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1 Introduction
In RAN4#78bis NB-IoT AH meeting in Stockholm RAN4 made further agreements regarding NB-IoT measurements [1]. This included that RRM measurements are based on NRS and NRSRQ is based on all symbols in the measured subframe. Additionally it was agreed to introduce normal and extended coverage with breakpoints at -6dB and -15dB. Earlier in RAN4#78bis a set of simulations assumptions were agreed to be used for evaluating the measurement performance for NB-IoT. In this paper, we will present new simulation results including the AH agreements and discuss our results related to stand-alone and in-band deployment.
2 Discussion
Good progress was made during the Stockholm AH concerning RRM requirements in general including also RRM measurements. Based on the agreement to base the requirements solely on NRS and the introduction of normal and extended mode gives good basis for further agreements and progress. In this paper, we look at the achievable NRSRP and NRSRQ accuracy when using only NRS for measurements and 400ms and 800ms measurement periods for normal and extended mode respectively.
From our earlier results [2, 3], it has become clear that the narrower bandwidth available in NB-IoT is a challenge when it comes to accuracy and noise bias. We also showed that increasing the sample duration (number of continuous measurement samples coherently combined) and the measurement period are two ways to address the accuracy and bias. Especially in in-band deployment in extended mode, we see that the residual noise in the estimates is a challenge and hence bias can be quite significant.
Similar bias is still present even when using the tentative parameters proposed in RAN4#78bis NB-IoT AH. This is clear from the results in this paper. Even when using sample duration of 5ms and 800ms measurement period the residual noise bias is significant and cannot be ignored. Based on the results and observations in this paper we propose new parameters as basis for developing the RRM measurement requirements.

3 Simulation Results
Simulations assumptions are presented in Appendix A. In this paper, we have used same approach as in [2, 3] and we use following definitions: 

· By sample duration we refer to the duration of the window during which the UE collects measurement samples, i.e., NRS REs.
· By algorithm type 1 (Alg1) we refer to an algorithm in which measurement samples (NRS REs) are collected once per sampling rate (40ms) during the sample duration and are coherently combined before calculating the metrics for each L1 measurement period.
· By algorithm type 4 (Alg4) we refer to an algorithm in which measurement samples (NRS REs) are coherently combined once per sampling rate (40ms) after sample duration and metrics (RSRP, RSRQ…) are calculated once per sampling rate. The metrics are then averaged for each L1 measurement period.

In this paper, we present the results for both algorithms. One drawback of the Alg1 though is its increased complexity compared to Alg4 due to the fact that coherent combining is performed only for each L1 measurement period. Therefore, Alg1 may be better mitigating noise power at low SNRs and resulting in better accuracy but the standard deviation of the estimates is larger compared to Alg4. This effect can be observed in the presented results.

The reason for having results using different algorithms is to illustrate that the used algorithm sometimes have a large impact on the achievable accuracy. Which algorithm in the end is used and how the UE actually processes the measurements is of course fully up to the UE implementation – provided it can fulfill the minimum requirements. 

In the following sections, we present the results in form of delta NRSRP and delta NRSRQ, which are showing directly the NRSRP and NRSRQ estimation offset compared to ideal NRSRP and ideal NRSRQ, respectively. In other words, NRSRP and NRSRQ accuracy is directly shown in the results.

3.1 NRSRP and NRSRQ Accuracy Results in Stand-alone Operation
In this section, we present our simulation results for NRSRP and NRSRQ in stand-alone deployment. Simulations are based on the agreements made in the Stockholm AH: only use NRS as basis for NRSRP and NRSRQ. Additionally the NRSRQ is based on using all the symbols in the subframe.
We have included results for the agreed SNR break points of -6dB and -15dB for normal and extended mode, respectively, and used measurement periods of 400ms and 800ms for normal and extended mode, respectively.
3.1.1 Normal mode

Following Tables 1, 2 ,3 and 4 presents the NRSRP and NRSRQ accuracy in normal mode (SNR of -6 dB) at CDF percentiles of 5 %, 50% and 95% using algorithm type 1 and 4. The actual CDF curves are located in Appendix B.
Table 1: RSRP accuracy in normal mode (SNR of -6 dB) at percentiles of 5%, 50% and 95% using algorithm type 1. Values are extracted from Figure 1 in Appendix B.
	
