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1 Introduction
In RAN4 #70 meeting, link level simulation assumptions for MBSFN RS based RSRP/RSRQ was approved in [1], and several companies have submitted the link simulation results in RAN4 #70bis meeting. In RAN4 #70bis meeting, a way forward on MBSFN RSRP/RSRQ measurements was approved in [2].
In this contribution, we provide the simulation results for MBSFN RSRP/RSRQ accuracy to conduct the open issues as refered in the way forward.
· Measurement period is FFS

· The UE shall meet the accuracy requirements provided that at least N MBSFN subframes are available for the measurements (e.g., N=[5])
2 Smulation results
The detailed simulation assumptions are given in Table A-1 in Annex A as agreed in [1] and [3].
In this contribution, simulation results with 320ms and 640ms L1 measurement periods were provided. Within each period, 2 or 4 subframes with uniform spacing were collected to evaluate RSRP/RSRQ accuarcy.
2.1 Results of MBSFN RSRP
The simulation results of the 5-percentile, 50-percentile, and 95-percentile and RSRP accuracy are summarized in Table 1/2/3, for AWGN/MBSFN5/ETU30 channel respectively.
Table 1: RSRP measurement accuracy for AWGN channel
	SNR (dB)
	L1 period (ms)
	Sampling rate
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	-8
	320
	2
	-0.63
	1.32
	2.85
	[-0.63,2.85]
	2.85

	
	320
	4
	-0.09
	1.27
	2.40
	[-0.09,2.40]
	2.40

	
	640
	2
	-0.66
	1.32
	2.84
	[-0.66,2.84]
	2.84

	
	640
	4
	-0.05
	1.28
	2.39
	[-0.05,2.39]
	2.39

	-6
	320
	2
	-0.61
	0.88
	2.14
	[-0.61,2.14]
	2.14

	
	320
	4
	-0.19
	0.85
	1.76
	[-0.19,1.76]
	1.76

	
	640
	2
	-0.66
	0.88
	2.14
	[-0.66,2.14]
	2.14

	
	640
	4
	-0.19
	0.86
	1.77
	[-0.19,1.77]
	1.77

	-4
	320
	2
	-0.47
	0.63
	1.61
	[-0.47,1.61]
	1.61

	
	320
	4
	-0.17
	0.61
	1.31
	[-0.17,1.31]
	1.31

	
	640
	2
	-0.50
	0.62
	1.63
	[-0.50,1.63]
	1.63

	
	640
	4
	-0.16
	0.61
	1.32
	[-0.16,1.32]
	1.32

	0
	320
	2
	-0.27
	0.34
	0.95
	[-0.27,0.95]
	0.95

	
	320
	4
	-0.10
	0.34
	0.77
	[-0.10,0.77]
	0.77

	
	640
	2
	-0.29
	0.34
	0.96
	[-0.29,0.96]
	0.96

	
	640
	4
	-0.09
	0.35
	0.77
	[-0.09,0.77]
	0.77

	4
	320
	2
	-0.16
	0.21
	0.58
	[-0.16,0.58]
	0.58

	
	320
	4
	-0.06
	0.21
	0.47
	[-0.06,0.47]
	0.47

	
	640
	2
	-0.16
	0.21
	0.58
	[-0.16,0.58]
	0.58

	
	640
	4
	-0.05
	0.21
	0.47
	[-0.05,0.47]
	0.47


Table 2: RSRP measurement accuracy for MBSFN 5Hz channel

	SNR (dB)
	L1 period (ms)
	Sampling rate
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	-8
	320
	2
	-2.02
	0.31
	2.44
	[-2.02,2.44]
	2.44

