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Introduction
At RAN4 #90 simulation assumptions for performance evaluation of RSS based RSRP measurements were agreed in [1]. 
This contribution lists simulation results for a subset of scenarios, in particular for the non-collision RSS scenario. In section 2 simulation assumptions are summarized and measurement procedure details are described. Section 3 depicts simulation results and section 4 a brief discussion. Section 5 draws the conclusion.
Simulation assumptions
The link level simulation assumptions are summarized in Table 1. 
[bookmark: _Hlk4758103]Table 1: Link level simulation parameters for RSS based RSRP measurement studies 
	Parameters
	Value
	Comments

	RSS bandwidth
	2 consecutive resource blocks
	

	RSS durations
	{8, 40} subframes
	120 RS REs per PRB in each of the subframes were used

	RSS periodicity
	160 ms
	Option 1: non-colliding RSS

	Ratio of RSS RE energy to CRS RE energy
	0 dB
	

	Measurement bandwidth
	2 resource blocks
	RSRP measured over the 2 RSS PRBs. 

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	Single shot, 480 ms, 800 ms 
	Single shot measurement includes time domain averaging over the RSS duration (i.e. over 8 or 40 subframes), that means 1 sample is used. 

	Measurement sampling rate
	160 ms
	

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1, 2
	Single and double Rx branches, respectively  

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency for stationary UEs: ETU and EPA
	1 Hz and 1 Hz, respectively
	results not included

	Doppler Frequency for mobile UEs: ETU and EPA
	30 Hz and 5 Hz, respectively
	results included

	Channel estimation techniques
	Measurement averaging techniques used currently for category M1 
	

	Number of RSS subframes used for measurement
	number of subframes per RSS duration (8 or 40) * number of samples (1, 3 or 5) 
	total subframes per L1 measurement period

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	SNR [dB]
	-15, -12.5, -10, -7.5, -5, 0, 5
	AWGN noise 

	Performance Metrics
	Delta RSRP (= estimated RSRP – ideal RSRP)
	The ideal RSRP is the true value that does not include any channel estimation noise.



Simulation results 
Simulations results are reported for 1 RX antenna and 2 RX antennas. In particular the delta RSRP has been evaluated and the 90% percentile around the median of the distribution is recorded, i.e. the maximum absolute value of the 5% and 95% points of the delta RSRP CDF is selected. 
1 RX antenna
The following results were obtained for single RX antenna, shown in Tables 2 to 4 for AWGN, EPA 5 Hz and ETU 30 Hz propagation channels.
Table 2: Delta RSRP [dB] (90% percentile) for AWGN.
	Propagation
channel
	SNR [dB]
	RSS duration: 8 subframes
	RSS duration: 40 subframes

	
	
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms

	AWGN
	-15
	4.28
	3.11
	2.15
	1.92
	1.07
	0.86

	
	-12.5
	2.71
	1.59
	1.20
	1.13
	0.63
	0.51

	
	-10
	1.49
	0.87
	0.65
	0.66
	0.37
	0.30

	
	-7.5
	0.90
	0.54
	0.39
	0.41
	0.23
	0.17

	
	-5
	0.61
	0.35
	0.27
	0.25
	0.14
	0.11

	
	0
	0.27
	0.15
	0.12
	0.12
	0.07
	0.06

	
	5
	0.14
	0.08
	0.06
	0.06
	0.04
	0.03


Table 3: Delta RSRP [dB] (90% percentile) for EPA 5 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 8 subframes
	RSS duration: 40 subframes

	
	
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms

	EPA 5 Hz
	-15
	10.85
	3.56
	2.35
	5.22
	1.58
	1.12

	
	-12.5
	7.93
	1.93
	1.53
	3.45
	0.93
	0.61

	
	-10
	5.83
	1.26
	0.82
	1.96
	0.55
	0.36

	
	-7.5
	3.75
	0.77
	0.49
	1.09
	0.33
	0.21

	
	-5
	2.4
	0.49
	0.32
	0.61
	0.19
	0.14

	
	0
	0.67
	0.21
	0.13
	0.24
	0.09
	0.06

	
	5
	0.3
	0.1
	0.07
	0.1
	0.04
	0.03


Table 4: Delta RSRP [dB] (90% percentile) for ETU 30 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 8 subframes
	RSS duration: 40 subframes

	
	
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms

	ETU 30 Hz
	-15
	6.05
	3.23
	2.47
	2.53
	1.2
	0.97

	
	-12.5
	4.19
	1.96
	1.36
	1.47
	0.75
	0.51

	
	-10
	2.5
	1.01
	0.81
	0.88
	0.43
	0.33

	
	-7.5
	1.69
	0.67
	0.48
	0.51
	0.27
	0.23

	
	-5
	1.07
	0.42
	0.31
	0.36
	0.19
	0.16

	
	0
	0.52
	0.23
	0.17
	0.2
	0.11
	0.08

	
	5
	0.31
	0.15
	0.12
	0.16
	0.08
	0.07


In addition to the 90% interval figures, CDF curves for EPA 5 Hz and ETU 30 Hz for RSS duration of 8 subframes and 40 subframes are shown in Figure 1 and Figure 2 for the SNR points -15 dB, - 10 dB and -5 dB. 
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Figure 1: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=8 subframes, 1 RX)
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Figure 2: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=40 subframes, 1 RX)
2 RX antennas
The following results were obtained for two RX antennas, shown in Tables 5 to 7 for AWGN, EPA 5 Hz and ETU 30 Hz propagation channels.
Table 5: Delta RSRP [dB] (90% interval) for AWGN.
	Propagation
channel
	SNR [dB]
	RSS duration: 8 subframes
	RSS duration: 40 subframes

