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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 CRS.

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 (what is this DRX period or what?)
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 CRS for AWGN, EPA5, and ETU30 channel models. All three figures use CRS BW of 6PRB and measurement period of 1x160ms.
As the figure shows, for EPA5 and ETU30 channels the RSRP error is larger than 4dB for SNR≤-6dB. Considering an implementation margin of 2dB, this means that at SNR=-6dB the Rel-8 requirements cannot be met and larger measurement bandwidth or longer measurement period must be used in order to meet the release 8 requirements. 
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Figure 1 RSRP measurement error for AWGN, EPA5, and ETU30, with CRS BW of 6PRB and measurement period of 1x160ms
In the following we look at the impact of increasing measurement bandwidth and increasing measurement period 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 we compare the results for 1x160ms, 3x160ms and 5x160ms measurement periods. As Figure 2 shows, already by increasing the measurement period to 3x160ms, release 8 requirements are met for SNR values down to -8dB. 
[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 with measurement BW = 6 RBs and measurement period = 1x160 ms

 

 

SNR = -10dB

SNR = -8dB

SNR = -6dB

SNR = -3dB

SNR = 0dB


[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 with measurement BW = 6 RBs and measurement period = 3x160 ms

 

 

SNR = -10dB

SNR = -8dB

SNR = -6dB

SNR = -3dB

SNR = 0dB

[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 with measurement BW = 6 RBs and measurement period = 5x160 ms

 

 

SNR = -10dB

SNR = -8dB

SNR = -6dB

SNR = -3dB

SNR = 0dB


Figure 2 impact of increasing measurement period on RSRP measurement error
2.2 Impact of measurement bandwidth

In this section we look at the impact of increasing measurement bandwidth on the RSRP error. Figure 3 shows the RSRP error for ETU30 channel with measurement bandwidth of 6PRB, 25PRB and 50PRB. Both 25PRB and 50PRB measurement bandwidths show improved RSRP measurement accuracy and the release 8 requirements are met in both cases even for SNR=-10dB.
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Figure 3 impact of increasing measurement bandwidth on RSRP measurement error
2.3 Summary of results

The following table shows RSRP error based on CRS for all combinations of measurement period, measurement bandwidth and SNR values.
Table 1 Summary of RSRP measurement error
	Channel 
	Meas. period
	Meas. BW
	SNR=0dB
	SNR=-3dB
	SNR=-6dB
	SNR=-8dB
	SNR=-10dB

	AWGN
	1x160ms
	6
	1.9518
	2.5220
	3.1043
	3.6403

	3.6377

	
	
	25
	1.1468
	1.4605

	1.7343
	2.0791
	2.1472

	
	
	50
	0.8527
	1.0663
	1.3991
	1.5676

	1.7001

	
	3x160ms
	6
	0.9292
	1.2000
	1.5218
 
	1.6047

	1.8507

	
	
	25
	0.5482
 
	0.6930
 
	0.8517
 
	0.9356
 
	1.0943

	
	
	50
	0.4072
 
	0.5568
 
	0.6792
 
	0.7555
 
	0.8187

	
	5x160ms
	6
	0.6839
 
	0.8381
 
	1.0846
 
	1.1617
 
	1.2683

	
	
	25
	0.3815
 
	0.5007
 
	0.6196
 
	0.6981
 
	0.7520

	
	
	50
	0.2899
 
	0.3677
 
	0.4828
 
	0.5311
 
	0.5646

	EPA5
	1x160ms
	6
	3.0001
 
	4.4290
 
	6.0083
 
	6.6802
 
	7.9369

	
	
	25
	1.4858
 
	2.1992
 
	2.8957
 
	3.8223
 
	4.4327

	
	
	50
	1.1652
 
	1.7390
 
	2.5670
 
	2.9592
 
	3.5399

	
	3x160ms
	6
	1.7189
 
	2.8529
 
	4.0394
 
	4.9966
 
	6.0432

	
	
	25
	0.9339
 
	1.5271
 
	2.3147
 
	3.0493
 
	3.6207

	
	
	50
	0.7712
 
	1.2145
 
	1.8514
 
	2.4721
 
	2.6818

	
	5x160ms
	6
	1.3240
 
	2.0401
 
	3.0197
 
	3.8550
 
	4.5346

	
	
	25
	0.6953
 
	1.1367
 
	1.6866
 
	2.3727
 
	2.8153

	
	
	50
	0.5670
 
	0.8765
 
	1.4009
 
	1.8058
 
	2.3992

	ETU30
	1x160ms
	6
	2.5968
 
	3.4693
 
	4.5666
 
	5.8548
 
	6.5011

	
	
	25
	1.3796
 
	1.9242
 
	2.7440
 
	3.1228
 
	3.6884

	
	
	50
	1.0320
 
	1.4490
 
	2.1171
 
	2.3700
 
	2.7609

	
	3x160ms
	6
	1.3132
 
	1.8925
 
	2.6681
 
	3.2999
 
	3.8032

	
	
	25
	0.7100
 
	1.0871
 
	1.5335
 
	1.9781
 
	2.3296

	
	
	50
	0.5686
 
	0.7972
 
	1.1962
 
	1.4753
 
	1.6954

	
	5x160ms
	6
	0.9110
 
	1.4060
 
	2.0834
 
	2.4818
 
	3.0278

	
	
	25
	0.5156
 
	0.8119
 
	1.1772
 
	1.4932
 
	1.7349

	
	
	50
	0.4177
 
	0.6205
 
	0.8926
 
	1.0853
 
	1.3349


3 Conclusions

In this contribution we presented simulation results for RSRP measurements based on CRS. The results show that RSRP measurement based on one subframe and with 6PRB, does not satisfy the accuracy requirements for release 8. Also in some cases increasing measurement period to 3 subframes does not satisfy release 8 requirements. However increasing the measurement bandwidth from 6PRB to 25PRB or 50PRB not only satisfies the release 8 requirements for the same side conditions, but also meet those requirements for lower SNR values down to -8dB or -10dB.
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Appendix: simulation assumptions
Table 1: Simulation parameters for CRS RSRP measurement
	Parameters
	Value
	Comments

	SNR 
	{-10, -8, -6, -3, 0} dB 
	

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

	Number of Tx Antennas 
	{1} 
	

	Number of Rx Antennas 
	2 
	

	Antenna Correlation 
	Low 
	

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



	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.
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