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Introduction
At RAN4 #90-Bis simulation assumptions for performance evaluation of RSS based RSRP measurements were revised to [1]. 
This contribution is an update of [2] and reports simulation results for an extended subset of scenarios, in particular for RSS-based RSRP measurement performance for non-colliding and colliding RSS scenarios as well as a performance comparison to CRS-based RSRP measurements for non-colliding scenarios. In section 2 the revised simulation assumptions are summarized and measurement procedure details are described. Section 3 depicts simulation results and section 4 a discussion. Section 5 draws the conclusion.
Simulation assumptions
The revised simulation assumptions are summarized in Table 1 and further comments included. 
[bookmark: _Hlk4758103]Table 1: Revised simulation parameters for RSS based RSRP measurement studies [1] 
	[bookmark: _Hlk7700216]Parameters
	Value
	Comments

	RSS bandwidth
	2 consecutive resource blocks
	

	Sample duration
	{1, 2} subframes
	Implementation dependent (NOTE 4)
Equals term ‘RSS duration’ in this contribution.
Results are also included for 8 and 40 subframes (previous assumption).
120 RS REs per PRB in each of the subframes were used.

	RSS periodicity
	160 ms

	Option 1: non-colliding RSS
Option 2: Colliding RSS,

	Ratio of RSS RE energy to CRS RE energy
	0 dB
	

	Power level of neighbour cell relative to serving cell
	{0, -3} 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 1 or 2 subframes and for previous results 8 or 40 subframes, respectively), that means 1 sample is used.

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1, 2
	Single and double Rx branches, respectively for previous simulation results (8 and 40 subframes)
Single RX antenna for 1 and 2 subframes.

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	For comparison to CRS based RSRP performance, only EPA 5 used.

	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 
	Implementation dependent (NOTE 2)

	Number of RSS subframes used for measurement
	number of subframes per RSS duration (1, 2, 8 or 40) * number of samples (1, 3 or 5) 
	total subframes per L1 measurement period
Only for previous simulations (8,40 subframes) 3 samples were evaluated.

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	[bookmark: _Hlk7700091]Simulation duration
	5000 RSRP samples 

except section 3.1: 2500 RSRP samples
	Equals following number of RSS instances: 
-  5 000 for single shot over 1 subframe
- 10 000 for single shot over 2 subframes 
- 25 000 for 5 samples average over 1 subframe
- 50 000 for 5 samples average over 2 subframes
For results in section 3.1, number of RSS instances:
-  20 000 for single shot over 8 subframe
- 100 000 for single shot over 40 subframes 
-  60 000 for 3 samples average over 8 subframe
- 300 000 for 3 samples average over 40 subframes
- 100 000 for 5 samples average over 8 subframe
- 500 000 for 5 samples average over 40 subframes

	SNR [dB]
	-15, -12, -9, -6, 0, 5
	Setting for 1 and 2 subframes
Setting for 8, 40 subframes: -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.

	
	RSRP error = MAX(Delta RSRP(CDF=95%); -Delta RSRP(CDF=5%));   
	used for previous and revised simulation assumptions

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results
NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 
NOTE 3: The number of RSS subframes used for measurement is implementation dependent, and can range from 1 to the RSS duration. Companies are requested to provide the details of the RSS subframes used for interpretation and comparison of the results.
Note 4: The presented results shall be based on at least 10 000 RSS instances.  