	Meas-period = 400ms

Sample duration = 1 ms
	Meas-period = 400ms

Sample duration = 3 ms
	Meas-period = 400ms

Sample duration = 5 ms
	Meas-period = 400ms

Sample duration = 7 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	-3.95
	0.59
	3.14
	-2.53
	0.19
	1.89
	-2.04
	0.10
	1.51
	-1.62
	0.12
	1.45

	EPA1Hz
	-2.61
	1.02
	5.54
	-2.49
	0.35
	3.63
	-2.48
	0.29
	3.42
	-1.69
	0.21
	3.57

	ETU1Hz
	-3.77
	0.78
	5.71
	-3.92
	-0.10
	2.70
	-3.60
	-0.07
	2.77
	-3.41
	-0.26
	2.00


Table 2: RSRP accuracy in normal mode (SNR of -6 dB) at percentiles of 5%, 50% and 95% using algorithm type 4. Values are extracted from Figure 2 in Appendix B.
	
	Meas-period = 400ms

Sample duration = 1 ms
	Meas-period = 400ms

Sample duration = 3 ms
	Meas-period = 400ms

Sample duration = 5 ms
	Meas-period = 400ms

Sample duration = 7 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	2.99
	3.58
	4.07
	1.24
	1.76
	2.29
	0.60
	1.26
	1.79
	0.40
	0.88
	1.41

	EPA1Hz
	0.28
	4.78
	12.15
	-1.17
	2.74
	9.90
	-1.45
	2.44
	9.20
	-1.78
	1.94
	8.06

	ETU1Hz
	0.34
	4.63
	10.53
	-0.90
	2.93
	8.21
	-1.70
	2.05
	7.30
	-1.96
	1.61
	6.95


Table 3: RSRQ accuracy in normal mode (SNR of -6 dB) at percentiles of 5%, 50% and 95% using algorithm type 1. Values are extracted from Figure 3 in Appendix B.
	
	Meas-period = 400ms

Sample duration = 1 ms
	Meas-period = 400ms

Sample duration = 3 ms
	Meas-period = 400ms

Sample duration = 5 ms
	Meas-period = 400ms

Sample duration = 7 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	-3.97
	0.59
	3.07
	-2.53
	0.19
	1.88
	-2.04
	0.10
	1.51
	-1.63
	0.12
	1.44

	EPA1Hz
	-2.60
	1.04
	5.57
	-2.96
	0.56
	2.97
	-3.04
	0.45
	2.73
	-2.08
	0.49
	3.00

	ETU1Hz
	-3.78
	0.79
	5.64
	-4.18
	0.05
	2.40
	-4.06
	0.10
	2.25
	-3.70
	-0.08
	1.94


Table 4: RSRQ accuracy in normal mode (SNR of -6 dB) at percentiles of 5%, 50% and 95% using algorithm type 4. Values are extracted from Figure 4 in Appendix B.
	
	Meas-period = 400ms

Sample duration = 1 ms
	Meas-period = 400ms

Sample duration = 3 ms
	Meas-period = 400ms

Sample duration = 5 ms
	Meas-period = 400ms

Sample duration = 7 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	2.99
	3.58
	4.07
	1.24
	1.76
	2.29
	0.59
	1.25
	1.79
	0.40
	0.87
	1.40

	EPA1Hz
	0.22
	4.78
	12.16
	-0.04
	2.67
	9.13
	-0.35
	2.39
	8.49
	-0.74
	1.80
	7.35

	ETU1Hz
	0.34
	4.62
	10.54
	0.01
	2.78
	7.54
	-0.66
	1.95
	6.52
	-0.92
	1.46
	6.17


From the results, we observe that algorithm 1 is less prone to bias than algorithm 4. This is the case for both NRSRP and NRSRQ. On the other hand, we can see that using algorithm 4 results in less spread among the mean in the results than algorithm 1.

Observation: Algorithm 1 is less prone to bias than algorithm 4.