	
	
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms

	AWGN
	-15
	3.40
	2.19
	1.90
	1.78
	1.11
	0.85

	
	-12.5
	2.17
	1.37
	1.11
	1.09
	0.69
	0.54

	
	-10
	1.42
	0.85
	0.71
	0.68
	0.42
	0.31

	
	-7.5
	0.96
	0.56
	0.45
	0.43
	0.25
	0.20

	
	-5
	0.61
	0.37
	0.29
	0.29
	0.17
	0.13

	
	0
	0.30
	0.17
	0.14
	0.14
	0.08
	0.06

	
	5
	0.16
	0.09
	0.07
	0.07
	0.04
	0.03



Table 6: Delta RSRP [dB] (90% interval) for EPA 5 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 8 subframes
	RSS duration: 40 subframes

	
	
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms

	EPA 5 Hz
	-15
	5.67
	2.26
	1.47
	2.51
	0.97
	0.71

	
	-12.5
	3.66
	1.33
	0.94
	1.42
	0.62
	0.48

	
	-10
	1.96
	0.84
	0.61
	0.82
	0.34
	0.25

	
	-7.5
	1.22
	0.51
	0.36
	0.49
	0.21
	0.16

	
	-5
	0.71
	0.32
	0.23
	0.3
	0.14
	0.1

	
	0
	0.31
	0.15
	0.12
	0.13
	0.07
	0.05

	
	5
	0.16
	0.07
	0.06
	0.06
	0.04
	0.03



Table 7: Delta RSRP [dB] (90% interval) for ETU 30 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 8 subframes
	RSS duration: 40 subframes

	
	
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms
	L1 meas. period: single shot 
	L1 meas. period: 
480 ms
	L1 meas. period: 
800 ms

	ETU 30 Hz
	-15
	4.27
	2.08
	1.63
	1.65
	0.91
	0.71

	
	-12.5
	2.6
	1.2
	0.97
	1.01
	0.54
	0.43

	
	-10
	1.57
	0.7
	0.64
	0.59
	0.36
	0.27

	
	-7.5
	0.91
	0.45
	0.4
	0.39
	0.22
	0.17

	
	-5
	0.63
	0.33
	0.26
	0.27
	0.16
	0.12

	
	0
	0.33
	0.18
	0.14
	0.15
	0.1
	0.07

	
	5
	0.21
	0.12
	0.1
	0.12
	0.07
	0.06



In addition to the 90% interval figures, CDF curves for EPA 5 Hz and ETU 30 Hz for RSS duration of 8 subframes and 40 subframes are shown in Figure 3 and Figure 4 for the SNR points -15 dB, - 10 dB and -5 dB. 
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Figure 3: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=8 subframes, 2 RX)
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Figure 4: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=40 subframes, 2 RX)
Discussion
Simulation results for the non-collision RSS scenario contained in Section 3 indicate that both a longer RSS duration (i.e. 40 subframes versus 8 subframes) and also a longer L1 measurement period (480 ms or 800 ms versus single shot, i.e. 160 ms) serve well to considerably reduce the delta RSRP value, in particular for SNR values below 0 dB. 
A further remarkable reduction is observed for EPA 5 Hz and ETU 30 Hz channels for the case of 2 RX antennas.
Results for the low mobility profiles EPA 1 Hz and ETU 1 Hz as well as for the colliding RSS scenario need as well to be considered, thus a conclusion on suitable measurement configurations cannot be drawn at this moment.
The benefit of longer RSS duration and increased L1 measurement period, however, implies a higher UE power consumption and higher measurement latency. This impact should be taken into account during the study.
For the purpose of progressing the study, a target delta RSRP limit, specific for each coverage level, could thus be defined that will assist in identifying suitable measurement configurations after comparing performance benefits against impacts. For instance, a target delta RSRP limit 1 for normal coverage, a limit 2 for CE mode A and a limit 3 for CE mode B could be identified based on single RX antenna performance. 
It is observed that delta RSRP performance improves along SNR (coverage). For identifying suitable measurement configurations, that take into account UE power consumption and measurement delay impacts, target delta RSRP limits could be beneficial.
Discuss the introduction of target delta RSRP limits, specific for each coverage level (normal, CE mode A, CE mode B) and based on single RX antenna performance to assist in selecting suitable measurement configurations.
Conclusion
This contribution lists simulation results for the non-collision RSS scenario for a subset of defined propagation channels. From the results, obtained so far, it can be seen that both a longer RSS duration and a longer L1 measurement period serve well to considerably reduce the delta RSRP value. In addition, a further remarkable reduction is achieved for EPA 5 Hz and ETU 30 Hz channels for the case of 2 RX antennas. 
It is proposed to address the following proposal in the discussion: 
1. Discuss the introduction of target delta RSRP limits, specific for each coverage level (normal, CE mode A, CE mode B) and based on single RX antenna performance to assist in selecting suitable measurement configurations.
For the complete performance analysis, results for the low mobility profiles EPA 1 Hz and ETU 1 Hz as well as for the colliding RSS scenario need to be considered. These investigations are planned to be contributed to RAN4 #91 meeting. 
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