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1. Introduction

In previous RAN4 meetings, SFN channel model was widely discussed. Finally, common understanding has been reached in last RAN4 #75 meeting and was captured in an agreed WF [1]. Furthermore, in order to facilitate further performance evaluation, RSRP/RSRQ measurement accuracy simulation assumption on SFN scenario was also agreed in [2]. Based on the channel model and simulation assumption, we carried out accuracy simulation and present simulation results in this contribution.
2. Discussion
The SFN channel model is informatively provided in the annex. We would like to point out that in order to avoid varying total channel power, which is not desirable in link level performance simulation, normalization of channel power for each tap has been considered, which is given as:
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The simulation parameters are listed in table 1.
Table 1 RSRP/RSRQ measurement accuracy simulation assumptions

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	-
	Implementation dependent

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	Baseline: AWGN, EVA[875], SFN 
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


Based on the channel model and simulation parameters, simulation results are given as following:

Table 2 AWGN simulation results
	SNR (dB)
	AWGN RSRP accuracy
	AWGN RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.51
	0.88
	2.51
	-2.39
	-1.53
	0.89
	2.47

	-7
	-1.2
	0.67
	2.06
	-1.87
	-1.18
	0.65
	2.02

	-6
	-1
	0.59
	1.84
	-1.59
	-0.99
	0.57
	1.82

	-5
	-0.82
	0.48
	1.68
	-1.3
	-0.76
	0.45
	1.66

	-4
	-0.69
	0.43
	1.45
	-1.12
	-0.64
	0.43
	1.39

	-3
	-0.55
	0.38
	1.13
	-0.93
	-0.53
	0.37
	1.14

	-2
	-0.51
	0.31
	1.04
	-0.82
	-0.48
	0.31
	0.99

	-1
	-0.44
	0.28
	0.93
	-0.72
	-0.42
	0.26
	0.89

	0
	-0.33
	0.24
	0.77
	-0.57
	-0.32
	0.23
	0.72

	1
	-0.31
	0.21
	0.73
	-0.52
	-0.29
	0.2
	0.7

	2
	-0.27
	0.19
	0.65
	-0.46
	-0.25
	0.19
	0.6

	3
	-0.24
	0.15
	0.56
	-0.41
	-0.24
	0.13
	0.52


Table 3 EVA875 simulation results

	SNR (dB)
	EVA875 RSRP accuracy
	EVA875 RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-2.17
	0.28
	2.11
	-2.45
	-2.01
	0.32
	2.17

	-7
	-2.03
	0.18
	1.76
	-2.21
	-2.06
	0.24
	1.75

	-6
	-1.59
	0.1
	1.58
	-1.69
	-1.61
	0.14
	1.58

	-5
	-1.5
	-0.02
	1.29
	-1.48
	-1.39
	0.01
	1.28

	-4
	-1.35
	-0.05
	1.05
	-1.3
	-1.23
	-0.04
	1.06

	-3
	-1.08
	-0.04
	0.93
	-1.04
	-1.03
	-0.02
	0.92

	-2
	-1.01
	-0.1
	0.75
	-0.91
	-0.93
	-0.07
	0.86

	-1
	-0.94
	-0.11
	0.62
	-0.83
	-0.81
	-0.07
	0.6

	0
	-0.81
	-0.11
	0.54
	-0.7
	-0.77
	-0.09
	0.53

	1
	-0.74
	-0.12
	0.44
	-0.62
	-0.64
	-0.09
	0.46

	2
	-0.66
	-0.13
	0.34
	-0.53
	-0.61
	-0.12
	0.35

	3
	-0.6
	-0.15
	0.28
	-0.45
	-0.56
	-0.13
	0.28


Table 4 SFN simulation results (Ds=1000m, Dmin=10m)
	SFN Ds=1000m, Dmin=10m

	SNR (dB)
	RSRP accuracy
	RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.64
	0.78
	2.42
	-2.42
	-1.61
	0.73
	2.4

