868 
	1.2028 
	0.9948 
	-2.0347 
	0.4060 
	1.2204 

	
	-1
	-0.6199 
	1.2806 
	0.9502 
	-0.6624 
	0.9534 
	0.8079 
	-1.9567 
	0.2952 
	1.1260 

	50RB
	-6
	-0.7433 
	1.1850 
	0.9641 
	-1.2074 
	1.4724 
	1.3399 
	-1.5397 
	1.0827 
	1.3112 

	
	-5
	-0.5810 
	1.0482 
	0.8146 
	-1.0233 
	1.1904 
	1.1068 
	-1.4806 
	0.8365 
	1.1585 

	
	-4
	-0.4852 
	0.9114 
	0.6983 
	-0.8899 
	0.9765 
	0.9332 
	-1.4177 
	0.6944 
	1.0561 

	
	-3
	-0.4274 
	0.7986 
	0.6130 
	-0.7531 
	0.8104 
	0.7817 
	-1.3233 
	0.5903 
	0.9568 

	
	-2
	-0.3822 
	0.7079 
	0.5451 
	-0.6386 
	0.6759 
	0.6572 
	-1.2602 
	0.5003 
	0.8802 

	
	-1
	-0.3242 
	0.6197 
	0.4720 
	-0.5428 
	0.5664 
	0.5546 
	-1.2335 
	0.4043 
	0.8189 


Table 6. Delta CRS RSRQ measurement results for 2*160ms measurement period

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

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

	6RB
	-6
	-1.0290 
	2.7525 
	1.8908 
	-1.0635 
	4.7571 
	2.9103 
	-1.3123 
	2.3835 
	1.8479 

	
	-5
	-1.0617 
	2.4087 
	1.7352 
	-1.3250 
	4.1395 
	2.7323 
	-1.5545 
	1.7738 
	1.6642 

	
	-4
	-0.9641 
	2.0841 
	1.5241 
	-1.3572 
	3.5697 
	2.4635 
	-2.1401 
	1.2235 
	1.6818 

	
	-3
	-0.8599 
	1.8153 
	1.3376 
	-1.3468 
	3.0435 
	2.1952 
	-2.3573 
	0.7751 
	1.5662 

	
	-2
	-0.7430 
	1.5508 
	1.1469 
	-1.3331 
	2.6363 
	1.9847 
	-2.2952 
	0.4643 
	1.3797 

	
	-1
	-0.6611 
	1.3484 
	1.0047 
	-1.1810 
	2.2671 
	1.7240 
	-2.2951 
	0.2613 
	1.2782 

	25RB
	-6
	-0.6433 
	1.6519 
	1.1476 
	-0.9023 
	2.1896 
	1.5460 
	-1.5807 
	1.1005 
	1.3406 

	
	-5
	-0.5854 
	1.4409 
	1.0131 
	-0.7622 
	1.6464 
	1.2043 
	-1.5832 
	0.8099 
	1.1965 

	
	-4
	-0.5402 
	1.2453 
	0.8927 
	-0.6460 
	1.3537 
	0.9998 
	-1.6093 
	0.6146 
	1.1120 

	
	-3
	-0.4607 
	1.0714 
	0.7661 
	-0.5897 
	1.1061 
	0.8479 
	-1.6391 
	0.4606 
	1.0498 

	
	-2
	-0.3925 
	0.9025 
	0.6475 
	-0.5990 
	0.8987 
	0.7489 
	-1.5630 
	0.3263 
	0.9447 

	
	-1
	-0.3344 
	0.7575 
	0.5460 
	-0.5394 
	0.7321 
	0.6358 
	-1.5020 
	0.1800 
	0.8410 

	50RB
	-6
	-0.4358 
	1.1064 
	0.7711 
	-0.8455 
	0.8850 
	0.8652 
	-1.2908 
	0.7373 
	1.0141 

	
	-5
	-0.3853 
	0.9339 
	0.6596 
	-0.7393 
	0.7481 
	0.7437 
	-1.1968 
	0.5345 
	0.8656 

	
	-4
	-0.3498 
	0.8206 
	0.5852 
	-0.6521 
	0.6476 
	0.6499 
	-1.1383 
	0.3755 
	0.7569 

	
	-3
	-0.3124 
	0.7223 
	0.5173 
	-0.5664 
	0.5372 
	0.5518 
	-1.0721 
	0.2810 
	0.6766 

	
	-2
	-0.2943 
	0.6247 
	0.4595 
	-0.4908 
	0.4603 
	0.4755 
	-1.0289 
	0.2166 
	0.6227 

	
	-1
	-0.2775 
	0.5388 
	0.4082 
	-0.4287 
	0.3965 
	0.4126 
	-0.9679 
	0.1367 
	0.5523 


