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Discussion
1 Introduction
The MTC devices supporting enhanced coverage are required to operate at very low SNR range. To evaluate the measurement accuracy, the tracking performance, including timing offset and frequency offset estimation, should also be included.
The coherent averaging method over multiple subframes which is widely discussed in RAN1 should consider the impact of limited tracking performance in very low SNR region. The purpose of performing coherent average is to boost the SNR, however, the number of subframes for averaging can’t be arbitrarily large when the residual frequency offset is not negligible. 
Based on the agreed way forward in [1], the measurement accuracy with practical tracking performance is studied in this paper. 
2 RSRP measurement and Channel estimation
Channel estimation is to derive the channel from perturbed observations. RSRP measurement can be treated as applying channel estimation to the reference signals, and then calculating the average power. A common approach of channel estimation is to design the channel filters applied to the reference signals, and the noise is expected to be suppressed at the filter output. 
The coherent averaging method widely discussed in RAN1 can be treated as applying the channel filter to specifically deal with very short delay spread and Doppler spread. As the filter response can’t cover the delay spread and Doppler spread, the desired signal will be suppressed. 
The coherent averaging method may be the solution to enhance SNR and the accuracy. We want to point out that, the performance will suffer seriously as the frequency offset is not properly compensated, and as the OFDM symbol timing is not well aligned. Also under very low SNR, the tracking of frequency offset and timing offset becomes extremely challenging. 
3 RSRP measurement with practical tracking loop
The practical timing offset and frequency offset tracking is considered in the simulation to evaluate the measurement accuracy in very low SNR. Different algorithm settings from the legacy LTE purpose are needed in order to operate in very low SNR.

· Frequency offset tracking loop: Further reduce the loop bandwidth to be smaller. The input of the loop filter is the phase of the delay correlation between symbol 0 and 4, and between symbol 7 and 11. Virtual reference signals are created to properly align the location of reference signals for computing the delay correlation. 
·  Timing offset tracking loop: Estimate the FFT boundary by deriving the channel power profile in time domain with 6 PRBs. In frequency domain, coherently combine 8 CRS symbols in 2 subframes and then transform to time domain, and then non-coherent average over 10 coherent results. Note that the coefficients for coherent combining have been designed to deal with frequency offset up to 300Hz.
The FFT window adjustment is based on elementary period for 1.4MHz, which is 0.52us for shifting one sample point. 

The one Rx performance is studied in the simulation. From Fig. 1 to Fig. 9, the CDF for RSRP measurement accuracy in AWGN with different SNR values are shown. The values of FO and TO are configured as -220Hz and 2.2us respectively in order to inspect the tracking performance. Also the 10 samples are averaged in 400ms for RSRP estimation. The channel estimation algorithm of two 1D-MMSE is applied. The channel filters of 12 taps and 6 taps are designed for frequency direction and time direction respectively. The dynamic filter selection is enabled to choose the best filter for channel estimation. 
The results in Fig. 1 to Fig. 9 are summarized in TABLE I. We see that the tracking loop starts to perform poorly when SNR <= -14dB. The results of EPA 1Hz and ETU 1Hz are also provided in Fig. 10~13 and Fig. 14~17, and are summarized in TABLE II and III, respectively. Note that, the TO is set 0us for fading channel simulation. 
We want to point out that, when the tracking loop is not reliable, the statistics of delta RSRP is not meaningful. So we observe that,
Observation 1, For AWGN case as SNR <= -14dB, the tracking loops of FO and TO show large variation and it is treated as no converge.

Observation 2, To define the accuracy requirement, the reliable tracking performance should be ensured. For SNR <= -14dB, the tracking loop doesn’t converge.

Proposal 1, The tracking performance should also be provided together with the measurement accuracy results. 

Proposal 2, Suggest that the tracking performance should also be included in the reply LS to RAN1. 
	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)
	FO tracking
	TO tracking

	channel
	SNR (dB)
	@ 5%
	@ 95%
	diff of 95% - 5%
	
	

	AWGN
	-6 dB
	-0.7dB
	1dB
	1.7dB
	
	

	
	-8 dB
	-0.7dB
	1.5dB
	2.2dB
	
	

	
	-10 dB
	-0.7dB
	1.8dB
	2.5dB
	
	

	
	-12 dB
	-1.3dB
	2.2dB
	3.5dB
	
	

	
	-14 dB
	-2.0dB
	2.6dB
	4.6dB
	No converge
	

	
	-16 dB
	-1.2dB
	3.1dB
	4.3dB
	No converge
	No converge

	
	-18 dB
	0.3dB
	4.7dB
	4.4dB
	No converge
	No converge


           TABLE I, AWGN, 10 samples in 400ms, 1Rx, -220Hz FO and 2.2us TO
	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)
	FO tracking
	TO tracking

	channel
	SNR (dB)
	@ 5%
	@ 95%
	diff of 95% - 5%
	
	

	EPA 1Hz
	-6 dB
	-1.0dB
	1.7dB
	2.7dB
	
	

	
	-8 dB
	-0.8dB
	2dB
	2.8dB
	
	

	
	-10 dB
	-0.8dB
	2.9dB
	3.7dB
	
	

	
	-12 dB
	-0.8dB
	3.5dB
	4.3dB
	No converge
	

	
	-14 dB
	-1.3dB
	4.8dB
	6.1dB
	No converge
	No converge

	
	-16 dB
	-4dB
	6.2dB
	10.2dB
	No converge
	No converge

	
	-18 dB
	-1dB
	> 8dB
	> 9dB
	No converge
	No converge


TABLE II, EPA 1Hz, 10 samples in 400ms, 1Rx, -220Hz FO and 0us TO
	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)
	FO tracking
	TO tracking

	channel
	SNR (dB)
	@ 5%
	@ 95%
	diff of 95% - 5%
	
	