Simulation results 
Non-colliding RSS scenario, results for 8 and 40 subframes
In this section simulations results are reported for 1 RX antenna and 2 RX antennas for the simulation settings agreed at RAN4#90 and depicted in [2]. 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 are 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: RSRP error [dB] 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: RSRP error [dB] 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: RSRP error [dB] 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 RSRP error, delta RSRP 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: RSRP error [dB] 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: RSRP error [dB] 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: RSRP error [dB] 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 RSRP error, delta RSRP 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)
[image: ]
Figure 4: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=40 subframes, 2 RX)
Non-colliding RSS scenario, results for 1 and 2 subframes
In this section, simulations results are reported for the non-colliding RSS scenario with simulation settings agreed in [1] for 1 RX antenna.
1 RX antenna
The following results were obtained for single RX antenna, shown in Tables 8 to 10 for AWGN, EPA 5 Hz and ETU 30 Hz propagation channels.
Table 8: RSRP error [dB] for AWGN.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	6.11
	-
	4.28
	4.98
	-
	4.04

	
	-12
	4.55
	-
	3.31
	4.64
	-
	2.24

	
	-9
	3.70
	-
	1.53
	2.70
	-
	1.14

	
	-6
	2.17
	-
	0.92
	1.48
	-
	0.59

	
	0
	0.75
	-
	0.33
	0.54
	-
	0.24

	
	5
	0.39
	-
	0.18
	0.28
	-
	0.12


Table 9: RSRP error [dB] for EPA 5 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	15.53
	-
	4.88
	13.99
	-
	3.76

	
	-12
	12.50
	-
	3.31
	10.78
	-
	2.26

	
	-9
	8.95
	-
	1.95
	8.62
	-
	1.30

	
	-6
	6.83
	-
	1.06
	5.43
	-
	0.81

	
	0
	2.35
	-
	0.38
	1.56
	-
	0.27

	
	5
	0.89
	-
	0.19
	0.62
	-
	0.14


Table 10: RSRP error [dB] for ETU 30 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	11.35
	-
	4.45
	9.84
	-
	3.83

	
	-12
	8.57
	-
	3.07
	7.17
	-
	2.57

	
	-9
	5.73
	-
	2.05
	4.47
	-
	1.24

	
	-6
	3.60
	-
	1.10
	2.39
	-
	0.75

	
	0
	1.43
	-
	0.43
	1.00
	-
	0.31

	
	5
	0.71
	-
	0.25
	0.55
	-
	0.17



In addition to the RSRP error, delta RSRP CDF curves for EPA 5 Hz and ETU 30 Hz for RSS duration of 1 subframe and 2 subframes are shown in Figure 5 and Figure 6 for the SNR points -15 dB, -12 dB, -9 dB and -6 dB. 
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Figure 5: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=1 subframe, 1 RX)
[image: ]
Figure 6: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=2 subframes, 1 RX)

Colliding RSS scenarios, results for 1 and 2 subframes
In this section, simulations results are reported for the colliding RSS scenarios for the simulation settings agreed in [1] for 1 RX antenna. It is noted that full collision of the interferer with differently initialised RSS sequence is assumed.
1 RX antenna, relative interferer power: -3 dB
The following results were obtained for single RX antenna, shown in Tables 11 to 13 for AWGN, EPA 5 Hz and ETU 30 Hz propagation channels.
Table 11: RSRP error [dB] for AWGN.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	6.25
	-
	4.41
	5.03
	-
	3.60

	
	-12
	4.37
	-
	2.95
	4.70
	-
	2.02

	
	-9
	3.94
	-
	1.49
	2.51
	-
	1.09

	
	-6
	2.04
	-
	0.91
	1.38
	-
	0.73

	
	0
	0.87
	-
	0.51
	0.68
	-
	0.42

	
	5
	0.55
	-
	0.35
	0.44
	-
	0.30


Table 12: RSRP error [dB] for EPA 5 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	15.87
	-
	4.80
	14.17
	-
	3.64

	
	-12
	12.30
	-
	3.22
	11.28
	-
	2.45

	
	-9
	9.75
	-
	1.93
	7.96
	-
	1.40

	
	-6
	7.28
	-
	1.18
	5.89
	-
	0.90

	
	0
	3.52
	-
	0.64
	3.11
	-
	0.54

	
	5
	2.43
	-
	0.47
	2.04
	-
	0.42


Table 13: RSRP error [dB] for ETU 30 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	11.41
	-
	4.49
	10.07
	-
	3.94