	-7
	-1.07
	0.72
	2.22
	-1.79
	-1.04
	0.72
	2.14

	-6
	-1.23
	0.55
	1.8
	-1.78
	-1.23
	0.51
	1.78

	-5
	-0.87
	0.48
	1.63
	-1.35
	-0.83
	0.48
	1.6

	-4
	-0.73
	0.44
	1.36
	-1.17
	-0.7
	0.42
	1.36

	-3
	-0.5
	0.39
	1.24
	-0.89
	-0.52
	0.37
	1.18

	-2
	-0.51
	0.34
	1.12
	-0.85
	-0.5
	0.32
	1.07

	-1
	-0.44
	0.27
	0.87
	-0.71
	-0.4
	0.25
	0.85

	0
	-0.33
	0.22
	0.82
	-0.6
	-0.32
	0.22
	0.79

	1
	-0.33
	0.21
	0.68
	-0.54
	-0.31
	0.21
	0.65

	2
	-0.3
	0.17
	0.63
	-0.47
	-0.26
	0.15
	0.62

	3
	-0.23
	0.18
	0.55
	-0.41
	-0.2
	0.16
	0.51


Table 5 SFN simulation results (Ds=500m, Dmin=5m)
	SFN Ds=500m, Dmin=5m

	SNR (dB)
	RSRP accuracy
	RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.39
	0.86
	2.55
	-2.25
	-1.42
	0.87
	2.49

	-7
	-1.28
	0.70
	2.13
	-1.98
	-1.24
	0.71
	2.11

	-6
	-0.99
	0.52
	1.85
	-1.51
	-0.98
	0.53
	1.81

	-5
	-0.8
	0.5
	1.61
	-1.3
	-0.76
	0.48
	1.61

	-4
	-0.72
	0.4
	1.41
	-1.12
	-0.7
	0.37
	1.4

	-3
	-0.59
	0.37
	1.17
	-0.96
	-0.6
	0.35
	1.13

	-2
	-0.45
	0.34
	1.05
	-0.79
	-0.41
	0.32
	1

	-1
	-0.36
	0.28
	0.91
	-0.64
	-0.37
	0.27
	0.87

	0
	-0.39
	0.21
	0.85
	-0.64
	-0.38
	0.21
	0.82

	1
	-0.33
	0.19
	0.7
	-0.52
	-0.3
	0.2
	0.65

	2
	-0.3
	0.17
	0.62
	-0.47
	-0.27
	0.16
	0.58

	3
	-0.25
	0.16
	0.55
	-0.41
	-0.23
	0.16
	0.52


Note that preliminary discussion of measurement accuracy in high speed scenario has been carried out in TEI12. The progress is that RSRP/RSRQ accuracy under high Doppler conditions was introduced into TS36.133 measurement performance requirements. The requirements were applicable for [EVA300 and EVA600] propagation conditions. Compared with Rel-8 accuracy requirements, RSRP/RSRQ absolute and relative accuracy were relaxed with different margins. When discussing measurement accuracy in the SI (performance enhancements for high speed scenario), it is natural that the accuracy requirements under high Doppler condition should be used as reference.
So we propose:

Proposal 1: Accuracy requirements under high Doppler condition should be used as reference when discussing measurement accuracy under SFN high speed scenarios.

Accuracy requirements under high Doppler condition are informatively provided as follow:
Table 6 Accuracy requirements under high Doppler condition
	RRM Measurements 
	Requirements 
	Side Condition (CRS Es/Iot)

	Intra RSRP absolute accuracy
	(6 dB
	(-6 dB

	Intra RSRP relative accuracy
	(3.3 dB
	(-6 dB

	Inter RSRP absolute accuracy
	(6 dB
	(-6 dB

	Inter RSRP relative accuracy
	(5.8 dB
	(-6 dB

	Intra RSRQ absolute accuracy
	(4 dB
	(-6 dB

	Inter RSRQ absolute accuracy
	(4 dB
	(-6 dB

	Inter RSRQ relative accuracy
	(3.5 dB
	(-6 dB


Note that RF margin tightening has been considered in above requirements. Considering 1.5dB~2dB RF margin, we still get 4dB~4.5dB accuracy tolerance for base band. From Table 2~5 it could be observed that accuracy requirements under high Doppler condition could be reused for existing high speed scenarios.
Observation 1: Accuracy requirements under high Doppler condition could be reused for SFN high speed scenarios.