	ETU 1Hz
	-6 dB
	-2dB
	0.4dB
	2.4dB
	
	

	
	-8 dB
	-2dB
	0.8dB
	2.8dB
	
	

	
	-10 dB
	-2dB
	1.2dB
	3.2dB
	
	

	
	-12 dB
	-5.8dB
	1.6dB
	7.4dB
	No converge
	No converge

	
	-14 dB
	-4.4dB
	3dB
	7.4dB
	No converge
	No converge

	
	-16 dB
	-3.5dB
	6dB
	9.5dB
	No converge
	No converge

	
	-18 dB
	-1dB
	7.5dB
	8.5dB
	No converge
	No converge


TABLE III, ETU 1Hz, 10 samples in 400ms, 1Rx, -220Hz FO and 0us TO
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          Fig. 1, AWGN, SNR = 4dB                              Fig. 2, AWGN, SNR = 0dB
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Fig. 3, AWGN, SNR = -6dB                              Fig. 4, AWGN, SNR = -8dB
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Fig. 5, AWGN, SNR = -10dB                              Fig. 6, AWGN, SNR = -12dB
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Fig. 7, AWGN, SNR = -14dB                              Fig. 8, AWGN, SNR = -16dB
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         Fig. 9, AWGN, SNR = -18dB
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         Fig. 10, EPA 1Hz, SNR = -12dB                         Fig. 11, EPA 1Hz, SNR = -14dB
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         Fig. 12, EPA 1Hz, SNR = -16dB                         Fig. 13, EPA 1Hz, SNR = -18dB
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Fig. 14, ETU 1Hz, SNR = -12dB                         Fig. 15, ETU 1Hz, SNR = -14dB
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Fig. 16, ETU 1Hz, SNR = -16dB                         Fig. 17, ETU 1Hz, SNR = -18dB
4 Conclusion 
We have the following results,

Observation 1, For AWGN case as SNR <= -14dB, the tracking loops of FO and TO show large variation and it is treated as no converge.

Observation 2, To define the accuracy requirement, the reliable tracking performance should be ensured. For SNR <= -14dB, the tracking loop doesn’t converge.
Proposal 1, The tracking performance should also be provided together with the measurement accuracy results. 

Proposal 2, Suggest that the tracking performance should be included in the reply LS to RAN1.

	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)
	FO tracking
	TO tracking

	channel
	SNR (dB)
	@ 5%
	@ 95%
	diff of 95% - 5%
	
	

	AWGN
	-6 dB
	-0.7dB
	1dB
	1.7dB
	
	

	
	-8 dB
	-0.7dB
	1.5dB
	2.2dB
	
	

	
	-10 dB
	-0.7dB
	1.8dB
	2.5dB
	
	

	
	-12 dB
	-1.3dB
	2.2dB
	3.5dB
	
	

	
	-14 dB
	-2.0dB
	2.6dB
	4.6dB
	No converge
	

	
	-16 dB
	-1.2dB
	3.1dB
	4.3dB
	No converge
	No converge

	
	-18 dB
	0.3dB
	4.7dB
	4.4dB
	No converge
	No converge


           TABLE I, AWGN, 10 samples in 400ms, 1Rx, -220Hz FO and 2.2us TO
	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)
	FO tracking
	TO tracking

	channel
	SNR (dB)
	@ 5%
	@ 95%
	diff of 95% - 5%
	
	

	EPA 1Hz
	-6 dB
	-1.0dB
	1.7dB
	2.7dB
	
	

	
	-8 dB
	-0.8dB
	2dB
	2.8dB
	
	

	
	-10 dB
	-0.8dB
	2.9dB
	3.7dB
	
	

	
	-12 dB
	-0.8dB
	3.5dB
	4.3dB
	No converge
	

	
	-14 dB
	-1.3dB
	4.8dB
	6.1dB
	No converge
	No converge

	
	-16 dB
	-4dB
	6.2dB
	10.2dB
	No converge
	No converge

	
	-18 dB
	-1dB
	> 8dB
	> 9dB
	No converge
	No converge


TABLE II, EPA 1Hz, 10 samples in 400ms, 1Rx, -220Hz FO and 0us TO
	Evaluation Case (RSRP)
	CDF of measured RSRP – ideal RSRP  (dB)
	FO tracking
	TO tracking

	channel
	SNR (dB)
	@ 5%
	@ 95%
	diff of 95% - 5%
	
	

	ETU 1Hz
	-6 dB
	-2dB
	0.4dB
	2.4dB
	
	

	
	-8 dB
	-2dB
	0.8dB
	2.8dB
	
	

	
	-10 dB
	-2dB
	1.2dB
	3.2dB
	
	

	
	-12 dB
	-5.8dB
	1.6dB
	7.4dB
	No converge
	No converge

	
	-14 dB
	-4.4dB
	3dB
	7.4dB
	No converge
	No converge

	
	-16 dB
	-3.5dB
	6dB
	9.5dB
	No converge
	No converge

	
	-18 dB
	-1dB
	7.5dB
	8.5dB
	No converge
	No converge


TABLE III, ETU 1Hz, 10 samples in 400ms, 1Rx, -220Hz FO and 0us TO
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