	
	320
	4
	-1.32
	0.28
	1.84
	[-1.32,1.84]
	1.84

	
	640
	2
	-2.02
	0.28
	2.45
	[-2.02,2.45]
	2.45

	
	640
	4
	-1.37
	0.29
	1.79
	[-1.37,1.79]
	1.79

	-6
	320
	2
	-2.30
	-0.26
	1.46
	[-2.30,1.46]
	2.30

	
	320
	4
	-1.71
	-0.29
	0.99
	[-1.71,0.99]
	1.71

	
	640
	2
	-2.34
	-0.26
	1.49
	[-2.34,1.49]
	2.34

	
	640
	4
	-1.74
	-0.27
	0.97
	[-1.74,0.97]
	1.74

	-4
	320
	2
	-2.35
	-0.55
	0.81
	[-2.35,0.81]
	2.35

	
	320
	4
	-1.85
	-0.58
	0.44
	[-1.85,0.44]
	1.85

	
	640
	2
	-2.40
	-0.56
	0.82
	[-2.40,0.82]
	2.40

	
	640
	4
	-1.84
	-0.57
	0.43
	[-1.84,0.43]
	1.84

	0
	320
	2
	-2.22
	-0.74
	0.20
	[-2.22,0.20]
	2.22

	
	320
	4
	-1.85
	-0.78
	-0.06
	[-1.85,-0.06]
	1.85

	
	640
	2
	-2.24
	-0.73
	0.21
	[-2.24,0.21]
	2.24

	
	640
	4
	-1.81
	-0.78
	-0.07
	[-1.81,-0.07]
	1.81

	4
	320
	2
	-2.08
	-0.76
	-0.05
	[-2.08,-0.05]
	2.08

	
	320
	4
	-1.76
	-0.82
	-0.24
	[-1.76,-0.24]
	1.76

	
	640
	2
	-2.12
	-0.75
	-0.03
	[-2.12,-0.03]
	2.12

	
	640
	4
	-1.73
	-0.81
	-0.24
	[-1.73,-0.24]
	1.73


Table 3: RSRP measurement accuracy for ETU 30Hz channel

	SNR (dB)
	L1 period (ms)
	Sampling rate
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	-8
	320
	2
	-1.34
	0.70
	2.75
	[-1.34,2.75]
	2.75

	
	320
	4
	-0.74
	0.69
	2.15
	[-0.74,2.15]
	2.15

	
	640
	2
	-1.31
	0.68
	2.80
	[-1.31,2.80]
	2.80

	
	640
	4
	-0.77
	0.70
	2.19
	[-0.77,2.19]
	2.19

	-6
	320
	2
	-1.35
	0.31
	1.90
	[-1.35,1.90]
	1.90

	
	320
	4
	-0.89
	0.29
	1.45
	[-0.89,1.45]
	1.45

	
	640
	2
	-1.28
	0.29
	1.96
	[-1.28,1.96]
	1.96

	
	640
	4
	-0.87
	0.29
	1.48
	[-0.87,1.48]
	1.48

	-4
	320
	2
	-1.19
	0.11
	1.34
	[-1.19,1.34]
	1.34

	
	320
	4
	-0.84
	0.10
	0.99
	[-0.84,0.99]
	0.99

	
	640
	2
	-1.19
	0.10
	1.37
	[-1.19,1.37]
	1.37

	
	640
	4
	-0.84
	0.09
	1.02
	[-0.84,1.02]
	1.02

	0
	320
	2
	-0.81
	-0.02
	0.71
	[-0.81,0.71]
	0.81

	
	320
	4
	-0.57
	-0.03
	0.50
	[-0.57,0.50]
	0.57

	
	640
	2
	-0.82
	-0.02
	0.72
	[-0.82,0.72]
	0.82

	
	640
	4
	-0.58
	-0.03
	0.51
	[-0.58,0.51]
	0.58

	4
	320
	2
	-0.53
	-0.05
	0.39
	[-0.53,0.39]
	0.53

	
	320
	4
	-0.38
	-0.05
	0.26
	[-0.38,0.26]
	0.38

	
	640
	2
	-0.54
	-0.05
	0.39
	[-0.54,0.39]
	0.54

	
	640
	4
	-0.39
	-0.05
	0.27
	[-0.39,0.27]
	0.39


2.2 Results of MBSFN RSRQ

The simulation results of the 5-percentile, 50-percentile, and 95-percentile and RSRQ accuracy are summarized in Table 4/5/6, for AWGN/MBSFN5/ETU30 channel respectively.
Table 4: RSRQ measurement accuracy for AWGN channel

	SNR (dB)
	L1 period (ms)
	Sampling rate
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	-8
	320
	2
	-0.59
	1.30
	2.76
	[-0.59,2.76]
	2.76