3.1.2 Extended mode
Following Tables 5, 6, 7 and 8 presents the NRSRP and NRSRQ accuracy in extended mode (SNR of -15 dB) at CDF percentiles of 5 %, 50% and 95% using algorithm type 1 and 4. The actual CDF curves are located in Appendix B.
Table 5: RSRP accuracy in extended mode (SNR of -15 dB) at percentiles of 5%, 50% and 95% using algorithm type 1. Values are extracted from Figure 5 in Appendix B.
	
	Meas-period = 800ms

Sample duration = 1 ms
	Meas-period = 800ms

Sample duration = 3 ms
	Meas-period = 800ms

Sample duration = 5 ms
	Meas-period = 800ms

Sample duration = 7 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	-1.14
	4.81
	8.04
	-2.46
	3.22
	6.44
	-3.38
	2.31
	5.15
	-3.97
	1.40
	4.72

	EPA1Hz
	-0.81
	5.42
	11.45
	-2.39
	3.53
	9.45
	-2.62
	2.68
	8.79
	-3.55
	2.06
	8.05

	ETU1Hz
	-0.49
	5.61
	11.47
	-2.72
	3.56
	9.01
	-3.11
	2.49
	8.01
	-3.94
	1.88
	7.10


Table 6: RSRP accuracy in extended mode (SNR of -15 dB) at percentiles of 5%, 50% and 95% using algorithm type 4. Values are extracted from Figure 6 in Appendix B.
	
	Meas-period = 800ms

Sample duration = 1 ms
	Meas-period = 800ms

Sample duration = 3 ms
	Meas-period = 800ms

Sample duration = 5 ms
	Meas-period = 800ms

Sample duration = 7 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	11.06
	11.40
	11.75
	8.98
	9.20
	9.51
	7.83
	8.12
	8.53
	7.11
	7.44
	7.69

	EPA1Hz
	7.60
	11.71
	17.34
	5.95
	9.89
	14.45
	4.85
	9.10
	14.82
	4.20
	8.23
	13.51

	ETU1Hz
	8.61
	12.43
	17.00
	5.65
	9.61
	14.05
	4.70
	7.99
	13.54
	4.41
	8.27
	13.01


Table 7: RSRQ accuracy in extended mode (SNR of -15 dB) at percentiles of 5%, 50% and 95% using algorithm type 1. Values are extracted from Figure 7 in Appendix B.
	
	Meas-period = 800ms

Sample duration = 1 ms
	Meas-period = 800ms

Sample duration = 3 ms
	Meas-period = 800ms

Sample duration = 5 ms
	Meas-period = 800ms

Sample duration = 7 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	-1.15
	4.80
	8.05
	-2.46
	3.22
	6.44
	-3.37
	2.31
	5.15
	-3.97
	1.41
	4.72

	EPA1Hz
	-0.77
	5.40
	11.47
	-2.31
	3.53
	9.36
	-2.57
	2.69
	8.73
	-3.51
	2.09
	7.99

	ETU1Hz
	-0.52
	5.62
	11.48
	-2.73
	3.56
	8.92
	-3.06
	2.50
	7.97
	-3.92
	1.93
	7.03



Table 8: RSRQ accuracy in extended mode (SNR of -15 dB) at percentiles of 5%, 50% and 95% using algorithm type 4. Values are extracted from Figure 8 in Appendix B.
	
	Meas-period = 800ms

Sample duration = 1 ms
	Meas-period = 800ms

Sample duration = 3 ms
	Meas-period = 800ms

Sample duration = 5 ms
	Meas-period = 800ms

Sample duration = 7 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	11.03
	11.38
	11.77
	8.98
	9.20
	9.49
	7.83
	8.13
	8.53
	7.10
	7.44
	7.69

	EPA1Hz
	7.61
	11.71
	17.32
	6.06
	9.88
	14.36
	5.01
	9.09
	14.72
	4.35
	8.21
	13.42

	ETU1Hz
	8.66
	12.44
	17.00
	5.81
	9.58
	13.96
	4.81
	7.96
	13.44
	4.51
	8.26
	12.93


In a similar manner as for normal mode, we observe from the results for extended mode that algorithm 1 is less prone to bias than algorithm 4. This is the case for both NRSRP and NRSRQ. We can see that when UE is operating in extended mode the bias when using algorithm 4 is significant and should not be neglected. On the other hand, we can see that using algorithm 4 results in less spread among the mean in the results than algorithm 1.

