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Discussion
1 Introduction
The consensus has been reached during the Beijing RRM ad-hoc meeting by extending the measurement period from 200ms to 400ms for LC-MTC [1]. The relaxation of 1dB for the accuracy requirement is still in debate. From power saving perspective, as the sampling number is still fixed at 5 for measurement period = 400ms, the accuracy requirement could be relaxed from several companies’ simulation results. However there is another argument that, the accuracy requirement shouldn’t be further relaxed since the measurement period has been extended.

In this paper, we try three methods with different complexities for RSRP estimation to check the accuracy relaxation issue. And finally, we make our proposal based on the accuracy performance and the implementation cost point of view. 
2 Description of RSRP estimation methods for comparison
The three methods are briefly illustrated in below,
·  Method 1, the estimated RSRP is derived by applying two 1D-MMSE channel estimation on CRS REs. The corresponding SNR estimation, delay spread estimation and Doppler spread estimation are also performed adaptively to ensure channel estimation quality.
·  Method 2, the estimated RSRP is derived by applying 1D-MMSE channel estimation on CRS REs. The corresponding SNR estimation and delay spread estimation are performed adaptively.

·  Method 3, the estimated RSRP is derived by applying 1D-MMSE noise estimation to derive the estimated noise power first, and then subtract it from the estimated power on CRS REs.
The implementation complexity is method 1 > method 2 > method 3. The most feasible method for measurement purpose is method 3. It is expected to have best estimation quality by method 1, and this method is also applicable to the channel estimation for CRS based demodulation. The method 2 is the simplified channel estimation.     
3 Simulation results for RSRP accuracy
The RSRP accuracy is expressed in CDF curve. The test conditions to be considered in the simulation are listed below,

·  AWGN, EPA 5Hz and ETU 70Hz,
·  The SNR is fixed at -6dB. Then for fading channel the instantaneous SNR is time varying and the corresponding value could be lower than -6dB. In this paper only the worse condition is tested,
·  Show results from one Rx with 5 samples in 200ms, one Rx with 10 samples in 400ms and two Rx with 5 samples in 200ms. They are collected in Table 1, Table 2 and Table 3, respectively, (The results of 5 samples in 400ms could be similar to that by 5 samples in 200ms. Therefore it is not shown in this paper)
We have the following observations,
· As Table 1 and Table 3 are compared, it is seen that,

· The accuracy performance in one Rx is pretty vulnerable to the fading channel, particularly at EPA 5Hz channel, 
· The estimation quality is improved by the diversity gain in two Rx. More significant gain at EPA 5Hz channel,
· No significant improvement at AWGN,
· As Table 1 and Table 2 are compared, it is observed that,

· The accuracy at AWGN is improved,
· The accuracy at fading channel is also improved,

· As Table 2 and Table 3 are compared, we have,

· For AWGN, the results at Table 2 are better than that in Table 3, (more samples are preferred)
· For fading channel, the improvement for EPA 5Hz is larger at Table 3, (diversity is preferred)
· When looking at 5% and 95% value in each method, it is not symmetric,

The one Rx is an important feature for LC-MTC. The accuracy degradation due to the loss of diversity may not be easily compensated by using more samples for average. Based on the above observations, we have,
Observation 1, The accuracy degradation due to the loss of diversity may not be easily compensated by using more samples for average.
Proposal 1, Relax 1dB for the accuracy requirement for LC-MTC in 1 Rx.
	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)

	channel
	RSRP estimation method
	@ 5%
	@ 50%
	@ 95%
	Value out of 

-2~2dB @5% or @95%

	AWGN

-6dB
	1, (two 1D-MMSE)
	-0.8dB
	0.4dB
	1.3dB
	In the range

	
	2, (1D-MMSE)
	0.8dB
	     1.8dB
	2.7dB
	0.7dB

	
	3, NE based
	-2dB
	0.6dB
	2.5dB
	0.5dB

	EPA 5Hz

-6dB
	1, (two 1D-MMSE)
	-0.8dB
	0.4dB
	2.3dB
	0.3dB

	
	2, (1D-MMSE)
	0.7dB
	2.2dB
	>5dB
	>3dB

	
	3, NE based
	-1.3dB
	1.3dB
	>5dB
	>3dB

	ETU 70Hz

-6dB
	1, (two 1D-MMSE)
	-2.8dB
	-1dB
	0.4dB
	0.8dB

	
	2, (1D-MMSE)
	0.1dB
	1.3dB
	   2.8dB
	0.8dB

	
	3, NE based
	-1.6dB
	1.1dB
	3.3dB
	1.3dB


                   TABLE 1, one Rx and 5 samples in 200ms
	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)