	
	-12
	8.50
	-
	3.10
	6.92
	-
	2.43

	
	-9
	6.04
	-
	1.76
	4.58
	-
	1.29

	
	-6
	3.90
	-
	1.11
	2.90
	-
	0.85

	
	0
	1.76
	-
	0.55
	1.40
	-
	0.43

	
	5
	1.22
	-
	0.39
	1.01
	-
	0.38



In addition to the RSRP error, delta RSRP CDF curves for EPA 5 Hz and ETU 30 Hz for RSS duration of 1 subframe and 2 subframes are shown in Figure 7 and Figure 8 for the SNR points -15 dB, -12 dB, -9 dB and -6 dB. 
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Figure 7: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=1 subframe, 1 RX)
[image: ]
Figure 8: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=2 subframes, 1 RX)

1 RX antenna, relative interferer power: 0 dB
The following results were obtained for single RX antenna, shown in Tables 14 to 16 for AWGN, EPA 5 Hz and ETU 30 Hz propagation channels.
Table 14: RSRP error [dB] for AWGN.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	6.27
	-
	4.18
	5.09
	-
	3.65

	
	-12
	4.41
	-
	2.81
	4.00
	-
	2.15

	
	-9
	3.62
	-
	1.61
	2.58
	-
	1.24

	
	-6
	2.08
	-
	1.10
	1.47
	-
	0.85

	
	0
	1.04
	-
	0.64
	0.82
	-
	0.54

	
	5
	0.69
	-
	0.50
	0.59
	-
	0.46


Table 15: RSRP error [dB] for EPA 5 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	15.38
	-
	4.90
	14.25
	-
	3.93

	
	-12
	12.63
	-
	3.17
	11.41
	-
	2.51

	
	-9
	10.13
	-
	2.10
	8.77
	-
	1.62

	
	-6
	7.91
	-
	1.46
	6.58
	-
	1.13

	
	0
	4.71
	-
	0.91
	3.92
	-
	0.85

	
	5
	3.39
	-
	0.79
	3.59
	-
	0.74


Table 16: RSRP error [dB] for ETU 30 Hz.
	Propagation
channel
	SNR [dB]
	RSS duration: 1 subframe
	RSS duration: 2 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
	11.48
	-
	4.62
	9.68
	-
	3.79

	
	-12
	8.66
	-
	2.89
	6.97
	-
	2.34

	
	-9
	6.20
	-
	1.84
	4.95
	-
	1.47

	
	-6
	4.43
	-
	1.34
	3.42
	-
	1.02

	
	0
	2.53
	-
	0.79
	2.10
	-
	0.74

	
	5
	2.10
	-
	0.65
	1.73
	-
	0.63



In addition to the RSRP error, delta RSRP CDF curves for EPA 5 Hz and ETU 30 Hz for RSS duration of 1 subframe and 2 subframes are shown in Figure 9 and Figure 10 for the SNR points -15 dB, -12 dB, -9 dB and -6 dB. 

[image: ]
Figure 9: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=1 subframe, 1 RX)
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Figure 10: CDF curves for delta RSRP (EPA 5 Hz and ETU 30 Hz for RSS duration=2 subframes, 1 RX)
Non-colliding scenario, comparison to CRS-based 	performance for 1 and 2 subframes
In this section, simulations results are reported for the non-colliding RSS scenario for CRS-based RSRP measurements with the same measurement duration of 1 or 2 subframes per sample and for 1 RX antenna. The CRS are distributed over 6 PRBs corresponding to the measurement bandwidth.
1 RX antenna
The following results were obtained for single RX antenna, shown in Table 17 for EPA 5 Hz propagation channel.
Table 17: RSRP error [dB] for EPA 5 Hz.
	Propagation
channel
	SNR [dB]
	Sample duration: 1 subframe
	Sample duration: 2 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
	18.61
	-
	8.22
	17.55
	-
	6.77

