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1
Introduction
In the last RAN4#63 (Prague) meeting, companies have submitted link level simulation results for CSI-RS based received signal quality measurement [1] – [8], based on the simulation parameters agreed in [9]. It was also agreed that only link level simulation results will be used as the basis to respond to RAN1’s LS in [10]. 

In this contribution, we also provided the simulation results for CSI-RS based RSRP measurement accuracy based on the agreed simulation assumptions in [9]. 
2
Discussion
2.1 Simulation assumptions
The general simulation parameters are shown in Table 1.  
Table 1: Simulation parameters for CSI-RS RSRP measurement performance feasibility study
	Parameters
	Value
	Comments

	SNR 
	{-10,-6,-3,0,3,6} dB 
	[-10 dB] should give the worst accuracy performance. Some companies skipped this value. 

	Measurement Bandwidth 
	{6 RBs, 50RBs}
	It is expected that using 50 RBs will give better measurement accuracy.

	Number of Tx Antennas 
	2 
	 

	Number of Rx Antennas 
	2 
	

	Antenna Correlation 
	Low 
	Low 

	CSI reference signals 
	Antenna port  {15, 16} 
	

	CSI-RS reference signal configuration 
	2 
	

	CSI-RS periodicity and subframe offset TCSI-RS / ICSI-RS 
	[5/3] , [10/3], [80/78]
	

	Measurement Period for non-DRX case
	{200ms, 400ms, 800ms} 
	

	Number of Samples per Measurement Period 
	1 sample every 40ms
	Implementation-dependent (NOTE1)

	L3 filtering 
	Disable 
	

	DRX 
	Off
	

	Propagation Condition
	AWGN, ETU70, EPA5
	

	CP Length
	Normal
	

	Timing Error
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= 0 μs
	[-3 and 3 μs] should show some degradation in accuracy, especially -3 μs where subcarrier orthogonality loss is larger

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


For the number of samples per measurement period, there are 5, 10 and 20 samples for 200ms, 400ms and 800ms case respectively. In terms of RSRP estimation, we employed the time-domain correlator. The concept of time-domain correlator is based upon the correlation of received CSI-RS signal with its local replica. The noise and/or interference suppression can be achieved during the correlation process.  
2.2 Simulation results
The detailed CDF curves for the delta RSRP are given in Appendix. From the curves, we can summarise the measurement accuracy results in Table 2 and Table 3, for each combination of measurement bandwidth, SNR and propagation channel models. The criteria to choose the measurement accuracy are to ensure that 90% of UE can fulfill the measurement accuracy requirement. 

We also observed that the influence of CSI-RS periodicity and CSI-RS offset values is not big comparatively. 
                          Table 2: Simulation results for CSI-RS measurement accuracy (6RB)
	
	SNR=-3dB
	SNR=-6dB

	
	200ms
	400ms
	800ms
	200ms
	400ms
	800ms

	EPA5
	5%
	1
	1
	1.5
	2.2
	2.5
	2.8

	
	95%
	3.7
	3.2
	2.8
	5.7
	5
	4.5

	
	median
	2.2
	2.2
	2.2
	3.7
	3.7
	3.7

	ETU70
	5%
	0.5
	0.7
	0.8
	1.9
	2.2
	2.5

	
	95%
	2.4
	2.1
	2
	4.3
	4
	3.8

	
	median
	1.3
	1.3
	1.3
	3.2
	3.2
	3.2


Table 3: Simulation results for CSI-RS measurement accuracy (50RB)

	
	SNR=-3dB
	SNR=-6dB

	
	200ms
	400ms
	800ms
	200ms
	400ms
	800ms

	EPA5
	5%
	0.8
	0.7
	1
	1.6
	1.7
	1.8

	
	95%
	2
	1.8
	1.8
	3.5
	3
	2.8

	
	median
	1.3
	1.3
	1.3
	2.3
	2.3
	2.3

	ETU70
	5%
	0.3
	0.5
	0.5
	1.4
	1.5
	1.6

	
	95%
	1.2
	1.2
	1
	2.5
	2.3
	2.1

	
	median
	0.8
	0.8
	0.8
	1.9
	1.9
	1.9


Based on the simulation results in Table 2 and Table 3, we can make the following observations: 
· Measurement bandwidth:  Compared to 6RB measurement bandwidth, there are around 1dB measurement accuracy gain for 50RB measurement bandwidth.
· Measurement period: For the longer measurement period, if the same measurement sampling rate is used as 200ms, UE can achieve better measurement accuracy. 
· SNR: Compared to -6dB SNR case, There are around 1dB performance gain for -3dB SNR level. There is quite a significant difference in the CSI-RS based RSRP measurement accuracy with different SNR levels.
· The performance of 6RB, EPA5 at -6dB SNR level case is the worst. So, if we consider some implementation margin (e.g. 2 dB), the CSI-RS based RSRP measurement accuracy may not meet the Rel-8 CRS measurement accuracy requirements.
By comparing these results with other companies [1] – [8], the results are not very well aligned. We observed that our results fall in-between two extreme bounds. We think that different RSRP estimator could result in such a large discrepancy in the RSRP measurement accuracy among companies.  
3 Conclusion
In this contribution, we provide the CSI-RS based RSRP measurement simulation results and the following observations based on the simulation results: 
· Measurement bandwidth:  Compared to 6RB measurement bandwidth, there are around 1dB measurement accuracy gain for 50RB measurement bandwidth.
· Measurement period: For the longer measurement period, if the same measurement sampling rate is used as 200ms, UE can achieve better measurement accuracy. 

· SNR: Compared to -6dB, There are around 1dB performance gain for -3dB. And the SNR has significant impact on the CSI-RS based RSRP measurement accuracy.
· From the simulation results summarized in tables 2 and 3, the performance of 6RB, -6dB SNR and EPA5 case is the worst. If considering 2dB implementation margin, the CSI-RS based RSRP measurement accuracy may not meet the Rel-8 CRS requirements.
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Appendix
1. 6RB EPA5 non-DRX 
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	Figure 1-1 :Measure period = 200ms
	Figure 1-2: Measure period = 400ms
	Figure 1-3: Measure period = 800ms


2. 6RB ETU70 non-DRX

	[image: image5.emf]-2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delta RSRP(dB)

CDF

Timing error=0us,ETU70,TxNum=2,6RB,200ms,non-DRX

 

 

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB


	[image: image6.emf]-2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delta RSRP(dB)

CDF

Timing error=0us,ETU70,TxNum=2,6RB,400ms,non-DRX

 

 

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB


	[image: image7.emf]-1 0 1 2 3 4 5 6 7 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delta RSRP(dB)

CDF

Timing error=0us,ETU70,TxNum=2,6RB,800ms,non-DRX

 

 

SNR=-10dB

SNR=-6dB

SNR=-3dB

SNR=0dB

SNR=3dB

SNR=6dB



	Figure 2-1 : Measure period = 200ms
	Figure 2-2: Measure period = 400ms
	Figure 2-3: Measure period = 800ms


3. 50RB EPA5 non-DRX
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	Figure 3-1 : Measure period = 200ms
	Figure 3-2: Measure period = 400ms
	Figure 3-3: Measure period = 800ms


4. 50RB ETU70 non-DRX
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