Observation: For extended mode, the bias in the measurements can be significant.

The bias stems from the narrower measurement bandwidth as well as the system requirements of operating under very low SNR conditions. The observed bias in the measurements can be tackled by coherently combining multiple continuous measurement samples prior to estimating the NRSRP.

Observation: The bias in the measurement result can be addressed by coherently combining of multiple continuous measurements samples.
3.2 NRSRP and NRSRQ Accuracy Results in In-band Operation
In this section, we present our simulation results for NRSRP and NRSRQ in in-band deployment. Simulations are based on the agreements made in the Stockholm AH: only use NRS as basis for NRSRP and NRSRQ. Additionally the NRSRQ is based on using all the symbols in the subframe.

We have included results for the agreed SNR break points of -6dB and -15dB for normal and extended mode, respectively, and used measurement periods of 400ms and 800ms for normal and extended mode, respectively. Power boosting has not been applied in the simulations.
3.2.1 Normal mode

Following Tables 9, 10, 11 and 12 presents the NRSRP and NRSRQ accuracy in normal mode (SNR of -15 dB) at CDF percentiles of 5 %, 50% and 95% using algorithm type 1 and 4. The actual CDF curves are located in Appendix C. 
Table 9: RSRP accuracy in normal mode (SNR of -6 dB) at percentiles of 5%, 50% and 95% using algorithm type 1. Values are extracted from Figure 9 in Appendix C.
	
	Meas-period = 400ms

Sample duration = 1 ms
	Meas-period = 400ms

Sample duration = 5 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	-4.38
	0.62
	3.02
	-3.65
	0.17
	2.34

	EPA1Hz
	-3.90
	1.13
	6.42
	-3.30
	0.51
	5.56

	ETU1Hz
	-4.05
	0.81
	5.57
	-3.35
	0.34
	4.00



Table 10: RSRP accuracy in normal mode (SNR of -6 dB) at percentiles of 5%, 50% and 95% using algorithm type 4. Values are extracted from Figure 10 in Appendix C.
	
	Meas-period = 400ms

Sample duration = 1 ms
	Meas-period = 400ms

Sample duration = 5 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	2.75
	3.47
	4.12
	1.86
	2.45
	3.04

	EPA1Hz
	0.27
	4.71
	12.00
	-0.41
	3.81
	10.83

	ETU1Hz
	0.31
	4.89
	10.88
	-0.60
	3.51
	9.30


Table 11: RSRQ accuracy in normal mode (SNR of -6 dB) at percentiles of 5%, 50% and 95% using algorithm type 1. Values are extracted from Figure 11 in Appendix C.
	
	Meas-period = 400ms

Sample duration = 1 ms
	Meas-period = 400ms

Sample duration = 5 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	-4.49
	0.58
	3.00
	-3.68
	0.14
	2.32

	EPA1Hz
	-3.92
	1.11
	6.37
	-3.53
	0.68
	4.88

	ETU1Hz
	-4.05
	0.77
	5.54
	-3.63
	0.56
	3.39


Table 12: RSRQ accuracy in normal mode (SNR of -6 dB) at percentiles of 5%, 50% and 95% using algorithm type 4. Values are extracted from Figure 12 in Appendix C.
	
	Meas-period = 400ms

Sample duration = 1 ms
	Meas-period = 400ms

Sample duration = 5 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	2.71
	3.43
	4.10
	1.83
	2.42
	3.00

	EPA1Hz
	0.29
	4.68
	11.89
	0.58
	3.57
	10.11

	ETU1Hz
	0.36
	4.86
	10.80
	0.44
	3.28
	8.49


As seen also for the stand-alone results, we observe for the in-band results, for normal mode, that the measurements are biased but that algorithm 1 is less prone to bias than algorithm 4. This is the case for both NRSRP and NRSRQ. We also observe that because in-band scenario offers less NRS measurement opportunities, using a sample duration of 5ms is not sufficient in order to reduce the bias effect well enough.

Observation: For in-band scenario, using a sample duration of 5ms is not enough to reduce the bias effect sufficiently.
3.2.2 Extended mode

Following Tables 13, 14, 15 and 16 presents the NRSRP and NRSRQ accuracy in extended mode (SNR of -15 dB) at CDF percentiles of 5 %, 50% and 95% using algorithm type 1 and 4. The actual CDF curves are located in Appendix C.
Table 13: RSRP accuracy in extended mode (SNR of -15 dB) at percentiles of 5%, 50% and 95% using algorithm type 1. Values are extracted from Figure 13 in Appendix C.
	