	
	-12
	15.50
	-
	5.47
	14.46
	-
	4.27

	
	-9
	13.03
	-
	3.68
	11.57
	-
	3.25

	
	-6
	9.85
	-
	2.63
	8.12
	-
	1.89

	
	0
	5.20
	-
	0.91
	3.32
	-
	0.65

	
	5
	1.96
	-
	0.44
	1.42
	-
	0.33



The difference in RSRP error versus RSS-based RSRP measurement performance for the same sample duration is recorded in Table 18.
Table 18: Difference in RSRP error [dB] to RSS-based RSRP for EPA 5 Hz.
	Propagation
channel
	SNR [dB]
	Sample duration: 1 subframe
	Sample duration: 2 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
	3.08
	-
	3.34
	3.56
	-
	3.01

	
	-12
	3.00
	-
	2.16
	3.68
	-
	2.01

	
	-9
	4.08
	-
	1.73
	2.95
	-
	1.95

	
	-6
	3.02
	-
	1.57
	2.69
	-
	1.08

	
	0
	2.85
	-
	0.53
	1.76
	-
	0.38

	
	5
	1.07
	-
	0.25
	0.80
	-
	0.19



In addition to the RSRP error, delta RSRP CDF curves for EPA 5 Hz for RSS duration of 1 subframe and 2 subframes are shown in Figure 11 and Figure 12 for the SNR points -15 dB, -12 dB, -9 dB and -6 dB. 
[image: ]
Figure 11: CDF curves for delta RSRP (EPA 5 Hz for sample duration=1 subframe, 1 RX)
[image: ]
Figure 12: CDF curves for delta RSRP (EPA 5 Hz for sample duration=2 subframes, 1 RX)

Discussion
Simulation results for the non-colliding RSS scenario contained in Section 3.1 with RSS duration of 8 or 40 subframes 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; 
· that for averaging over 5 samples the RSRP error remains always below 2.5 dB for RSS duration of 8 subframes and below 1.2 dB for RSS duration of 40 subframes. 
· that a further remarkable reduction is observed for EPA 5 Hz and ETU 30 Hz channels for the case of 2 RX antennas.
Simulation results for the non-colliding RSS scenario contained in Section 3.2 with RSS duration of 1 or 2 subframes indicate,
· that single shot with 1 and 2 subframes is not delivering sufficient measurement performance, whilst averaging over 5 samples has a large benefit. Averaging over 2 or 3 samples may thus be further investigated for the next meeting;
· that there is no substantial benefit of using 2 subframes over 1 subframe in case of averaging over 5 samples;
· that for averaging over 5 samples the RSRP error remains always below 5 dB. 
Simulation results for colliding RSS scenarios contained in Section 3.3 with RSS duration of 1 or 2 subframes indicate,
· that the colliding scenarios have only negligible performance impact. Practically the same performance is achieved as for the non-colliding RSS scenario.
Simulation results for the non-colliding scenario contained in Section 3.4 using legacy CRS-based measurement method for RSRP with the same measurement duration of 1 or 2 subframes per sample indicate,
· that the CRS-based measurement performance over the same measurement period is inferior to RSS-based RSRP measurement method. 
· [bookmark: _GoBack]that the performance gain in terms of lower RSRP error for averaging over 5 samples at the same SNR point is in the range of 1.6 to 3.3 dB below -6 dB and in the range of 0.2 dB to 1.6 dB above -6 dB, steadily decreasing with increasing SNR. 
· that the same behaviour is observed for sampling over 1 subframe or 2 subframes, i.e. the performance gain diminishes by around 0.23 dB in average and up to 0.5 dB for 2 subframes compared to 1 subframe. 
Results for the low mobility profiles EPA 1 Hz and ETU 1 Hz were not yet generated. These are planned for the next meeting. 
The following observations can be made at this point in time: 
Observation 1: The RSRP performance improves along increasing SNR (i.e. coverage). 
Observation 2: The performance benefit of longer RSS durations such as 8 subframes and 40 subframes for RSS periodicity of 160 ms and increased L1 measurement period, imply a higher measurement latency and furthermore an increased UE power consumption. This impact should be taken into account. The performance can be further improved with 2 RX antennas.
Observation 3: The performance benefit of measuring 1 subframe for RSS periodicity of 160 ms and then performing averaging over multiple samples yields an energy efficient measurement procedure, as the UE may go to sleep in between both RSS instances and exhibits good performance with RSRP error below 5 dB in enhanced coverage. The extension to sampling over 2 consecutive subframes does not yield a significant performance gain in case of multiple sample averaging. Thus, further investigation on the number of samples for averaging is needed. 
Observation 4: The impact of RSS collision scenarios on RSS-based RSRP measurement performance is found to be negligible. 
Observation 5: The RSS-based RSRP measurement performance is superior over CRS-based RSRP performance by 1.6 to about 3.3 dB for enhanced coverage and by 0.2 to 1.6 dB for normal coverage.
Observation 6: The defined RSRP error serves well in qualifying the RSRP measurement performance. 
Existing intra-frequency absolute RSRP accuracy performance for UE category M1 is specified in TS 36.133, subclause 9.1.21.1 for CE mode A and in subclause 9.1.21.3 for CE mode B and is summarized in Table 20 below.
Table 20: RSRP Intra frequency absolute accuracy for UE category M1 in TS 36.133.
	Normal condition
	RSRP intra frequency absolute accuracy

