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1. Introduction

In RAN4#91, the performance for RSS based RSRP measurement are discussed, and following agreements are made as captured in [1]. 

	· RSS based RSRP measurement yields better measurement performance compared to CRS based under certain side conditions

· The side conditions for the scenarios where RSS is to be used is FFS.

· RSS based RSRP measurement may be used for CE level selection when multiple CE levels are configured in RA. 

· RSS based RSRP measurement for neighbor cells are pending RAN1/RAN2 agreements on RSS configurations.

· Companies are encouraged to provide simulation results for:

· 2 Rx case

· 1, 2 and 3 samples averaging assuming a measurement period of 160, 320 and 480 ms.


In this paper we will provide our initial simulation results.
2. Discussion
2.1. Simulation assumption
The simulation in this paper are based on assumptions agreed in [2]. The detailed assumptions are in Table 1, where the values in red are selected.
Table 1: Simulation assumption

	 Parameters
	Value
	Comments

	RSS bandwidth
	2 consecutive resource blocks
	

	Sample duration
	{1, 2} subframes
	Implementation dependent (NOTE 4)

	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, 320 ms, 480 ms, 800ms
	Single shot measurement does not include any time-domain averaging over multiple samples

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	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
	

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

	Channel estimation techniques
	Measurement averaging techniques used currently for category M1 
	Implementation dependent (NOTE 2)

	Number of RSS subframes used for measurement
	
	Implementation dependent (NOTE 3)

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-15 dB, …, 5 dB
	AWGN noise 

	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.  


2.2. Simulation results
Table 2-4 show the simulation results in terms of absolute RSRP error for AWGN, EPA5, ETU30, EPA1 and ETU1 channels. For each channel, different sample numbers for averaging are simulated, resulting at measurement period of 160ms (single-shot), 320ms (2 samples), 480ms (3 sample) and 800ms (5 samples). 
Table 2: Absolute RSRP error based on RSS for AWGN
	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	160ms 
	320ms
	480ms
	800ms

	AWGN
	-15
	8.00
	6.30
	5.07
	3.77

	
	-12
	4.80
	3.20
	2.33
	1.76

	
	-9
	2.16
	1.51
	1.16
	0.89

	
	-6
	1.24
	0.83
	0.65
	0.50

	
	-3
	0.78
	0.53
	0.42
	0.33

	
	0
	0.50
	0.35
	0.28
	0.22


Table 3: Absolute RSRP error based on RSS for EPA5

	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	160ms 
	320ms
	480ms
	800ms

	EPA5
	-15
	8.66
	6.52
	5.27
	4.34

	
	-12
	6.07
	4.10
	3.46
	2.16

	
	-9
	4.01
	2.43
	1.65
	1.05

	
	-6
	2.63
	1.32
	0.93
	0.62

	
	-3
	1.64
	0.83
	0.55
	0.38

	
	0
	1.02
	0.47
	0.33
	0.25


Table 4: Absolute RSRP error based on RSS for ETU30

	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	160ms 
	320ms
	480ms
	800ms

	ETU30
	-15
	6.85
	6.19
	5.26
	4.39

	
	-12
	5.95
	4.24
	3.26
	2.17

	
	-9
	4.46
	2.30
	1.72
	1.16

	
	-6
	2.47
	1.30
	0.94
	0.65

	
	-3
	1.48
	0.79
	0.57
	0.42

	
	0
	1.04
	0.53
	0.41
	0.30


Table 5: Absolute RSRP error based on RSS for EPA1

	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	160ms 
	320ms
	480ms
	800ms

	EPA1
	-15
	8.85
	5.37
	5.35
	4.82

	
	-12
	6.26
	4.33
	3.54
	2.73

	
	-9
	3.68
	2.83
	2.07
	1.38

	
	-6
	2.52
	1.69
	1.17
	0.75

	
	-3
	1.59
	0.99
	0.66
	0.44

	
	0
	1.02
	0.57
	0.41
	0.29


Table 6: Absolute RSRP error based on RSS for ETU1

	Propagation

channel
	SNR [dB]
	Measurement period

	
	
	160ms 
	320ms
	480ms
	800ms

	ETU1
	-15
	6.95
	6.17
	5.69
	4.33

	
	-12
	5.85
	4.73
	3.68
	2.40

	
	-9
	3.82
	2.58
	1.92
	1.25

	
	-6
	2.38
	1.41
	1.06
	0.72

	
	-3
	1.37
	0.89
	0.64
	0.46

	
	0
	0.90
	0.52
	0.40
	0.31


From the simulation results, we observe that 
Observation 1: RSS measurement performance improves with measurement period. In particular, for SNR lower than -6dB, there is meaningful accuracy gain with 800ms measurement period over 480ms.
Observation 2: For CEModeA (SNR >= -6dB), with 800ms measurement period, the absolute accuracy with RF margin can be within 5dB, which is 2dB better than current requirements.
Observation 3: For CEModeB (SNR >= -12dB), with 800ms measurement period, the absolute accuracy with RF margin can be within 7dB, which is same as current requirements.
Observation 4: For CEModeB (SNR >= -15dB), with 800ms measurement period, the absolute accuracy with RF margin can be within 9dB, which is even worse current requirements.

3. Conclusions

In this paper we provided our initial simulation results for RSS based RSRP measurement in Rel-16 eMTC.

Observation 1: RSS measurement performance improves with measurement period. In particular, for SNR lower than -6dB, there is meaningful accuracy gain with 800ms measurement period over 480ms.
Observation 2: For CEModeA (SNR >= -6dB), with 800ms measurement period, the absolute accuracy with RF margin can be within 5dB, which is 2dB better than current requirements.

Observation 3: For CEModeB (SNR >= -12dB), with 800ms measurement period, the absolute accuracy with RF margin can be within 7dB, which is same as current requirements.

Observation 4: For CEModeB (SNR >= -15dB), with 800ms measurement period, the absolute accuracy with RF margin can be within 9dB, which is even worse current requirements.
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