	Meas-period = 800ms

Sample duration = 1 ms
	Meas-period = 800ms

Sample duration = 5 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	-0.72
	4.81
	7.91
	-1.72
	3.54
	6.81

	EPA1Hz
	0.28
	6.42
	12.43
	-2.65
	3.69
	10.73

	ETU1Hz
	-0.84
	5.41
	10.87
	-1.98
	3.87
	9.61


Table 14: RSRP accuracy in extended mode (SNR of -15 dB) at percentiles of 5%, 50% and 95% using algorithm type 4. Values are extracted from Figure 14 in Appendix C.
	
	Meas-period = 800ms

Sample duration = 1 ms
	Meas-period = 800ms

Sample duration = 5 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	11.27
	11.54
	11.84
	9.82
	10.08
	10.30

	EPA1Hz
	8.38
	13.10
	17.61
	6.86
	10.52
	15.91

	ETU1Hz
	8.39
	12.09
	16.45
	7.16
	11.04
	15.65


Table 15: RSRQ accuracy in extended mode (SNR of -15 dB) at percentiles of 5%, 50% and 95% using algorithm type 1. Values are extracted from Figure 15 in Appendix C.
	
	Meas-period = 800ms

Sample duration = 1 ms
	Meas-period = 800ms

Sample duration = 5 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	-0.73
	4.80
	7.89
	-1.73
	3.54
	6.80

	EPA1Hz
	0.28
	6.42
	12.38
	-2.61
	3.69
	10.62

	ETU1Hz
	-0.84
	5.43
	10.83
	-1.95
	3.88
	9.50


Table 16: RSRQ accuracy in extended mode (SNR of -15 dB) at percentiles of 5%, 50% and 95% using algorithm type 4. Values are extracted from Figure 16 in Appendix C.
	
	Meas-period = 800ms

Sample duration = 1 ms
	Meas-period = 800ms

Sample duration = 5 ms

	Channel
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	11.25
	11.54
	11.84
	9.82
	10.07
	10.30

	EPA1Hz
	8.40
	13.09
	17.61
	6.99
	10.50
	15.79

	ETU1Hz
	8.40
	12.09
	16.46
	7.29
	11.02
	15.58


As for the in-band normal mode, we observe for the in-band extended mode results, that the measurements are biased but that algorithm 1 is less prone to bias than algorithm 4. This is the case for both NRSRP and NRSRQ. Already in in-band normal mode we observed that reduced number of NRS measurement opportunities starts to be a limiting factor in battling the measurement bias and using a sample duration of 5ms is clearly not sufficient in order to reduce the bias effect well enough when UE is operating in extended mode.

Observation: The reduced number of NRS measurement opportunities in in-band scenario starts to be a challenge in battling the measurement bias. 

Observation: increasing sample duration is one way to further reduce the measurement bias

Observation: increasing the measurement period is one way to reduce the measurement bias.
4 Conclusion
In this paper, we have presented simulation results based on the latest agreement from the NB-IoT AH in Stockholm. We have presented results for NRSRP and NRSRQ using NRS for measurements and all symbols in the subframe for NRSRQ. We have used normal and extended mode according to agreements and applied measurement periods of 400ms and 800ms for normal and extended mode, respectively. From the results, we observe:
Observation: Algorithm 1 is less prone to bias than algorithm 4.

Observation: For stand-alone extended mode, the bias in the measurements can be significant.

Observation: The bias in the measurement result can be addressed by coherently combining of multiple continuous measurements samples.

Observation: For in-band scenario, using a sample duration of 5ms is not enough to reduce the bias effect sufficiently.

Observation: The reduced number of NRS measurement opportunities in in-band scenario starts to be a challenge in battling the measurement bias. 

Observation: increasing sample duration is one way to further reduce the measurement bias

Observation: increasing the measurement period is one way to reduce the measurement bias.