	
	320
	4
	-0.06
	1.26
	2.34
	[-0.06,2.34]
	2.34

	
	640
	2
	-0.61
	1.30
	2.75
	[-0.61,2.75]
	2.75

	
	640
	4
	-0.03
	1.25
	2.33
	[-0.03,2.33]
	2.33

	-6
	320
	2
	-0.57
	0.86
	2.03
	[-0.57,2.03]
	2.03

	
	320
	4
	-0.16
	0.84
	1.69
	[-0.16,1.69]
	1.69

	
	640
	2
	-0.60
	0.86
	2.03
	[-0.60,2.03]
	2.03

	
	640
	4
	-0.15
	0.84
	1.68
	[-0.15,1.68]
	1.68

	-4
	320
	2
	-0.43
	0.59
	1.48
	[-0.43,1.48]
	1.48

	
	320
	4
	-0.14
	0.58
	1.22
	[-0.14,1.22]
	1.22

	
	640
	2
	-0.46
	0.59
	1.48
	[-0.46,1.48]
	1.48

	
	640
	4
	-0.14
	0.58
	1.22
	[-0.14,1.22]
	1.22

	0
	320
	2
	-0.24
	0.30
	0.80
	[-0.24,0.80]
	0.80

	
	320
	4
	-0.08
	0.30
	0.66
	[-0.08,0.66]
	0.66

	
	640
	2
	-0.25
	0.30
	0.80
	[-0.25,0.80]
	0.80

	
	640
	4
	-0.07
	0.29
	0.66
	[-0.07,0.66]
	0.66

	4
	320
	2
	-0.13
	0.16
	0.45
	[-0.13,0.45]
	0.45

	
	320
	4
	-0.04
	0.16
	0.37
	[-0.04,0.37]
	0.37

	
	640
	2
	-0.14
	0.16
	0.45
	[-0.14,0.45]
	0.45

	
	640
	4
	-0.04
	0.16
	0.37
	[-0.04,0.37]
	0.37


Table 5: RSRQ measurement accuracy for MBSFN 5Hz channel

	SNR (dB)
	L1 period (ms)
	Sampling rate
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	-8
	320
	2
	-1.89
	0.36
	2.45
	[-1.89,2.45]
	2.45

	
	320
	4
	-1.20
	0.35
	1.86
	[-1.20,1.86]
	1.86

	
	640
	2
	-1.87
	0.35
	2.49
	[-1.87,2.49]
	2.49

	
	640
	4
	-1.25
	0.35
	1.82
	[-1.25,1.82]
	1.82

	-6
	320
	2
	-2.12
	-0.19
	1.45
	[-2.12,1.45]
	2.12

	
	320
	4
	-1.58
	-0.23
	0.99
	[-1.58,0.99]
	1.58

	
	640
	2
	-2.21
	-0.17
	1.46
	[-2.21,1.46]
	2.21

	
	640
	4
	-1.61
	-0.22
	0.98
	[-1.61,0.98]
	1.61

	-4
	320
	2
	-2.20
	-0.50
	0.79
	[-2.20,0.79]
	2.20

	
	320
	4
	-1.72
	-0.53
	0.43
	[-1.72,0.43]
	1.72

	
	640
	2
	-2.23
	-0.48
	0.81
	[-2.23,0.81]
	2.23

	
	640
	4
	-1.73
	-0.53
	0.42
	[-1.73,0.42]
	1.73

	0
	320
	2
	-2.07
	-0.68
	0.15
	[-2.07,0.15]
	2.07

	
	320
	4
	-1.73
	-0.73
	-0.08
	[-1.73,-0.08]
	1.73

	
	640
	2
	-2.07
	-0.67
	0.15
	[-2.07,0.15]
	2.07

	
	640
	4
	-1.66
	-0.73
	-0.09
	[-1.66,-0.09]
	1.66

	4
	320
	2
	-1.90
	-0.70
	-0.08
	[-1.90,-0.08]
	1.90

	
	320
	4
	-1.59
	-0.76
	-0.26
	[-1.59,-0.26]
	1.59

	
	640
	2
	-1.96
	-0.69
	-0.08
	[-1.96,-0.08]
	1.96

	
	640
	4
	-1.54
	-0.75
	-0.26
	[-1.54,-0.26]
	1.54


Table 6: RSRQ measurement accuracy for ETU 30Hz channel

	SNR (dB)
	L1 period (ms)
	Sampling rate
	5%
	50%
	95%
	Absolute bias
	Absolute accuracy