	channel
	RSRP estimation method 
	@ 5%
	@ 50%
	@ 95%
	Value out of 

-2~2dB @5% or @95%

	AWGN

-6dB
	1, (two 1D-MMSE)
	-0.5dB
	0.3dB
	
1.1dB
	In the range

	
	2, (1D-MMSE)
	1.2dB
	1.9dB
	2.5dB
	0.5dB

	
	3, NE based
	-1.2dB
	0.6dB
	
2dB
	In the range

	EPA 5Hz

-6dB
	1, (two 1D-MMSE)
	-0.5dB
	0.4dB
	1.4dB
	In the range

	
	2, (1D-MMSE)
	1dB
	2.2dB
	3.9dB
	1.9dB

	
	3, NE based
	-0.5dB
	1.3dB
	3.8dB
	1.8dB

	ETU 70Hz

-6dB
	1, (two 1D-MMSE)
	-2.3dB
	-1dB
	0dB
	0.3dB

	
	2, (1D-MMSE)
	0.5dB
	
1.3dB
	2.3dB
	0.3dB

	
	3, NE based
	-0.7dB
	1dB
	2.6dB
	0.6dB


                TABLE 2, one Rx and 10 samples in 400ms
	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)

	channel
	RSRP estimation method
	@ 5%
	@ 50%
	@ 95%
	Value out of 

-2~2dB @5% or @95%

	AWGN

-6dB
	1, (two 1D-MMSE)
	-0.3dB
	0.6dB
	1.5dB
	In the range

	
	2, (1D-MMSE)
	1.4dB
	2.2dB
	2.9dB
	0.9dB

	
	3, NE based
	-0.6dB
	1.3dB
	2.7dB
	0.7dB

	EPA 5Hz

-6dB
	1, (two 1D-MMSE)
	-0.7dB
	0.2dB
	1.7dB
	In the range

	
	2, (1D-MMSE)
	
0.4dB
	
1.5dB
	2.9dB
	0.9dB

	
	3, NE based
	-0.8dB
	1dB
	3dB
	1dB

	ETU 70Hz

-6dB
	1, (two 1D-MMSE)
	-2dB
	-0.7dB
	0.4dB
	In the range

	
	2, (1D-MMSE)
	0.1dB
	1.1dB
	2.2dB
	0.2dB

	
	3, NE based
	-0.6dB
	1.2dB
	2.6dB
	0.6dB


                TABLE 3, two Rx and 5 samples in 200ms
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  Fig. 1.1, one Rx, AWGN, 5 samples in 200ms    Fig. 1.2, two Rx, AWGN, 5 samples in 200ms
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Fig. 1.3, one Rx, AWGN, 10 samples in 400ms
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Fig. 2.1, one Rx, EPA 5Hz, 5 samples in 200ms     Fig. 2.2, two Rx, EPA 5Hz, 5 samples in 200ms
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Fig. 2.3, one Rx, EPA 5Hz, 10 samples in 400ms
[image: image7.png]CDF

095

SNR = -6dB, ane Rx comparisan, ETU 70Hz, § samples in 200ms

(L] =
0851 —— by two 1D-MMSE
08 . by 1D.MMSE

075
07
085
06
055
05
045
04
035
03
025
02
015
01
005

4 0 1 2 3 4 5
diflrence (45)



 [image: image8.png]CDF

095
09
085
08
075
07
085
06
055
05
045
04
035
03
025
02
015
01
005

SNR = -6dB, two Rx comparisan, ETU 70Hz, 5 samples in 200ms

—— by NE
—— by two 1D-MMSE
—— by 1D-MMSE

diflrence (45)




Fig. 3.1, one Rx, ETU 70Hz, 5 samples in 200ms    Fig. 3.2, two Rx, ETU 70Hz, 5 samples in 200ms
[image: image9.png]CDF

SNR = -6dB, one Rx comparisan, ETU 70Hz, 10 samples in 400ms

0.3
09—y NE
085 —— by two 1D-MMSE

0811 —— by 1D-MMSE
075

07
085
06
055
05
045
04
035
03
025
02
015
01
005

diflrence (45)



 
Fig. 3.3, one Rx, ETU 70Hz, 10 samples in 400ms
4 Conclusion

Our observation and proposal are,

Observation 1, The accuracy degradation due to the loss of diversity may not be easily compensated by using more samples for average.
Proposal 1, Relax 1dB for the accuracy requirement for LC-MTC in 1 Rx.
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