	CE mode A, Ês/Iot -6 dB
	7 dB

	CE mode B, Ês/Iot -12 dB
	7 dB

	CE mode B, -15≤Ês/Iot≤-12 dB
	8 dB


Thus, the following proposal is made:
It is proposed to use the existing intra-frequency absolute RSRP accuracy performance for UE category M1 as reference for identifying performance gains for RSS-based RSRP measurement accuracy.
Conclusion
This contribution lists simulation results for the non-colliding and colliding RSS scenario for a subset of scenarios, in particular for RSS-based RSRP measurement performance for non-colliding and colliding RSS scenarios as well as a performance comparison to CRS-based RSRP measurements for non-colliding scenarios. From the results, obtained so far, following observations are made. 
Observation 1: The RSRP performance improves along increasing SNR (i.e. coverage). 
Observation 2: The performance benefit of longer RSS durations such as 8 subframes and 40 subframes for RSS periodicity of 160 ms and increased L1 measurement period, imply a higher measurement latency and furthermore an increased UE power consumption. This impact should be taken into account. The performance can be further improved with 2 RX antennas.
Observation 3: The performance benefit of measuring 1 subframe for RSS periodicity of 160 ms and then performing averaging over multiple samples yields an energy efficient measurement procedure, as the UE may go to sleep in between both RSS instances and exhibits good performance with RSRP error below 5 dB in enhanced coverage. The extension to sampling over 2 consecutive subframes does not yield a significant performance gain in case of multiple sample averaging. Thus, further investigation on the number of samples for averaging is needed. 
Observation 4: The impact of RSS collision scenarios on RSS-based RSRP measurement performance is found to be negligible. 
Observation 5: The RSS-based RSRP measurement performance is superior over CRS-based RSRP performance by 1.6 to about 3.3 dB for enhanced coverage and by 0.2 to 1.6 dB for normal coverage.
Observation 6: The defined RSRP error serves well in qualifying the RSRP measurement performance. 
Based on existing RSRP measurement accuracy requirements in TS 36.133, the following proposal is made:
1. It is proposed to use the existing intra-frequency absolute RSRP accuracy performance for UE category M1 as reference for identifying performance gains for RSS-based RSRP measurement accuracy.
For the complete performance analysis, results for the low mobility profiles EPA 1 Hz and ETU 1 Hz as well as for different averaging periods and the case of 2 RX antennas need to be generated. These investigations are planned to be contributed to RAN4 #92 meeting. 
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