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1 Introduction

The work item “Small cell enhancements-physical layer aspects-core part” was approved in RP#62 ‎[1]. One of the objectives of the work item is “efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells”. In RAN4#71AH it was agreed that simulations need to be performed in order to find out the accuracy of DRS-based RSRP measurements both for CRS and CSI-RS, and simulation assumptions were agreed in ‎[2].
In this contribution we present simulation results based on the assumptions in ‎[2] for RSRP measurements based on CSI-RS.

2 Simulation results

The number of DRS subframes are {1(baseline), 3 (optional) ,5(optional)} subframes, and the measurement period is i*160ms, where i={1,3,5}. The reason for 160ms is that the requirements can be scaled for other values of periodicity of DRS (40ms and 80ms), and the reason for choosing measurement period equal to i*160ms is that if we take some multiples of the DRS period (in this case 1, 3, 5) similar to normal measurement period in legacy LTE where the measurement period (200ms) is 5 times the periodicity of 40ms.
Note that in the simulations we just assumed the number of DRS subframes in one DRS occasion equal to 1. Although in the simulations there is no difference between the two cases: 

· measurement period 3*160 and 1 subframes per DRS occasions

· measurement period 1*160 and 3 subframes per DRS occasions

Figure below shows the measurement error for RSRP based on CSI-RS for AWGN, EPA5, and ETU30 channel models. All three figures use CSI-RS BW of 6PRB with measurement period of 1x160ms, and with 2CSI-RS resources per pair of RBs.

As the figure shows, for AWGN the 90% of the RSRP error is roughly 4dB for SNR=-4dB. For EPA5 and ETU30 channels the RSRP error is much larger and is around 7dB and 6dB for SNR=-4dB. 
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  Figure 1 RSRP measurement error for AWGN, EPA5, and ETU30, with CSI-RS BW of 6PRB and measurement period of 1x160ms

In the following we look at the impact of increasing measurement bandwidth, increasing measurement period, and increasing the number of CSI-RS resources on the RSRP measurement error. Note that all figures show the error only for ETU30 channel as that is the worst of the three channel models.
2.1 Impact of measurement period

In order to see the impact of increasing measurement period for CSI-RS we compare the results for 1x160ms, 3x160ms and 5x160ms measurement period. As Figure 2 shows, already by increasing the measurement period to 3x160ms, the RSRP error is below 4dB for SNR values down to -4dB. 
[image: image4.emf]-6 -4 -2 0 2 4 6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP error

CDF

ETU30, CSI-RS with 2REs, and  measurement BW=6 RBs, and measurement period=1x160 ms

 

 

SNR = -4 dB

SNR = -3 dB

SNR = 0 dB

SNR = 3 dB

[image: image5.emf]-6 -4 -2 0 2 4 6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP error

CDF

ETU30, CSI-RS with 2REs, and  measurement BW=6 RBs, and measurement period=3x160ms

 

 

SNR = -4 dB

SNR = -3 dB

SNR = 0 dB

SNR = 3 dB

[image: image6.emf]-6 -4 -2 0 2 4 6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP error

CDF

ETU30, CSI-RS with 2REs, and  measurement BW=6RBs, and measurement period=5x160ms

 

 

SNR = -4 dB

SNR = -3 dB

SNR = 0 dB

SNR = 3 dB


Figure 2 Impact of increasing measurement period on RSRP measurement error (1, 3, and 5 subframes)
2.2 Impact of measurement bandwidth

In this section we look at the impact of increasing CSI-RS bandwidth on the RSRP error. Figure 3 shows the RSRP error for ETU30 channel with measurement bandwidth of 6PRB, 25PRB and 50PRB. For 25PRB and 50PRB bandwidths, the RSRP error for all SNR values is less than 4dB and 3dB respectively.
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Figure 3 Impact of increasing measurement bandwidth on RSRP measurement error. 6, 25, and 50 PRB
2.3 Impact of number of CSI-RS REs

Figure 4 shows the impact of increasing the number of CSI-RS resources.  As seen from the figure, by increasing the number of resources from 2REs to 8REs, the measurement error goes down to around 4 for SNR values down to -4dB
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Figure 4 impact of increasing the number of REs on RSRP measurement error
2.4 Summary of results

The following table shows RSRP error based on CSI-RS for all combinations of measurement period, measurement bandwidth, number of CSI-RS resources, and SNR values.
Table 1 Summary of RSRP measurement error based on CSI-RS with 2 REs
	Channel 
	Meas. period
	Meas BW
	SNR=+3dB
	SNR=0dB
	SNR=-3dB
	SNR=-4dB

	AWGN
	1x160ms
	6
	2.5212
 
	2.9757
 
	3.5989
 
	3.8928

	
	
	25
	1.4019
 
	1.7970
 
	2.1191
 
	2.0761

	
	
	50
	1.1081
 
	1.4170
 
	1.6271
 
	1.5849

	
	3x160ms
	6
	1.1785
 
	1.5174
 
	1.7277
 
	1.8681

	
	
	25
	0.7044
 
	0.8404
 
	1.0345
 
	1.0451

	
	
	50
	0.5447
 
	0.6822
 
	0.7537
 
	0.8131

	
	5x160ms
	6
	0.8867
 
	1.0024
 
	1.2692
 
	1.2924

	
	
	25
	0.4891
 
	0.6137
 
	0.7322
 
	0.7737

	
	
	50
	0.3836
 
	0.4812
 
	0.5523
 
	0.5725

	EPA5
	1x160ms
	6
	4.1695
 
	6.0556
 
	7.2830
 
	7.4753

	
	
	25
	2.1517
 
	3.0401
 
	4.2726
 
	4.6286

	
	