	-8
	320
	2
	-1.20
	0.75
	2.72
	[-1.20,2.72]
	2.72

	
	320
	4
	-0.62
	0.74
	2.16
	[-0.62,2.16]
	2.16

	
	640
	2
	-1.19
	0.73
	2.80
	[-1.19,2.80]
	2.80

	
	640
	4
	-0.65
	0.75
	2.18
	[-0.65,2.18]
	2.18

	-6
	320
	2
	-1.22
	0.35
	1.89
	[-1.22,1.89]
	1.89

	
	320
	4
	-0.77
	0.34
	1.43
	[-0.77,1.43]
	1.43

	
	640
	2
	-1.17
	0.33
	1.93
	[-1.17,1.93]
	1.93

	
	640
	4
	-0.77
	0.34
	1.47
	[-0.77,1.47]
	1.47

	-4
	320
	2
	-1.05
	0.14
	1.29
	[-1.05,1.29]
	1.29

	
	320
	4
	-0.72
	0.13
	0.95
	[-0.72,0.95]
	0.95

	
	640
	2
	-1.02
	0.14
	1.30
	[-1.02,1.30]
	1.30

	
	640
	4
	-0.71
	0.13
	0.98
	[-0.71,0.98]
	0.98

	0
	320
	2
	-0.67
	0.01
	0.63
	[-0.67,0.63]
	0.67

	
	320
	4
	-0.48
	-0.01
	0.45
	[-0.48,0.45]
	0.48

	
	640
	2
	-0.66
	0.01
	0.63
	[-0.66,0.63]
	0.66

	
	640
	4
	-0.47
	-0.01
	0.47
	[-0.47,0.47]
	0.47

	4
	320
	2
	-0.41
	-0.03
	0.32
	[-0.41,0.32]
	0.41

	
	320
	4
	-0.30
	-0.04
	0.22
	[-0.30,0.22]
	0.30

	
	640
	2
	-0.41
	-0.04
	0.31
	[-0.41,0.31]
	0.41

	
	640
	4
	-0.30
	-0.04
	0.23
	[-0.30,0.23]
	0.30


2.3 Discussion

Based on the above simulation results, it can be observed:
· For MBSFN RSRP measurement accuracy

1) For AWGN channel under SNR = -6 dB, with 2 subframes in per measurment period, the RSRP accuracy was around 2.14 dB, which slightly over the legacy RSRP accuracy (±2 dB). With 4 sub-frames within per measurement period, RSRP accuracy was improved aroud 0.3dB which satified legacy RSRP requirements.
2) For MBSFN 5Hz channel under SNR = -6 dB, similar obserbations as AWGN channel, i.e. with 4 subframes per measurement period, legacy accuracy can be meet.

3) For ETU 30Hz channel under SNR = -6 dB, legacy accuracy can be meet for both 2 subframes and 4 subframes cases.
· For MBSFN RSRQ measurement accuracy

1)  Legacy RSRQ measurement accuracy can be satified with all these three channel models.
2) Compared sampling rate with 2 subframes, improved sampling rate with 4 subframes per measurement peiod can bring around 0.4 dB gain.
The above observations are summarized as:

Observation 1: Measurement period has no obvious effect on absolute RSRP/RSRQ accuracy.
Observation 2: Absolute RSRP/RSRQ accuracy were varied based on sampling rate. Around 0.4 dB gain observed with 4 subframes compared to 2 subframes within mesurment period.

Observation 3: When at least N=4 MBSFN subframes are available for measurement in the period, MBSFN RS based RSRP/RSRQ measurement can be meet the legacy RSRP/ RSRQ accuracy requirement.

Based on the above observations, such proposal was concluded:
Proposal1 1: UE can meet the legacy accuracy requirements when at least N=4 MBSFN subframes are available for the measurement.
3 Conclusion

In this contribution, we provide the simulation results for MBSFN RSRP/RSRQ accuracy. Based on the results, below observations and proposal were concluded.
Observation 1: Measurement period has no obvious effect on absolute RSRP/RSRQ accuracy.

Observation 2: Absolute RSRP/RSRQ accuracy were varied based on sampling rate. Around 0.4 dB gain observed with 4 subframes compared to 2 subframes within mesurment period.

Observation 3: When at least N=4 MBSFN subframes are available for measurement in the period, MBSFN RS based RSRP/RSRQ measurement can be meet the legacy RSRP/ RSRQ accuracy requirement.

Proposal1 1: UE can meet the legacy accuracy requirements when at least N=4 MBSFN subframes are available for the measurement.
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5 Annex A: Simulation assumptions and metrics
Table A-1: Simulation parameters for RSRP/RSRQ measurement

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both MBSFN RSRP and RSSI measured over 6 RBs

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	320ms ,640 ms, 1.28 s, 2.56 s
	Other measurement periods may also be considered.

	Measurement sampling rate
	-
	Implementation specific, the companies are encouraged to provide more details on the number of subframes samples used in simulations

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214 for non-MBSFN RSRP/RSRQ. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, MBSFN channel model with 5Hz Doppler spread, ETU30
	MBSFN channel model as defined in 36.101 Section B.2.6

	CP Length
	Extended
	

	MBSFN configuration
	radio frame allocation period: 2 radio frames
subframe allocation:
FDD: ‘100000’
TDD: ‘010000’
	oneFrame configuration every 20 ms, starting from SFN 0

	
	
	

	MBSFN subframe configuration
	2 unicast control symbols, PMCH scheduled over the entire bandwidth in MBSFN part of the subframe
	

	TDD Uplink-downlink configuration
	1
	Applies for simulations for TDD

	TDD Special sub-frame configuration
	4
	Applies for simulations for TDD

	Carrier frequency
	2.0 GHz
	

	Carrier spacing
	15 kHz
	

	Ês/Iot
	-8dB, -6dB, -4dB, 0dB, 4dB
	

	NOTE 1: Companies are encouraged to provide the details of the measurement sampling rate for interpretation and comparison of the results.


Results should show cdf of delta between measured MBSFN RSRP/RSRQ and ideal MBSFN RSRP/RSRQ (ideal MBSFN RSRP/RSRQ is measured at the antenna connector without any noise).
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