3. Conclusions

In this contribution, we provide RSRP/RSRQ measurement accuracy simulation results under existing high speed scenarios based on the agreed simulation assumptions. From the simulation results, the following observation could be obtained:
Proposal 1: Accuracy requirements under high Doppler condition should be used as reference when discussing measurement accuracy under SFN high speed scenarios.

Observation 1: Accuracy requirements under high Doppler condition could be reused for SFN high speed scenarios.
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5. Annex

For information, we also provided 2 cells simulation results in this section.
The Es/Noc and Es/Iot level for cell 1 and cell 2 are given as:

Case 1: (Es1/Noc,Es2/Noc) = (6dB,1dB)    
  giving (Es1/Iot,Es2/Iot)=(2.5dB,-6dB)

Case 2: (Es1/Noc,Es2/Noc) = (-4.7dB,-4.7dB)  giving (Es1/Iot,Es2/Iot)=(-6dB,-6dB)

Case 3: (Es1/Noc,Es2/Noc) = (0dB,0dB)  
  giving(Es1/Iot,Es2/Iot)=(-3dB,-3dB)
Note that cell 2 is target cell.
Table 7 simulation results for 2 cells
	Channel
	Case
	RSRP
	RSRQ

	
	
	absolute
	relative
	absolute

	AWGN
	1
	1.7
	1.9
	3.21

	
	2
	1.8
	2.27
	1.78

	
	3
	1.23
	1.46
	1.17

	SFN
	1
	1.72
	1.91
	3.32

	
	2
	1.91
	2.08
	1.87

	
	3
	1.19
	1.43
	1.15

	EVA 875
	1
	2.79
	2.67
	2.78

	
	2
	1.88
	2.63
	1.7

	
	3
	1.5
	1.6
	1.31


Considering 1.5dB~2dB RF margin, it could be observed from above that the existing accuracy requirement under high Doppler condition could still be satisfactory for 2 cells simulation results.
The SFN channel model is also provided as follow:

· Doppler Shift
RRHs are deployed along the railway in sequential order. Path 1 denotes the path from even RRH and path 2 denotes the path from odd RRH. Doppler shifts of two paths are given by:
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 where 
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 is the distance between two neighbour RRH; 
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 is RRH Railway track distance in meters; 
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 is the velocity of the train in m/s; 
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 is time in seconds.

Doppler shift and cosine angle are given by equation 6.2.3.1-1, 6.2.3.1-2, 6.2.3.1-3 and 6.2.3.1-4, where the required parameters are listed in table 6.2.3.1-1 and table 6.2.3.1-2, according to which the resulting Doppler shift is shown in Figure 6.2.3.1-1 and Figure 6.2.3.1-2, respectively.

Table 6.2.3.1-1: Parameters for SFN scenarios
	 Parameter
	Value
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Table 6.2.3.1-2: Parameters for SFN scenarios
	 Parameter
	Value
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Figure 6.2.3.1-1 Doppler shift trajectory for SFN scenario for Table 6.2.3.1-1
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Figure 6.2.3.1-2 Doppler shift trajectory for SFN scenario for Table 6.2.3.1-2
· Relative power

Signal power received by the UE for each path is given by,

[image: image22.wmf](

)

(

)

2

min

22

min

1

1

,02

()

  mod (2),2

s

s

ss

D

tDv

DvtD

pt

ptDvtDv

ì

<£

ï

-+

=

í

ï

>

î

                      (6.2.3.1-5)

[image: image23.wmf](

)

(

)

21

s

ptptDv

=+

                                            (6.2.3.1-6)
Note that 
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· Tap delay
Time delay of two taps are given by
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