	50
	1.6839
 
	2.4874
 
	3.3342
 
	3.7334

	
	3x160ms
	6
	2.9376
 
	4.2600
 
	5.5478
 
	6.2060

	
	
	25
	1.5230
 
	2.5021
 
	3.2534
 
	3.7395

	
	
	50
	1.1858
 
	1.9020
 
	2.8820
 
	3.1276

	
	5x160ms
	6
	2.0283
 
	3.0871
 
	4.1826
 
	4.7760

	
	
	25
	1.1577
 
	1.8203
 
	2.5021
 
	2.7844

	
	
	50
	0.9269
 
	1.4576
 
	2.0795
 
	2.3361

	ETU30
	1x160ms
	6
	3.3268
 
	4.5129
 
	5.8350
 
	6.2158

	
	
	25
	1.7904
 
	2.4499
 
	3.1846
 
	3.5254

	
	
	50
	1.3314
 
	1.8964
 
	2.5716
 
	2.7404

	
	3x160ms
	6
	1.6599
 
	2.4620
 
	3.2296
 
	3.7714

	
	
	25
	0.9492
 
	1.4584
 
	1.8844
 
	2.0424

	
	
	50
	0.7322
 
	1.0452
 
	1.4118
 
	1.6704

	
	5x160ms
	6
	1.2120
 
	1.8053
 
	2.5668
 
	2.7095

	
	
	25
	0.7102
 
	1.0877
 
	1.4571
 
	1.5920

	
	
	50
	0.5453
 
	0.8310
 
	1.1382
 
	1.2561


Table 2 Summary of RSRP measurement error based on CSI-RS with 8REs

	Channel 
	Meas. period
	Meas BW
	SNR=+3dB
	SNR=0dB
	SNR=-3dB
	SNR=-4dB

	AWGN
	1x160ms
	6
	1.4476
 
	1.9259
 
	2.5787
 
	2.7842

	
	
	25
	0.7865
 
	1.1118
 
	1.4520
 
	1.4799

	
	
	50
	0.6318
 
	0.8407
 
	1.0912
 
	1.2461

	
	3x160ms
	6
	0.6873
 
	0.9098
 
	1.2621
 
	1.3343

	
	
	25
	0.4028
 
	0.5261
 
	0.6846
 
	0.7365

	
	
	50
	0.3057
 
	0.3918
 
	0.5508
 
	0.5914

	
	5x160ms
	6
	0.5027
 
	0.6458
 
	0.8579
 
	0.9435

	
	
	25
	0.2734
 
	0.3784
 
	0.4798
 
	0.5335

	
	
	50
	0.2145
 
	0.3030
 
	0.3762
 
	0.4037

	EPA5
	1x160ms
	6
	2.2722
 
	3.2207
 
	3.9264
 
	4.8952

	
	
	25
	0.9337
 
	1.5136
 
	2.2842
 
	2.6165

	
	
	50
	0.7377
 
	1.1481
 
	1.7915
 
	1.8725

	
	3x160ms
	6
	1.2564
 
	1.8971
 
	2.7410
 
	3.3770

	
	
	25
	0.6164
 
	0.9535
 
	1.5067
 
	1.8307

	
	
	50
	0.4500
 
	0.7466
 
	1.1844
 
	1.4644

	
	5x160ms
	6
	0.8392
 
	1.2512
 
	1.9274
 
	2.3289

	
	
	25
	0.4250
 
	0.7489
 
	1.1505
 
	1.3778

	
	
	50
	0.3200
 
	0.5508
 
	0.8843
 
	1.1004

	ETU30
	1x160ms
	6
	1.7667
 
	2.5019
 
	3.6601
 
	4.0147

	
	
	25
	0.9291
 
	1.3235
 
	1.8505
 
	2.0782

	
	
	50
	0.7206
 
	1.0150
 
	1.4546
 
	1.5787

	
	3x160ms
	6
	0.8845
 
	1.2866
 
	1.8518
 
	2.0997

	
	
	25
	0.4669
 
	0.6934
 
	1.0397
 
	1.1851

	
	
	50
	0.3459
 
	0.5526
 
	0.7956
 
	0.8624

	
	5x160ms
	6
	0.6101
 
	0.9619
 
	1.3280
 
	1.6244

	
	
	25
	0.3342
 
	0.5164
 
	0.8044
 
	0.9178

	
	
	50
	0.2666
 
	0.3788
 
	0.5770
 
	0.7056


3 Conclusions

In this contribution we presented simulation results for RSRP measurements based on CSI-RS. The results show that RSRP measurement based CSI-RS in one subframe with 6PRB bandwidth, may have poor accuracy for typical SNR values. However increasing the measurement period, measurement bandwidth, or number of CSI-RS resources can improve the measurement accuracy over the whole range of SNR values.
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Appendix: Simulation assumptions
Table 2: Simulation parameters for CSI-RS RSRP measurement
	Parameters
	Value
	Comments

	SINR 
	{-4, -3, 0, 3} dB 
	

	Measurement Bandwidth 
	{6 RBs, 25RBs, 50RBs}
	

	Number of Tx Antennas 
	1
	

	Number of Rx Antennas 
	2 
	2 

	Antenna Correlation 
	Low 
	Low 

	CSI reference signals 
	Antenna port  {15} 
	

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

	DRS occasion duration (N)
	1(baseline), 3 (optional) ,5(optional)
	

	CSI-RS transmission 
	{1(baseline) }
	The cases of CSI-RS subframes more than 1 within each duration are optional for study.



	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.

	Measurement Period 
	i*160ms, i={1,3,5}
	

	Number of Samples per Measurement Period 
	- 
	Implementation-dependent (NOTE 1)

	L3 filtering 
	Disable 
	

	DRX
	OFF
	

	Propagation Condition
	AWGN, EPA5, ETU30
	

	CP Length
	Normal
	

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results.