Table 7. Delta CRS RSRQ measurement results for 3*160ms measurement period

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

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

	6RB
	-6
	-0.1258 
	2.3769 
	1.2514 
	-0.5872 
	3.5074 
	2.0473 
	-1.2292 
	2.2531 
	1.7411 

	
	-5
	-0.3030 
	2.0265 
	1.1647 
	-0.7692 
	2.8543 
	1.8118 
	-1.5194 
	1.7144 
	1.6169 

	
	-4
	-0.4682 
	1.7316 
	1.0999 
	-1.0606 
	2.3721 
	1.7164 
	-1.6792 
	1.2430 
	1.4611 

	
	-3
	-0.5144 
	1.4931 
	1.0037 
	-0.9928 
	1.9093 
	1.4511 
	-1.8491 
	0.8369 
	1.3430 

	
	-2
	-0.5543 
	1.3173 
	0.9358 
	-0.9290 
	1.6919 
	1.3105 
	-1.9223 
	0.5143 
	1.2183 

	
	-1
	-0.5233 
	1.1565 
	0.8399 
	-0.8889 
	1.4986 
	1.1938 
	-2.0053 
	0.2356 
	1.1204 

	25RB
	-6
	-0.5383 
	1.5214 
	1.0298 
	-0.5261 
	1.3545 
	0.9403 
	-1.4247 
	0.7825 
	1.1036 

	
	-5
	-0.4822 
	1.3037 
	0.8930 
	-0.4690 
	1.1739 
	0.8214 
	-1.4862 
	0.5544 
	1.0203 

	
	-4
	-0.3861 
	1.1066 
	0.7464 
	-0.4294 
	1.0177 
	0.7235 
	-1.5998 
	0.3478 
	0.9738 

	
	-3
	-0.3181 
	0.9532 
	0.6357 
	-0.4045 
	0.8548 
	0.6297 
	-1.5975 
	0.1254 
	0.8615 

	
	-2
	-0.2588 
	0.8118 
	0.5353 
	-0.3764 
	0.7099 
	0.5431 
	-1.8029 
	0.0600 
	0.9315 

	
	-1
	-0.2183 
	0.7061 
	0.4622 
	-0.3410 
	0.6150 
	0.4780 
	-1.5704 
	-0.0438 
	0.7633 

	50RB
	-6
	-0.2959 
	0.8909 
	0.5934 
	-0.5540 
	0.7752 
	0.6646 
	-1.1255 
	0.5507 
	0.8381 

	
	-5
	-0.2920 
	0.7589 
	0.5254 
	-0.4492 
	0.6419 
	0.5455 
	-1.0976 
	0.4112 
	0.7544 

	
	-4
	-0.2718 
	0.6472 
	0.4595 
	-0.4212 
	0.5009 
	0.4610 
	-1.0256 
	0.2854 
	0.6555 

	
	-3
	-0.2323 
	0.5531 
	0.3927 
	-0.4030 
	0.4104 
	0.4067 
	-1.0567 
	0.1824 
	0.6196 

	
	-2
	-0.1979 
	0.4710 
	0.3344 
	-0.3725 
	0.3385 
	0.3555 
	-0.9816 
	0.0916 
	0.5366 

	
	-1
	-0.1692 
	0.4125 
	0.2909 
	-0.3582 
	0.2934 
	0.3258 
	-0.9380 
	0.0180 
	0.4780 


Based on the exiting RAN4 requirement (absolute value of RSRP not larger than 2 dB, absolute value of RSRQ not larger than 3.5 dB) list in Table 9.1.2.1-1 and Table 9.1.5.1-1 of [2], simulation results show that the RSRP/RSRQ accuracy could be improved with increasing measurement bandwidth and multiple shot DRS measurement can also improve the RSRP/RSRQ accuracy. Simulation results of single shot DRS measurement in Table 2 and Table 5 show that CRS-based RSRP/RSRQ accuracy with 6RB measurement bandwidth cannot meet the current RAN4’s requirement, so it’s better to set the minimum measurement bandwidth as 25RB. 
Observation 1: CRS-based RSRP/RSRQ accuracy with 6RB measurement bandwidth cannot meet the current RAN4’s requirement, so it’s better to set the minimum measurement bandwidth as 25RB. 
Simulation results in Table 3,4 and Table 6,7 show that multiple shot DRS will improve RSRP/RSRQ measurement accuracy, however single shot DRS with wider measurement bandwidth is sufficient to meet the current requirement, therefore single shot DRS could be considered for LAA.
Observation 2: single shot DRS can be used for LAA.
4. Conclusions
In this proposal, simulation results of CRS-based RSRP/RSRQ for LAA are provided for initial analysis and proposals are made as following:
Observation 1: CRS-based RSRP/RSRQ accuracy with 6RB measurement bandwidth cannot meet the current RAN4’s requirement, so it’s better to set the minimum measurement bandwidth as 25RB.  
Observation 2: single shot DRS can be used for LAA.
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