From the observation and results, we propose:
Proposal 1: use sample duration of 5ms when deriving the measurement accuracy requirements.
Proposal 2: RAN4 to re-discuss the measurement periods of 400ms and 800ms.
Proposal 3: Discuss usage of longer measurement period than currently proposed.
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Simulation assumptions

	Parameters
	Value
	Comments

	Measurement bandwidth 
	1 resource block
	Both RSRP and RSRQ measured over 1 RB*

	L1 measurement period
	Normal mode: 400 ms 
Extended mode: 800 ms 
	

	Measurement sampling rate
	40 ms
	

	Sample duration
	1 ms, 3 ms, 5 ms, 7 ms
	

	L3 filtering
	Disabled
	

	Antenna configuration
	Stand-alone: 1 Tx, 1 Rx
In-band: 2 Tx, 1 Rx
	

	Channel model
	AWGN, EPA 1Hz, ETU 1Hz
	

	Measurement type
	NRS only based
	

	CP length
	Normal
	

	Carrier frequency
	2.0 GHz
	

	Ec/IoT
	Normal mode: -6 dB
Extended mode: -15 dB
	AWGN noise

	Frequency error modeling 
	±50 Hz
	With respect to reference cell

	*NOTE: RSRQ is be based on using all symbols in the measured subframe


Appendix B
Delta NRSRP and delta NRSRQ CDF Curve Results in Stand-alone Operation
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Figure 1: Delta RSRP estimate in normal mode (SNR of -6 dB)  using measurements period of 400ms, sampling rate of 40ms and four different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 1 based measurements. 
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Figure 2: Delta RSRP estimate in normal mode (SNR of -6 dB)  using measurements period of 400ms, sampling rate of 40ms and four different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 4 based measurements.
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Figure 3: Delta RSRQ estimate in normal mode (SNR of -6 dB)  using measurements period of 400ms, sampling rate of 40ms and four different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 1 based measurements.
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Figure 4: Delta RSRQ estimate in normal mode (SNR of -6 dB)  using measurements period of 400ms, sampling rate of 40ms and four different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 4 based measurements.
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Figure 5: Delta RSRP estimate in extended mode (SNR of -15 dB) using measurements period of 800ms, sampling rate of 40ms and four different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 1 based measurements.
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Figure 6: Delta RSRP estimate in extended mode (SNR of -15 dB) using measurements period of 800ms, sampling rate of 40ms and four different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 4 based measurements.
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Figure 7: Delta RSRQ estimate in extended mode (SNR of -15 dB) using measurements period of 800ms, sampling rate of 40ms and four different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 1 based measurements.
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Figure 8: Delta RSRQ estimate in extended mode (SNR of -15 dB) using measurements period of 800ms, sampling rate of 40ms and four different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 4 based measurements.

Appendix C

Delta NRSRP and delta NRSRQ CDF Curve Results in In-band Operation
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Figure 9: Delta RSRP estimate in normal mode (SNR of -6 dB)  using measurements period of 400ms, sampling rate of 40ms and two different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 1 based measurements.
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Figure 10: Delta RSRP estimate in normal mode (SNR of -6 dB)  using measurements period of 400ms, sampling rate of 40ms and two different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 4 based measurements.
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Figure 11: Delta RSRQ estimate in normal mode (SNR of -6 dB)  using measurements period of 400ms, sampling rate of 40ms and two different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 1 based measurements.
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Figure 12: Delta RSRQ estimate in normal mode (SNR of -6 dB)  using measurements period of 400ms, sampling rate of 40ms and two different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 4 based measurements.
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Figure 13: Delta RSRP estimate in extended mode (SNR of -15 dB)  using measurements period of 800ms, sampling rate of 40ms and two different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 1 based measurements.
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Figure 14: Delta RSRP estimate in extended mode (SNR of -15 dB)  using measurements period of 800ms, sampling rate of 40ms and two different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 4 based measurements.
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Figure 15: Delta RSRQ estimate in extended mode (SNR of -15 dB)  using measurements period of 800ms, sampling rate of 40ms and two different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 1 based measurements.
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Figure 16: Delta RSRQ estimate in extended mode (SNR of -15 dB)  using measurements period of 800ms, sampling rate of 40ms and two different sample durations in AWGN, EPA 1Hz and ETU 1Hz channels. Algorithm type 4 based measurements.
